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PREFACE.

Tue present blended re-publication embraces the whole of the Impon-
derables and Inorganic Chemistry of Dr. Turner's well known Elements,
together with the Organic Chemistry of Professor Gregory’s Outlines, and
the separate treatises on Mineral and Organic Analysis by Mr. Parnell and
Professor Liebig. In the first plan of the work it was proposed simply to
re-edit the seventh edition of Turner’s Elements, making such additions
and emendations as the progress of the science required, and at the same
time re-moulding the part devoted to Organic Chemistry in an abridged and
systematic shape. The opportune appearance of Professor Gregory’s Out-
lines greatly aided the accomplishment of this plan by furnishing ready pre-
pared, just such a condensed and methodical treatise on Organic Chemistry

*as was originally proposed, and the publishers availing themselves of so
valuable an aid, at once determined upon substituting the second part of *
the Outlines in place of the intended abridgment of the Organic Chemistry
of Dr. Turner’s work. Of the propriety and utility of this change, the
editors believe ‘no doubt will be entertained, when it is remembered that
the Outlines are from the same pen that drew up a large part of the Organic
Chemistry in the seventh edition of Turner, that they are in reality com-
piled of the same materials with the addition of some more recent results,
all very skilfully recast, and that they conform in notation and general
method with the inorganic portion of Dr. Turner’s work.

In the department of Analytical Chemistry, the closing division of the
work, the editors conceive that the present publication will be admitted to *
present a very important improvement. This portion of the Elements
though enriched in the seventh edition by an able sketch of Inorganic
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Analysis, written expressly for it by Mr. Parnell, contains no account of
the methods of 'Organic Analysis, a subject of peculiar and perhaps lead-
ing interest in its connection with modern Chemical research. To remedy
this defect the editors have gladly introduced Liebig’s outline of the pro-
cesses for analyzing organic bodies, a treatise of the highest authority with
all who are engaged in this department of science, and one happily adapted
to the wants of the practical student.

In the first and second parts, treating respectively of the Imponderables
and of Inorganic Chemistry, the editors have not felt at liberty to alter the
arrangement, and except where some new fact or view derived from recent
researches rendered a correction or interpolation necessary, they have uni-
formly adhered to the lucid language and illustrations of the text. In the
department of the Imponderables, and especially under the head of Calorie,
they have thought it expedient to make large additions, many of them
relating to new determinations on points of much practical, as well as theo-
retical interest; and in doing so, they think they have not given to this
branch of the subject greater relative importance than is assigned fo it in
the usual course of chemical studies in this country. So long as these
subjects continue to be embraced in systematic treatises on Chemistry, and
to form a part of the regular oral instructions of the chemical teachers in
our medical and other schools, it is thought that a comprehensive and
somewhat detailed account of them will be deemed an essential part of
every Text book of Chemical Science. e

Under the head of Inorganic Chemistry many additions have been made
of facts and processes discovered since the publication of the text, and
every effort has been used to render this as well as the other portions of
this work, a faithful picture of the present condition of the science.

In the Organic Chemistry no important change has been made beyond
the introduction at the beginning of many of the distinct sections, of short
tabular views of the principal compounds of each of the leading radicals.
This it is thought will prove useful as a means of immediate comparison,
and will help to remove the seeming confusion arising from a great multi-
plicity of details.

Most of the additions are 1|1c6r110rated in the text, and. are indicated

by enclosing brackets; a few are in the form of notes with the editor’s
initial.
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In labouring to correct the numerous typographical errors of the London
work, the editors have been greatly assisted by the American reprints of
the former edition of Turner's Llements, the great accuracy of which
reflects so much credit on the industry and attainments of their acconiplished
editor. In spite of the care that has been used, many errors have no doubt
escaped detection, some of which have been discovered in time to be
included in the list of errata. For others which it is feared the reader will
detect, the editors must claim his indulgence on the plea of the very short
time allowed them for the performance of their task.

Without claiming any merit in the present work, beyond that of a selec-
tion of materials already furnished to their hands, and some labour in
incorporating matters of recent discovery, the editors indulge the hope
that the compilation now offered to the public will be found well suited to
the wants of the chemical student, and especially adapted as a comprehen-
sive text book and work of reference to those who are pursuing their scien-
tific studies in our medical and other schools. TFounding their opinion
upon the acknowledged merits of the distinguished authors whose separate
treatises they have ventured to unite in one work, they think that the
present volume will be found to embrace a larger body of the facts and
principles, the processes and applications of the science than any other
elementary work which has yet been published in our language. They
may be permitted to add, that an experience of many years in teaching
Chemistry has convinced them that, though not without faults, the method
and scope of Dr. Turner’s work are better suited to the use of the student
and even for general reference, than the more original, and at the same
time speculative modes of presenting the science, adopted in the very able
treatises which have more recently issued from the press; and if they may
judge from the great demands evinced for a republication of the seventh
edition of the Elements, a demand in which the present work originated,
they would infer that a large number of the chemical teachers of this
country share with them in this preference,

(R)
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INERODUCTION.

MaTeriAL substances are endowed with two kinds of properties, physical and
chemical ; and the study of the phenomena occasioned by them has given rise
to two corresponding branches of knowledge, Natural Philosophy and Chemistry.

The physical properties are either general or secondary, The general are so
called because they are common to all bodies : the secondary, from being observ-
able in some substances only. Among the general may be enumerated extension,
impenetrability, mobility, extreme divisibility, gravitation, porosity, and inde-
structibility.

Extension is the property of occupying a certain portion of space : a substanee
is said to be exiended when i.t possesses length, breadth, and thickness. By
impenetrabilily is meant, that no two portions of matter can occupy the same
gpace at the same moment. Every thing that possesses extension and impene-
trability is matter.

Matter, though susceptible of rest and motion, has no inherent power either of
beginning to move when at rest, or of arresting its progress when in motion. Its
indifference to either state has been expressed by the term wvis ineriiz, as if it
depended on some peculiar force resident in matter, whereas it arises from
matter being absolutely passive, and thereby subject to the influence of every
force which is capable of acting upon it.*

Matter is divisible to an extreme degee of minuteness. A grain of gold may
be so extended by hammering that it will cover 50 square inches of surface, and
contain two millions of visible points; and the gold which covers the silver
wire, used in making gold lace, is spread over a surface twelve times as great.
A grain of iron, dissolved in nitro-hydrochlorie acid, and mixed with 3137 pints
of water, will be diffused through the whole mass: by means of the ferro-cya-
nide of potassium, which strikes an uniform blue tint, some portion of iron
may be detected in every part of the ligquid. The grain of iron is hence inferred
to have been divided into rather more than 24 millions of parts; and if the
dilution were carried still further, the diffusion of iron through the whole liquid

&

* All the facts of mechanical and chemical science, show that the particles and masses
of matter are incessantly acting on one another, and it is to these actions, referred to agents
distinct from the matter itself, that the term Force is applied, Hence, as in the text, the
physical world is usually conceived to be made up of matter and forces; although, accord.
ing to a juster metaphysics it may be regarded as consisting of maller in a stale of incessant
mubual action. (R.)
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might be proved by eoncentrating any portion of it by evaporation, and detecting
the metal by its appropriate tests.

A keen controversy existed at one time concerning the divisibility of matter,
some philosophers affirming it to be infinitely divisible, while others maintained
an opposite opinion. Owing to the imperfection of our senses the question
cannot be determined by direct experiment, because matter certainly continues
to be divisible long after it has ceased to be an object of sense. The decision,
if effected at all, can only be accomplished indirectly, as an inference from other
phenomena. In favour of the former view it was urged, on mathematieal
grounds, that a surface admits of division without limit: and that to whatever
degree matter is divided, it may still be conceived, in possessing extension and
surface, to be suseeptible of still further division. Plausible, however, as this
mode of reasoning may appear, the opposite opinion is daily becoming more
general, It is now commonly believed that matter consists of ultimate particles
or molecules, which may indeed be conceived to be divisible, but which by
hypothesis are assumed to be infinitely hard and impenetrable, and on that
account to be incapable of division. These ultimate particles have received the
appellation of afoms, (from the privative « and 7epsew to cut,) as expressive of
their nature. The arguments adduced in support of this opinion are principally
drawn from the phenomena of chemistry, and from the relations which have
been observed to exist between the composition and form of erystallized bodies.
These subjects will be considered hereafter: it will now suffice to state, in order
to show the nature of the argument, that the supposed existence of atoms
accounts for mumerous facts, which cannot be Eaﬁafactuﬂl]r explained on any
other principle.

All bodies descend in straight lines [perpendicular to the curvature of the
earth at the place of their descent, and therefore, as the earth is nearly spherieal,
in directions closely tending towards its centre,] when left at liberty at a dis-
tance from its surface. The power which produces this effect is termed gravity,
atiraction of gravitaiion, or lerresirial aflraction ; and the force required to sepa-
rate a body from the surface of the earth, or prevent it from descending towards
it, is called its weight. Every particle of matter is equally affected by gravity;
and therefore the weight of any body will be proportionate to the number of
ponderable particles which it contains.

The minute particles of which bodies consist are disposed in such a manner
as to leave certain intervals or spaces between them, and this arrangement is
called porosity. These interstices may sometimes be seen hy the naked eye,
and frequently by the aid of glasses; but were they wholly invisible, it would
still be certain that they exist. All substances, even the most compact, may be
diminished in bulk either by mechanical force or a reduction of temperature,
It hence follows that their particles must touch each other at a very few points
only, if at all; for if their contact were so perfect as to leave no interstitial
spaces, then would it be impossible to diminish the dimensions of a body,
because matter is incompressible and cannot yield.—When therefore a body
expands, the distance between its particles is increased ; and, conversely, when
it contracts or diminishes in size, its particles approach each other.™

* Contact is nol necessary for the exertion of force between particles or masses,—and
probably all actions take place through some distance. Physical contact is nothing more
than such a proximity as brings into play powerful corpuscular repulsion. (R.)
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By indestructibility is meant, that, according to the present laws of nature,
matter never ceases to exist. This statement seems at first view contrary to
fact. Water and volatile substances are dissipated by heat, and lost; coals and
wood are consumed in the fire, and disappear. DBut in these and all similar
phenomena not a particle of matter is annihilated. The apparent destruetion is
owing merely to a change of form or composition; for the same material parti-
cles, after having undergone any number of such changes, may still be proved
to possess the characteristic properties of matter.

The secondary properties of matter are opacity, transparency, sofiness, hard-
ness, elasticity, colour, density, solidity, fluidity, and others of a like nature.
Several of these properties, especially those last specified, depend on the rela-
tive intensity of two opposite forces—eohesion and repulsion. It is inferred,
from the divisibility of matter, that the substance of solids and liquids is made
up of an infinity of minute particles adhering together so as to constitute larger
masses ; and that the mutual adhesion of these particles is owing to a power
of reciprocal attraction. This force is ecalled cokesion, cohesive attraction, or the
atfraction of aggregation, in order to distinguish it from terrestrial attraction.
Gravity is exerted between different masses of matter, as well as between their
particles, and acts at sensible and frequently at very great distances; while
cohesion exerts its influence only at insensible and infinitely small distances. It
enables similar molecules to cohere, and tends to keep them in that condition.
It is best exemplified by the force required to separate a hard boedy, such as iron
or marble, into smaller fragments; or by the weight which twine or metallic
wire will support without breaking.

The tendency of cohesion is manifestly to bring the ultimate particles of
bodies into immediate contact; and such would be the result of its influence,
were it not counteracted by an opposing force, a principle of repulsion, which
prevents their approximation. It is a general opinion among philosophers, sup-
ported by very strong facts, that this repulsion is owing to the agency of heat,
which is somehow attached to the elementary molecules of matter, causing them
to repel one another. Material substances are therefore subject to the action of
two contrary and antagonizing forees, one tending to separate their particles, the
other to bring them into closer proximity. The form of bodies, as to solidity
and fluidity, is determined by the relative intensity of these powers. Cohesion
predominates in solids, in consequence of which their particles are prevented
from moving freely on one another. The particles of a fluid, on the contrary,
are far less influenced by cohesion, being free to move on each other with very
slight friction. Fluids are of two kinds; elastic fluids or aériform substances,
and inelastic fluids or liquids. Cohesion seems wholly wanting in the former;
they yield readily to compression, and expand when the pressare is removed;
indeed, the space they occupy is chiefly determined by the force which com-
presses them. The latter, on the contrary, do not yield perceptibly to ordinary
degrees of compression, nor does an appreciable dilatation ensue from the removal
of pressure, the tendency of repulsion being in them counterbalanced by
echesion,

[This view of the constitution of bodies is founded on the idea that heat is a
distinct substance, capable of penetrating between the partieles of ordinary mat-
ter, and by its self-repellancy changing the distances of these particles, and thus
modifying the properties of the mass. But the progress of investigation scems
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by no means favourable to this conception of the nature of heat. It may, we
think, be more philosophically maintained that the attractions and repulsions of
particles are exclusively dependent on their relation as to distance, as originally
suggested by Boscoviteh, and that the various states of matter, as solid, liquid,
or gaseous, are the direct consequences of the difference in the distance and
arrangement of the molecules.]

Matter is subject to another kind of attraction different from those yet men-
tioned, termed chemical altraction or affinity. Like cohesion it acts only at
insensible distances, and thus differs entirely from gravity, It is distinguished
from cchesion by being exerted between dissimilar particles only, while the
attraction of cohesion unites similar particles. Thus, a piece of marble is an
aggregate of smaller portions attached to each other by cohesion, and the parts
so attached are called integrant particles ; each of which, however minute, being
as perfect marble as the mass itself, Dut the integrant particles consist of two
substances, liine and carboniec acid, which are different from one another as well
as from marble, and are united by chemical attraction. They are the component
or constifuent parts of marble. The integrant particles of a body are therefore
aggregated together by eohesion ; the component parts are united by affinity.

The. chemical properties of bodies are owing to affinity, and every chemical
phenomenon is produced by the operation of this principle. Though it extends
its influence over all substances, yet it affects them in very different degrees,
and is subject to peculiar modifications. Of three bodies, A, B, and C, it is
often found that BB and C evince no affinity for one another, and therefore de not
combine ; that A, on the contrary, has an affinity for B and C, and can enter
into separate combination with each of them; but that A has a greater attraction
for C than for B, so that if we bring C in contact with a compound of A and
B, A will quit B and unite by preference with C. The union of two substances
iz called combinaiion; and its result is the formation of a mew body endowed
with properties peculiar to itself, and different from those of its constituents,
The change is frequently attended by the destruction of a previously existing
compound, and in that case decomposition is said to be effected.

The operation of chemical attraction, as thus explained, lays open a wide and
interesting field of inquiry. One may study, for example, the affinity existing
between different substances; an attemnpt may be made to diseover the propor-
tions in which they unite; and finally, after collecting and arranging an exten-
sive series of insulated facts, general conclusions may be deduced from them.
Henee chemistry may be defined the science, the objeet of which is to examine
the relations that affinity establishes between bodies, ascertain with precision the
nature and constitution of the compounds it produces, and determine the laws
by which its action is regulated. :

Material substances are divided by the chemist into simple and eompound.
He regards those bodies as compound, which may be resolved into two or more
kinds of ponderable matter; those as simple or elementary, which contain but
one, [or properly speaking, the elementary bodies of the chemist are those which
have as yet resisted all efforts to decompose them.] The number of the latter,
which have been clearly ascertained, amounts only to fifty-four; and of these,
agreeably to our present knowledge, all the bodies in the earth consist, The
list, a few years ago, was somewhat different from what it is at present; for the
acquisition of improved methods of analysis has enabled chemists to demon-
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strate that some substances, which were once supposed to be simple, are in
reality compound ; and it is probable that a similar fate awaits some of those
which are at present regarded as simple.

The composition of a body may be determined in two ways, analytically or
synthetically. By enalysis, the elements of a compound are separated from one
another, as when water is resolved by the agency of galvanism into oxygen and
hydrogen ; by synthesis, they are made to combine, as when oxygen and hydro-
gen unite by the electric spark, and generate a portion of water. Each of these
kinds of proof is satisfactory; bat when they are conjoined—when water is
resolved into its elements, and then reproduced by their union—the evidence is
in the highest degree conclusive.

The first part of this work comprehends an account of the nature and proper-
ties of Heat, Light, and Eleciricity,—agents so diffusive and subtile, that the
common attributes of matter cannot be perceived in them. They are altogether
destitute of weight; at least, if they possess any, it cannot be discovered by
our most delicate balances, and hence they have received the appellation of
Tmponderables. They cannot be confined and exhibited in a mass like ordinary
bodies; they can be collected only through the intervention of other substances.
Their title to be considered material is therefore questionable, and the effeets
produced by them have accordingly been attributed by some to certain motions
or affections of common matter. It must be admitted, however, that they appear
to be subject to the same powers that act on matter in general, and that some of
the laws which have been determined concerning them, are exactly such as
might have been anticipated on the supposition of their materiality. It hence
follows, that we need only regard them as subtile species of matter, in order that
the phenomena to which they give rise may be explained in the language, and
according to the principles, which are applied to material substances in general ;
and I shall therefore consider them as such in my subsequent remarks.

The second part comprises Inorganic Chemistry. It includes the doctrine of
affinity, and the laws of eombination, together with the chemical history of all
the elementary principles hitherto discovered, and of those compound bodies
which are not the produet of organization. Elementary bodies are divided into
the non-metallic and metallic ; and the substances contained in each division are
treated in the order which, it is conceived, will be most convenient for the pur-
poses of teaching. From the important part which oxygen plays in the economy
of nature, it is necessary to begin with the deseription of that principle; and
from the tendency it has to unite with other bodies, as well as the importance of
the compounds it forms with them, it will be useful, in studying the history of
each elementary body, to describe the combinations into which it enters with
oxygen gas, The remaining compounds which the non-metallic substances form
with each other will next be considered. The description of the individual
metals will be aceompanied by a history of their combinations, first with the
simple non-metallic bodies, and afterwards with each other. The last division
of this part will comprise a history of the salts,

The third general division of the work is Organic Chemistry, a subject which
will be conveniently discussed under two heads, In this, derived from the work
of Professor Gregory, the several topics are arranged under two heads, the one
comprehending the Chemistry of the Compound Radicals, the other treating of
the influence of Life on Chemical Produects.

The fourth part is a brief outline of JAnalytical Chemisiry.






ELEMENTS OF CHEMISTRY.

PART 1.

IMPONDERABLE SUBSTANCES.

SECTION 1.

HEAT, OR CALORIC,

Tae term Heat, in common language, has two meanings : in the one case, it
implies the sensation experienced on touching a hot body; in the other, it
expresses the cause of that sensation, When used in the latter sense, it is
synonymous with the word Calorie (from Calor, heat), which is employed
exclusively to signify the cause or agent by which all the effects of heat are
produced.

Heat, on the supposition of its being material, is a subtile fluid, the particles
of which repel each other, and are attracted by all other substances, It is
imponderable ; that is, it is so exceedingly light, that a body undergoes no
appreciable change of weight, either by the addition or abstraction of heat. It
is present in all bodies, and cannot be wholly separated from them ; for if a sub-
stance, however cold, be transferred into an atmosphere which is still colder, a
thermometer placed in the body will indicate the escape of heat. That its parti-
cles repel one another, is proved by observing that it flies off from a heated body ;
and that it is attracted by other substances, is inferred from the tendency it has
to penetrate their particles, and to be retained by them.

Heat may be transferred from one body to another. Thus, if a cup of mer-
cury at 60° be plunged into hot water, heat passes rapidly from one into the
other, until the temperature in both is the same ; that is, till a thermometer
placed in each stands at the same height. All bodies on the earth are constantly
tending to attain an equality, or what is technically called an equilibrium, of
temperature. If, for example, a number of substances of different temperature
be enclosed in an apartment, in which there is no actual source of heat, they
will very soon acquire an equilibrium, so that a thermometer will stand at the
same point in all. Our varying sensations of heat and cold are owing to a like
cause. On touching a hot body, heat passes from it into the hand, and excites
the feeling of warmth ; when we touch a cold body, heat is communicated to it
from the hand, and thus arises the sensation of cold.
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Heat is communicated in three ways, by direct confact, by conduction, and by
radiation, By direct contact, when the hot body touches a cold one, so that the
heat may pass directly from one into the other, as when it enters a bar of iron
put into a fire, or the hand plunged into hot water. By conducfion, as when the
heat is observed to travel from point to point of the iron bar towards the end
remote from the fire. By radiation, when the heat leaps as it were from a hot to
a cold body through an appreciable interval ; as when a red-hot ball, suspended
in the vacuum of an air-pump, distributes its heat to surrounding objects, or
when we are warmed by standing at some distance before a fire.® In studying
these phenomena we must regard both the loss of heat in the hot body, and the
gain of heat in the cold one. The mode in which a hot hody cools is, firstly,
by giving off heat from its surface either by contact or radiation, or both con-
jointly ; and secondly, by the heat in its interior passing from particle to particle
through its substance to its surface. The heating of a cold body is eflected,
firstly, by heat passing into its surface either by contact or radiation, or by both
conjointly ; and, secondly, by the heat at its surface passing from particle to
particle through its interior portions. Hence, in tracing the laws which regulate
the distribution of heat, we shall successively consider the communication of
heat from one body to another by confact, its passage from particle to particle of
the same substance or the conduclion of heat, and its transfer {rom a sensible
distance or radiation.

COMMUNICATION OF HEAT BY CONTACT.

The principal conditions which influence the communication of heat from one
body to another by contact, are the degree of contiguity, and the condueting
power of the substances. The more perfect the approximation, the more rapid,
caleris paribus, is the transfer. The contact of two solids, or of a solid with a
gas, is in general of a less perfect kind, and at fewer points, than that between
a solid and a liquid ; and hence, so far as contact alone is concerned, the transfer
is more rapid in the latter case than in the former. It is still more rapid when
liquids are mixed with each other, or gases with gases, owing to the intermix-
ture of their particles. When bodies touch each other at their surfaces only,
the question becomes one of conduetion, the rapidity of transfer depending on
the velocity with which heat passes through the substances in contact. Thus,
if a hot mass of iron and another of marble, of equal size, form, and temper-
ature, be plunged into equal quantities of cold water, the iron will ecol faster
than the marble, because heat passes more rapidly through the substance of the
former than through that of the latter. Were two pieces of hot iron similarly
plunged, one into mercury, and the other into water, the piece in contact with
mercury would cool most rapidly, because that metal is a better conduetor than
water. Were the experiment made by immersing the iron into mercury, and the
marble into water, the rapidity of cooling in the former would very much exceed
that in the latter, from two canses ;—hoth from heat passing more rapidly through
iron than through marble, and from its being conveyed away more rapidly by
mercury than by water. The same principle explains the unequal sensation
caused by bodies of equal temperature. Thus the hand receives a more vivid

* Strictly speaking the transfer of heat by-direct contact is a case of radiation, in which
the surfaces, though still separated by an interval, are at an insensible distance. (R.) °

3
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impression of warmth by touching hot iron than from glass of the same tem-
perature ; because the quantity of heat which in a given time can be brought
from the interior to the surface of the hot body, so as to pass into the skin, is
much greater in iron than in glass. In like manner, cold iron feels colder than
glass of the same temperature, because the former conveys away from the skin
more heat in a given time than the glass.

CONDUCTION OF HEAT.

By this term is expressed the passage of heat from particle to particle through
the substance of hodies. Heat is said to be conducted by them or to pass by
conduction, and the property on which its transmission depends is termed conduct-
ing power.

Heat obviously passes through bodies with different degrees of velocity. Some
substances oppose very little impediment to its passage, while it is transmitted
slowly by others. One cannot leave one end of a rod of iron for some time in
the fire, and then touch its other extremity, without danger of being bumed,
though this may be done with perfect safety with a rod of glass or of wood.
The observation of these and similar facts, has led to the division of bodies into
conductors and non-conductors of heat. The former division, of course, includes
those hodies, such as the metals, which allow heat to pass freely through their
substance ; and the latter comprises those which do not give an easy passage to
it, such as stones, glass, wood, and charcoal..

Some experiments have been made by Despretz, apparently with great care,
on the relative conducting power of the metals and some other substances, and
the results are contained in the following table. (An. de Ch. et Ph, xxxvi. 422.)

Gold . . - 1000 Tin . ! . . 303-9
Bilver - i : i3 Lead c . 179:6
Coppet .« o o 898-2 Marhle " “. . .. .. 236
Platinum . T 331 Porcelain . . . 12:2
Iron . e 3743 Fine clay . . . 11-4
Zinc . . éy 63

[The substances used in these experiments were square prisms of equal size,
and similarly coated with a black varnish, to render the loss of heat from the
surface the same in all. At equal intervals along the bars, small cavities were
formed, in which oil or mercury was placed, and in which delicate thermometers
were inserted to indicate the progress of temperature from point to point. A
lamp applied at one extremity supplied the requisite heat, the constaney of which
was ascertained by the temperature of the thermometer, nearest the lamp,
becoming stationary and so continuing during the experiment. The heat con-

“ducted along the bars gradually raising the temperature of the several thermome-
ters, hut to a less and less extent according as they were more distant from the
heated end, would thus be distributed along it with more or less equality aceord -
ing to the greater or less conducting power of the material, and the desree in
which the different parts of its surface permitted the heat to escape into the
surrounding space, When the heat thus escaping from the surface at each point
became equal, in virtue of the high temperature, to that received by eonduction,
no further change of temperature took place. The thermometers now stationary
presented, when compared together, in each bar in receding from the heated end,

2
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a progressively diminishing excess of temperature’ over that of the apartment.
From the ratio of this series, as noted for each substance, and which is obviously
dependent upon the condueting power, the numbers of the above table were
computed, The principle of this mode of experiment and the theory by which
the condueting powers may be calculated are due to Fourier.]

An ingenious plan was adopted by Count Rumford (Phil. Trans. 1792,) for
aseertaining the relative conducting power of the different materials employed
for clothing, He enveloped a thermometer in a glass eylinder blown into a ball
at its extremity, and filled the interstices with the substance to be examined,
Having heated the apparatus to the same temperature in every instance by im-
mersion in boiling water, he transferred it into melting ice, and observed care-
fully the number of seconds which elapsed during the passage of the thermometer
through 135 degrees.

Air alone required . 576" Raw@Bilk . . . 12847
Lint z . . 1032 Beaver's Fur . i 12096"
Cotton Wool . . 1046" Eider Down ., . 1305
Sheep*s Wool . . 1118 Hare's Fur . : 1315

The general practice of mankind is therefore fully justified by experiment.
In winter, clothing of silk or wool is used in order to retain the animal heat ;
while in summer, cotton or linen stuffs are preferred, that the heat of the body
may the more easily escape,

[1It should, however, be remembered that although, in Rumnford’s experiment
the cooling is more rapid through air alone than through lint and the other
fibrous materials, this effect is due, only, in part, to the conducting power of
the air and far more to the mobility of its particles, as explained under the next
head, In fact air is a much worse conductor than the solid matter of these
fibres, as is proved by the readiness with which they conduet heat, when com-
pacted closely together by pressure, so as to exclude the air from between them.
It is thus that a blanket or cloth with a long nap becomes a comparatively good
conductor, when flattened down by strong compression ; and it is because of the
air between its particles that snow preserves the earth' beneath it from a very
great reduction of temperature.]

The condueting power of solid bodies does not seem to be related to any of
the other properties of matter; but it approaches nearer to the ratio of their
densities than to that of any other property.

Convection of Heal in Liguids and Airs—Liquids may be said in one sense
to have the power of conveying heat with great rapidity, though in reality they
are very imperfect conductors. This peculiarity is referable to the mobility which
subsists among the particles of all fluids, and to the change of size which is
invariably produced by a change of temperature. When any particles of a liguid
are heated they expand, thereby becoming specifically lighter than those which
have not received an increase of temperature; and if the former happen to be
covered by a stratum of the latter, these from their greater density will descend,
while the warmer and lighter particles will be pressed upwards. If, therefore,
heat enter at the bottom of a vessel containing a liquid, a double set of currents
must be immediately established, the one of hot particles rising towards the
surface, and the other of eolder particles descending to the bottom. These cur-
rents take place with such rapidity, that if a thermometer be placed at the bottom,
and another at the top of a long jar, the fire being applied below, the upper one
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will begin to rise almost as soon as the lower. [Similar currents are still more
rapidly produced when heat is applied to the lower part of a mass of atmos-
pheric air, or other gaseous matter.] The transport of hot particles by this
process has been termed the convecfion of heat,

But if, instead of heating the bottom of the jar of liquid, the heat enter by
the upper surface, very different phenomena will be observed. The intestine
movemenis cannot then be formed, because the heated particles, from being
lighter than those below them, remain constantly at the top: the heat can
descend through the fluid only by transmission from particle to particle, a pro-
cess which takes place so very tardily, as to have induced Count Rumford to
deny that water can conduet at all. In this, however, he was mistaken ; for the
opposite opinion has bheen successfully supported by Hope, Thomson, and the
late Dr, Murray, though they all admit that water, and liguids in general, mer-
cury excepted, possess the power of condueting heat in a very slight degree.

[In the more recent experiments of Despretz, the conduetion of heat in water
was proved by applying a constant source of temperature to the upper surface
of a prismatie column of the liquid, contained in a vessel made of bad conduet-
ing materials. The progress of the heat downwards, as in his experiments with
solids, was marked by thermometers placed at intervals along the axis of the
eolumn, their stems being suffered to projeet horizontally through one of the
upright sides of the vessel. When they had attained a stationary condition he
found their excesses of temperature, over the temperature of the ambient air, to
follow the same law as in the case of eonduetion along solid bars.]

It is extremely diffieult to estimate the conducting power of aériform fluids.
Their particles move so freely on each other, that the moment a’ particle is
dilated by heat, it is pressed upwards with great veloeity by the descent of colder
and heavier particles, so that an ascending and descending current is instantly
established. Besides, gaseous bodies allow a passage through them by radia-
tion. Now the quantity of heat which passes by these two channels is so much
greater than that which is conducted from particle to particle, that we possess
no means of determining their proportion. It is certain, however, that the con-
dueting power of gaseous fluids is exceedingly imperfect, probably even more
so than that of liquids.

RADIATION.

When the hand is placed beneath a hot body suspended in the air, a distinet
sensation of warmth is pereeived, though from a considerable distance. This
effect does not arise from the heat being conveyed by means of a hot current;
since all the heated particles have an uniform tendency to rise. Neither, for
reasons above assigned, can it depend upon the conducting power of the air;
because aérial substances possess that power in a very low degree, while the
sensation in the present case is excited almost on thesinstant. There is yet
another mode by which heat passes from one body to another ; and as it takes
place in all gases, and even fn vacuo, it is inferred that the presence of a medium
is not necessary to its passage. This mode of distribution is called Radiation
of Heat, and the heat so distributed is called Radiant or Radiated Heat, Tt
appears, therefore, that a heated body suspended in the air cools, or is reduced
to an equilibrium with surrounding bodies, in three ways; first, by the conduct-
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ing power of the air, the influence of which is very trifling; secondly, by the
mobility of the air in contact with it ; and thirdly, by radiation.

Laws of Distribution,—Heat is emitted from the surface of a hot body equally
in all directions, and in right lines, like radii drawn from the centre to the sur-
face of a sphere; so that a thermometer placed at the same distance on any side
would stand at the same point, if the effect of the aseending current of hot air
could be averted. The calorific rays, thus distributed, pass freely through a
vacuum and the air, without, in a sensible degree, being arrested by the latter or
affecting its temperature. When they fall upon the surface of a solid or liguid
substance they may be disposed of in three different ways:—1, they may
rebound from its surface, or be reflected ; 2, they may be received into its sub-
stance, or be absorbed ; and, 3, they may pass direetly through it, or be frans-
mitled. In the first and third cases, the temperature of the body on which the
rays fall is altogether unaffected ; whereas, in the second, it is increased. The
heating influence varies with the distance from the radiating body. The rate or
law of decrease, as ascerfained by careful experiment, and as may be inferred
from mathematical considerations, is, that the intensity of heat, like that of light,
diminishes in the same ratio as the squares of the distances from the radiating
point inerease. Thus the thermometer will indicate four times less heat at two
inches, nine times less at three inches, and sixteen times less at four inches,
than it did when it was only one inch from the heated substance.

The radiation of heat by hot bodies is singularly influenced by the nature and
condition of their surfaces, a circumstance whieh was first examined by Leslie,
to whose Essay on Heat, published in 1804, we must still refer for [mueh] of
our knowledge on this subject. It follows from these researches that veloeity
of radiation depends more on the surface than the substance of a radiating body :
that the most imperfect radiators are to be sought among those bodies which are
highly smooth and bright, such as polished gold, silver, tin, and brass ; but
that these same metals radiate freely when their smoothness and polish are
destroyed, as by seratching their surfaces with a file, or covering them with
whiting or lamp black. A metallic surface seems adverse to radiation independ-
ently of its smoothness, since a highly polished piece of glass radiates far better
than an equally polished metallic surface. Seratching a surface probably favours
radiation by multiplying the number of radiating points.

[The resnlts of Leslie’s experiments are included in the following table :

RADIATING POWERS.

Lamp Black . i ; 100 Tarnished Lead . : 43
Writing Paper . . 98 Clean Lead . . ‘ 19
SealingWazx . ., . 85 Polished Iron e 15
Crown Glass . . . 90 Tin

Cluna Yok ., ", . £8 Gold ! :
S aheamui wol’ Yt 30 Ghioe polished . 12
Plumbago . [ . (i Copper

[The recent researches of Melloni have disclosed new faets, and suggested
other views respecting the conditions of surface which influence radiation. He
found that where in polishing the surface of a metal, the outer layers are ren-
dered denser by the pressure used, the radiating power is impaired, and he
aseribes the effect of roughening a metallic surface, in Leslie’s experiments, to
the partial removal or breaking up of this denser coating. Cast silver which
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is less dense than hammered silver, he found, with the same polish of surface
to have one third more of radiating power. By seratching the surface of the
hammered metal its power of radiation was augmented in the ratio of 10 to 18.
Roughening the surface of the cast silver produced the contrary effect, lowering
the radiating power in the ratio of 13.7 to 13.4, and a like result was caused by
seratching a surface of polished marble. It would seem, therefore, that the
radiating power is closely connected with the molecular strueture of the outer
layer of the mass, and has no definite relation to the roughness or smoothness of
its surface. Taylor’s Scientif, Mem,]

[Until recently it has been very generally maintained, that the radiation of heat
was influenced by the colour of the radiant surface, dark eolours being supposed
to possess this property in the highest degree. This seems to have been hastily
inferred from Leslie’s experiments, which placed lamp black at the head of the
list of the bodies used ; although in the same table writing paper and glass have
precedence of China ink and plumbago. The same inference has been more
lately deduced from the cbservations of Dr. Starke, as referred to in the London
edition of this work. These, however, were not 20 conducted as to isolate the
effect of radiation from other cooling influences, and could not lead to any certain
conclusion. The latest experiments on the subject, those of Dr. A, D, Bache,
executed with the greatest care, furnished conclusive proof that colowr alone has
no influence upon the radiating power of a surface.)

Reflection of Heal.—The existence of a reflecting power may be shown by
standing at the side of a fire in such a position that the heat cannot reach the
face directly, and then placing a plate of tinned iron opposite the grate, and at
such an inclination as permits the observer to see in it the reflection of the fire:
as soon as it 18 brought to this inclination, a distinet impression of heat will be
perceived upon the face. If a line be drawn from a radiating substance to the
point of a plane surface by which its rays are reflected, and a second line from
that point to the spot where its heating power is exerted, the angles which these
lines form with a line perpendicular to the reflecting plane are called the angles
of incidence and reflection, and are invariably equal to each other. It follows
from this law, that when a heated body is placed in the focus of a conecave para-
bolic reflector, the diverging rays which strike upon it assume a parallel diree-
tion with respeet to each other ; and that when these parallel rays impinge upon
a second concave reflector standing opposite to the former, they are made to
converge, 8o as to meet together in its foens. Their united influence is thus
brought 1o bear upon a single point.

It has been known for ages that the heat contained in the solar rays admits of
being reflected by mirrors, and a like property has long since been recognized in
the rays emitted by red-hot bodies; but that heat emanates in invisible rays,
which are subject to the same laws of reflection as those that are accompanied
by light, is a modern discovery, noticed indeed by Lambert, but first decisively
established by Saussure and Pictet, of Geneva. They first proved it of an iron
ball heated so as not to be luminous even in the dark, and then of a vessel of
boiling water (Pictet’s Essai sur le Feu, p. 65, 1790) ; but for most of our
knowledge of this subject we must again refer to the labours of Leslie. He
demonstrated that the reflecting power depends on the nature and eondition of
surfaces, and that those qualities which are adverse to radiation, are precisely
such as promote reflection. Brigh_t smooth metallic surfaces, as polished silver,
brass, or tin, which are retentive of their own heat, are little prone to receive
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heat from other sources, but cause such rays to fly off from them; while those
qualities of a surface which facilitate radiation from a hot body, likewise unfit it
for reflecting the rays which fall upon it from surrounding objects. His experi-
ments, indeed, justify the eonclusion that the faculty of radiation is inversely as
that of reflection.

[By a reference to Melloni’s results, before mentioned, it will be apparent that
this inverse relation of radiation and reflection is far from being a general law.
Thus the polished surface of cast silver, used in his experiments, is not only a
better reflector, but a better radiator than the roughened one.]

[The following table, derived from the experiments of Buff, exhibits the com-
parative reflecting power of various surfaces. Of 100 rays, incident at an angle
of 60° from the perpendicular, there are reflected by

Polizshed Gold . ; - Th Polished Brass, varnished . 41
L Silver . . . 62 Looking Glass . . ; 20
L Brass . E F 62 Glass Plate, blackened on back 12
Brase, without polish . ' 52 Metal Plate, blackened . L]

Absorption of Heaf.—Every increase of temperature arising from radiant heat
is due to its absorption or reception into the body on which it falls, If a peneil
of heat impinge on the surface of a body, through which no portion of it is
directly transmitted, it must either be absorbed or reflected : those rays which
are reflected ecannot be absorbed; and those which are not reflected must be
absorbed. The number of absorbed rays is supplemental to that of the reflected
rays. It hence follows that as the reflecting power is materially influenced by
the nature of surfaces, the absorptive power must be so likewise. Those quali-
ties of a surface which increase reflection are to the same extent adverse to
absorption; and those which favour absorption are proportionally injurious to
reflection.

[Coneceiving reflection and radiation to be inversely related, as was erroneously
inferred from Leslie's experiments, and seeing that reflection and absorption are
algo thus related, it has been usoally maintained, as the general law, that the
conditions favourable to radiation and absorption are the same. Aceordingly the
experiments of Leslie, on this point, show that a surface coated with lamp black
has greal power to absorb the heat ineident upon it, while one of polished metal
has but little, and that the latter is improved in this respeet by being roughened.
Yet it cannot be inferred, as a general fact, that absorption and radiation follow
the same law. A roughened surface of marble, or of ecast silver, though, no
doubt, possessed of higher powers of absorption than when smooth, is, as we
have seen, inferior in radiating power.]

[The colour of surfaces, though, as hereafier to be shown, highly influential
in the absorption of heatasscciated with light, as in the rays of the sun, appears
to be without effect upon uncombined or dark heat. It is true that the experi-
ment of Dir. Starke, (see London edition of this work,) have been adduced to
prove the reality of such an influence; but they are open to serious objections,
some of which have been already hinted at under the head of radiation.)

An interesting connection has been traced by Nobili and Melloni between the
absorbing and condueting power of surfaces. (An. de Ch. et Ph. xlviii. 198.)
In their experiments variations of temperature were estimated by the thermo-mul-
tiplier, and these researches, if free from fallacy, justify the inference that the
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radiating and absorbing powers of surfaces for simple heat are in the inverse
order of their conducting power.

Transmission of Heat.—Radiant heat passes with perfect freedom through a
vacuurn. The air and gaseous substances present but a feeble barrier to its pro-
gress ; so feeble, indeed, that the degree of impediment which they oceasion has
not yet been appreciated. Most transparent media of a denser kind, on the
contrary, such as the diamond, rock-erystal, glass, and water, even in thin strata,
interfere greatly with its passage. This last remark, however, is only applicable
to simple radiant heat, that is, to heat unassociated with light. The solar rays
pass readily throngh glass, both heat and light being refracted in their passage,
as is shown by the action of a burning glass or lens; and thongh much of the
heat emitted by the flame of a lamp or a red-hot ball of iron is arrested by glass,
many calorific rays are direcily transmitted along with the light. But the result
is different when the heated body is not luminous. A thin screen of glass inter-
posed between such an object and a thermometer certainly intercepts most of the
rays that fall upon it ; and the sole question which can be raised is, whether the
small effect on the thermometer is caused by direct transmission, or by the screen
first becoming warm by absorbing the rays, and then acting by its radiation on
the thermometer. On this point the philosophic world was long much divided;
but the question has been at length finally set at rest by the masterly researches
of Melloni, made with the thermo-multiplier (An. Ch. et Ph. xlviii. 198, liii. 5,
lv. 337, 1x. 402). He has proved that solids and liquids differ in transmissibility
to the rays of heat, just as they differ in their action on light. This may be
expressed by the terms franscalent and intranscalent (frans through, caleo 1 heat),
or diathermanous and adiathermanous (Sua through, fepuace I heat), correspond-
ing to the adjectives transparent and opaque as applied to light. The principal
conclusions flowing from his researches are the following :—

1. Though transcalent bodies are also in general more or less transparent, the
only known exceptions being opaque black glass and black mica, yet the trans-
caleney and transparency of a substance are not in the same proportion,

2. Radiant heat falling perpendicularly on lamine of transcalent bodies having
parallel surfaces suffers in all the same degree of reflection, which amounts to
39-1000ths of the incident rays on entering, and 37-1000ths on leaving the lamina.

3. Transcalent bodies differ in the degree of their transcalency. Rock-salt is
the only known substance which is perfectly diathermanous: heat from any
source falling on a Jamina of pure rock-salt with parallel faces, is not at all
absorbed, all the rays which are not reflected being directly transmitted ; and this
is true Whether the lamine be thick or thin. The result is different with other
transcalent bodies, which always absorb a portion of the incident rays.

[Of 100 rays of heat from the same source, sucecessively incident on lamine
of a number of substances of equal thickness, there were transmitted through

Rock.salt . . . o B2 Gypsum . . |
Cale Spar e T Black Glass (opaque) . 16
PlateGlass . . . 40 Ao RS R L L

Of 100 rays similarly incident on strata of liquids, there were transmitted
through

Chloride of Sulphur . 63 Alechel . . . . o B

Bi Sulphuret of Carbon . 63 L I g |
Pyl e St v |
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Of 100 rays incident on similar lamine of differently coloured glasses, there
were transmitted through

Violet Glass . £ - 53 Blue : - g 5 33
Red 5 g 4 - 47 (zreen . g . ¢ 26
Yellow . . 3 4 34

It thus appears that while rock-salt is the most transcalent substance known,
clear glass arrests more than one half of the incident heat; and what is still
more remarkable, transparent alum and limpid water intercept more of the rays
than the deepest coloured and even opaque glasses.]

4, In glass and liquids those are most transcalent which have the greatest
refractive power in regard to light. This is shown in No. 3, where only 11 per
cent, of the incident heat passed through water, and 63 through a similar stratum
of bisulphuret of carbon. But the law is not applicable to chrystalline bodies ;
thus, as above, 92 per cent, of the incident rays find their way through rock-salt,
and 12 per cent. through a similar stratum of alum; while their refractive
powers for light are nearly the same.

5. The quantity of radiant heat transmissible through glass varies with the
temperature of the souree from which the rays emanate.

[Thus using as sources of heat the lamp of Locatelli; a red-hot spiral of
platinum wire ; a blackened copper plate at 734°; and the same at 212°, Mel-
loni found the heat incident from these various sources to be transmitted in the
following proportion, assuming 100 as the measure of the incident rays :

Subgtance. Lamp. Hot Platinum. Copper T34°. Copper 212°.
Rock.salt - - g2 92 92 92
Calc Spar ., . . 30 28 G 1]
Plate Glass . : . 3o 24 [} 0
Gypsum . . . 14 7] 0 0
Alum - - . 9 2 0 0

It thus appears that rock-salt is not only the most transcalent of bodies, but
is equally so to heat of all temperatures.

But the action of media upon radiant heat consists not merely in stopping a
certain portion of it, but in separating it into two portions, hence a second plate
of the same kind of substance intercepts but little of the heat which has passed
through the first. Thus if 1000 rays be incident upon a plate of alum, only 90
will pass throngh, but if these 30 be allowed to fall on a second plate of the
same substance, 81, or 9-10ths of the whole will be transmitted. ]

Hence it should follow, as Melloni has proved, that comparatively little heat
is absorbed by multiplying sereens of the same material, or inereasing the thick-
ness of one sereen: it is the first sereen, or the side of one sereen, next the
radiating substance, by which the principal absorption of heat is effected. The
quantity of heat arrested by increasing the thickness of a screen decreases in a
very rapid ratio. These facts establish between heat and light new and deeply
Interesting relations, which will be referred to in the next section.

[It further appears from these experiments that the kind of heat thus trans-
mitted differs for different media, and hence that there are various kinds or states
of radiant heat, just as there are various kinds or states of light as manifested
by its different colours. Cale Spar, for example, transmits 91 per cent. of the
heat which has passed through alum and 81 of that which has passed through
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gypsum, while the green tourmaline transmits only 1 in the 100 coming from
the alum, and no less than 30 which have passed through black glass.]

6. Melloni has established the refrangibility of heat by diathermanous media.
Prior ohservers failed of obtaining decisive evidence of this property, in conse-
quence of using prisms or lenses of glass, the feeble transcalency of which
unfits it for such an inquiry ; but with a prism of rock-salt Melloni easily demon-
strated the general principle, and proved that heat from different sources, like
light of different colours, has different degrees of refrangibility.

Polarization and double Refraction of Heal.—These properties of radiant heat,
which Melloni with all his skill vainly attempted to demonstrate, have lately
been established in regard to heat, both from luminous and non-luminous sourees,
by Forbes,—a discovery of great interest, as drawing still closer the relations
of heat and light, and for which he has received the well-merited honour of the
Keith medal, awarded by the Royal Society of Edinburgh. Forbes has polarized
heat by all the methods which polarize light,—by reflection, refraction, and don-
ble refraction. He also depolarized heat; and as this cccurs only as a conse-
quence of double refraction, he thereby proved the double relraction of heat.
The instroment used by Forbes was the thermo-multiplier, brought to such
extreme delicacy that it is supposed sensible to 1-1500ths of a degree of Fah-
renheit’s thermometer. (Phil. Trans. Ed. 1835.)

Theory of Radiation.—The tendency which all bodies evince to attain an
equality of temperature by means of radiation, has given rise to two ingenious
theories, suggested respectively by Pictet and Prevest.  According to the
former, bodies of equal temperature do not radiate at all; and when the tem-
perature is unequal, the hotter give calorific rays to the colder bodies till an
equilibrium is established, at which moment the radiation ceases., Prevost, on
the contrary, conceived radiation to go on at all times, and from all substances,
whether their temperature were the same or different from that of surrounding
objects (Recherches sur la Chaleur). Consistently with this view, the tempe-
rature of a body falls whenever it radiates more heat than it absorbs ; its tem-
perature is stationary when the quantities emitted and received are equal; and
it grows warm when the absorption exceeds the radiation. Of these theories the
preference is very generally accorded to the latter,

Adopting, then, the theory of Prevost, it will be uvseful to examine a few
instances of its application ;—and, first, in regard to the experiments with con-
jngate mirrors. If a metallic ball in the foeus of one mirror, and a thermometer
in that of the other, be of the same temperature as the surrounding objects (say
at 60%), the thermometer will remain stationary. It will indeed receive rays
from the ball; but as it emits an equal number in return, its temperature will be
unchanged. 1If the ball is above 60° the thermometer will rise, because it then
receives a greater number of rays than it emits. If, on the contrary, the ball is
below G0°, the thermometer, being the warmer of the two bodies, emits more
rays than it receives, and its temperature will fall.

The same mode of reasoning explains an interesting experiment originally
performed by the Florentine Academicians, and since ecarefully repeated by
Pictet. He placed a piece of ice instead of the metallic ball in the focus of his
mirror, and observed that the thermometer in the oppoesite focus immediately
descended, but rose again as soon as the ice was removed. On replacing the
ice in the focus, the thermometer again fell, and reascended when it was with-

3
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drawn. It was supposed by some philosophers that this experiment proved the
existence of frigorific rays, endowed with the property of communieating cold-
ness ; whereas, all the preceding remarks were made on the supposition that
cold is merely a negative quality arising from the diminution of heat. Nor is
the foregoing experiment inconsistent with such an opinion: on the contrary, it
is readily accounted for by the theory of Prevest, and might have been antiei-
pated by its application. The thermometer, in fact, has its temperature lowered,
because it emits more rays than it receives ; and it rises when the ice is removed,
because it then receives a number of calorific rays radiated by the warmer sur-
rounding objects, which were intercepted by the ice while it was in the focus,

An elegant application of this theory was made by Dr. Wells, to account for
the formation of Dew. The most eopious deposit of dew takes place when the
weather is clear and serene; and the substances that are covered with it are
always colder than the contiguous strata of air, or than those bodies on which
dew is not deposited. In fact, dew is a deposition of water previously existing
in the air as vapour, and which loses its gaseous form only in consequence of
being chilled by contact with colder bodies. In speculating, therefore about the
cause of this phenomenon, the chief object is to discover the cause of the reduc-
tion of temperature. 'The explanation proposed by Wells, in his excellent
Treatise on Dew, and now universally adopted, is founded on the theory of
Prevost. If it be admitted that bodies radiate at all times, their temperature
can remain stationary only by their receiving from surrounding objects as many
rays a8 they emit; and should a substance be so sitnated that its own radiation
may continue uninterruptedly without an equivalent being returned to it, its tem-
perature must necessarily fall. Sueh is believed to be the condition of the
ground in a calm starlight evening. The calorific rays which are then emitted
by substances on the surface of the earth, are dispersed through free space and
lost; nothing is present in the atmosphere to exchange rays with them, and their
temperature consequently diminishes. If, on the contrary, the weather be clondy,
the radiant heat proceeding from the earth is intercepted by the clouds, an inter-
change is established, and the ground retains nearly, if not quite, the same tem-
perature as the adjacent portions of air.

All the facts hitherto observed concerning the formation of dew, tend to con-
firm this expianation. Dew is deposited sparingly or notat all in cloudy weather ;
all circumstances which promote free radiation are favourable to its deposition ;
zood radiators of heat, such as grass, wood, the leaves of plants, and filamen-
tous substances in general, fall in temperature, in favourable states of the
weather, to an extent of 10, 12, or even 15 degrees below that of the circumam-
bient air; and while these are drenched with dew, pieces of polished metal,
smooth stones, and other imperfect radiators, are barely moistened, and are
nearly as warm as the air in their vicinity.

Covling of Bodies.—TFHeated bodies cool by two very different methods. When
a hot body is enveloped in solid substances, its heat is withdrawn solely by
communication, and the veloeity of cooling depends on the condueting power.
Cooling is effected in a similar manner when the heated body is immersed in a
liquid ; but the velocity of cooling then depends partly on the conducting power
of the liquid, and partly on the mobility of its particles. In elastic fluids the
cooling takes place both by communication and radiation ; and in a vacuum it is
produced sclely by radiation,
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The term velocity of cooling above employed, signifies the number of degrees
lost by a hot bedy during equal intervals of time, as one minute or one second;
and by the law of cooling is meant the relation which the velecities of cooling
bear to each other. The first attempt to fix the law of eooling was by Newton.
Observing that the velocity of cooling in a hot body diminishes continually as
the excess of its temperature declines, he conceived that the heat lost during
each interval of time was a constant fraction of its excess of heat at the begin-
ning of that interval, and he inferred as a general law of cooling that while the
times of cooling form an arithmetical series, the velocities of cooling are in a
geometric progression. [But, from the admirable researches of Dulong and
Petit, it appears that this law is only approximately true when the excess of tem-
perature of the hot body is small, and quite inapplicable in other cases. 'The
following is the law of cooling in vacuo deduced from their experiments.
When a body cools in vacuo, the surrounding temperature being constant, the
veloeity of cooling for exeess of temperature, in arithmetical progression, in-
ereases as the terms of a geometrical progression diminished by a certain

quantity. ]
EFFECTS OF HEAT.

The phenomena that may be ascribed to this agent, and which may therefore
be enumerated as its effects, are numerous. With respect to animals, it is the
cause of the feelings of cold, agreeable warmth, and burning, according to its
intensity. It exeites the systemn powerfully, and without a certain degree of it
the vital actions entirely cease, Over the vegetable world its influence is obvious
to every eye. By its stimulus eco-operating with air and moisture, the seed bursts
its envelope and yields a new plant, the buds open, the leaves expand, and the
fruit arrives at maturity. With the declining temperafure of the seasons the
circulation of the sap ceases, and the plant remains torbid till it is again excited
by the stimulus of heat.

The dimensions of every kind of matter are regulated by this principle. Its
increase, with few exceptions, separates the particles of bodies to a greater dis-
tance from each other, producing expansion, so that the same quantity of matter
is thus made to occupy a larger space ; and the diminution of heat has an oppo-
site effect.

The form of bodies is dependent on heat. By its increase sclids are con-
verted into liquids, and liquids are dissipated in vapour; by its decrease vapours
are condensed into liquids, and these become solid. If matter ceased to be under
the influence of heat, all liquids, vapours, and doubtless even gases, would
become permanently solid ; and all motion on the surface of the earth would be
arrested.

When heat is accumulated to a certain extent in bodies, they shine or become
incandescenf, On this important property depend all our methods of artificial
illumination.

Heat exerts a powerful influence over chemical phenomena. There is, indeed,
scarcely any chemieal action which is not in some degree modified by this prin-
ciple; and hence a knowledge of its laws is indispensable to the chemist. By
its means bodies previously separate are made to combine, and the elements of
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compounds are disunited. An undue proportion of it is destruetive to all organic
and many mineral compounds; and it is essentially concerned in combustion, a
process so necessary to the wants and comforts of man.

Of the various effects of heat above enumerated, several will be diseussed in
other parts of the work. In this place it is proposed to treat only of ils influ-
ence over the dimensions and form of bodies, a subject which will be conve-
niently stndied under the three heads of expansion, liquefaction, and vaperization.

EXPANSION.

[ Assuming with the generality of chemists that heat is a peculiar species of
matter, whose particles are strongly repulsive of one another, and attractive in
various degrees of the particles of ponderable bodies, we may readily conceive
that the entrance of heat into a mass will have the effect of removing the inte-
erant molecules to greater distances from each other, and that thus the body will
be made to occupy a greater space, or to expand.]

This effect of heat is opposed to cohesion—that force which tends to make
the particles of matter approximate, and which must be overcome before any
expansion can ensue. IHeat, therefore, should produce the greatest expansion in
those bodies which are least influenced by cohesion, an inference fully justified
by observation. Thus the force of cohesion is greatest in solids, less in liquids,
and least of all in aériform substances; while the expansion of solids is trifling,
that of liquids much more considerable, and that of elastic fluids far greater.

It may be laid doavn as a rule, the reason of which will now be obvious, that
21l bodies are expanded by heat, and that the expansions of the same body in-
creases with the quantity of heat which enters it. But this law does not apply,
unless the form and chemical constitution of the body is preserved. TFor if a
change in either be oceasioned, then the reverse of expansion may ensue; not,
however, as the direct consequence of an augmented temperature, but as the
result of a change in form or composition. :

T'o prove the expansion of solids, we need only take the exaet dimensions in
length, breadth, and thickness, of any substance when cold, and measure it
again while strongly heated, when it will be found to have increased in every
direction. This dilatation from heat and consequent contraction in cooling take
place with a foree which appears to be irresistible,

Expansion of Solids.—The expansion of solids has engaged the attention of
several experimenters, who have endeavoured to determine the exact quantity by
whieh different substances are lengthened by a given increase of heat, and
whether or not their elongation is equable at different temperatures. Their
expansion, for example, from the freezing point of water to 122°, is equal to
what takes place betwixt 122° and 212°, The researches of Duleng and Petit
(An. de C. et P. vii.) prove that solids do not dilate uniformly at high tempe-
ratures, but expand in an increasing ratio; that is, the higher the temperature
beyond 212°, the greater the expansion for equal additions of heat. It is mani-
fest, indeed, from their experiments, that the rate of expansion is an increasing
one even hetween 32 and 212 but the differences which exist within this small
range are so inconsiderable as to escape observation, and for most practical pur-
poses may he disregarded.

The subjoined table includes the most interesting results of Lavoisier and
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Laplace, who have carefully investigated the linear expansion of solids. (Biot,
i. 158,) ;

Elongation when heated

Names of Substances. from 32° to 212",

Glazs tube without lead, a mean of three specimens : T'ITE of its length.
English flint glass . ‘ . . . . 1u'rg
Copper . : . : . . . 37
Brass—mean of two specimens . - . - E%E
Soft iron forged . # ‘ = . . : 519
Irom wire : i . : ; ; . E%‘I
Untempered steel . . ; . . i L
Tempered steel . . . 4 & . L,
Lead . 5 - e : - & " 3 é.i.
Tin of India . . . - : : ; h'}'il
Tin of Falmouth . - A F : i - 1 3
Bilver . - : - % ; : . E’-éi‘
Gold—mean of three specimens A n 3 e & i!J:I
Platinum, determined by Borda . : y . 1167

Knowing the elongation of any substance for a given number of degrees of
the thermometer, its total increase in bulk may in general be caleulated by
trebling the number which expresses its increase in length.

[According to the curious observations of Mitscherlich, erystalline bodies, of
certain forms, are differently affected by heat in different directions. Thus a
rhamb of ealearecus spar, while expanded in the direction of its axis of double
refraetion, or the line joining its two obtuse summits, is contracted in all direc-
tions at right angles to this. Hence the angles of the crystal are changed by
heat, the obtuse ones diminishing and the acute ones enlarging, so as to approach
the firure more nearly to the form of a cube. M. Fresnel found the effect on
a crystal of sulphate of lime to be just the reverse of this, the expansion oceur-
ring chiefly at right angles to the axis. It is doubtless owing to a similar cause
that glass and other solids, which are liable to various degrees of crystalline
arrangement of their parts, have been found, when examined under these dif-
ferent conditions, to possess different expansibilities. ]

Ezxpansion of Liguids.—The expansion of liquids is proved by putting a com-
mon thermometer, made with mercury or alechol, into warm water, when the
dilatation of the liquid will be shown by its aseent in the stem. The experiment
is indeed illustrative of two other facts. It proves, first, that the dilatation
increases with the temperature ; for if the thermometer be plunged into several
portions of water heated to different degrees, the ascent will be greatest in the
hottest water, and least in the coolest portions. It demonstrates, secondly, that
_ liguids expand more than solids. The glass bulb of the thermometer is itself
expanded by the hot water, and therefore is enabled to contain more mercury
than before; but the mercury being dilated to a much greater extent, not only
occaples the additional space in the bulb, but likewise rises in the stem. Tts
ascent marks the difference between its own dilatation and that of the glass, and
is only the apparent, not the actual, expansion of the liquid,

Different liquids do not expand to the same degree from an equal inerease of -
temperature.  Aleohol expands much more than water, and water than mereury.
In being heated from 32° to 212°
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Aleohol is increased in volume, by . . . . Y
Fized Oils . . - % * 2 . R

Water N . g . B EEI’TE
Mercury . . . . . . i ?";{!,'5'

From the frequency with which mereury is employed in philosophical experi-
ments, it is important to know the exact amount of its expansion. This subject
has been investigated by several philosophers, but the experiments of Lavoisier
and Laplace, and especially of Dulong and Petit, from the extreme ecare with
which they were made, are entitled to the greatest confidence. According to the
former the actual dilatation of mercury, in passing from the freezing to the boiling
point of water, amounts to L%% of its volume; but the result obtained by
Dulong and Petit, who found it 100 is probably still nearer the truth. Adopt-
ing the last estimate, this metal dilates, for every degree of Fahrenheit's ther-
mometer, 5g'gy of the bulk which is oceupied at the temperature of 32°, The
apparent expansion of mercury contained in glass iz of course less than the
absolute expansion. Between the limits of 32° and 212°, Lavoisier and La-
place estimate the apparent expansion at 'y and Dulong and Petit at ;1 5 of
its volume, being ;yhgg for each degree of Fahrenheit’s thermometer.

[The most expansible of liquids are those which have been produced by the
condensation of certain gases, and those discovered by Sir D. Brewster in the
. minute cavities of erystals of topaz and quartz. Liguified carbonic acid expands
according to Thilorier, at the rate 1yL4, of its volume, for each degree of the
thermometer ; which is four times the expansion of air and other gases. Accord-
ing to Dr. Mitchell its dilatation is three times that of air. The liquids are
believed to be even more expansible, and are probably in part composed of
liquified gases.]

All experimenters agree that liquids expand in an fncreasing ratio, or that
equal increments of heat cause a greater dilatation at high than at low tempera-
tures. Thus, if a fluid is beated from 32° to 122° it will not expand so much
as it would do in being heated from® 122° to 212°, though an equal number of
degrees is added in both eases. In mercury the first expansion, according to
Delue, is to the second as 14 to 15; in olive oil as 134 to 15; in alcohol as
109 to 15 ; and in pure water as 47 to 15,

[The augmenting expansion of mercury, as measured by Dulong and Petit at
successive intervals of 180°, is seen in the following table :

F]‘ﬁm 32‘: tl:l 212': - - - ™ - FEI“E
“ 213°10 392° ; : j . e
-} & font

¢ 302°10 572° . : W i SEHES

An interesting exception to this law of an increased rate of expansion, has
been found by Desprets in the dilatation of fused sulphur, which he observed to
expand in a diminishing ratio with equal successive additions of temperature.]

There is a peculiarity in the effeet of heat upon the bulk of some fluids ;
namely, that at a certain temperature inerease of heat causes them to contract,
and its diminution makes them expand. This singular exception to the general
effect of heat is only observable in those liquids which inerease in bulk in pass-
ing from the liquid to the solid state, and is remarked only within a few degrees
of temperature above their point of congelation. Water is a noted example of
it. Iee swims upon the surface of water, and therefore must be lighter than it;
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a eonvineing proof that water in the act of freezing must expand. The specific
gravity of ice is nearly 0-92, which gives the volume of ice to that of water as
1 to 0-92 ; that is, water expands by about 1-11th of its volume in passing into
ice.

But it is not only during the act of congelation that water expands; since it
begins to dilate some time before it actually freezes. Dr. Croune noticed this
phenomenon so early as the year 1683, and it has since been observed by various
philosophers. To render this obvious, fill a flask, capable of holding three or
four ounces, with water at the temperature of 60°, and adapt to it a cork, through
which passes a glass tube open at both ends, about the eighth of an inch wide,
and ten inches long. After having filled the flask, insert the cork and tube, and
pour a little water into the latter till the liquid rises to the middle of it. On
immersing the flask into a mixture of pounded ice and salt, the water at first
contracts, and therefore descends in the tube; but scon after an opposite move-
ment ensues, indicating dilatation, though the water within the flask is at the
game time yielding heat to the freezing mixture in which it is immersed.

To the inference deduced from this experiment it was objected, that the ascent
of the water in the tube is not referable to expansion in the liquid, but to con-
traction of the flask, diminishing its eapaecity. In fact, this canse does operate,
though not to a degree sufficient to account for the whole effect; and, accord-
ingly, it has been proved by an elegant and decisive experiment of Dr. Hope,
that water does really expand previous to congelation. He believes the greatest
density of water to be between 39-5° 40° ; that is, boiling water obeys the usual
law till it has cocled to the temperature of about 402, after which the abstraction
of heat produces increase instead of decrease of volume (Phil. Trans. Ed. v,
379). Hallstrém, who has examined this point with much care, estimates it
at 39°.

The expansion of water at the moment of freezing is attributed to a new and
peculiar arrapgement of it particles, Ice is in reality erystallized water, and
during its formation the particles arrange themselves in ranks and lines, which
cross each other at angles of 60° and 120°, and consequently occupy more space
than when liquid. This may be seen by examining the surface of water while
freezing in a sauncer.

Water is not the only liquid which expands under reduction of temperature,
as the same effect has been observed in a few others which assume a highly
erystalline structure on becoming solid ;—fused iron, antimony, zine, and bis-
muth, are examples of it. Mercury is a remarkable instance of the reverse ; for
when it freezes, it suffers a very great contraction.

Ezxpansion of Gases.—As the particles of air and aériform substances are not
held together by cohesion, it follows that increase of temperature must occasion
a considerable dilatation of them ; and, aceordingly, they are found to dilate from
equal additions of heat much more than solids or (most) liquids.

This subject had been unsuccessfully investigated by several philosophers,
who failed in their object chiefly because they neglected the precaution of drying
the gases upon which they operated.

[The general laws of their dilatation were detected by Dalton and Gay Lussac
nearly at the same time, and afterwards still more fully investigated by Duleng
and Petit.

The laws thus deduced are as follows :

1st. All gases dilate equally between the same limits of temperature,
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2d. Fach gas-dilates uniformly by equal successive additions of temperature.

3d. The dilatation of any one gas between the same limits of temperature is
the same, whatever be the degree of its condensation, provided the pressure be
maintained uniform during the expansion. From similar experiments, the same
philosophers were led to infer that steam and other vapours, apart from the
liquids that produce them, expand in a ratio sensibly the seme with the so called
permanent gases.

According to the experiments above referred to, 100 parts of air or other gas-
eous matter, in being heated from 32° to 212°, expand to 137-5 parts. The
increase from 180° is therefore 37-5 for the 100 parts, or 0-375 for 1 part. This
divided by 180 (%A%8), gives for the expansion of dry air for each degree of
Fahrenheit's thermometer 5lg,, of the volume of the air at 32°, Thus if a
cubic foot of air at 32° be raised one degree, its volume will become 1,15, cubic
feet,

The more recent and elaborate investigations of Rudberg, Magnus and Reg-
nault, have proved the expansibility of atmospheric air to be somewhat less than
that above stated, According to Rudberg the mean Bxpﬂnﬁiun of dry air at the
common pressure for each degree from 32° ta:- 212° is lg.q of its volume at
32°; according to Magmla it is very nearl}' TH7sts and according to Regnault a
little more than 3 ye -]

This point being established, it is easy to ascertain what volume any given
quantity of air should oecupy at any given temperature. Suppose a certain por-
tion of air to occupy 20 measures of a graduated tube at 32°, it may be desirable
to determine what would be its bulk at 42°, For every degree of heat it has
increased by 515, of its original volume, (assuming for simplicity the old co-
efficient of expansion,) and therefore, since the inerease amounts to ten degrees,
the 20 measures will have dilated by {5, The expression will therefore be
20 =+ 20 X ;% =20-416. The volume which the air occupies at 32° is a neces-
sary element in all such caleulations, Thus, havin® 20°416 measures of air at
42°, the corresponding bulk for 52° cannot be calculated by the formula 20°416
—+ 204165 ; the real expression is El]"ilﬁ-l-ﬂﬁa]g"ﬁ. because the inerease is
only 420 of the space occupied at 32° which is 20 measures. A similar
remark applies to the formula for estimating the effect of heat on the height of
the barometer.

[Hitherto the same co-efficient of expansion ;1 ; has been considered applica-
ble to all gases, and even to steam and other vapours, and this would obviously
be the case were they all equally expansible, as aflirmed in the first of the above
laws. But Magnus and Regnault have shown that there are slight but sensible
differences in the expansibility of these bodies. The following table from Reg-
nault’s memoir, shows the increase of volume of the different gases when heated
from 32° to 212° under ordinary atmospherie pressure,

Ajr : : g 0.36650 Witrons Oxide . a 0.37195
Hydrogen . , 0.36706 Cyanogen - = 0.28767
Carbonic Oxide .,  0.3668% Sulphurous Acid . 0.39028]
Carbonie Acid - 0.37089

[The second law, though generally assumed as true for all parts of the scale,
was only tested by Gay Lussac, between 32° and 212°. This was done by
comparing the march of a mercurial with that of an air théermometer, exposed
together to the same successive temperatures in the apparatus before described.
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The correspondence between the instruments was found to be very exact. Dulong
extended the comparison to lower, and to higher temperatures, and inferred that
the two instruments agree in their indications from 64°8 to 212°,—but that
above the latter point the expansions of the air diminish for successively equal
increments of temperature, measured by the mercurial thermometer. Nearly the
same results have been deduced by Regnanlt, excepting that he found the point
at which the air thermometer fell behind the mercurial to vary in different instru-
ments, owing to the difference of expansion of different kinds of glass. 1In
atmospheric air and earbonic acid, he found the expansion, for a given increase
of temperature, to be greater as the gas is more condensed. This increase of
expansibility, by aupmented pressure, was observed in a still more marked
degree with cyanogen and sulphurous acid gases. With the laiter the dilatation
under 1 atmosphere of pressure was 0.3902, and under 1.%% atmosphere, was
0.3980.

These experiments would seem to prove that the increase of expansibility as
the pressure is augmented, is most rapid in the cases of those gases which
require the least compression for their liquefaction, such as the two last men-
tioned. Hence Regnaunlt inferred the probability that the vapours, which are
even more condensible than these gases, would be found to possess expansibili-
ties exceeding by a still greater amount that of atmospheric air. Hitherto, how-
ever, they have been regarded as having exactly the same expansibility, and
hence been included in the first of the laws above announced.

It is an interesting fact, ascertained in these experiments, that hydrogen gas
preserves its expansibility 0.34706, unaltered as high as 3} atmospheres, the
limit to which he carried his experiments on this substance.]

ON THE THERMOMETER.

The influence of heat over the bulk of bodies is better fitted for estimating a
change in the quantity of that agent than any other of its properties ; for sub-
stances not only expand more and more as the temperature increases, but in
general return exactly to their original volume when the heat is withdrawn.
The first attempt to measure the intensity of heat on this principle was made
early in the seventeenth century, and the honour of the invention is by some
bestowed on Sanctorius, by others on Cornelius Drebel, and by others on the
celebrated Galileo. The material used by Sanctorius was atmospheric air, There
are, however, two foreible objections to the general employment of this ther-
mometer. In the first place, its dilatations and contractions are so great, that it
is inconvenient to measure them when the change of temperature is considera-
ble; and, secondly, its movements are influenced by pressure as well as by heat,
so that the instrument would be affected by variations of the barometer, though
the temperature should be quite stationary.

For the reasons just stated, the common air thermometer is rarely employed;
but a modification of it, described in 1804 by Leslie in his Essay on Heat
under the name of Differential Thermomeler, is entirely free from the last objee-
tion, and is admirably fitted for some special purposes. This instrument was
invented a century and a half ago by Sturmius, Professor of Mathematies at
Altdoril, who has left a description and sketch of it in his Collegium Curiosum,
p. 54, published in the year 1676 ; but like other air thermometers it had fallen

4
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into disuse, till it was again brought into notice by Leslie. As now made it con-
sists of two thin glass balls joined together by a tube, bent twice ata right angle,
as represented in the annexed figure. Both balls con-
tain air, but the greater part of the tube is filled with-
sulphuric acid coloured with ecarmine. It is obvious
' that this instrument cannot be affected by any change
of temperature acting equally on both balls; for as loag
as the air within them expands or contracts to the same
extent, the pressure on the opposite surfaces of the
liquid, and consequently its position, will continue un-
changed. Hence the differential thermometer stands at
|| the same point, however different may be the tempera-
| ture of the medium. DBut the slightest difference be-
i tween the temperature of the two balls will instantly
be detected ; for the elasticity of the air on one side
being then greater than that on the other, the liquid will
retreat towards the ball whose temperature is lowest,

Solid substances are not better suited to the construc-
tion of a thermometer than gases; for while the expan-
sion of the latter is too great, that of the former is so
small that it cannot be measured except by the adapta-
tion of complicated machinery. Liquids which expand more than the one and
less than the other, are exempt from both extremes; and, consequently, we must
search among them for a material with which to construet a thermometer. The
principle of selection is plain, A material is required whose expansions are
uniform, and whose boiling and freezing points are very remote from one another.
Mercury fulfils these conditions better than any other liquid. No fluid can sup-
port a greater degree of heat without boiling than mercury ; and none, except
aleohol and ether, can endure a more intense cold without freezing., It has,
besides, the additional advantage of being more sensible to the action of heat
than other liquids, while its dilatations between 32 and 212° are almost per-
feetly uniform. Strietly speaking, the same quantity of heat does occasion a
greater dilatation at high than at low temperatures, so that, like other fluids, it
expands in an increasing ratio. But it is remarkable that this ratio, within the
limits assigned, is exactly the same as that of glass; and therefore, if contained
in a glass tube, the increasing expansion of the vessel compensates for that of
the mercury.

We cannot here deseribe in detail the method of constructing a mercurial
thermometer. This well known instrument consists of a tube of a uniform
small bore, having a ball blown at one end. The ball and part of the tube are
filled with mercury, the air is expelled by boiling the mercury, and the tube is
hermetically sealed.

In order to graduate the thermometer, two fixed points are required : these are
obtained by immersing it first in melting ice, marking the point at which it
stands ; and secondly in boiling water, at the level of the sea, and under the
usnal atmospheric pressure, the point at which it stands being also marked.

The distance between these two points may be divided into any number of
equal parts or degrees. Fahrenheit, whose seale is used in this country, divided
it into 180 degrees, beginning his scale at a point 32 of these degrees below
the freezing point of water, which is the zero of his scale, Celsius, the author
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of the centigrade seale, most frequently employed on the Continent, placed his
zero at the freezing point, and divided the distance between that and the boiling
peint into 100 degrees. Reaumur adopted the same starting point or zero, but
divided the same distance into 80 degrees only. Hence, the boiling point of
water, on Fahrenheit’s seale, is 212°, on the centigrade scale 100°, and on that
of Reaumur 80°. '

It is easy to reduce the temperature expressed by one thermometer to that of
another, by knowing the relation which exists between their degrees. Thus,
180 is to 100 as 9 to 5, and to 50 as 9 to 4 ; so that nine degrees of Fahrenheit
are equal to five of the centigrade, and four of Reaumur’s thermometer. Fah-
renheit's is therefore reduced to the centigrade scale by multiplying by five, and
dividing by nine; or to that of Reaumur, by multiplying by four instead of five,
previously subtracting 32°, because the zero of Fahrenheit is 32° lower than
that of the others. The same process, reversed, enables us to reduce degrees of
the other scales to those of Fahrenheit.

But, to save the trouble of such reductions, I have subjoined a table which
shows the degrees on the centigrade scale and that of Reaumur, eorresponding
to the degrees of Fahrenheit’s thermometer.

11

Fahr. | Cent. | Reaonm, || Fahr. Cent. | Reanm. Fahr. | Cent. | Neaum.
g T4k 0 | 113 45 a6 14 -10 -5
203 93 76 10 40 a2 3] =14 =12
154 a0 72 05 35 28 4 =20 -16
1585 85 G3 =i a0 | 24 =13 =25 =20
176 &0 64 71 25 | 20 —99 | -a0 -24
167 T 6 60 63 20 16 -31 =3h -25
158 T0 il 450 15 12 =40 =40 -32
149 (17 (i - 50 10 g
140 G0 45 41 & 4
1%l it} 44 a2 | (1] ]

128 a0 40 i 28 | -5 -4 |

The mereurial thermometer may be made to indieate temperatures which exceed
2122, or fall below zero, by continuing the degrees above and below those points.
But as mercury freezes at 39 degrees below zero, it eannot indieate temperatures
below that point; and indeed the only liquid which has been used for sueh pur-
poses is aleohol.

[It has been observed that mercurial thermometers slowly change their zero,
which uniformly becomes higher than at the time of graduation. This pheno-
menon due to a diminished capacity of the ball, has been ascribed to the atmos-
phere continually pressing on its exterior, while a vacuum exists in the interior
of the tube. As the principal contraction ensues after the tube is sealed, it is
proper to allow some time to elapse between the sealing and graduation of the
instrument.

M. Person has found that the elevation of the zero is very great when the
instrument has been exposed to a high temperature for some hours. Former
observers have tried the effect of a temperature as high as 300°, allowing the
instrument to commence cooling immediately after reaching that point; in this
case the rise of the zero was only about 12 ; but M. P. operating at 4402, and
maintaining that temperature for several hours, obtained an elevation of 129, 152
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and even 17°. After such a prolonged heating he thinks that farther change is
probably prevented, especially if sudden fluctuations be avoided. It is obvious
from these facts that no mercurial thermometer, however accurate when first
constructed, can be relied upon after long use, and especially if exposed to
extremes of temperature, unless its scale be rectified from time to time by experi-
ment. ] :

Register Thermometer.— For some purposes, especially in making meteorolo-
gical observations, it is a very desirable object to ascertain the highest and
> lowest temperature which has
occurred in a given interval of
time, during the absence of
the observer. The instrument
employed with this intention
is called a Hegister T'hermo-
meter, and the most convenient
kind with which I am acquainted, is that deseribed in the Philosophical Trans-
actions of Edinburgh, iii. 245, by Dr. John Rutherford. The thermometer for
ascertaining the most intense cold is made with alcohol, and the bulb is bent at
a right angle to the stem, so that the latter may conveniently be placed in a
horizontal position. In the spirit is immersed a cylindrical piece of black
enamel, a, of such size as to move freely within the tube. In order to make an
observation, the enamel should be brought down to the surface of the spirit, an
object easily effected by slight percussion while the bulb is inelined uwpwards.
When the thermometer sinks by exposure to cold, the enamel likewise retreats
towards the bulb, owing to its adhesion to the spirit; but, on expanding, the
spirit passes directly beyond the enamel, leaving it at the extreme point to
which it had been conveyed by the previous contraction.

For registering the highest temperature, a common mereurial thermometer of
the same form as the preceding is employed, having a small eylindrical piece
of black enamel b, at the surface of the mercary. When the mercury expands,
the enamel is pushed forward; and as the stem of the thermometer is placed
horizontally, it does not recede when the mercury contracts, but remains at the
spot to which it had been conveyed by the previous dilatation. The enamel is
easily restored to the surface of the mercury by slight percussion while the bulb
is inclined downwards ; but this should be performed with care, lest the enamel,
in falling abruptly, should interrupt the continuity of the mercurial ¢olumn, and
interfere with the indications of the instrument.

Pyrometers—The instruments for measuring intense degrees of heat are
called pyromefers, and must be formed either of solid or gaseous substances.
The former alone have been hitherto employed, though the latter, from the
greater uniformity with which they expand, are better calculated for the purpose.
The action of most pyrometers depends on the elongation of a metallic bar by
heat; and the diffieulty in their construction consists in finding an infusible
metal of uniform expansibility, and in measuring the degree of expansion with
exaetness, 'The best of these is Daniell's pyrometer, which, with a little
practice, may be used with facility, and appears susceptible of very great pre-
cision.

[* It consists of two parts, which may be distingnished as the register and
the scale. The register is a solid bar of black-lead earthenware, highly baked.
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In this a hole is drilled, into which a bar of any metal, six inches long, may be
dropped, and which will then rest upon its solid end. A cylindrical piece of
porcelain, called the index, is then placed upon the top of the bar, and confined
in its place by a ring or strap of platinum passing round the top of the register,
which is partly cut away at the top, and tightened by a wedge of porcelain.
When such an arrangement is exposed to a high temperature, it is obvious that
the expansion of the metallic bar will force the index forward to the amount of
the excess of its expansion over that of the black-lead, and that, when again
caoled, it will be left at the point of greatest elongation. What is now required,
is the measurement of the distance which the index has been thrust forward
from its first position ; and this, though in any case but small, may be effected
with great precision by means of the scale.]

[+ This is independent of the register, and consists of two rules of brass,
accurately joined together at a right angle by their edges, and fitting square upon
two sides of the black-lead bar. At one end of this double rule a small plate
of brass projects at a right angle, which may be brought down upon the shoulder
of the register, formed by the notch cut away for the reception of the index. A
moveable arm is attached upon this frame, turning at its fixed extremity upon a
centre, and at its other, carrying an are of a circle, whose radius is exactly five
inches, accurately divided into degrees and thirds of a degree. Upon this arm,
at the centre of the circle, another lighter arm is made to turn, one end of
which carries a nonius with it, which moves upon the face of the are, and sub-
divides the former graduation into minutes of a degree; the other end crosses
the eentre, and terminates in an obtuse steel point, turned inwards at a right
angle. ]

[ When an observation is to be made, a bar of platinum, or malleable iron,
is placed in the cavity of the register, the index is to be pressed down upon i,
and firmly fixed in its place by the platinum strap and poreelain wedge. The
scale is then to be applied by carefully adjusting the brass rule to the sides of
the register, and fixing it by pressing the cross piece upon the shoulder, and
placing the moveable arm, so that the steel point of the radius may drep into 2
small eavity made for its reception, and coinciding with the axis of the metallic
bar, The minute of the degree must then be noted, which the nonius indicates
upon the are, A similar observation must be made after the register has been
exposed to the increased temperature which it is designed to measure, and
again cooled, and it will be found that the nonius has been moved forward
a certain number of degrees or minutes. The secale of this pyrometer is
readily connected with that of the thermometer by immersing the register in
boiling mercury, whose temperature is as constant as that of beiling water, and
has been accurately determined by the thermometer. The amount of expan-
sion for a known number of degrees is thus determined, and the value of all
other expansions may be considered as proportional.]

[#* The melting peint of cast iron has been thus ascertained to be 2786°, and
the highest temperature of a good wind furnace about 3300° ; points which were
estimated by Mr. Wedewood at 20577° and 32277° respectively. ]

[*#In the accompanying fizures, 1, represents the register; a is the bar of
black-lead ; a & the cavity for the reception of the metal bar; ¢ ¢ is the index,
or eylindrical piece of porcelain; d the platinum band, with its wedge, e,

2, is the scale by which the expansion is measured ; f 7 is the greater rule
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upon which the smaller, g, is fixed square. The projecting arm, %, is also fitted
snuare to the ledge, under the platinum band, d. » is the arm which earries the
graduated are of the circle fixed to the rule, £ f', and moveable upon the centre,
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7. ¢ is the lighter bar, fixed to the first, and moving upon the centre, 2. = is
the nonius at one of ils extremities, and m the steel point at the other.””] (Dan-
iell’s Introd. to Chem. Phil.)

The pyrometer of Wedgewood acts on a different principle, being founded on
the property which clay, a compound of alumnous earth and water, possesses
of gradually losing its water when exposed to an increasing temperature, and of
contracting as the water is dissipated. This instrument, however, is no longer
employed by scientific men, because its indications cannot be relied on. Every
observation requires a separate piece of clay, and the observer is never sure that
the contraction of the second piece, from the same heat, will be exaetly similar
to that of the first; especially as it is difficult to proenre specimens of the earth,
the composition of which is in every respect the same.

The subjoined table includes some of the most interesting points in the scale
of temperature which have been determined, (Bridges’ Graham.)

—148" Fahr. Greatest artificial eold. Thilorier.*
—135 **  Solid compound of alechol and carbonic acid melts.
=31 #  Greatest artificial eold measured by Walker.

* [—146 Mitchell, at which temperature alcohol of .789, ¢ assumed the appearance of
malted wax—and sulphuric ether is not in the slightest degree altered.’* R. B.]
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—58% Fahr. Temperature of planetary space, Fourier.

—Gi *  Greatest natural cold observed by Ross.
—i *»  Greatest natoral cold observed by Parry.
—i47 »  Sulphuric ether congeals.
—39 " Melting point of zolid mereury. -
el 2 A mixtare of equal parts of aleohol and water freezes.
+7 22 A mixture of one part of alcohol and three parts of water freezes.

-+ 20 m Strong wine freezes,
+32 2 Iee melis,
+ 50 »  Medium temperature of the surface of the globe.
+ 52 »  Mean temperature of England.
+98 #*  Heat of the human blood.
+ 150 »  Wood-epirit boils,
4173 2 Aleohol beils.
+212 2 Water boils.
442 » Tin melta,
<+ 612 #2  Lead melts,
-} 662 22 Mercury boils.
= 880 #*  Red heat. Daniell.
+ 1141 **  Heat of a common fire. Do,
41869 »  Brass melts, Dao.
+ 1373 »  Bilver melts. Do,
2736 **  Cast iron melts, Do,

Though the thermometer is one of the most valuable instruments of philo-
sophical research, it must be confessed that the sum of information which it
conveys is very small, It does indeed point out a difference in the temperature
of two or more substances with great nicety ; but it dees not indicate how much
heat any body contains. The thermometer gives the same kind of information
which may be discovered, though less accurately, by the feelings; it recognizes
in bodies that state alone which affects the senses with an impression of heat or
cold,—the condition expressed by the word temperafure. All we learn by this
instrument is, whether the temperature of one body is greater or less than that
of another; and if there is a difference, it is expressed numerically, namely, by
the degrees of the thermometer. But it must be remembered that these degrees
are parts of an arbitrary scale, selected for convenience, without any reference
whatever to the actnal quantity of heat present in bodies.

EPECIFIC HEAT,

A little reflection will evince the propriety of these remarks. If two glagses
of unequal size be filled with water just taken from the same spring, the ther-
mometer will stand in both at the same height, though their quentifies of heat
are certainly unequal. This observation naturally suggests the inguiry, whether
different kinds of substances, whose temperatures as estimated by the thermo-
meter are the same, contain equal quantities of heat,—if, for example, a pound
of iron contains as much heat as a pound of water or merenry. The foregoing
remark shows that equality in temperature is not necessarily connected with
equality in quantity of heat; and the inference has been amply confirmed by
experiment. If equal quantities of water are mixed together, one portion being
at 100° and the other at 50°, the temperature of the mixture will be the arith-
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metical mean or 75%; that is, the 25 degrees lost by the warm water will exactly
suffice to heat the cold water by the same number of degrees. It is hence
inferred, that equal weights or measures of water of the same temperature con-
tain equal quantities of heat; and the same is found to be true of other bodies.
But if equal weights or equal bulks of differenf substances are employed, the
result will be different. Thus, if a pint of mercury at 100° be mixed with a
a pint of water at 40°, the mixture will have a temperature of 60°, so that the
40 degrees lost by the former, heated the latter by 20 degrees only ; and when,
reversing the experiment, the water is at 100° and the mercury at 40°, the mix-
ture will be at 80°, the 30 degrees lost by the former causing a rise of 40 in the
latter. The fact is still more strikingly displayed by substituting equal weights
for measures.

[For instance, on mixing a pound of mercury at 162°, with a pound of water
at 100, the temperature of the mixture will be 102°. In this case

The mercury by losing . - g : 3 60°
raises the water . ! : . . 29

Again if the water be at 162° and the mercury at 100°, the temperature of
the mixture will be 160°.

Here the water by losing ¢ . £ x i
raises the mercury . i . 5 60°

S0 likewise if water at 100° be mixed with an equal weight of spermaceti oil
at 40°, the mixture will be found at 80°, In this case

The water by losing . . . 2 - 20°
raises the oil . . . . . . 407

Again, if the oil be 100° and the water at 402, the temperature of the mixture
will be only 60°.

Here the oil by losing . . . . . 40
raises the water s : - . i 20°)

It appears from these facts, that the same quantity of heat imparts twice as
high a temperature to mercury as to an equal volume of water; that a similar
proportion is observed with respect to equal weights of spermaceti oil and water;
and that the heat which gives 2 degrees to water will raise an equal weight of
mercury by 60 degrees, being the ratio of 1 to 30, Hence, if equal quantities
of heat be added to equal weights of water, spermaceti oil, and mercury, their
temperatures in relation to each other will be expressed by the numbers 1, 2,
and 30; or, what amounts to the same, in order to increase the temperature of
equal weights of those substances to the same extent, the water will require 30
times more heat than the mercury, and twice as much as the oil. The peculiarity
exemplified by these substances, and which it would be easy to illustrate by
other examples, was first noticed by Black. It is a law admitted to be universal,
and may be thus expressed: that equal quantities of different bodies require
unegual quantities of heat to heat them equally. This difference in bodies was
expressed by Black by the term capacity for heat, but the term specific heat is now
generally preferred.

The singular fact of substances of equal temperature containing unequal quan-
tities of heat naturally excites speculation about its ‘cause, and various attempts
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have been made to account for it. The explanation deduced from the views of
Black is the following. He conceived that heat exists in bodies in two opposite
states: in one it is supposed to be in chemical combination, exhibiting none of
its ordinary characters, and remaining as it were concéaled, without evincing any
signs of its presence; in the other, it is free and uncombined, passing readily
from one substance to another, affecting the senses in its passage, determining
the height of the thermometer, and, in a word, giving rise to all the phenomena
which are attributed to this active principle.

Though it would be easy to start objections to this ingenious conjecture, it has
the merit of explaining phenomena more satisfactorily than any view that has
been proposed in its place. It is entirely consistent with analogy. But in admit-
ting the plausibility of this explanation, it is proper to remember that it is at
present entirely hypothetical ; and that the language suggested by an hypothesis
should not be unnecessarily associated with the phenomena to which it owes its
origin. Accordingly, the word sensible is better than free heat, and insensible
preferable to combined or lafent heat; for by such terms the fact is equally well
expressed, and philosophical propriety strictly preserved.

It is of importance to know the specific heat of bodies. The most convenient
method of discovering it, is by mixing different substances together in the way
just described, and observing the relative quantities of heat requisite for heating
them by the same number of degrees.

This method was first suggesied by Black, and was afterwards practised to a
great extent by Crawford and Irvine.* But the same knowledge may be obtained
by reversing the process,—by noting the relative quantities of heat which bodies
give out in cooling ; for if water requires 30 times more heat than mercury to
raise its temperature by one or more degrees, it must also lose 30 times as much
in ecoling. The calorimeter of Lavoisier and Laplace is founded on this prin-
ciple. In this instrument the heat given out by a hot body in cooling is mea-
sured by the quantity of ice liquefied by it. But although the principle is
unexceptionable, there are difficulties in the application of it which render the
calorimeter an incorrect instrument. It is, therefore, unnecessary here to
deseribe it in detail.

[In the experiments of Dulong and Petit, which were condueted with great
exactness, the different substances were inclosed in a polished silver vessel, in
the centre of which was the bulb of a thermometer to indicate the progress of
cooling. The silver vessel was placed in a large reservoir, exhausted of its air.
The time required by equal weights of the different substances to cool, through
the same number of degrees in eircumstances exactly similar being proportioned
to the quantity of heat which they gave out, indicated the comparative specifie
heats.]

[In applying the method of mixtures it is not necessary that hoth the bodies
should be liquid. Thus, if a pound of pure copper at 300° be immersed in a
pound of water at 502, it will yield its excess of heat to the water, and in time
both will arrive at a common temperature, 72° The 228° lost by the eopper
having raised the water 22°, the specific heat of the former will be to that of
the latter as 22 to 228 ; that is, assuming the specific heat of water as 1-000,
that of copper will be %% =0096. By a skilful use of this method Regnault
has lately ascertained the specific heats of a large number of bodies, elementary

* Crawford on Animal Heat, »nd Irvine’s Chemical Essays.
5
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and compound. The following table includes some of the more impertant results,
obtained by him and other experimenters :]

. EPECIFIC HEATS.

[Water S 1 | [
Ether S i WSS e i) Copper . . «  =0005
Aleohol . - . = (Gt Lead . i s =031
Sulphuric Acid . . =0-333 Gold ' : i = (-032
Nitric Acid ; . =0r442 Antimony . . . =0-051
Sulphur . st =202 Tin . . . . = (0506
Carbon A 3 i =-241 Iodine . . 3 = 0-054
Mercury .. . Sk Phosphoros - »  =0-188
Arsenic . . - = (051 Glass . A 4 =177
Platinom . g : = 0-032 Calomel . L . = (4]
Silver : - . = 0-057 Common Salt . & = (-225
Zing v . = = (095 NMitrate of Soda : = (240
Tellurium . . - =051 Lime 2 ; 2 = 0-205
Mickel 5 - - = 0-109 Magnesia . 4 . =10-276]
Cobalt . . 5 = 0107

The determination of the specific heat of gaseous substances is a problem of
importance, and has occupied the attention of several experimenters of great
science and practical skill; but the inquiry is beset with so many difficulties
that, in spite of the talent which has been devoted to it, our best results can be
viewed as approximations only, requiring to be corrected by future research.
Crawford first investigated this subject, but his results are admitted to have
been erroneous, and need not here be cited. Lavoisier and Laplace, by means
of the ealorimeter, obtained more accorate results ; but those most to be depended
on were obtained by Delaroche and Bérard by means of a modification of the
calorimeter, in which they observed, not how much ice was melted, but how far
water was heated by the hot body during its cooling. Their experiments were
made with such skill as to inspire great confidence. They are contained in the
following table; the specific heat of the gases being referred to air as unity in
the two first columns, and to water in the third.

Under equal
Names of Substances. Volumes and con- Under equal Weights.
stant Pressure.
Atmospheric air . s i 1- 000 1-:0000 . ’ 02669
Hydrogengas . . - 0-2033 13-3400 . 3-2036
Dxygen gas . : ; i 0-9765 03848 E 0-2361
Nitrogen gas TR 1-0000 1-0318 . . 0374
Nitrons oxide gas i g 1-3503 08878 . . 0-2369
Olefiant gas . . . . 1-6530 1-5768 . . 0-420%
Carbonic oxide gas ., . 1-0340 1-0805 . . 0-2884
Carbonic Acid gas . . 1-2583 -B280 . . 0-2210
Water . . . Wi i . . « BHEE 05 - 1-0:000
Aqueons vapeur . . . . o el . 05470

Although objections have been started to these experiments, and other methods
of ascertaining the specific heats of gases proposed by Hayeraft, Delarive and
Marcet, and others; yet on the whole we may conclude that, although the spe-
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cific heats of the gases are not accurately known, the numbers of Delaroche and
Bérard are probably the best approximations hitherto published.

[Dulong had recourse to a different and highly ingenious method, This con-
sisted in ascertaining the velocity of sound in each gas, as measured by the
note the same organ pipe gave in each. By peculiar mathematical relations
connecting the specific heat with the vibratory motion of gases he caleulated the
former. ]

The circumstances which merit partieular notice, concerning the specific heats
of bodies, may be arranged under the eight following heads :—

1. Every substance has a specific heat peculiar to itself; whence it follows,
that a change of composition will be attended by a change of specific heat.

2, The specific heat of a body varies with its form. A solid has a smaller
gpecific heat than the same substance when in the state of a liquid ; the specifie
heat of water, for instance, being 9 in the solid state, and 10 in the liquid.
Whether the same weight of a body has a greater specific heat in the solid or
liquid form than in that of vapour, is a circumstance not yet decided.

[The specific heat of bodies in the state of vapour has only been determined
in a few instances, That of aqueous vapour is 0-847, water being 1-000. Thus
the specific heats of water, in its three states of solid, liquid and vapour, are
200, 1-000, 0-847. ]

3. When a given weight of any gas is made to vary in density and volume
while its elasticity is unchanged, as when air confined in a tube over mercury
is heated and suffered to expand without variation of pressure, the specific heat
is believed to remain constant.

4. Of the specific heat of equal volitnes of the same gas at a varying density
and elasticity, as when air is forced into a bottle with different degrees of force,
nothing certain has been established.

[By an ingenious contrivance Dalton ascertained that about 50° of heat are
evolved when air is compressed to one half of its original bulk, and that on
the other hand 50° are absorbed by a corresponding rarefaction.] (Manchester
Mem., vol. v.)

5. The specific heats of equal weights of the same gas vary as the density
and elasticity vary. Thus, when 100 measures of air expand by diminished
pressure to 200 measures, its specific heat is increased ; and when the same
quantity of air is compressed into the space of 50 measures, its specific heat is
diminished. The exaect rate of increase is unknown; but, according to Dela-
roche and Bérard, the ratio is less rapid than the diminution in density ; that is,
the specific heat of any gas being 1, it is not two, but between one and two,
when its volume is doubled.

6. The specific heats of solids and liquids were formerly thonght, especially
by Crawford and Irvine, to be constant at all temperatures, so long as they suf-
fer no change of form or composition, Dalton, however, (Chemical Philosophy,
part i., p. 50,) endeavours to show that the specific heats of such bodies are
greater in high than at low temperatures ; and Petit and Dulong, in the essay
already quoted, have proved it experimentally with respeet to several of them.

It is diffieult to determine whether the increased specific heat observed in
solids and liquids at high temperatures is owing to the accumulation of heat
within them, or to their dilatation. It is ascribed in general to the latter, and [
believe correctly ; because the expansion and contraction of gases by change of
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pressure, without the aid of heat, is attended with corresponding changes of
specific heat.

7. Change of specific heat always ocecasions a change of temperature, Increase
in the former is attended by diminution of the latter; and decrease in the former,
by increase of the latter. The explanation of these facts is obvions. In the
first case, a quantity of heat becomes insensible, which was previously in a sen-
sible state; in the second, heat is evolved, which was previously latent.

8. An important relation between the specific heats of some elementary sub-
stances and their equivalents was discovered by Duleng and Petit, namely, that
the product of the specific heat of each element by the weight of its atom is a
constant quantity, This relation, if general, would be of great interest, as lead-
ing directly to the inference that the atoms of elementary substances are asso-
ciated with equal quantities of heat, and enabling chemists to caleulate either
the specific heats of elements from their equivalents, or conversely their equiva-
lents from their specific heats. (An. de Ch. et Ph. x. 403.) The relation above
alluded to was exemplified by Dulong and Petit by a table similar tc the sub-
joined,

Product of the Sp. Heat

Bpecific Relative Weights
Feak. SF ditnree: of each element by the
weight of its atom.
Lead . « .« 00203 ™ 103 6 = 30353
Tin e G » & 9 = 2-9760
Zine e w0097 ¥ 323 = 2:9942
Tellorivm . . 00212 32 3 = 2:9457
Copper . . . 00049 ;(P 31 6 = 2:9958
Wickel . | spow o 001035 b4 29 5 = 30532
Iron . - » 01100 w 28 = 3:0200
Bulphur . . . . 01880 3 16+ 1 = 3-0268
Platioum. . . 00333 b4 95 8 = 3-3098
Bismuth . A 0-3258 W T1 == 2:044%
Cobalt . . . 01498 b4 29 5 = 4-4151
Arsenic . . . 0-081 b4 3T = 30537
Carbon . - P 0-25 bod 612 E 1-5300
Jodine . . ' 0089 bt 126 3 = 11:2407
Phosphorus i 0335 » 15 T = 60445
Mereury . . . 00330 * 2002 = G-6660
Silver . . . 0-0557 ot 108 = 6-0156
Gold il of poEgn i trRes » 199- 2 = 50361

It will be observed, on inspecting the last ecolumn of the table, that the pro-
duct of the specific heat into the equivalent is very nearly 3 for the first nine
substances. Platinum deviates visibly from the law ; and bismuth, cobalt, and
iodine, strikingly. The four last elements would nearly coincide with the law,
were their respective equivalents estimated at half the numbers given in the
tables, as would carbon were its equivalent doubled. These coineidences are
too close and numerous to arise from chance, and justify a belief in the law
having a real foundation dependent on the connection between heat and the
elementary particles of matter. The researches of Avogadro and Neumann
give additional weight to this opinion by tracing the same law in many ecom-
pound bodies, those compounds alone being compared together whose atomic
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constitution is similar. (An. de Ch. et Ph, rv. 80, and Lvin, 113; and Pog.
An, xxui, 1,)

ON LIQUEFACTION.

All bodies are solid, liquid, or gaseous ; and the form they assume depends
on the relative intensity of cohesion and repulsion. Should the repulsive foree
be comparatively feeble, the particles will adhere so firmly together, that they
cannot move freely upon one another, thus constituting a solid. If eohesion is
so far counteracted by repulsion, that the particles move on each other freely, a
liquid is formed.* And should the cohesive attraction be entirely overcome, so
that the particles not only move freely on each other, but would, unless restrained
by external pressure, separate from one another to an almost indefinite extent,
an aériform substance will be produced.

Now the property of repulsion is manifestly owing to heat; and as it is easy
within certain limits to increase or diminish the quantity of this principle in any
substance, it follows that the form of bodies may be made to vary at pleasure:
that is, by heat sufficiently intense every solid may be converted into a fluid,
and every fluid into vapour. This inference is so far justified by experience,
that it may safely be considered as a law. The converse ought also to be true;
and, accordingly, several of the gases have already been condensed into liquids
by means of pressure, and liquids have been solidified by cold. The temperature
at which liquefaction takes place is called the melting point, or point of fusion ;
and that at which liquids solidify, their point of congelation. Both these points
are different for different substances, but uniformly the same, under similar cir-
cumstances, in the same body.

The most important cireumstance relative to liquefaction is Black’s discovery
that a large quantity of heat disappears, or becomes insensible to the thermo-
meter, during the process, If a pound of water at 32° be mixed with a pound
of water at 172°, the temperature of the mixtare will be intermediate between
them, or 102°. But if a pound of water at 172° be added to a pound of ice at
427, the ice will quickly dissolve, and on placing a thermometer in the mixture,
it will be found to stand, not at 102°, but at 32°, In this experiment, the pound
of hot water, which was originally at 172°, actually loses 140 degrees of hear,
all of which enters into the ice, and causes its liquefaction, but without affecting
its temperature ; whence it follows that a quantity of heat becomes insensible
during the melting of ice, sufficient to raize the temperature of an equal weight
of water by 140 degrees. This explains the well-known fact, on which the
graduation of the thermometer depends,—that the temperature of melting ice or
snow never exceeds 32°, All the heat which is added becomes insensible, till
the liquefaction is complete.

[Recent experiments, made with great care by both Provostayé and Regnault,
have proved that the number of degrees of heat which becomes insensible during
the liquefaction of ice is greater than as above stated, being according to the

* It is an obvious objection to this view that the excess of either force above its antago-
nist would cause a motion of the particles. Where the coledn is the superior force the
particles would be drawn nearer, where repulsion is in excess they would be separated
to greater distances. In the quiescent state of the particles the two forces must evidently
be in equilibrium, and this whether the mass be a solid or a liquid. (R.)
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independent researches of both ohservers 142.05. (Ann. de Chem. et de Phys.
1843.)]

The loss of sensible heat which attends liquefaction seems essentially neces-
sary to the change, and for that reason is frequently called the hkeat of fluidity.
The actual quantity of heat required for this purpose varies with the substance,
as is proved by the following results obtained by Irvine. The degrees indieate
the extent to which an equal weight of each material may be heated by the heat
of fluidity which is proper to it.

Heat of Fluidity, Heat of Fluidity,
Bulphur . - 7 | & H it Zing bty % P )
Spermaceti i ; 145° Tin : : . . a002
Lead . - - - 162* Bismuth ., . i o DOOY
Bees-wax . . . 17%°

As so much heat disappears during liquefaction, it follows that heat must be
evolved when a liquid passes into a solid. This may easily be proved. The
temperatore of water in the act of freezing remains at 32°, though exposed to
an atmosphere in which the thermometer is at zero. That the water under such
circumstances may preserve its temperature, heat must be supplied as fast as it
is abstracted ; and it is obvious that the only source of supply is the heat of
fluidity. Further, if pure recently boiled water be cooled very slowly, and kept
very tranquil, its temperature may be lowered to 21° without any ice being
formed ; but the least motion eauses it to congeal suddenly, and in doing so its
temperature rises to 32°, (Blagden in Phil, Trans, 1788.)

The explanation which Black gave of these phenomena eonstitutes what is
called his doctrine of latent heat, which was partially explained on a former
occasion (page 33), He conceived that heat in causing fluidity loses its pro-
perty of acting on the thermometer, in consequence of combining chemically
with the solid substance, and that liquefaction results, because the compound
so formed does not possess that degree of cohesive attraction on which selidity
depends. When a liquid is cooled to a certain point, it parts with its heat of
fluidity, which is set free or becomes sensible, and the echesion natural to the
solid is restored. The same mode of reasoning was applied by Black to the
conversion of liquids into vapours, a change during which a large quantity of
heat disappears.

A different explanation of the phenomena was proposed by Irvine. Observing
that a solid has a smaller specific heat than the same substance while liquid, he
argued that this circumstance alone accounts for heat becoming insensible during
liquefaction. For since the specific heat of ice and water, or in other words,
the quantity of heat required to raise their temperature by the same number of
degrees, was found to be as 9 to 10, Irvine inferred that ice must contain one-
tenth less heat than water of the same temperature, and that as this difference
must be supplied to the ice when it is converted into water, the change must
necessarily be accompanied with the disappearance of heat. Irvine applied the
same argument to the liquefaction of all solids, and likewise to account for the
heat which is rendered gpsensible during the formation of vapour.

Two objections may properly be urged against the opinion of Irvine. In the
first place, no adequate reason is assigned for the liquefaction. It accounts for
the disappearance of heat which accompanies liquefaction, but does not explain
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why the body becomes liquid; whereas the hypothesis of Black affords an
explanation both of the change itself, and of the phenomena that attend it.
But the second objection is still more conelusive. Irvine argued on the belief
that a liquid has in every case a greater specific heat than when solid; and
though this point has not been demonstrated in a manner entirely decisive, yet
from the experiments hitherto made, it appears that liquids in general have
greater specific heats than solids, and that therefore Irvine's assumption is pro-
bably correct in regard to them. In like manner he believed vapours to have
greater specific heats than the liquids that yield them ; but from the fact of most
gases having smaller specific heats than liquids, it is probable that the specific
heats of elastic fluids in general are inferior to those of the liquids from which
they are derived. The disappearance of heat during vaporization is not explica-
ble on the views of Irvine; it is necessary to employ the theory of Black to
account for that change, and therefore the same doctrine should be applied to
the analogous phenomenon of liguefaction.

'The loss of sensible heat in liquefaction is the basis of many artificial pro-
eesses for producing cold, all of which are founded on the principle of liquefying
solid substances without supplying heat. The heat of fluidity being then derived
from that which had previously existed within the solid itself in a sensible state,
the temperature necessarily falls. The degree of cold thus produced depends
upon the quantity of heat which disappears; and this again is dependent on the
quantity of solid matter liquefied, and on the rapidity of liquefaction.
 [This depression of temperature is exhibited not only when the solid becomes

liquid, apart from other bodies as in the case of melting ice, but likewise in

many instances when it is liquefied by being dissolved in water, or some other
menstruum. Thus erystallized glauber salts, sal ammoniac and nitre, while
dissolving in water, cause a considerable reduction of temperature. It is a
curious fact that a further addition of water to certain saline solutions renders
them colder, thus seeming to indicate an increased degree of liguidity., Con-
sistently with this Person has recently found that while by dissolving 1 part of
common salt in 4 parts of water, 10 units of heat become insensible: by dis-
solving the same quantity of salt in 50 parts of water, 22 such units disappear.
Comptes Rendus, 1544.]

The most common method of producing cold is by mixing together equal
parts of snow and salt. The salt causes the snow to melt by reason of its
affinity for water, and the water dissolves the salt; so that both of them become
lignid. The cold thus generated is 32 degrees below the temperature of freez-
ing water; that is, a thermometer placed in the mixture would stand at zero.
This is the way originally proposed by Fahrenheit for determining the com-
mencement of his seale,

Any other substances which have a strong affinity for water may be substituted
for the salt; and those have the greatest effect in producing eold whose affinity
for that liquid is greatest, and which consequently produce the most rapid lique-
faction. Crystellized chloride of caleium, proposed by Lowitz, is by far the
most convenient in practice. It may be made by dissolving marble in hydro-
chlorie acid, and concentrating the solution by evaporation, till, upon letting a
drop of it fall upen a cold saucer, it becomes a solid” mass. It should then be
withdrawn from the fire, and when cold be speedily reduced to a fine powder.
From its extreme deliguescence it must be preserved in well-stopped vessels.
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The following table by Mr. Walker, contains the best proportions for producing
intense cold. (Phil. Trans. 1801.)

FRIGORIFIC MIXTURES WITH SNOW.*

HIXTURES, Thermometer sinks. Degree of cold
Partz by Weight. preduced,

S’L‘ﬂ.-iﬂ]t £ w B ] i
Snow . e ot B ® to —0F
Sea-salt - - 2 |E
Hydrochlorate of Ammonia 1 £ to —12°
Snow - - : 5 |a
Sea.zalt H . 10 |3 y,
Hydrochlorate off Ammonia 5 1:. {0 —1]8°
Kitrate of Potassa Y Sl =2
Enow 5 . . 24 ;
Eea.galt i 4 a 8
Nitrate of .ﬁ.mmoma - b | to —25°
Enow 12 L
E.:I:LEJ Sulphurm ;‘Lmd.‘l’ g from 4 32° to —23° 55 degrees,
Concentrated H}'drn-c:hlnrm

Acid 2 - 2 b from 4 32° to —27° 69
Bnow . . - ; 8
E::::im“mmd Nllmua Acid g from +32° to —30° i 62

-
gllllLTde of Culcmm F ; from - 32° to —40° | ~a
Crystallized Chloride u-f |
alcium " : a from+32° to —50° | 52

Snow . ¥ . ¥ 2 {
e from +32° to—51° | &3

Freezing mixtures are also made by the rapid solution of salts, without the
use of snow or ice ; the following table, by Walker, includes the most impor-
tant of them. The salts must be finely powdered and dry. (Phil. Trans. 1795.)

MIXTURES.
Hydrochlorate of Ammonia 5
Mitrate of Potassa .
Water . 16

Parts by Weight.

Temperature falls,

from+450° to+ 10°

Degree of Cold produced.
40 degrees.

H}rdmr:hlnmte of Ammonia 5
Nitrate of Potassa -
Sulphate of Seda . .
Water . . . .

—

from+50° to+44°

46

Nitrate of Ammonia .
Water . S . -

from+50° to44°

kL]

Nitrate of Ammonia .
Carbonate of Soda -
Water . : :

from+50° to —7°

a7

Sulphate of Soda . -
Diluted Nitrous Acidf

from+50° to —3°

a3

Sulphate of Soda . :
Hydrochlorate of Ammonia
Nitrate of Potassa %
Diluted Nitrous Aeid

e b e S0 D L) e ] et e | SO0 I

fram+50° to —10°

* The snow should be freshly fallen, dry, and uncompressed.

finely pounded ice may be substituted for it,
t Made of strong acid, diluted with half its weight of snow or distilled water,
t Composed of fuming nitrous acid 2 parts in weight, and one of water; the mixture
being allowed to cool before being used.

If snow cannot be had,
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MIXTURES, Thermometer Degree of cold
Parts by Weigﬁht. falls. produced,
Sulphate of Soda . . 4 ;
Nitrate of Ammonia . i} from 450" to —14 64
Diluted Nitrous Acid 4
Phosphate of Soda . 0 EnD . 1m0
Di\utgd Witrons Acid . 4 from 50 to =12 62
Phosphate of Soda . B 4
Nitrate of Ammonia . 6 from=450° to —21° i |
Diluted Kitrous Acid . 4
Sulphate of Soda | & 8 zno o
Hydrochloric Acid o s 50

Sulphate of Soda .

3 i o a
Diluted Sulphurie Acid* 4 from+50° to}3 g

These artificial processes for generating cold are much more effectnal when
the materials are previously cooled by immersion in other frigorific mixtures.
One would at first suppose that an unlimited degree of cold might be thus pro-
duced ; but it is found that when the difference between the mixture and the air
becomes very great, the communication of heat from one to the other becomes
so rapid, as to put a limit to the reduction. The greatest cold produced by
Walker did not exceed 100 degrees below the zero of Fahrenheit,

Though we shall probably never suceeed in depriving any substanece of all jts
heat, bodies doubtless contain a certain definite quantity of this prineiple, and
various attempts have been made to calenlate its amount.

To be satisfied that such ealeulations cannot be trusted, it is sufficient to
know that the estimates made by different chemists respecting the absolute
quantity of heat in water vary from 900 to nearly 8000.1

VAPORIZATION.

Aériform substances are commonly divided into vapours and gases. The for-
mer are characterised by their ready conversion into liguids or solids, either by
a moderate increase of pressure, the temperature at which they were formed
remaining the same, or by 2 moderate diminution of that temperature, without
change of pressure. Gases, on the contrary, retain their elastic state more
obstinately : they are always gaseous at common temperatures; and, with one
or two exceptions, eannot be made to change their form, unless by being sub-
jeeted to much greater pressure than they are naturally exposed to. Several of
them, indeed, have hitherto resisted every effort 10 compress them into liquids,
The only diflerence between gases and vapours is in the relative forces with
which they resist condensation.

Heat is the cause of vaporization as well as of liquefaction. A sufficiently
intense heat would doubtless convert every liquid and solid into vapour. Some
badies, however, resist the strongest heat of our furnaces without vaporizing.
These are said to be fired in the fire; those which, under the same ecircum-
stanees, are converted into vapour, are called volatile,

The disposition of various substances to yield vapour is very different; and
the difference depends doubtless on the relative power of eohesion with which
they are endowed. Fluids, in general, are more easily vaporized than solids, as

* Composed of equal weights of strong acid and water, being allowed to cool before use.
T Dalton’s New Eystem of Chemical Philosophy.

[
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wonld be expected from the weaker cohesion of the former. Some solids, such
as arsenic and sal-ammoniae, pass at once into vapour without being liquefied ;
but most of them become liquid before assuming the elastic condition.

Vapours occupy more space than the substances from which they were pro-
doced. Gay Lussac found that water, in passing from its point of greatest
density into vapour, expands to 1696 times its volume, alcohol to 659 times, and
ether to 443 times, each vapour being at 212° and under a pressure of 20-92
inches of mercury. This shows that vapours differ in density. Watery vapour
is lighter than air at the same temperature and pressure in the ratio of 1000 to
1604; or the sp. gr. of air being 1000, that of watery vapour is 625. The
vapour of aleohol, on the contrary, is half as heavy again as air; and that of
ether 1s more than twice and a half as heavy.

The dilatation of vapours by heat was found by Gay Lussac to follow the
same law as gases; that is, for every degree of Fahrenheit, they increase by
s 15w of the volume they occupied at 32°.* But this law only holds of vapours
when separated from the liquids that yield them. If liquid be present heat not
only expands the vapour but increases its volume by the addition of a new quan-
tity of vapour. In like manner, the contraction of a vapour by cold will deviate
from the above law, as soon as the cold condenses any part of it into liquid.

Vapours vary in volume under varying pressure according to the same law as
gases, provided always that the gaseous state is preserved. This law, which
was discovered by Boyle and Mariotte, and is more fully explained in the sec-
tion on atmospheric air, merely expresses the fact that the volume of gaseous
substances at a constant temperature is inversely as the pressure to which they
are subject,

Vaporization is conveniently studied under two heads,— Elbullition and Ervapo-
rafion, In the first, the production of vapour is so rapid that its escape gives
rise to a visible commotion in the liquid; in the second, it passes off quietly
and insensibly.

EBULLITION.

The temperature at which vapour rises with sufficient freedom for causing the
phenomena of ebullition, is called the boiling poinf. The heat requisite for this
effect varies with the nature of the fluid,

[The following table exhibits the boiling point of a number of liquids :

Boiling point. Boiling Point.
Hydrochloric Ether . . a2° Crys. Chloride of Calciam .  302°
Bulphuric Ether . . . i Gil Torpenting. - . « - = 814°
Bi Sulphuret of Carbon , . 116° Phosphorus . ! P L
Ammonia (sp. gr. 0.9435} . 1407 Sulphuric Acid (sp. gr. 1.543) G20*
Alcchol (sp. gr. 0.798) . . 172° WhaleOil . . . .3 . 630°
Gl e ot R Mercury PR T

T Nitric Acid (sp. gr. 1.42) S

The boiling point of the same liquid is constant, so long as the necessary
conditions are preserved ; but it is liable to be affected by several circumstances.
The nature of the vessel has some influence upon the boiling point. Thus Gay
Lussac observed that pure water boils precisely at 212° in a metallic vessel, and

* Sce remarks on this subject, page 24. 4
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at 214° in one of glass, owing apparently to its adhering to glass more power-
fully than to a metal. Itis likewise affected by the presence of foreign parti-
cles: when a few iron filings are thrown into water boiling in a glass vessel,
its temperature quickly falls from 214° to 212°, and remains stationary at the
latter point.

[More recent observations, by Marcet, have shown that when the surface of
the vessel, whether of glass or metal, is coated with sulphur, shellae, or other
substances of the same kind, boiling takes place at 212°, In this case the tem-
perature of the water is the same as that of the steam. Without such a coating
the boiling point varies

In glass vessels from 212°.54 to 215°, 6
In metalliec vessels from 212°.27 to 212°.36 (Ann. de Chem.)

In this case the temperature of the steam is, of course, less than that of the
liquid.

M. Magnus in his late able investigations of the same subject, maintains
that the various degrees of adhesion of the liquid to the surface of the vessel
causes these differences. When this adhesion is equal to or exceeds the cohe-
sion of the particles of the liquid, the particles more remote from the surface
being held together only by their cohesion will be converted into steam. The
temperature at which this takes place is the true boiling point; but when there
is no adhesion of the liquid to the surface, or when this force is less than the
cohesion of the liquid, then the boiling will take place in contact with the sur-
face, because there the restraining force is less, and the boiling temperature will
be lower than if the adhesion were equal to or greater than the cohesion.
Hence glass, well washed with sulphuric acid so as to promote contact and
adhesion, raises the boiling point to 221°. (Ann. de Chem. 1844.)]

But the circumstance which has the greatest influence over the beiling point
of liquids is variation of pressure. All bodies upon the earth are constantly
exposed to considerable pressure ; for the atmosphere itself presses with a foree
equivalent to a weight of 15 pounds on every square inch of surface. Liquids
are exposed to this pressure as well as solids, and their tendency to take the
form of vapour is very much counteracted by it. In fact, they cannot enter into
ebullition at all, till their particles have acquired such elastic force as enables
them to overcome the pressure upon their surfaces: that is, till they press
against the atmosphere with the same force as the atmosphere against them.
Now the atmospheric pressure is variable, and henee it follows that the beiling
peint of liquids must also vary.

The pressure of the atmosphere is equal to a weight of 15 pounds on every
square inch of surface, when the barometer stands at 30 inches, and then only
does water hoil at 212° If the pressure be less, that is, if the barometer fall
below 30 inches, then the boiling point of water and every other liquid will be
lewer than ustal; or if the barometer rise above 30 inches, the temperature of
ebullition will be proportionally increased. On this account water boils at a
lower temperature on the top of a hill than in the valley beneath it; for as the
column of air diminishes in length as we ascend, its pressure must likewise
suffer a proportional diminution, The ratio between the depression of the boil-
ing point and the diminution of the atmospheric pressure is so exact, that it has
been proposed as a method for determining the heights of mountains, Aecord-
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ing to Wollaston an elevation of 530 feet makes a diminution of one degree.*
(Phil. Trans. for 1817.)

The influence of the atmosphere over the point of ebullition is best shown by
removing its pressure altogether. Robison found that fluids boil én vacuo at a
temperature 140° lower than in the openair. (Black’s Lectures, i. 151.)

Water cannot be heated under common eircumstances beyond 212°, because
it then acquires such expansive force as enables it to overcome the atmospheric
pressure, and fly off in the form of vapour. But if subjected to sufficient pres-
sure, it may be heated to any extent without boiling. This is best done by
heating water while confined in a strong copper vessel, called Papin’s Digester.
In this apparatus, on the application of heat, a large quantity of vapour collects
above the water, and checks ebullition by the pressure which it exerts upon the
surface of the liquid. There is no limit to the degree to which water may thus
be heated, provided the vessel is strong enough to confine the vapour; but the
expansive force of steam under these circumstances is so enormous as to over-
come the greatest resistance.

Robison (Brewster’s edition of his works, p. 25) found that the tension of
steam is equal to two atmospheres at 244°, and to three at 270°. The results
of Southern’s experiments, given in the same volume, fix upon 250'3° as the
temperature of which steam has the force of two atmospheres, on 293+4° for
four, and 343-6° for eight atmospheres,

This subject has been examined by a commission appointed by the Parisian
Academy of Sciences, and Dulong and Arago took a leading part in the inquiry.
The results, which are given in the following table, were obtained by experi-
ment up to a pressure of 25 atmospheres, and at higher pressures by calculation,
(Brande's Journal, N, 8, viii, 191.)}

Elasticity of the Elasticity of the]!
vapour, taking Temperature ac- vapour, taking Temperaturs ac-
atmospheric cording to atmospheric ,cording to
press. as umnity. Fahrenheit. press. as unity. Fahrenheit.
1 212 1 203-72
13 233-96 43 30028
2 250-52 5 307-0
23 26384 51 31424
3 275:18 G 320-36
34 285+08 G1 326-26

* An instrument constructed for accurately noting the boiling temperature of water at
different heights, invented by Wollaston, has with some modifications been employed suc-
cessfully for measuring the height of mountains in Virginia and Pennsylvania. Prof. W.
and H. Rogers, and recently Prof. Forbes, of Edinburgh, had made numerous accurate
observations with a somewhat similar instrument. By comparison with barometric and
trigonometric measurements, it has been found that in Virginia and Pennsylvania one
degree of depression of the boiling point corresponds to an elevation of 5485 feet, The
estimate of Prof, Forbes for Edinburgh, is almost precisely the same. Col. Wright found
that in the Andes one deggee corresponded to about 600 feet.

Prof. Forbes has inferred from his observations that the depressions of the boiling point
are aceurately proportional to the heights above the earth’s surfice, a law which gives
great simplicity to the caleulation of altitudes from these data. (R.)

T For an account of Regnault’s claborate researches on the same subject, see Ann. de
Chim., 1344. (R.)
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Elasticity of the ~ Elasticity of the
vapour, taking Temperature ac- vapour, taking Temperature Ac.
atmospheric cording to atmospheric cording to
press, as unity. Fahrenheit. press, as unity. Fahrenheit,
T 331-70 19 41378
T 33656 20 41546
8 34178 21 422:06
2 J60-75 22 427-28
10 F58-88 23 431-42
11 366-85 24 43550
12 374-00 a5 439-34
13 380-66 30 457-16
4 386-04 35 472.73
15 392:-56 400 48650
16 393-48 43 491-14
17 403-52 al 510-60
18 408-92

The elasticity of steam is employed as a moving power in the steam-engine.
The construction of this machine depends on two properties of steam, namely,
the expansive force communicated to it by heat, and its ready conversion into
water by cold. :

The formation of vapour is attended, like liquefaction, with loss of sensible
heat. This is proved by the well-known fact that the temperature of steam is
precisely the same as that of the boiling water from which it rises; so that all
the heat which enters into the liquid is solely employed in converting a portion
of it into vapour, without affecting the temperature of either, provided the latter
is permitted to escape with freedom. The heat, which then becomes latent, to
use the language of Black, is again set free when the vapour is condensed into
water. The exaet quantity of heat rendered insensible by vaporization may
therefore be ascertained by condensing the vapour in cold water, and observing
the rise of temperature which ensues. From the experiments of Black and
Watt, conducted on this principle, steam of 212°, in being condensed into water
of 212°, gives out as much heat as would raise the temperature of an equal
weight of water by 950 degrees, all of which had previously existed in the
vapour without being sensible to a thermometer.

The latent heat of steam and several other vapours has been examined by
Dr. Ure, whose results are contained in the following table. (Phil. Trans. for
1818.)

[Equal weights, Latent heat.
Vapour of water at beiling point, . . . ,  1000°
Aleohol, sp. gr. 825, . a i i 457°
Ether, boiling point,112°, . a . 312:9
Petroleom, . : 5 . : . 153-8
0il of Turpentine, R A 1838
Nitric acid, sp. gr. 1.494, boiling point, 165° 550
Liguid ammonia, sp. gr. 0-978, - . RG5O
Vinegar, sp. gr. 1.007 . . s 0037

[When evaporated at temperatures below the boiling point, a liquid renders
latent a greater quantity of heat than when it is converted into vapour at that
point. By accurate experiments, on the vaporization of water, it has been
proved that the latent heat of the vapour when added to the sensible heat, or
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temperature at which it is formed, always amounts to a constant gquantity.
Thus with water evaporating at

32° the latent heat is 11580, the sum being 1212

100° “ 1112 « 1212
212° L 1000 € 1212
300 g 900 « 1212

The same law is believed to hold with liquids in general.]

The disappearance of heat that accompanies vaporization was explained by
Black and Irvine, in the way already mentioned under the head of liquefaction ;
and as the objections to the views of Irvine were then stated, it is unnecessary
to mention them on the present occasion,

The variation of volume and elasticity in vapours is attended, as in gases,
with a change of sp. heat and a consequent variation of temperature (page 35).
Thus when steam, highly heated and compressed ina strong boiler, is permitted
to escape by a large aperture, the sudden expansion is attended with a great
loss of sensible heat: its temperature instantly sinks so much, that the hand
may be held in the current of vapour without inconvenience. The same prin-
ciple accounts for the fact, first ascertained by Wait, that distillation at a low
temperature is not attended with any saving of fuel. For when water boils at
a low temperature in a vacuum, the vapour is in a highly expanded state, and
contains more insensible heat than steam of greater density,

‘ EVAPORATION.

Evaporation as well as ebullition eonsists in the formation of vapeur, and the
only assignable difference between them is, that the one takes place quietly, the
other with the appearance of boiling. Ewaporation oceurs at commeon tempera-
tures. This fact may be proved by exposing water in a shallow vessel to the
air for a few days, when it will gradually diminigh, and at last disappear en-
tirely. Most fluids, if not all of them, are susceptible of this gradual dissipa-
tion; and it may also be observed in some solids, as for example in eamphor.
Evaporation is much more rapid in some flaids than in others, and it is always
found that those liquids the boiling point of which is lowest evaporate with the
greatest rapidity. Thus aleohol, which boils at a lower temperature than water,
evaporates also more freely; and ether, whose point of ebullition is yet lower
than that of alechol, evaporates with still greater rapidity.

The chief circumstances that influence the process of evaporation are extent
of surface, and the state of the air as to temperature, dryness, stillness, and
density.

1. Extent of surface. Ewvaporation proceeds only from the surface of fluids,
and therefore, eateris paribus, must depend upon the extent of surface exposed,

2. Temperature. The effect of heat in promoting evaporation may easily
be shown by putting an equal quantity of water into two saucers, one of which
is placed in a warm, the other in a cold situation. The former will be quite
dry before the latter has suffered appreciable diminution.

3. State of the air as to dryness or moisture. When water is covered by a
stratumm of dry air, the evaporation is rapid even when its temperature is low.
Thus in dry cold days in winter, the evaporation is exceedingly rapid ; whereas

it goes on very tardily, if the atmosphere eontain much vapour, even though the
air be very warm,
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4. Evaporation is far slower in still air than in a current, and for an obvious
reason. The air immediately in contact with the water soon becomes moist,
and thus a check is put to evaporation. But if the air be removed from the sur-
face of the water as soon as it has become charged with vapour, and its place
supplied with fresh dry air, then the evaporation continues without interruption.

5. Pressure on the surface of liquids has a remarkable influence over evapo-
ration. This is easily proved by placing ether in the vacuum of an air-pump,
when vapour rises so abundantly as to produce ebullition,

[It was long ago observed by Saussure, and others, that water evaporates
very slowly wien placed on red hot metal, but that as the surface is allowed
to eool, or reaching a certain temperature, much below redness, the liquid bursts
almost explosively into steam. In the former condition it is easy to observe
that the liquid is not in contact with the heated surface. DBut when the tempe-
rature falls to a certain point the contact takes place, and at the same moment
steam is rapidly formed. Water and other liquids placed in this condition of
repulsion, seem fb have new and peculiar relations to heat. According to
Boutigny’s late admirable researches, the liquid, thus brought to what he calls
the spheroidal stale, is endowed with the property of perfectly reflecting the heat
falling upon its surface from the red hot metal. In proof of this he found that
a thermometer plunged in water, in the' sphercidal state, became stationary at
the temperature 205°7, although the surrounding metal was at a strong red
heat. The vapour escaping from the water, in this state, is of very low ten-
sion, but has the temperature of the surrounding vessel, thus differing, strik-
ingly, from the vapour produced by ordinary boiling. The passage from the
sphercidal to the common condition, he very plausibly regards as the cause of
the fulminating explosions of steam boilers. Among the important results of his
observations the following are especially deserving notice.

1. The lowest temperature at which water can pass to the spheroidal state in
notable quantity is 287°-6.

2. Water in this state evaporates more rapidly, as the temperature of the
" containing vessel is more elevated, but the formation of vapour is greatly slower
than in the ordinary condition. At 382° the spheroidal liquid loses by evapora-
tion in & given time (only one fiftieth of what would evaporate by boiling.)

3. Whatever be the temperature of the containing vessel, that of the spheroi-
dal liquid is inveriable and always below its boiling point, though in a fixed ratio
to that point, being for water 205°:7 F. (Ann. de Chim. 1844), ]

As a large quantity of heat passes from a sensible to an insensible state dur-
ing the formation of vapour, it follows that cold should be generated by evapo-
ration. The fact may readily be proved by letting a few drops of ether evaporate
from the hand, when a strong sensation of cold will be excited ; or if the bulb
of a thermometer, covered with lint, be moistened with ether, the production of
cold will be marked by the descent of the mercury. But to appreciate the de-
gree of cold which may be produced by evaporation, it is necessary to render it
very rapid and abundant by artificial processes; and the best means of doing so
is by removing pressure from the surface of volatile liquids, Water placed
under the exhausted receiver of an air-pump evaporates with great rapidity, and
go much cold is generated as would freeze the water, did the vapour continue to
rise for some time with the same velocity., But the vapour itself soon fills the
vacuum, and retards the evaporation by pressing upon the surface of the water.
This difficulty may be avoided by putting under the receiver a substance, such
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ag sulphurie acid, which has the property of absorbing watery vapour, and con-
sequently of removing it as quickly as it is formed. Such is the principle of
Leslie’s method for freezing water by its own evaporation.™

The action of the cryophorus, an ingenious contrivance of the late Dr. Wollas-
ton, depends on the same principle. It consists of two glass balls, perfectly free
from air, and joined together by a tube, as here represented.—One of the balls con-
tains a portion of distilled water,
while the other parts of the instru-
ment, which appear empty, are full
of agueous vapour, which checks the

evaporation from the water by the pressure it exerts upon its surface. But when
the empty ball is plunged into a freezing mixture, all the vapour within it is
condensed ; evaporation commences from the surface of the water in the other
ball, and it is frozen in two or three minutes by the cold thus produced.

Liquids which evaporate more rapidly than water, cause a still greater reduc-
tion of temperature. The cold produced by the evaporation of ether in the
vacuum of the air-pump is so intense as, under favourable ecircumstances, to
freeze mereury.t

[According to Thilorier, 2 mixture of solid carbonic acid and ether, by its
evaporation depresses the temperature to —148; but the most striking example
of the cooling effect of evaporation is that furnished in the recent experiment of
Boutigny, who by the rapid evaporation of liquid sulphurous aeid in a red hot
crucible, actually froze a portion of water in the midst of the heated mass.—
Ann. de Chim. 1843.]

Scientific men have differed concerning the cause of evaporation. It was once
supposed to be owing to chemical attraction between the air and water, and the
idea is at first view plausible, since a certain degree of affinity does to all ap-
pearance exist between them. DBut it is nevertheless impossible to attribute
the effect to this cause. For evaporation takes place equally in vacuo as in the
air; nay, it is an established fact, that the atmosphere positively retards the
process, and that one of the best igeans of accelerating it is by removing the
air altogether, The experiments of Dalton prove that heat is the true and only
cause of the formation of vapour. He finds that the actual quantity of vapour
which can exist in any given space is dependent solely upon the temperature,

Dalton also found that the tension or elasticity of vapour is always the same,
however much the pressure may vary, so long as the temperature remains con-
stant, and there is liquid enough present to preserve the state of saturation proper
to the temperature. This law holds good, whether the vapour be pure, or
mixed with air or any other gas.

The elasticity of watery vapour at temperatures below 212° was carefully ex-
amined by Dalton (Manchester Memoirs, vol. v.); and his results, together
with those since published by Ure (Phil. Trans. 1818), are presented in a
tabular form at the end of the volume. They were obtained by introducing a
portion of water into the vacuum of a common barometer, and estimating the
tension of its vapour by the extent to which it depressed the column of mereury
at different temperatures.

A knowledge of the influence of heat and pressure over the volume of gaseous

* See art. Cold, in the Supplement to the Encyclopmdia Britannica.
T See a paper by the late Dr, Marcet, in Nichelson’s Journal, vol, xxxiv.
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matter is elegantly employed in caleulating the sp. gr. of vapour; but before
giving the mode of making the calculation, it will be useful to explain what is
meant by specific gravily or densily. These terms are generally nsed to denote
the compactness of a substance, or the quantity of ponderable matter contained
in a body eompared with the space which it occupies. The sp. gr. of a sub-
stanee is found by dividing its weight by its volume. Thus, if d, w, v, repre-
sent the sp. gr. weight and velume of aqueous vapour, and o', «/, ¢/, the sp, gr.

weight and volume of &i_r, then d=:?, and &' =%, Hence, comparing these sp.

i —; if the volumes are equal,then d : d' : : w : w';

gravities, d : d' : :

w
v

ol &

and if the weights are equal, d : d' : : e IT:' Consequently, the sp. gravities
v

of substances which have an equal volume are directly as their weights; and
when the weights are equal, the sp. gravities are inversely as the volumes., Ac-
cordingly, if we weigh an equal volume of any number of substances, tempera-
ture and pressure being the same in all, the sp. gr. of each respectively will be
represented by its weight, Thus, Gay Lussac ascertained that if a ecertain
volume of air at 212° and 30 Bar. weigh 1000 grains, an equal volume of

- aqueous vapour, at the same temperature and pressure, will weigh 625 grains;
and, therefore, the sp. gr. of steam is 625 compared to that of air as 1000,
Atmospherie air is universally taken as a term of comparison for the sp. gr. of
gaseous substances, and pure water for that of liquids and solide,

It admits of inquiry whether liquids of weak volatility, such as mereury and
oil of vitriol, give off any vapour at common temperatures. An opinion has
prevailed, that evaporation not only takes place from the surface of these and
similar liquids at all times, but that vapour of exceedingly weak tension is
emitted at common temperatures from all substances however fixed in the fire,
even from the earths and metals, when they are either in a vacuum, or sur-
rounded by gaseous matter. It has accordingly been supposed, that the atmos-
phere contains diffused through it minute quantities of the vapours of all the
bodies with which it is in contact; and this idea has been made the basis of a
theory of the origin of meteorites, But this doctrine has been successfally eom-
bated by Faraday, in his essay On the Existence of a Limit to Vaporization,
_I:F'h'l.'i. Trans, 1826). He has there shown that in many substances the forces
of gravity and cohesion are sufficient to overpower elasticity, and that at ordi-
nary temperatures they give off no vapour whatever.

The presence of vapour has a considerable influence over the bulk of gases;
and as chemists often determine the quantity of gaseous substances by measure,
it is important to estimate the inerease of volume due to the presence of mois-
ture. The mode by which a vapour acts is obvious. When two gases, which
do not act chemically on each other, are intermingled, each retains the elasticity
suited to its volume, exactly as if the other gas were absent; so that the elas-
ticity of the mixture is the sum of the elastic forces of its ingredients. The
same remark applies to the mixture of gases and vapours. If a few drops of
water are added to a portion of dry air, confined in a glass tube over mercury,
the air will speedily become saturated with vapour, and must in consequence be
inereased in bulk. For the elastic power of the vapour being added to that pre-
viously exerted by the gas alone, the mixture will necessarily exert a stronger

I}‘ 2k
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pressure upon the mercury that confines it, and will therefore occupy a greater
space. It is equally clear that the degree of augmentation will depend on the
temperature ; for it is the temperature alone which determines the elasticity of
the vapour.

As the elasticity of vapour is notat all affected by mere admixture with gases,
it is easy to correct the fallacy to which its presence give rise, by means of the
data furnished by the experiments of Dalton. The formula for the correetion is
thus deduced. Let a be the bulk of dry air or other gas expressed in the degrees
of a graduated tube; p the elasticity of the dry air, equal to the atmospherie
pressure as measured by a barometer; ' the bulk of the air when saturated with
watery vapour, and f the elasticity of that vapour (Biot’s Traite de Phys. i.
303). Now, as the elasticity of a gas for equal temperatures is inversely as its
volume, it follows that when the dry air increases in bulk from n to #/, its elas-
ticity will diminish in the ratio of #' to n. Hence its elasticity ceases to be

=p, and is expressed by %n ; pis then =f;-§ + f; that is, the elasticity of the

moist air, added to the elasticity of the vapour present, is equal to the pressure
of the atmosphere, From this last equation are deduced the following values :

pn+ fil=pn'; pn=pn'—fn'; and n =Ml One example will suf-

fice for showing the use of this formula. Having 100 measures of air saturated
with watery vapour at 60°, the barometer standing at 30 inches, how many
measures would the air occupy if quite dry ' #'=100; p=230; f= 0-524,
the tension of watery vapour at 60° according to Dalton’s table,* Hence

100 x (30 — 0°524) 100 x 29746

" 30 i
quired.

The quantity of vapour present in the atmesphere is very variable, in conse-
quence of the continual change of temperature to which the air is subject. But
even when the temperature is the same, the quantity of vapour is still found to
vary 5 for the air is not always in a state of saturation. At one time it is
excessively dry, at another it is fully saturated ; and at other times it varies
between these extremes. This variable condition of the atmosphere as to
saturation is ascertained by the hygrometer,

Hygrometers.—A great many hygrometers have been invented ; but they may
all be referred to three principles, The eonstruction of the jirst kind of hygro-
meter is founded on the property possessed by some substances of expanding in
a humid atmosphere, owing to a deposition of meistore within them; and of
parting with it again to a dry air, and in consequence contracting. Of these,
none is better than the human hair, which not only elongates freely from imbib-
ing moisture, but, by reason of its elasticity, recovers its original length on dry-
ing. The hygrometer of Saussure is made with this material.

[ The second kind of hygrometer depends upon the cooling effect of evaporation.
The bulb of a thermometer, covered with a piece of silk or linen, is exposed to
a current of air,or is rapidly swung round until its temperature ceases to be
any further depressed. The reduction of its temperature below that of the sur-
rounding medium, as marked by an adjoining instrument, furnishes the means
of computing the quantity of moisture in the atmosphere. When the air is

— 9825, which is the answer re-

* Manchester Memoirs, vol. v.
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saturated with moisture the wet bulb will underge ne change of temperature,
because in that state there is no evaporation. But where the air is dry, or con-
tains less than a saturating amount of moisture, a greater or less evaporation will
take place, which, by robbing the thermometer of heat will continue to reduce
its temperature until the loss from this cause becomes counterbalanced by the
heat that flows in from the warmer surrounding mediom, When this takes
place the temperature of the wet bulb becomes stationary.

This simple form of the hygrometer first used by Sir John Leslie, is called
the Wei-bulb Hygrometer. With the aid of proper formule of computation it is
capable of furnishing the most exaet results.]

The ihird kind of hygrometer is on a principle entirely different from the fore-
going. When the air is saturated with vapour, and any colder body is brought
into contact with it, deposition of moisture immediately takes place on its sur-
face. The degree indicated by the thermometer when dew begins to be deposited,
is called the dew-point, If the saturation be complete, the least diminution of
temperature is attended with the formation of dew ; but if the air is dry, a body
must be several degrees eolder before moisture is deposited on its surface; and
indeed the drier the atmosphere, the greater will be the difference between its
temperature and the dew-point. Attempts were made to estimate the hygrometrie
state of the air on this principle by the Florentine Academicians, but the first
accurate method was introduced by Le Roi, and since adopted by Dalton, Tt
consists simply in putting eold water into a plass vessel, the outside of which is
carefnlly dried, and marking the temperature of the liquid at which dew begins
to be deposited on the glass. The water when necessary is cooled either by
means of ice or a freezing mixture, A convenient form of apparatus is a small
cup made of thin silver, nicely gilt on the outside, capable of holding about
half an ounce of water, and fitted into a case of turned wood lined with eloth,
which serves as a stand for the cup during an observation. The water is cooled
by sucecessively adding a few grains of a powder made of equal parts of nitre
and sal-ammoniac intimately mixed, stirring with the bulb of a small thermo-
meter. As soon as dew is deposited, the temperature is noted ; and the first
observation is corrected by waiting until the cup and its contents grow warmer,
and observing the temperature at which the dew begins to disappear. The last
observation is the most trustworthy. This method, when deliberately performed,
so that the cup, the solution, and the thermometer should have time to acquire
the same temperature, is susceptible of great precision.

The hygrometer of Daniell, deseribed in his Meteorological Essays, acts on
the same principle, It consists of a eryophorus, as described at page 49, but
maodified somewhat in form, and eontaining ether instead of water. Within one
of its balls is fixed a delicate thermometer, the bulb of which is partially
immersed in the ether so as to indicate its temperature, and the other ball is
covered with muslin. When the instrument is used the muslin is moistened
with ether, and the eold produced by its evaporation condenses the vapour within
the eryophorus, and causes the ether to evaporate rapidly in the other ball. The
cold thus generated chills the ether itself and the ball containing it; and ina
short time its temperatore descends so low, that dew is deposited on the surface
of the glass. As soon as this takes place, the temperature is observed by the
thermometer.

The same object is attained in a still easier way by means of a contrivance
deseribed by Jones, of London, (Phil. Trans. 1826,) and soon after by Cold-
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stream, of Leith, (Phil. Journ. ix. 155.) It consists of a delicate mercurial
thermometer, the bulb of which is made of thin black glass, and, excepting
about a fourth of its surface, is covered with muslin. On moistening the mus-
lin with ether, the temperature of the bulb and mercury falls, and the uncovered
pertion of the bulb is soon rendered dim by the deposition of moisture. The
temperature indicated at that instant by the thermometer is the dew-peint.

It is desirable on some occasions, not merely to know the hygrometric condi-
tion of air or gases, but also to deprive them entirely of their vapour. This
may be done to a great extent by exposing them to intense eold 3 but the method
now generally preferred is by bringing the moist gas in contact with some sub-
stance which has a powerful chemical attraction for water. Of these none is
preferable to chloride of calcium.

CONSTITUTION OF GASES WITH RESPECT TO HEAT,

From the experiments of Faraday on the liquefaction of gaseous substances,
gases may be viewed as the vapours of extremely volatile liquids. Most of
these liquids, however, are so volatile, that their boiling peint, under the atmos-
pheric pressure, is lower than any natural temperature; and hence they are
always found in the gaseous state, By subjecting them to great pressure, their
elasticity is so far counteracted that they become liquid. But even when thus
compressed, a very moderate heat is sufficient to make them boil; and on the
removal of pressure they resume the elastie form, most of them with such vio-
lence as to cause a report like an explosion, and others with the appearance of
brisk ebullition. Intense cold is produced at the same time, in consequence of
their heat passing from a sensible to an insensible state.

The process for liquefying gases, as first employed by Faraday, consists in
exposing them, as they are evolved, to the pressure of their own atmosphere.
The materials for producing the gas are put into a strong glass tube, which is

afterwards sealed hermetically, and bent in the

middle, as represented by the figure. The gas

is generated, if necessary, by the application of

heat; and when the pressure becomes suffi-
ciently great, the liquid is formed and eollects in the free end of the tube, which
is kept cool to facilitate the condensation, Most of these experiments are
attended with danger from the bursting of the tubes, against which the operator
must protect himself by the use of a mask.

The pressure required to liquefy gases is very variable, as will appear from
the following table of the results obtained by Faraday :

Sulphurous acid gas it : 2 atmospheres at 45°
Sulphuretted hydrogen gas . - ; 17 L 507
Carbonic acidgas . ;' . o . 38 # a2e
Chlorine gas - L . : 4 Ef Ll
Nitrous oxide gas . - : 2 ; 50 1 45°
Cyanogen gas of o hour Hoosd v 36 i 45°
Ammoniacal gas . . . . . 6-5 5 a0”
Muriatic acid gas . : i 2 3 40 L a0®

Additional light has been thrown on the nature of gases by M. Thilorier, who
has succeeded in obtaining carbonie acid gas in a solid state (Ann. de Ch. et
Ph. 1x. 431). Tt is procured by directing a jet of the liquid earbonie acid into
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a small glass phial, which is rapidly filled with solid carbonie acid in the form
of a white flocculent powder. The solidification is evidently produced by the
cold occasioned by the sudden transition of a liquid into a gas, in which state
it cccupies a space 400 times greater than its original volume. The degree
of cold thus produced is estimated by Thilorier at— 1489, at which temperature
carbonic acid appears to be almost deprived of its elastie foree; for the solid
exposed to the ordinary atmospheric pressure and temperature evaporates slowly
and quietly, and is gradually converted into earbonic acid gas.

[Recently M. Natterer has succeeded in liquefying nitrous oxide gas by com-
pressing it with a small iron pump in a tube of wrought iren, at a pressure of 50
atmospheres. In this way he obtained about half a pint of a clear liguid of a
sweet taste occupying about 5 jgm of the volume of the original gas, and which
could be kept several hours exposed to the air. By uniting mechanical pressure
with the intense cold produced by Thilerier’s bath of solid carbonie acid and
ether, under the exhausted receiver, Faraday has very lately obtained many new
and striking results. Among these the following may be mentioned :

Olefiant gas became a colourless transparent liquid but did not solidify.

Hydriodic acid was obtained, both in the solid and liquid states, the former
greaily resembling ice.

Hydrobromie acid gave like results.

Sulphuretted Hydrogen became a white transparent erystalline mass, resem-
bling solid nitrate of ammonia or camphor.

Carbonic acid, in passing from the liquid to the solid state, without being dis-
persed as in Thilorier's experiment in the form of snow, concretes into a solid,
transparent as crystal. In this condition its vapour exerts a pressure of only six
atmospheres. :

Nitrous Oxide, solidified by exposing its liquid to the cold bath, was a beauti-
ful transparent erystalline body, so little volatile that in this state ibe pressure
of its vapour did not amount to one atmosphere. The eold produced by the
evaporation of the liquefied gas is far greater even than that of the baths of solid
earbonie acid and ether. This bath, which instantly freezes mercury, imme-
diately caused the liquid nitrons oxide to boil viclently,

Cyanogzen readily became solid, as previously shown by Bussy. i

Ammonia, perfectly pure and dry, was converted into a transparent, erystal-
line, white substance, heavier than liquid ammonia, and owing to its volatility,
at this temperature, diffusing very little vapour. (Ann. de Chim. Jan. 1845.)]

SOURCES OF HEAT.

[The sources of heat may be reduced to six : 1. The sun. 2. The interior
of the earth, 3. Electricity. 4, Vital action, 5, Mechanical action. 6. Che-
mical action. These, with the exception of the second and two last, will be
more conveniently considered in other parts of the work.

Internal Heat of the Globe.—The impressions of temperatare due to the sun’s
rays, upon the earth’s surface, are felt less and less as we descend to greater
depths, and at a moderate distance, varying with the nature of the superfieial
strata, entirely disappear. The depth of the layer thus beyond the reach of the
influences from above, and which is called the invariable stratum, ranges from
50 to 100 feet. Beneath this the temperature is seen to be progressively higher
as we descend, the rate of its increase being 12 for from 40 to 50 feet. Sup-
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posing the law continued, at the depth of two miles, water would be eonverted
into steam ; at four miles, tin and bismuth would be melted ; at five, lead; and
at thirty miles the temperature would be high enough to melt iron and almost
all kinds of rocky material. We may henece infer that the great mass of our
globe is in a state of fluidity from heat, and that its solid portion forms but a
thin covering or crust around the molten matter of the interior.

The chemical and mechanical actions concerned in earthquakes and voleanoes,
have, with strong reason, been traced to this cause, and form an interesting
branch of ehemical and physical inquiry, which, however, eannot properly find
a place in this work.]

The mechardical method of exeiting heat is by friction and percussion. When
parts of heavy machinery rub against one another, the heat excited, if the parts
of contact are not well greased, is sufficient for kindling wood. The axle-trees
of carriages have been burned from this cause, and the sides of ships are said to
have taken fire by the rapid descent of the cable. Count Romford has given an
interesting account of the heat excited in boring cannon, which was so abundant
as to heat a considerable quantity of water to its boiling point. It appeared
from his experiments that a body never ceases to give out heat by frietion, how-
ever long the operation may be continued ; and he inferred from this observation
that heat cannot be a material substance, but is merely a property of matter,
Pictet observed that solids alone produee heat by friction, no elevation of tem-
perature taking place from the mere agitation of fluids with one another, He
found that the heat excited by friction is not in proportion to the hardness and
elasticity of the bodies employed. On the contrary, a piece of brass rubbed
with a piece of cedar wood produced more heat than when rubbed with another
piece of metal; and the heat was still greater when two pieces of wood were
employed.

[ Chemical action.—Referring to a future section for an account of the agency
of combustion, as a source of heat, we will here restriet ourselves to the effects
of ordinary chemical combination in developing heat.

It has long been known that in nearly every case of active chemical union,
between two or more substances, a rize of temperature is produced. But, until
recently, no satisfactory attempt has been made to discover the relation between
the amount of heat evolved and the proportion in which the bodies combine.
The late researches of Hess, Graham, Abrea and others, on this subject, have
disclosed many interesting facts, which, although as yet but partially reducible
to simple laws, promise, when further extended, to disclose definite relations in
the heat of combination.

Thus Abrea has found that in combining anhydrous sulphurie acid with suc-
cessive chemical equivalents of water, the quantities of heat successively evolved
are related nearly in the proportion of the following series of numbers :

Equivalents of water 1st 24 8d 4th Oth Gth
Heat evolved 1 s Lin T3th Tath Z4th

From numerous experiments on the heat evolved in the combination of acids
with bases, Hess has inferred the following law : When a diluted acid combines
with a base the amount of heat set free by the union, when added” to that libe-
rated during the dilution of the acid in the first instance, is exactly equal to that
evolved by the combination of the anhydrous acid with the base; in other words
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the aggregate of heat evelved in such cases is a constant quantity, With sul-
phuric acid and ammonia the following were his results :

With Ammonia. With Water. Sum,
Sulphuric Acid . . 5958 5958
Firat dilution ' . G18-9 778 H067
Second dilution . . 4580-5 116-7 597-2)
-
i L

SECTION IL

LIGHT,

Oeprics, from ostrogar T see, is the science which treats of light and vision.
On the nature of light two rival theories exist, the unduiatory and corpuscular.
Prior to and about the time of Newton's celebrated analysis of solar light in
1672, Descartes, Hooke, Huygens, and others, had entertained the former; but
Newton, in adopting the latter, led to its almost general reception. He con-
sidered light to consist of inconceivably minute particles, too subtile to exhibit
the common properties of matter, though really material, which emanate from
luminous bodies, such as the sun, the fixed stars, and incandescent substances,
travel with immense veloeity, and excite the sensation of light by passing bodily
through the sabstance of the eye, and striking against the expanded nerve of
vision, the retina. This theory, with which the language of optics has become
identified, prevailed with almost no opposition from the time of Newton till
1801, when the undulatory theory was revived and supported with great abijlity
by Young (Phil. Trans.). By the researches of others, the testimony in favour
of this doctrine gradually gained ground, and at present it is all but generally
adopted, While some phenomena, as the absorption and refraction of light, are
even yet obscurely explained by either theory, others, especially the phenomena
of interference and polarized light, are wholly inexplicable by the cerpuscular,
and receive a most lucid explanation by the undulatory theory. On this ground
the former is considered untenable, and the latter alone suitable to the present
condition of science. But to enter at length jnto this argument would be so
foreign to the design of this treatise, that the reader is referred to Ponillet’s
Elimens de Physique, Young's Essays, Airy's Tracts, 2nd edition, and Her-
schel’s article on Light in the Encyclopedia Metropolitana,

I shall now, however, state the laws of light in the ordinary language, which
is founded on the corpuscular theory, and analogous to that which has been
- employed in treating of heat,

Diffusion of Light.—Light emanates from every visible point of a luminous
object, and is equally distributed on all sides if not intercepted, diverging like
radii drawn from the centre to the circumferenee of a circle. Thus, if a single
luminous point were placed in the centre of a hollow sphere, every point of its
concavity would be illuminated, and equal areas would receive equal quantities
of light. The smallest portion of light which can be separated from contignous
portion is called a ray of light. Kach ray, when not interrupted in its course,
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and while it remains in the same medium, moves in a straight line; as is
obvious by the appearance of shadows cast by the side of a house, or of a sun-
beam admitted through a small aperture into a dark room. Owing to these
modes of distribution, it follows that the quantity of light which falls upon a
given surface decreases as the square of its distance from the luminous object
increases, the same law which regulates the heating power of a hot body.
(Page 12.)

The passage of light is progressive, time being required for its motion from
one place to another. By astronomical observations it is found that light travels
at the rate of nearly 195,000 miles in a second of time, and would require about
eight minutes to pass from the sun to the earth, Owing to this prodigious
veloeity, the light cansed by the firing of a cammon or a sky-rocket is seen by
different spectators at the same instant, whatever may be their respective dis-
tances from the rocket, the time required for light to travel 100 or 1000 miles
being inappreciable to our senses,

When light falls upon any body, it may, like radiant heat (page 12), dispose
of itself in three different ways, being reflecfed, refracted or absorbed. 'T'he phe-
nomena connecied with the two former modes of distribution I shall proceed to
consider in suceession; while those of absorbed light will be included under

the head of Decomposition of Light.

REFLECTION OF LIGHT.

Light may be reflected by all media, whether solid, liquid, or gaseous, when
it passes from one medium into another of a different nature or density; but
there is great difference in the power of reflection. Bright metallic surfaces,
such as polished brass and silver, or clean mergury, reflect nearly all the mays
which fall upon them ; while those which are dull and rough refleet but few.
The reflection of light, like that of heat, takes place at the surface of bodies,
and appears influenced rather by the condition of the surface than by the nature
of the refleeting body. The direction of the reflected ray, whatever may be the
nature or figure of the reflecting surface, is regulated by these two laws.

I. The incident and reflected rays always lie in the same plane, which plane
is perpendicular to the reflecting surface.

11. The incident and reflected rays always form equal angles with the reflect-
ing surface; or, what amounts to the same, the angle of incidence is always
equal to the angle of reflection.

Hence, if the reflecting surface be a plane mirror, the direction of the reflected
ray, being known, gives us that of the incident ray ; and vice versd.

These laws apply equally to curved reflecting surfaces, whether convex or
concave. As a curve may be viewed as a polygon with very short sides, it fol-
lows, from obvious mathematical considerations, that parallel rays, falling on a
convex mirror, are scattered or made to diverge; while if they fall on a concave
mirror they are concentrated, or made to converge into its focus. On the same
principle it is plain that divergent rays, falling on a convex surface, are rendered
parallel by reflection; and that rays, diverging from the focus of a concave mir-
ror on its surface, are also reflected in parallel lines.

When the concave mirror is spherical, the parallel rays falling on it are not
strictly collected into one point or foeus; this only happens when the mirror is
accurately parabolie. Ience, if a luminous body be placed in the focus of one
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parabolic reflector, the rays which it gives off are all collected in the focus of a
second parabolie reflector placed opposite to the first.

On these principles are constructed the reflecting telescope and the reflecting
microscope ; but this treatise is not the place for a description of these useful

instruments.

REFRACTION OF LIGHT.

Light traverses the same transparent medium, such as air, water, or glass, in
a straight line, provided no reflection occurs, and there is no change of density ;
but when it passes from one medium into another, or from one part of the same
medium into enother of a different density, a change of direction always ensues
at the plane of junection of the media, ex- ,
cept when the ray is perpendicular to that
plane. For instance, let ap A'8, fig. 1, repre-
sent a vertical section of a vessel full of water,
and p’ the perpendicular to the surface of the

Fig. 1.
P

;A

\

water at the point c. Should a may of light 4 _ B
enter the water perpendicularly to its surface, ;

as in the line of pc, it will continue on its \\\

course to p' without deviation; but if it de- & PG B H“_E Bf

scend obliquely, as in the direction of 1¢, it

will suffer a bend at ¢, and proceed to E, instead of advancing along the dotted
line to r. Conversely, were a ray of light to emanate from e and emerge at ¢,
it would not advance to e, but take the direction of c1. By comparing the diree-
tion of the refracted ray in these two cases in relation to the vertical v/, it will
be seen that the ray approaches the perpendicular in entering from air into water,
and recedes from it in passing out of water into air. The same remark applies
to the passage of light from or into air into or out of solid or liquid media in
general.

Bodies differ in their power of refracting light. In general, the denser a
substanece is, the greater is the deviation which it produces. If in fig. 1 sul-
phurie acid were mixed with the water, the ray 1¢ would be refracted to some
point between e and 6; and if a solid cake of glass were substituted for that
liquid, the refracted ray would be bent down to ce. But this is far from uni-
versal :—aleohol, ether, and olive oil, which are lighter than water, have a higher
refractive power. Observation has shown it to be a law, to which no exception
is yet known, that oils and other highly inflammable bodies, such as hydrogen,
diamond, phosphorus, sulphur, amber, olive oil, and camphor, have a refractive
power which is from two to seven times greater than that of incombustible sub-
stances of equal density. But whatever may be the refractive power of bodies
in relation to each other, refraction is always govemed by the two following
laws, discovered in 1618 by Snell, though usnally aseribed to Descartes.

1. The direction of the incident and refracted ray is always in a plane per-
pendicular to the surface common to the media,

2, The sine of the angle of incidence and the sine of the angle of refraction
are in a constant relation for the same media.

The sine of the anglé of refraction being taken=1, the sines of the angles
of incidence in different substances may thus be referred to a common measure
or unit of comparison, In common flint glass the ratio is nearly as 1'6 to 1;
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in water, as 1336 to 1. The numbers representing the sines of the angles of
incidence are called the indices of refraction, and indicate the degree of refrac-
tive power. Thus, the index of refraction of flint glass is 16; that of water,
1336 ; that of the diamond, 2:755.

Subjoined is a table of the refractive indices of gases, that of a vacuum being
unity.

Name of Gas. Ref. Index, Name of (Gas. Ref. Index.
Oxygen . . o . 1000272 Carbonic Oxide. . .  1:000340
Hydrogen . : ¢ e 1000133 Carbonic Acid . . . 1-000449
Nitrogen . . . , 1.000300 Hydrochloric Acid . .  1-000449
Chlorine . L - . 1000772 Ammonia . : DR 1-000385
Frotoxide of Nitrogen . 1-000503 Cyanogen . 4 2 - 1-000834
Binoxide of Nitrogen - 1-000303 Hydrocyanic Acid . . 1-000451
Olefiant Gas . . .  1-000678 Bulphurous Acid . . 1:000665
Marsh Gas e s« 14000448 Hydrosulphuric Acid . 1000644
Ether Vapour . . L 1-001530 Bisulphuret of Carbon Vapour 1-001500

In studying the influence of curved media on light on the same principles as
have been applied to reflection by enrved mirrors, it is found that convex lenses
act like concave mirrors, and colleet the refracted rays into a focus ; while con-
cave lenses, like convex mirrors, cause the rays to diverge. The properties of
convex lenses are, therefore, extensively applied in the construction of the re-
fracting telescope, which is the kind most commonly employed, and of the
refracting microscope,

A convex lens fitted into the wall of a darkened chamber constitutes the
arrangement of a camera obscura, the inverted images of external cbjects being
received on a disk of paper or a white board, In the simple telescope the lens
is placed at the extremity of a tube of such length that the image may be formed
within the tube, and the observer looks from the other end at the image formed
in the air. The eye acts on the same principle. Luminous rays entering the
transparent parts of the eye are refracted by the cornea and erystalline lens, and
are brought into a focus at the bottom of the eye, an inverted image of external
ohjects being formed upon the retina as on the table of a camera obseura. For
distinct vision it is necessary that this image should be formed exactly on the
retina, Hence, were the eye an ordinary lens, having an invariable focus, our
range of vision would be very narrow; an eye fitted for seeing at a distance
would be useless for near objects; and persons who could see near objects
would be blind to remote ones, Two rays emanating from a distant point cannot
botk fall upon so small an object as the eye, unless they are nearly parallel ; for
if they diverged by even a very small angle, they would before reaching the
eye separate by an interval exeeeding the diameter of the cornea. On the con-
trary, rays in rapid divergence may enter the eye provided the point from which
they emanate be close to it; and the nearer the objeet, the more divergent the
rays which enter. When, therefore, we observe a distant landscape, then sue-
cessively notice nearer and nearer objects, and lastly east the eyes upon the
page of a book only six inches distant, we receive rays coming from a multitude
of different objects, each set of rays having its own peculiar divergence, and
requiring a separate foeus ; and yet, so wonderful is the adjusting power of the
eye, a single minute suffices for distinetly seeing all the objeets so beheld,
without the conseiousness of an effort,
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The adjustment of the eye for different distances appears to depend ona
power of increasing or decreasing the distance between the posterior part of
the eye and the lens; though the mechanism by which this is aceomplished is
unknown., Some aseribe it to a change in the figure of the whole eye-ball, pro-
duced by the muscles which move the eye; but Brewster, I think with better
reason, considers the position of the lens to be varied by the same contractile
tissue which determines the movements of the iris and the size of the pupil,
To this adjusting power, however, there is a limit.* The distance at which
most persons see small objects distinetly is about six inches: at shorter dis-
tances the rays are so divergent, that their focal point falls behind the retina,
and indistinet vision is the consequence. Persons called long-sighted are unable
to see near objects distinctly, owing to a weak refracting power of the eye, due
to deficient convexity or density in the humours of the eye. This is the
infirmity of advancing life, and is remedied by convex glasses, which cause
diverging rays to be parallel or slightly convergent. In shorf-sighted persons
the refractive power, either from undue convexity or undue density of the cornea
and lens, is so powerful, that all rays which do not diverge rapidly are brought
to a focus before they reach the retina. Youth is the period most obnoxious to
this imperfection, and assistance is derived from a concave glass, which causes
parallel rays to diverge, and lhcrebf counteracts the refracting influenee of
the eye.

Sinee the rays which fall on a convex lens from any object are divergent, and
are collected into a focus behind the lens, it follows that the image there formed
must be inverted, the rays from the top of the object forming the lower part, in
point of position of the image. Yet the eye sees objects erect. This remarkable
fact has not yet been satisfactorily explained. It has been supposed by some
that in infancy we actually see objects inverted, and only discover that they are
not so by the correction derived from experience; but this fallacy has been
fully corrected by observation on persons born blind, who first obtained the
power of vision when of an age to describe what they saw.

Double Refraction.—If on a piece of paper with a black line on its surface we
place a rhombohedron of Ieeland-spar, and then look at the line through the
erystal, it will be found that in a certain position the line appears single as
when seen through water or glass; but in other positions of the erystal two
lines are visible parallel to each other, and separated by a distinet interval. The
light in passing through the erystal is divided into two portions, one of which
obeys the laws of refraction already explained (page 52); whereas the other
portion proceeds in a wholly different direction, and hence gives the appearance
of two objects instead of one. The former is termed the ordinary, the latter the
extraordinery ray. This phenomenon is known by the name of double refraction,
and has been witnessed in many erystallized substances, as in minerals and
artificial salts,

Light transmitted through Teeland-spar or other doubly refracting substances,
is found to have suffered a remarkable change. 1In this state it is distinguished

* A different explanation has been very lately suggested by Prof. Forbes. The lens being
composed of a central nucleus of comparatively solid matter, and of soft gelatinous sub-
stance towards the margin, he conceives that by the combined action of the museles of the
eye pressing on the outside, and communicating tension to the contents of the globe, the
borders of the lens are pressed in towards the axis and its whole form is rendered more
nearly globular, This would of course diminish tlle focal distance. (Comp. Rend., 1844.) R.
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from common light by the eircumstance, that when it falls upon a plate of glass
at an angle of 562 11/, it is almost completely reflected in one position of the
glass, and is hardly refleeted at all in another: if reflected when the plane of
reflection is vertieal, no reflection ensues when the reflecting plane is horizontal,
the incident angle being maintained at 56° 11'. This curious property, so dif-
ferent from common light, has been theoretically aseribed to a kind of polarity
of such sort, that each side of a ray of light is thought to have a character dif-
ferent from the two adjacent sides at right angles to it; and henee the origin of
the term polarized light, by which this property is distinguished. Light is
polarized by reflection from many substances, such as glass, water, air, ebony,
mother-of-pearl, and many crystallized substances, provided the light is incident
at a certain angle peculiar to each surface, and which is called the polorizing
angle. Thus, the polarizing angle for glass is 56° 11’, and for water 53° 14';
that is common light reflected by glass and water at the angles stated will be
polarized.

The phenomena of double refraction and polarized light constitute a depart-
ment of optics of great and increasing interest; but it is too remote from the
pursuits of a chemical student to be treated of at length in this work. Those
interested in such studies will find an excellent guida in Brewster’s Treatise on
Opties in the Cabinet Cyclopedia,

DECOMPOSITION OF LIGHT.

The analysis of light may,be effected either by refraction or absorption.
Newton, who discovered the compound nature of solar light effected its decom-
position by refraction, employing a solid piece of glass bounded by three plane
surfaces, well known under the name of the prism. His mode of operating
consisted in admitting a ray of light 16, fiz. 2, into a dark chamber through a
window-shutter per, and interposing the prism Ace, so that the ray should pass

Vinlet.
Indigo.
Blune.
{rrecn.
Yellow,
(range.
Lead.

obliquely through two surfuces, and be refracted by both, On receiving the
refracted ray upon a piece of white paper Ly, there appeared, instead of a spot
of white light, an oblong coloured surface composed of seven different tints,
ealled the prismafic or solar spmrmmr On subjeeting each of these colours to
reéfraction no further separation was aecomplished ; but on causing the rays
separated by one prism to pass through a second of the same power and in an
inverted position cpa, the seven colours disappeared, and a spot of white light
appeared at m, in the very position which it would have occupied had both
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prisms heen absent. From such and similar experiments Newton inferred that
white light is a mixture of seven colorific rays—red, orange, yellow, green, blue,
indigo, and viclet; and that the separation of these primary or simple rays
depended on an original difference of refrangibility, violet being the most refran-
gible and red the least so.

[The recent experiments of Herschel have disclosed the existence, beyond the
limit of the violet space, of other rays still more refrangible, which from their
colour, he proposes to call Lavender rays. That these are distinct from the
violet light, is proved by their retaining their tint unaltered after being conecen-
trated by a lens.]

Though a prism is the most convenient instrument for decomposing light, the
separation of the coloured rays is more or less effected by refracting media in
general, Lenses, accordingly, disperse the colorific rays at the same time that
they refract them ; and this effect constitutes one of the greatest difficulties in
the construction of telescopes, in so much as the separation or dispersion, as it
is termed, of these rays diminishes the distinetness of the image. The combi-
nations by which the defect is remedied are called ackromatic.

Newton’s analysis of light led him to explain the origin of the colours of
natural chjects, Of opaque bodies those are black which absorb all the light
that falls upon them, and thosé white which reflect it unchanged : the various
combinations of tints are the consequence of eertain rays being absorbed, while
those alone whose intermixture produces the observed colour are reflected. The
same applies to transparent media, which are colourless like pure water when
the light passes through unchanged, but are coloured when some rays are trans-
mitted and others absorbed. This absorption of certain rays by coloured media,
such as glass of different tints, affords another mode of decomposing light ; and
Brewster has ingeniously applied it to analyse the seven colours which com-
pose the prismatie spectrum. He has proved by such experiments, what has
been maintained before, that the seven colours of the spectrum are occasioned
not by seven, but by three simple or primary rays; namely, the red, yellow,
and blue. These rays are concentrated in those parts of the spectrum where
each primary colour respectively appears; but each spreads more or less over
the whole spectrum, the mixture of red and yellow giving orange, of yellow
and blue green, and red with blue and a little yellow causing the violet.

The prismatie colours, according to the experiments of Sir 'W. Herschel,
differ in their illuminating power : the orange illuminates in a higher degree
than the red, the yellow than the orange. The maximum of illumination lies in
the brightest yellow or palest green. The green itself is almost equally bright
with the yellow ; but beyond the full deep green the illuminating power sensibly
decreases. The'blue is nearly equal to the red, the indigo is inferior to the
blue, and the violet is the lowest on the seale. (Phil. Trans. 1800.)

Calorific rays in Light.—The solar rays, both direct and diffused, are capable
of exeiting heat. When reflected or transmitted, no such effect results: the
concave reflector and burning glass remain eool, though intense heat is deve-
loped at their foci; and the atmosphere is not heated by the solar rays to which
it gives a passage. But opaque bodies which absorb light are invariably heated
by it, and the temperature is proportional to the absorbent power. Henece, dark-
coloured substances, which are more absorbent than light ones, become hotter
when exposed to sunshine. This is attested by the gemeral preference given to
light-coloured eclothing during summer. Hooke, and subsequently Franklin,
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proved the fact by exposing pieces of cloth of the same texture and size, but dif-
ferent colours, upon snow to sunshine ; when the snow under the dark speci-
mens was found to melt more freely than under the light ones, the effect being
nearly proportional to the depth of shade. Davy arrived at similar results. The
coloured rays of the spectrum differ in heating power. This is shown generally
by locking at the sun through glass of different colours, when it will be found
that red and yellow glasses heat and oppress the eye mueh more than blue or
green ones; but the fact was first rigidly demonstrated by Sir W. Herschel, by
placing the bulb of a delicate thermometer in the coloured spaces of the solar
spectrum. He found that it stood highest in the red space, fell lower and
lower when successively removed towards the violet, and was lowest in the
violet space. (Phil. Trans. 1800.)

The foregoing facts are explicable on the suppositions either that light is con-
vertible into heat by absorption, or that heat is merely associated with light,
and is absorbed along with it. Herschel maintained the latter view, and
founded it on his cbservation that, though the red space of the spectrum is
hotter than the other coloured spaces, there is a spot a little beyond the red,
where little or no light appears, where the thermometer is higher than in the red
itsell. He hence inferred that there exists in the solar beam a distinet kind of
ray, which causes heat but not light; and that these rays, from being less
refrangible than the luminous ones, deviate in a smaller degree from their original
direction in passing through the prism.

All succeeding experimenters confirm the statement of Herschel, that the
prismatic colours differ in heating power; but they do not agree as to the spot
where the heat is greatest, FEnglefield, Davy, and others affirmed with Her-
schel that it is beyond the red ray; while others, and in particular Leslie, con-
tended that it is in the red itself. The observations of Seebeck (Edin. Journal
of Science, i. 358) explained these contradictory statements, by showing that
the point of greatest heat varies with the kind of prism which is employed for
forming the spectrum, When he used a prism of fine flint-glass, the greatest
heat was uniformly beyond the red; with a prism of crown-glass, the red itself
was the hottest part; and with a prism externally of glass, but containing
water within, the maximum heat was neither in the red itself, nor beyond it,
but in the yellow., These experiments have been confirmed by Melloni, who
has succeeded with a prism of rock-salt in separating the spot of maximum heat
from the coloured part of the spectrum by a much greater interval than had been
done previously, and dissipating all remaining doubt as to the existence in solar
light of calorific rays distinet from those rays which produce colour. As in
simple radiant heat (page 15), there exist in solar light calorific rays of differ-
ent characters, some being more, some less, refrangible. The former are pro-
portionally less absorbed by feebly diathermanous media than the latter;
whereas good diathermanous media absorb the less refrangible more freely than
the more refrangible rays. For instance, the heat of the violet passes through
water more readily than that of the yellow space, that of the yellow than the
red ; but in employing media always rising in transcalency, as erown-glass,
flint-glass, and rock-salt, the obstruetion to the least refrangible calorific rays
continually decreases. Hence, in successively taking prisms of rock-salt, flint-
glass, crown-glass, and water, the spot of greatest heat will be found first far
beyond the red, then nearer the red, then in the red itself, and lastly in the yel-
low space of the spectrum. On uging a prism still less transcalent than water,
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the maximum heat would be found on the violet side of the yellow space. By
causing light, terrestrial as well as solar, to pass first through water, and then
through glass coloured green by oxide of copper, Melloni so effectually absorbed
all the calorific rays, that the issuing light did not affect the most delicate ther-
moscope. It would hence follow, not merely that light is associated with calo-
rific rays quite distinct from the luminous rays, but that the latter contributes
nothing to the heat evolved during its absorption.

Chemical rays.—Solar light is capable of producing powerful chemical
changes, One of the most striking instances of it is its power of darkening the
white chloride of silver; an effect which takes place slowly in the diffused light
of day, but in the course of two or three minutes by exposure to sunshine.
This effect was once attributed to the influence of the luminous rays; but Ritter
and Wollaston traced it to the presence of certain rays that exeite neither heat
nor light, and which, from their peculiar ageney, are termed chemical rays. The
greatest chemiecal action is exerted just bevond or at the verge of the violet part
of the prismatic spectrum ; the spot next in energy is the violet itself; and the
property gradually diminishes in advancing to the green, beyond which it seems
wholly wanting. It hence follows that the chemical rays are still more refran-
gible than the luminous, in consequence of which they are dispersed in part
over the blue, indigo, and violet, but in the greatest quantity at the extreme
border of the latter.

The Daguerréotype, as well as Mr. Talbot’s method of Photography, is
founded on the action of the chemical rays on certain substances, The iodide
of silver, formed by exposing a plate of silver to the vapour of iodine, is the
substanee used in the Daguerréotype. The chloride, iodide, and bromide of
silver, formed on the surface of paper in a thin and uniform layer, are the bases
of Talbot’s method. The delicacy and beauty of the images produced in the
Daguerréotype, however, far surpasses anything that has hitherto been produced
on paper. For details on this subjeet, the student is referred to a little treatise
by M. Arago, which has been translated into English.

Magnetizing reys.—The more refrangible rays of light were once thought to
possess the property of rendering steel and iron magnetic ; but since the experi-

ments of Riess and Moser, this notion has been abandoned. (Brewster's Jour-
nal, ii. 225.)

TERRESTRIAL LIGHT.

Under this head is included all kinds of artificial light. The common method
of obtaining such light is by the combustion of inflammable matter, which gives
out 8o much heat that the burning substance is rendered Juminous in the act of
being burned. All bodies begin to emit light when heat is accumulated within
them in great quantity ; and the appearanee of glowing or shining, which they
then assume, is called fneandescence. 'The temperature at which solids in gene-
ral begin to shine in the dark is between 600° and 700°; but they do not ap-
pear luminous in broad daylight till they are heated to about 1000°, The colour
of ineandeseent bodies varies with the intensity of the heat. The first degree
of luminousness is an obscure red, As the heat angments, the redness becomes
more and more vivid, till at last it acquires a full red glow. If the temperature
still increase, the character of the glow changes, and by degrees it becomes
white, shining with increasing brilliancy as the heat augments. Liquids and
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gases likewise become incandescent when strongly heated: but a very high
temperature is required to render a gas luminous, more than is sufficient for
heating a solid body even to whiteness. The different kinds of flame, as of the
fire, candles, and gas light, are instances of incandeseent gaseous matter.

Artificial lights differ in colour, and aceordingly exhibit different appearances
when transmitted through a prism. The white light of incandescent charcoal,
which is the principal source of the light from eandles, oils, and the illuminating
gases, contains the three primary ecalorific rays, the red, yellow, and blue, The
dazzling light emitted by lime intensely heated, first proposed by Lieut. Drum-
mond for the trigonometrical survey (Phil. Trans, 1830), and of late so success-
fully applied by Messrs, Cooper and Carey for their gas microscope, gives the
prismatic colours almost as bright as in the solar spectrum. The light emitted
by iron feebly incandescent consists principally of the red rays, as does the red
light obtained by means of strontia and lithia; that from ignited boracie acid is
such a mixture of the blue and yellow rays as constitute green ; and incandescent
soda emits a yellow light almost wholly free from the rays which cause the red
and blue eolours.

Artifieial light differs from solar light in containing heat in two states. It
contains simple radiant heat like that radiated from a body not luminous, and
whieh may be separated by transmission through a plate of moderately thick
glass ; but the light so purified still heats any body which absorbs it, possess-
ing ealorific rays associated with its luminous rays like those in solar light
(page 61), and like them susceptible of refraction by transparent media. Thus,
Daniell found that the rays from incandescent lime were concentrated by convex
lenses, and set fire to phosphorus placed in the focus (Phil. Mag. N. 8. ii. 59).
Agreeably to the researches of Melloni (page 8), artificial light eontains dif-
ferent modifications of radiant heat, which not only differ in refrangibility, but
in transmissibility through diathermanous media.

The chemieal agency of artificial light is analogous to that from the sun, In
general the former is too feeble for producing any visible effect; but light of
considerable intensity, such as that from ignited lime, darkenswghloride of silver,
and seems capable of exerting the same chemical agencies as solar light, though
in a degree proportionate to its inferior brillianey. (An. of Phil. xxvii. 451.)

Light emanates from some substances either at common temperatures or at a
degree of heat disproportioned to the effect, giving rise to an appearance which
is called phosphorescence. This is exemplified by a composition termed Canfon’s
phosphorus, made by mixing three parts of caleined oyster-shells with one of the
flowers of sulphur, and exposing the mixture for an hour to a strong heat in a
covered crucible, The same property is possessed by chloride of ecalcium
(Homberg’s phosphorus), anhydrous nitrate of lime (Baldwin’s phesphorus),
some carbonates and sulphates of baryta, strontia, and lime, the diamond, some
varieties of fluor-spar called cklorophane, apatite, boracic acid, borax, sulphate
of potassa, sea-salt, and by many other substanees, Secarcely any of these phos-
phori act unless they have been previously exposed to light, though they do not
always shine with light of the same colour as that which excites the phospho-
rescence: for some, diffused daylight or even lamp-light will suffice; while
others require the direet solar light, or the light of an eleetrie discharge. Ex-
posure for a few seconds to sunshine enables Canton’s phosphorus to shine in
a dark room for several hours afterwards. Warmth increases the intensity of
light, or will renew it after it has ceased;—but it diminishes the duration,
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When the phosphorescence has ceased it may be restored, and in general for
any number of times, by renewed exposure to sunshine; and the same effect
may be produced by passing electric discharges through the phosphoros.  Some
phosphori, as apatite and chlorcphane, do not shine until they are gently heated ;
and yet if exposed to a red heat, they lose the property so entirely that exposure
to solar light does not restore it. Pearsall has remarked that in these minerals
the phosphoreseence, destroyed by heat, is restored by electric discharges; that
specimens of fluor-spar, not naturally phosphorescent, may be rendered so by
electricity ; and that this agent exalts the energy of natural phospheori in a very
remarkable degree. (R. Inst. Journal, N. 8, i.) The theory of these phenc-
mena is obseure, Chemical action is not the cause, for these phosphori shine
in vacuo or in gases which do not act chemically on them, and some even under
water. It may be presumed that light causes in them a certain vibratory state
analogous to that, though in a far lower degree, which exists in ineandescent
matter.

[From the recent experiments of Deequerels and others, it appears that the
rays of the violet extremity of the spectrum are the real agents in producing
these phenomena of phesphorescence, while the red rays have the effect of ex-
tinguishing the light. Conceiving the rays which are active in producing phos-
phorescence, to be distinet from the so called chemical rays, although associated
with them in the spectrum, they have been distinguished by Draper and others
by the name of phosphorogenic rays. ]

Another kind of phosphoreseence is observable in some bodies when strongly
heated. A piece of lime, for example, heated to a degree which wonld only
make other bodies red, emits a brilliant white light of such intensity that the
eye cannot support its impression.

A third species of phosphoreseence is observed in the bodies of some animals,
either in the dead or living state, Some marine animals, and particularly fish,
possess it in a remarkable degree. It may be witnessed in the body of the
herring, which begins to phosphoresce a day or two after death, and before any
visible sign of putrefaction has set in. Sea-water is capable of dissolving the
lauminous matter; and it is probably from this cause that the waters of the ccean
sometimes appear luminous at night when agitated. This appearance is also
ascribed to the presence of certain animaleules, which, like the glow-worm of
this country, or the fire-fly of the West Indies, are naturally phosphorescent.

[It has lately been inferred by Matteuci, from numerous experiments, that the
phosphorescence of the glow-worm is due to a slow combustion: carbenie acid
being evolved in oxygen, while the animal continues luminous, This effect he
found to be inereased by heat. The phosphorescence of the fire-fly and various
other animals, as well as of decaying animal and vegetable matter, is probably
owing to the same cause, ]

Light sometimes appears during the process of erystallization. This is exem-
plified by a tepid solution of sulphate of potassa in the act of erystallizing;
and it has been likewise witnessed vnder similar cireumstances in a solution of
fluoride of sodium and nitrate of strontia. Another instance of the kind is
afforded by the sublimation of benzoic acid. Allied to this phenomenon is the
phosphorescence which attends the sudden contraction of porous substances,
Thus, on decomposing by heat the hydrates of zirconia, peroxide of iron, and
green oxide of chromium, the dissipation of the water is followed by a sudden
increase of density suited to the changed state of the oxide, and a vivid glow

7
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appears at the same instant. The essential conditions are, that a substance
should be naturally denser after decomposition than it was previously, and that
the transition from one mechanical state to the other should be abrupt.

Instruments designed for measuring intensities of light are termed photometers.
That of Leslie is the only one used to estimale the strength of the sun’s light.
It consists of his differential thermometer, with one ball made of black glass.
The clear ball transmits all the light that falls upon it, and therefore its tempe-
rature is not affected ; it is all absorbed, on the contrary, by the black ball, and
by heating and expanding the air within, caunses the liguid to ascend in the
opposite stem. The whole instrament is covered with a case of thin glass, the
object of which is to prevent the balls from being affected by currents of cold
air. The action of this photometer depends on the absorption of the heat by
which light is accompanied.

Leslie recommended his photometer also for determining the relative intensi-
ties of artificial light, such as that of candles, oil, or gas. This application of
it differs from the foregoing, because light from terrestrial sources contains calo-
rific rays of different properties; some being largely absorbed by glass, and
others freely transmissible. The former, being for the most part arrested by the
outer glass case, will not cause any great error; but the latter must give rise to
serious fallacies whenever the calorific and luminous rays of the two lights are
not in the same ratio. This is rarely, if ever, the case with lights which differ
in colour. Thus, the light emitted by burning cinders or red-hot iron, even after
passing through glass, contains a quantity of ealorifie rays, which is out of all
proportion to the luminous ones ; and, consequently, they may and do produce a
greater effect on the photometer than some lights whose illuminating powers are
far stronger.

A photometer on a different principle has been described by Rumford in his
Essays. It determines the relative strength of lights by a comparison of their
shadows, and is susceptible of great accuracy when employed with the required
care; but,* like the foregoing, its indications cannot be trusted when there is
much difference in the colour of the lights. In this case, the best procedure is,
to observe the distance from each light at which any given object, as a printed
page, ceases (o be distinctly visible. The illuminating power of the lights so
compared is as the squares of their distances.

[An ingenious attempt has recently been made by MM. Fizean and Foucault,
to compare the intensity of solar radiation with that of the chareoal points in the
voltaic cirenit, and that of lime ignited by the oxyhydrogen blow-pipe. The
intensities were measured by the time of exposure to the light, necessary to ren-
der the Daguerre plate sensible to mercurial vapour. The effects are therefore
proportional, rather to the chemical than the luminous rays. Assuming the lime
light as unity, the voltaic light was found to be 34.3, and the solar 146. (Anm.

de Chim. July, 1844.)] L

ON THE RELATIGEI'@ ‘OF HEAT AND LIGHT.

Radiant heat and light have the most intimate resemblance. They are dis-
tributed, reflected, refracted, absorbed, transmitted, polarized, according to laws
so exactly parallel, as to force on the mind the convietion that their canses are

* See an Essay on the Construction of Coal Gas Burners, &c., in the Edinburgh Philoso
phical Journal, for 1825,
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likewise similar. If light be due to ethereal vibrations, it is difficult not to
assign a similar cause to radiant heat. The obstacle to adopting this view
arises from the peculiar relations of heat to matter as connected with change of
form, with specific heat, and with heat of temperature. The outline of such an
undulatory theory might be thus stated :—Heat may be considered identical with
the universal ether, so that the terms ether and matter of heat would apply to
the same substance. Diffused within the pores of bodies this ether causes the
condition of temperature, and in a state of more intimate union it determines
their form. Conduction may be due to a peculiar vibration of ether, advancing
slowly among the molecules of matter, and modified by their presence,—a radia-
tion from particle to particle. Common radiation of heat may be ascribed, not
to the ether itself being ejected from a hot body, but to ethereal impulses origi-
nating in the same manner as those of light, but having waves of different grades
both of length and intensity. It would not be prudent, however, at present, to
embody such a theory with the ordinary doetrines of heat, though as a scientifie
speculation it is a subject of great and increasing interest.

SECTION IIL

ELECTRICITY.

Elementary Fuels—When certain substances, such as amber, glass, sealing-
wax, sulphur, are rabbed with dry silk or cloth, they are found to have acquired
a property, not observable in their ordinary state, of causing contiguous light
bodies to move towards them; or if the substances so rubbed be light and freely
suspended, they will move towards contiguous bodies. After a while this curious
phenomenon ceases; but it may be renewed an indefinite number of times by
friction. The principle thus called into action is known by the name of elee-
fricily, from the Greek word yasxreoy, amber, because the electric property was
first noticed in it. The same term is applied to the science which treats of the
phenomena of electricity.

When a substance by friction or any other means acquires the property just
stated, it is said to be electrified, or to be electrically exciled ; and its motion
towards other bodies, or of other bodies towards it, is aseribed to a foree called
electric altraction, DBut its influence, on examination, will be found to be not
merely attractive; on the contrary, light substances, after touching the electrified
body, will be disposed to recede from it just as actively as they approached it
before contact, 'This is termed elecirie repulsion. By aid of the electrical
machine, electric attraction and repulsion may be displayed by a great variety
of amusing and instruetive experiments, showing how readily an invisible power

"is called into operation, and how wonderfully inert matter is subject to its con-
trol. But the student may witness these effects quite satisfactorily by very
simple apparatus, Let him suspend a thread of white sewing silk from the
back of a chair so that one end may hang freely, taking the precaution to moisten
that end slightly by holding it between the fingers, while the rest of the thread
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is carefully dried by the fire; and let him then place near the free end a piece
of sealing-wax previously rubbed on the sleeve of his coat. The silk will move
towards it; bat after touching the excited wax two or three times, it will recede
from it.

When an electrified body touches another which is not electrified, the electric
property is imparted by the former to the latter. Thus, on touching the free end
of the suspended silk thread with the excited wax, the silk will itself be
excited, as shown by its moving towards a book, a knife, or other unex-
cited object placed mear it. DBut although electricity is always imparted by
an excited to an unexcited body by contact, the latter does not always exhibit
electric excitement. 1If, for example, the suspended silk be wetted along its
whole length, it will be strongly attracted by the excited wax, but afler contact
it will not evince the least sign of being itself electrified. Nevertheless, elee-
tricity is communicated to the silk in both cases; only it is retained by silk
when dry, and is lost as soon as received by wet silk. Such observations led
to the discovery that eleetricity passes with great ease over the surface of some
substances, and with difficulty over that of others, and hence to the division of
bodies into eonductors and non-conductors of electrieity. If electricity be imparted
to one end of a conductor, such as a copper wire, the other extremity of which
touches the ground, or is held by a person standing on the ground, the elec-
tricity will pass along its whole length and escape in an instant, though the
wire were several miles long ; whereas excited glass and resin, which are non-
conductors, may be freely handled without losing any electricity except at the
parts actually touched. To the class of eonductors belong the metals, charcoal,
plumbago, water, and aqueous solutions, and substances generally which are
moist or contain water in its liquid state, such as animals and plants, and the
surface of the earth. These, however, differ in their conducting power: of the
metals, Harris found silver and copper to be the best conductors; and after
these follow gold, zine, platinum, iron, tin, lead, antimony, and bismuth (Phil,
Trans. 1827). This order, as Forbes has remarked, is nearly that of their con-
dueting powers for heat. Aqueous solutions of acids and salts conduet much bet-
ter than pure water. To the list of non-conductors belong glass, resins, sulphur,
diamond, dried wood, precious stones, earth and most rocks when quite dry,
gilk, hair, and wool. Air and gases in general are non-conduetors if dry, but
act as conductors when saturated with moisture.

This knowledge is of continual application in electrical experiments. When
it is wished to eollect electricity on a metallie surface, the metal must be insu-
laled, that is, eut off from contact with the earth, and with eonductors touching
the ground, by means of some non-conductor; an objeet commonly effected
either by supporting it on a handle of glass, or by placing it on a stool made
with glass feet. Another mode of insulating is to suspend a substance by silk
threads, But such insulators must be dry ; sinee they begin to conduct as soon
as they grow damp, and conduet well, as in the experiment above described,
Wwhen wet. Again, electrical experiments are very apt to fail in damp weather,
because the moisture both carries off electricity directly, and by being deposited
on the plass supports destroys the insulation.

To diminish this inconvenience it is usual to keep the insulators warm, and
to coat them with a varnish made by dissolving the resin called shell-lac in
aleohol, this resinous matter being much less prone to attract moisture from the
air than glass. The same principles account for an error once prevalent that a
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metal cannot be excited by friction : if held in the hand, indeed, it exhibits no
sign of excitement when rubbed, because the electricity is carried off as soon as
excited ; but if, while carefully insulated, it is rubbed with a dry cat's fur, excite-
ment readily ensues.

On comparing the electric properties manifested by glass and sealing-wax
when both are rubbed by a woollen or silk cloth, they will be found essentially
different; hence it is inferred that there are two kinds or states of electricity,
one termed vifreous, because developed on glass, and the other resinous elec-
tricity, from being first noticed on resinous substances. These two kinds of
eleetricity, one or other of which is possessed by every electrified substance,
are also termed positive and negative, the terms vitreous and posifive being used
synonymously, as are resinous and negafive : they are also denoted by the signs
+ and —. If two electrified substances are both positive or + , or both nega-
tive or — , they are invariably disposed to recede from each other, that is, to
exhibit electric repulsion; but if ene be 4, and the other —, their mutual
action is as constantly attractive, The end of a silk thread, after contact with
an electrified stick of sealing-wax, is repelled by the wax, because both are—;
but a dry warm wine-glass, if rubbed with cloth or silk, will be + , and if then
presented to the thread, attraction will ensue, A silk thread in a known elec-
tric state, thus indicates the kind of electricity possessed by other substances :
a convenient mode of doing this, is to draw a thread of white silk rapidly
through a fold of coarse brown paper previously warmed, by which means its
whole length will be rendered + .

When two substances are rubbed together so as to electrify one of them, the
other, if in a state to retain eleetricity, will be excited also, one being always —,
and the other + . It is easy to be satisfied of this by very simple experiments.
Rub a stick of sealing-wax on warm coarse brown paper, and the paper will be
found to repel a positively excited thread of silk, while the wax will attraet it;
if a warm wine-glass be rubbed on the brown paper, the glass will be 4 , as
shown by its repelling the + thread, while the same thread will be attracted by
the — paper; friction of sealing-wax on a silk riband renders the wax — and
the riband + , but with glass the riband is —. If two silk ribands, one white
and the other black, be made quite warm, placed in contact, and then drawn
quickly through the closed fingers, they will be found on separation to be highly
atlractive to each other, the white being + , and the black —. The back of a
cat is + to all substances with which it has been tried, and smooth glass is +
to all exeept the back ¢f a cat. Sealing-wax is — to all the substances just
enumerated, but becomes -+ by friction with most of the metals, The reader
will perceive from these facts that the same substance way aequire both kinds
of electricity, becoming + by friction with one body, and — with another.

THEORIES OF ELECTRICITY.

The nature of electricity, like that of heat, is at present involved in obscurity.
Both these principles, if really material, are so light, subtile, and diffusive, that
it has hitherto been found impossible to recognise in them the ordinary charae-
teristics of matter ; and therefore electric phenomena may be referred, not to the
agency of a specifie substance, but to some property or state of common matter,
just as sound and light are produced by a vibrating medium. DBut the effeets of
electricity are so similar to those of a mechanical agent—it appears so distinetly
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to emanate from substances which contain it in excess, and rends asunder all
cobstaeles in its course so exactly like a body in rapid motion, that the impres-
sion of its existence as a distinet material substance sui generis forces itself
irresistibly on the mind, All nations, accordingly, have spontaneously eoncurred
in regarding electricity as a material principle; and scientific men give a pre-
ference to the same view, because it offers an easy explanation of phenomena,
and suggests a natural language easily intelligible to all.

Theory of two Electric Fluids.—This theory, the fundamental facts of which
wete supplied partly by Dufay, and partly by Symmer, is founded on the assumed
existence of two electric fluids, which Dufay distinguished by the terms vifreous
and resinous electricity. In order to account for electric phenomena by this sup-
position, the two fluids are assumed to possess the following properties :—They
are both equally subtile and elastie, universally diffused and therefore present in
all bodies, possessed of the most perfect fluidity, each highly repulsive to its
own particles, and as highly attractive to those of the opposite kind, these
attractive and repulsive forces being exactly equal at the same distance, and
both varying inversely as the square of the distance varies. Eleetric quiescence
is aseribed to these fluids being combined and neutralized with each other; and
electric excitation is the consequence of either fluid being in excess. Their
combination is destroyed by several eauses, of which friction is one.

This theory, as commonly stated, takes little or no cognizance of any attrac-
tion between the electrie fluids and other material substances. But it would be
apainst all analogy to suppose no such influence to exist; and indeed the sup-
position of an attractive force acting at insensible distances seems necessary to
account for the impediment caused by non-conduetors to the free movement of
the electrie fluids,

Theory of a single Fluid.—The celebrated Ameriean philosopher, Franklin,
proposed a different theory, founded on the supposition of a single electric fluid,
the particles of which are conceived to repel each other with a force diminishing
as the squares of the distance,and to be attracted by matter in general aceording
to the same law. Material substance in its unelectric state is regarded as a
compound of electricity and matter, saturated and neutralized with each other.
It is also an assumption, shown to be necessary by Mpinus and Cavendish,
that ponderable bodies repel each other with the same foree and according to the
same law as the particles of electricity. From the nature of these postulates it
will be easy to anticipate their application. Uneleetric bodies are such as have
their natural quantity of electricity, which precisely suffices to saturate and
neutralize the matter of which they consist. They are then electrically indif-
ferent; because the repulsion exerted between the eleetricity and matter of eon-
tiguous bodies is exactly counteracted by the attraction of the electric fluid in
each for the matter of the other, Electrical excitement is occasioned either by
increase or diminution of the natural guantity of electricity. These opposite
states are denoted by the algebraic terms positive and negafive ; the former cor-
responding to the vitreous, the latter to the resinous electricity of Dufay.

To the theory of Franklin it is usually objected that it invelves an assumption
at variance with the laws of gravitation, namely, that of matter being repulsive
to itself; but this objection is unfounded, as the laws of gravitation have been
investigated for matter only when in its ordinary state, and probably do mnot
apply in cases of electric excitement. The researches of Messotti on the forces
which regulate the internal constitution of bodies amply justify this conclusion,
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Adopting with Franklin a single electrie fluid, he has shown that gravitation is
petfectly consistent with the supposition that the molecules of matter are repul-
sive to each other. He has supported this opinion by a mathematical investiga-
tion of the conditions of equilibrium both for the molecules of matter and for
the electric fluid. The results at which he arrived show that two molecules of
matter surrounded by their electrie atmospheres, are mutually attractive when
separated by a sensible distance ;—that the attraction inereases on the approach
of the atoms up to a certain point, where the attractive force attains its maxi-
mum, and beyond which the molecules are mutually repulsive. In this manner,
gravitation, cohesion, and the resistance of matter to compression, are attributed
to the same forces. These views certainly afford a happy explanation of the
molecular mechanism; but as they have not yet been sufficiently tested, I shall
retain the theory of the two electricities, which was adopted in former editions,
substituting however, agreeably to present usages, the terms positive and nega-
tive, for vilreous and resinous electricity.

CAUSES OF ELECTRIC EXCITEMENT.

Friction.—This cause of electric excitement having been already mentioned,
it here only remains to state the usual modes of developing electricity by frie-
tion. A supply of negative eleetricity is easily obtained by rubbing a stick of
sealing-wax, or a glass tube covered with sealing-wax, with silk or woollen
cloth ; and positive electricity is freely developed when a dry glass tube is
rubbed with silk, brown paper, or flannel, the surface of which is covered with
a little amalgam, But for obtaining an abundant supply of electricity it is
necessary to employ an electrical machine, which is a mechanical contrivance for
exposing a large surface of glass to continuous fraction. As now constructed,
it is formed either with a eylinder or plate of glass: which is made to revolve
upon an axis, and pressed during rotation by cushions or rubbers made of leather
stuffed with flannel, and eovered usually with silk. On the rubber is spread
an amalgam of tin and zine, rendered adhesive by admixture with a small quan-
tity of lard or tallow, To prepare the amalgam, melt in a Hessian erucible one
ounce of tin and three of zine, then add two ounces of mercury heated to near
its boiling point, stir briskly with a stick for a few minutes, and pour the mix-
ture on a glean dry stone: when ecold, pulverize and sift, and preserve the fine
powder in a well-corked dry phial. Another essential part of the machine is
the prime eonductor, which is an insulated conductor, commonly made of brass,
placed in such immediate proximity to the revolving glass, that the eleetrie
state of the one is instantly imparted to the other.

The electricity developed by the electrical machine is due partly to friction,
which disunites the combined electrie fluids of the glass and rubber, but princi-
pally to the oxidation of the amalgam. The positive fluid accumulates in the
glass and passes from it to the prime conductor, while the negative fluid accu-
mulates in the rubber, and its conduetor, But to keep up the supply of electri-
city, the rubber must be connected with the ground, so that its — fluid may
escape; or if we wish to obtain — electricity from the rubber, the prime con-
duelor should communicate with the ground, that its 4+ fluid may escape.

Change of temperature.—The operation of this cause of electric exeitement
was first noticed in certain minerals, such as tourmalin and boracite, not pos-
sessed of that symmetric arrangement of parts commonly observed in erystals,
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and which are electrified by the application of heat. But a far more general
principle was detected by Seebeck, who found that the electric equilibrium is
disturbed in certain metallic rods or wires when one extremity has a different
temperatare from that of the other, whether the difference be effected by the
application of heat or cold, This observation has been since shown by Cum-
ming to be true of all metals (An. of Phil. N, 8, v. 427); and the same objeet
has been examined by Prideaux (Phil. Mag. and An. iii.). The experiment is
usually made by heating or cooling the point of junetion of two metallic wires,
which are soldered together; but Beequerel has proved that the contact of dif-
ferent metals is not essential. (An. de Ch, et Ph. xli. 353.)

Chemical action.— Another, and perhaps by far the most fertile, source of
electricity is chemical action. This was strongly denied by Davy, in his
Bakerian lecture for 1826; but the experiments of Beequerel, De la Rive, and
Pouillet, afford decisive proof that chemical union and decomposition are both
attended with electrical excitement. (An. de Ch. et Ph. vol. 35, 36, 37, 38,
and 39).

Contaet.—Another reputed source of electricity is contact of different sub-
stances, especially of metals; a source originally sugoested by Volta, who
founded on it a theory of galvanism. Volta stated that clean plates of zinc and
copper, insulated by glass handles, became electric by being made to touch
each other, and then separated. When the zine alone was insulated, it became
+, and when the copper alone was insulated, it became —. DBut the quantity
of electricity thus developed is confessedly so small as to require the most deli-
cate instruments to detect it; and the experiments of De la Rive (An, de Ch.
et Ph. xxxix, 297 ; Ixii. 147,) and those of Parrot (ibid. xlvi. 361), have shown,
in & manner apparently decisive, that the eleetricity developed in such experi-
menis is derived either from a slight degree of chemical action, or from [rietion ;
and that eontact alene, if unattended by chemieal action or by friction, produces
not the least excitement of electricity. I apprehend, therefore, that the facts
adduced by Volta must be rejected.

Changes of form.—The changes of form caused in a substance by variations
of temperature, such as liguefaction and solidification, the formation and eonden-
sation of vapour, constitute another reputed source of electricity. Pouillet, how-
ever, questions this opinion; and maintains, that in every case where change of
form produces electric exeitement, there is also chemical action. Thus, when
water evaporates, the electricity is due to the separation of the water from its
saline impregnations, or to its action on the containing vessel ; and pure water,
evaporated in platinum vessels, produces no excitement. He aseribes to the
separation of water from saline matter, constantly going on at the surface of the
earth, and to the chemical changes produced in the growth of vegetables, the
developement of a great part of the atmospherie electricity. My own experi-
ments have given similar results ; but Harris, with an apparatus of great deli-
cacy, has detected electricity during the evaporation of pure water in plantinum
vessels, although in very small quantity.

[Recent observations have shown that currents of steam, under certain condi-
tions, may be successfully employed for the generation of large quantities of
electricity, ‘The accidental discovery by a workman in New Castle of the elec-
tricity of a steam boiler, led to a series of experiments, by Armstrong and others,
and subsequently by Faraday ; showing that when the steam boiler is insulated
and the steam allowed to escape by apertures, properly constructed, the boiler
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and its appendages become strongly charged with electricity. TFaraday found
that while the boiler was thus rendered negative, the issuing steam was in the
opposite, or positive state, and he inferred that the whole phenomena arose from
the rubbing of the condensed water against the sides of the tube from which the
steam was issuing, and was thus due to a species of friction, rather than to the
passage of the water from the liquid to the aériform state. This discovery has
given rise to a new and very powerful apparatus for accumulating electricity,
called the hydro-electric machine, It consists of a boiler supported on glass
pillars, and furnished with a long range of jets, mounted at the end with wood.
Steam of high pressure is used, and the electricity of the steam is conducted
into the ground by a row of metallic points placed in front of the jets. Froma
machine of this kind sparks have been obtained twenty inches long, and the
electric supply is so abundant as to charge a battery more rapidly than the most
powerful machine of the ordinary construetion. ]

Proximily to an electrified body.—It is a direct consequence of the attractive
and repulsive powers ascribed to the electric fluids, that an unelectrified eon-
ductor must be excited by the vicinity of an electrified hody. Let an, fig. 1, be
an unexcited conduetor, supported on an insulating Fig. 1.

glass rod be; and let c, containing free positive A £
eleetricity, and similarly insulated, be placed near ._(- t

it on the side a. The free positive electricity on ?
¢ will both repel the positive fluid of am, and attraet I

its negative fluid,and the result of these concurring &=

forces is instantly to decompose a portion of the combined electricities of an, the
free negative fluid approaching as close as possible to c, and the positive fluid
receding from it. The relative position of these fluids is indicated in the figure
by the signs 4 and —, the former denoting positive and the latter negative
electricity. The oppesite ends of the conductor ar are thus oppositely electri-
fied, and in an equal degree : the excitement is found, as would be anticipated,
to be greatest at the extremities, and to diminish gradually towards the middle
line @b, which is neatral. The quantity of electricity thus set free depends on
the extent to which ¢ is excited, and on its distance from as. If now ¢ be sud-
denly withdrawn, the opposite fluids at 4 and » coalesee, and the equilibrium of
AB is restored. Bot so long as © retains i1s position, o will be negative, even
were it uninsulated. The only effect of communication with the ground is to
neutralize the positive fluid at 8 by supplying to it negative electrieity from the
earth ¢ if after having effected this by touching the eylinder for an instant with
the finger, ¢ be withdrawn, as is left with an excess of the negative fluid.—The
electricity thus developed by the contiguity of an electrified body is said to be
induced, or to be excited by énduetion,

The student should reflect carefully on these inferences from the theory of
electricity, since the applications of such knowledge are numerous, A few of
these may now be enumerated :—

1. An electrified body attracts light objeats near it, beeause it induces in them
a state opposite to itself, The attraction is most lively when the light objeet is
a conduetor, and in contact with the ground, since it then more completely
agsumes an electric state opposed to that of the indueing body. A non-con-
ductor is very imperfectly eleetrified by induetion, beecause the electric fluids
cannot quit each other from inability to move through the non-conductor.

2. If a stick of sealing-wax, strongly — be presented to a thread or pith ball
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which is also negatively, but feebly, excited, repulsion will ensue at a consider-
able distance, followed by attraction when the distance is small. This attrac-
tion is due to the strongly excited wax acting by induction on the feebly —
thread, thereby causing it to have an excess of + electricity.

3. The + eleetricity collected on the prime conduetor of an eleetrical machine
is by some aseribed, not to a transfer of that fluid from the glass to the prime
conduetor, but to a part of the combined eleetricities of the prime conduetor
being separated by induction, and the — fluid being imparted to the + glass,
The same view is applieable to any system of conductors in contact with the
prime conduetor, as also to conduectors connected with the rubber. It is difficult
to say which explanation is the more correct, or whether both may not be true.

4. On moving the hand towards the prime conductor of an excited electrical
machine, the hand becomes — by induction, and the spark ultimately obtained
restores the equilibrium. In like manner a negatively electrified cloud renders
+ a contiguous tree or tower, and then a stroke of lightning follows as a con-
sequence of attraction between the two accumulated fluids,

5. The action of the Leyden jar depends on the principle of induced eleetri-
city. A glass jar or bottle with a wide mouth is coated externally and inter-
nally with tinfoil, except to within three or four inches of its summit; and its
aperture is closed by dry wood or some imperfect eonduetor, through the centre
of which passes a metallic rod communicating with the tinfoil on the inside of
the jar. On placing the metallic rod in contact with the prime conduetor of an
excited electrical machine, while the outer eoating communicates with the
ground, the interior of the jar aequires a charge of + electricity, and the exterior
becomes as strongly —. The exterior may be handled without destroying the
charge, provided no communication be at the same time made with the interior,
But when a eonduetor communicates with both surfaces at the same instant, the
two fluids rush together with violence, and the equilibrium is restored.
Whether in this and similar cases the two fluids coalesce entirely on the inter-
mediate eonductor, or whether each from its velocity may not in part pass the
other, and be projected to the opposite surface, is a question on which electri-
cians are not agreed.

The Leyden jar affords the means of passing through bodies a large quantity
of electricity. For not only may jars of any required size be employed, but it
is easy so to arrange any number of such jars, that they shall all be charged
and discharged at the same time, constituting what is termed an electrical bai-
tery. The arrangement is made by placing a number of Leyden jars in a box
lined with tinfoil, by which means their outer surfaces have free metallic com-
munication with each other, and connecting their inner surfaces by wires,

6. The prineiple of induced electricity was ingeniously applied by Volta in

Fig- 2. the construction of the Condenser. This apparatus, fig. 2, con-
sists of two brass plates, o and B, supported on a common stand
B 5. One of the plates & is attached to the stand by means of a
hinge ¢, so that, though represented upright, it may be placed
horizontally, and be thus withdrawn from the vicinity of the
plate a, the support of which is made of glass. On electrifying
the insulated plate positively, the plate B, expressly placed close
to 4, is rendered — by induction; and, as happens in the Leyden
jar, the excitement of B will be proportional to that of o. The
— charge of ® tends to preserve the + charge of a, which may




ELECTRICITY. 7o

eonsequently receive still more electricity by contact with any + surface, without
losing what it had previously acquired. Thus is electricity accumulated or con-
densed on A5 so that a substance too feebly excited to produce any appreciable
effects of itself, may by repeated contact with the insulated plate of a condenser
communicate a charge of considerable intensity. The effect of the accumulation
is made apparent by withdrawing B, and bringing A in contact with a delicate
electrometer, The condenser is much employed in experiments of delicacy, and
the plate A is often permanently fixed on the gold leaf electrometer.

7. The Electrophorus is another contrivance of Volta’s, which acts by induced
electricity. It consists essentially of two parts; one being a flat cake of resin,
made by pouring melted resin into a shallow plate or circular dish of tinned iron,
and the other a disk of brass, of rather smaller diameter than the resin, supplied
with a glass handle, The surface of the resin is negatively excited by friction
or flapping with silk or flannel, and the brass disk is laid upon it. The resin
being a non-conductor retains its own electricity in spite of the super-imposed
brass, and decomposes the combined electricities of the latter, causing its under
surface to be + , and its upper —. On touching the brass with the finger, its
upper surface is neutralized ; and on then withdrawing the brass plate, it is found
to have an excess of + electricity, On replacing the brass as before, the resin,
having lost none of its electricity in the process, acts again upon the metallic
disk as on the first occasion, and will continue so to act for an indefinite number
of times. Kept in a dry place, the electrophorus will keep in action for months,

INDUCTION BY CONTIGUOUS PARTICLES.

That the excitation by induetion of a body at a distance is effected from parti-

ticle to particle of the interposed substance, is beautifully shown in the results
obtained by Faraday, concerning the influence of the nature of the medium on the
amount of induetive charge transmitted. The instrument, Fig. 3.
Fig. 3, which he has termed an inductomeler, consists
of a hollow sphere of brass @ a b, and a sphere of
smaller size, &, also of brass, which is placed exactly
concentric with it. The interval between these, o o,
may be occupied by any substance, as air, or glass, or
sulphur, and then the central sphere being insulated from
the outer by the shell-lac column b, and having been
excited from the machine, through the ball and wire B,
the outer one is uninsulated, and the whole becomes a
Leyden jar, in which the material may be varied at the
will of the experimenter. By means of the tube and
stopeock f d, the air in o o, may be removed and any
other gas substituted for it. The outer sphere opens at
b in two, so that melted sulphur or shell-lac, may be
poured in to form the inductive mediam.

When the internal sphere is excited always to the
same degree, the charge of the external eoating should
be the same, no matter what might be the nature of the
intervening substance, if the action took place simply
at a distance after the manner of gravitation. But this
is not the case, With the same internal charge, the
excitation of the external sphere was found to be, that




76 ELECTRICITY.

with air being 100, with shell-lae, 150, with flint-glass, 176, and with sulphur,
224. In these cases, therefore, the molecular exeitation was transmitted in pro-
portion to these numbers, which express, therefore, the degree of excitation, that
a common amount of inductive influence is able to produce in masses of these
bodies. All gases, no matter how different in chemical properties and constitu-
tion, even though the temperature and pressure do not remain the same, pos-
sessed the same specifie inductive capacity as air.

This prineiple is further shown in an interesting manner by the fact, that the
induetion is not exercised only in the straight line connecting the solid inducing
~ and induced bodies, but that at every intervening point there is a lateral action
exercised by the interposed molecules of air which may be
themselves considered eentres of inductive foree. Thus,
Fig. 4, if a eylinder @ of shell-lac be exeited by friction and
a brass hemisphere A, placed on top of it, the intensity of
the induced electricity will be found to depend not merely
on the distance from the excited source and the nature of
the interposed material, but to be more energetic in certain
positions in the air, as when the carrier ball of Coulomb’s
torsion electrometer was placed at o, than when it was
lower or higher at n or p.

Faraday has been led by his experiments to conclude,
that the differenee between condueting and non-condueting
bodies is, that the former assume with exceeding rapidity,
under an inductive influence, this eondition of moleeular
excitation, and hence appear to allow the electrieity to pass,
actually and instantly, through their substance, whereas in
reality it is only that the separation and recomposition of the electricities of the
chain of molecules has been so accomplished. They lose also this condition as
soon as the execiting cause has been removed, whereas, non-conductors, when
their particles have acquired elecirical execitation, remain in that state of tension
for a certain time. Thus, if the internal and external coatings of a Leyden jar
were connected by a metallie wire, the inductive action should be propagated
immediately across it; but the instant that the source of the excitation was
removed, the electricities of the two coatings should recombine, from the facility
with which the molecules of the wire could assume the inverse eondition. Dut
with an interposed plate of glass the result is different, the inductive action is
propagated equally, but more slowly ; and that it is the particles of the glass
that really produce the charge by their excitation, is demonstrated by the fact,
that the metallic coatings may be removed, and yet the aceumulated electricities
be mot disturbed ; the tin-foil serving, only, to discharge at the same moment
every particle of the glass, as if a wire had been individually applied to each.
That the induetion has acted on the substance of the glass, explains also the
peceuliarity of what is called the secondary or residual charge. When the parti-
cles at the surface have been discharged, they are acted on by the deeper mole-
cules which are still excited, and hence acquire a second induetive charge, and
with thick glass, and particularly with bodies which do not insulate quite so well
as glass, there may be even a third or a fourth charge of this kind.

Conduetion is therefore only the highest, most intense, and most rapid form of
induction; and it appears from Faraday's investigations, that the permanent exci-
tation of an electrified body has its origin also in the induetive influence of the

bodies that are around. (Elements of Chem. by R. Kane.)
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ELECTROSCOPES AND ELECTROMETERS.

It is very important, in experiments on electricity, to possess easy methods of
discovering when a substance is electrified, of ascertaining its infensify or the
degree to which it is exeited, and distinguishing the kind of excitement. The
means for effecting these objects are founded on electrical attraction and repul-
sion, and the instruments employed for the purpose are called Electroscopes and
Electrometers ; the latter denoting the intensity of electricity,—the former merely
indicating excitement, and the electrical state by which it is produced. The term
electrometer, however, is often indiseriminately applied to all such instruments,
since the methods of ascertaining the kind of excitement give at the same time
some idea of its intensity.

Goid Leaf Electrometer —Several simple electroseopic methods have already
been indicated (page 69). Small balls made of the pith of elder are used for the
same purpose. A single pith ball, suspended by a cotton thread, is attracted by
a feebly electrified substance. Also, when two pith balls are suspended from
the same point by cotton threads of equal length, and an electrified body is placed
near them, the two balls are thrown by induetion into the same electric state, and
diverge. The gold leaf electrometer, figure 5, invented by Dennett, acts pig, 5,
upan the same prineiple, but is far more delicate. Itconsists of aglass @
cylinder cemented below upon a brass plate ¢p, and covered above by 9
a brass plate aB, pierced in its centre for the insertion of a glass tube AGCEPE
be, the top of which is closed by a brass plate a: into this plate is [l
screwed a thick brass wire, which passes through the glass tube, and
from the lower end d of which two slips of gold leaf are suspended.
These different parts are put together while quite dry, all the joinings
are secured by wax cement, and the glass is covered by lac varnish.
The effect of these arrangements is to insulate the plate « with its wire and gold
leaves, while the latter are secure against being moved by eurrents of air. The
approach of any electrified body, even though feebly excited, to the plate a, is
immediately detected by the divergence of the leaves, as shown in the figure.
The instrument is equally useful in indicating the kind of excitement, provided
the plate and leaves be permanently electrified, which may easily be done on the
same principle as in eharging the metallic disk of an electrophorus. If the plate
be thus charged with 4 eleetricity, the leaves diverge, and continue divergent
for some time if the air be dry. In this state, the approach of a body charged
with + electricity increases the divergence; while the approach of a body
charged with — electricity has a contrary eflect.

Quadrant Electromeler—An instrument much used for estimating the degree
or intensity of eleetricity is the quadrant eleciromefer, invented by Henley. This
instrument, though convenient for experiments of illustration, is not suited to
those of research, wherein the object is to examine the effects of substances feebly
electrified, and ascertain their relative forees with accuracy, Fig. 6.

Torsion Electrometer.~This instrument, invented by Coulomb,
is peculiarly fitted for scientific investigation. It consists of a
small needle of gum-lac ¢ d, fig. 6, suspended horizontally by a
silk thread as spun by the silkworm, or by a fine silver wire a b;
on the point of the needle is fixed a small gilt ball made of the §
pith of elder; and the whole is covered with a glass case to pro-
tect it from moisture and currents of air. The pith ball, when |
the apparatus is at rest, is in contact with the knob ¢ of a metallie |
conduetor fe, which passes through a hole in the glass case, and =
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is secured in its place by cement; but when an excited body is made to touch
the conduetor, the pith ball in contact with it is similarly excited, and recedes
from it to an extent proportional to the degree of excitement. The needle con-
sequently describes the arc of a circle, which is measured on the graduated are
A B, and in its revolution twists the supporting thread more or less aceording to
the length of the are deseribed. The torsion thus occasioned calls into play the
elasticity of the thread,—a feeble but constant force, which opposes the move-
ment of the needle, measures by the extent to which it is overcome by the repul-
sive force exerted, and brings back the needle to its original position as soon as
the electric equilibrium is restored. It has been proved that the force which
causes the torsion is exactly proportional to the are described by the needle.

Balance Elecirometer—Harris has made a happy application of the common
balance and weights to estimate the mutual attraction of oppositely electrified

Fig. 7. surfaces. The apparatus, figure 4, consists of a brass beam
B B, supported by a conduetor ¢ p standing on a wooden frame
aa'; d isascale for holding weights, and E its support; a, b,
are gilt cones made of light wood, @ being suspended by a
silver wire from #, and & insulated by the glass support o’ d'.
The instrument is prepared for use by placing @ and d in exact
equipoise ; the cone a is suspended so that its base shall be
opposite and parallel to the base of the cone b, as may be done
by means of three adjusting screws in the frame a 4'; and &
is raised by help of a graduated brass slide e, until the bases
of the cones are just in contact. The cone b is then depressed
to any desired distance, which may be varied at will during an
experiment, and it is connected with the inner coating of a
® Leyden jar, the outer coating of which communicates with the
— frame A 4', and along ¢ p 8’ with the cone @: these cones may
thus be made parts of a charged Leyden jar, and be oppositely éxcited, as indi-
cated by the signs + and —. The attractive forees exerted between their bases
tend to draw down the cone a into contact with b, discharging the jar; but before
it ean do so, it has to overcome the weight which may be in the scale d. By this
Fig. 8.  ingenious contrivance any number of attractive forces are estimated
by a common standard, namely, the number of grains which each
is able to raise.

Unit Jar.—This is another contrivance by Harris, and is a most
important addition to our stock of electrical apparatus. It is formed
of a small inverted Leyden jar, figure 5, supported and insulated
by a slender glass rod ef, which is covered with lae varnish, and
fixed into a wooden frame A, The inner coating of this jar is in
metallic contact with a brass ball d and a wire @, which wire com-
municates with the prime conduetor of an active electrical machine;
whereas the brass ball ¢ and wire b are connected with its outer
coating,, If the wire b be held in the hand, or otherwise commu-
nicate with the ground, the electrical machine being in action, the
jar is charred in the usual manner, and is discharged by a spark
passing between the two brass balls ¢ and d. The interval may
y be increased or diminished by causing one of the balls to be move-
J able by means of a slide or screw. It will be readily conceived
that suceessive sparks through the same interval must be caused
h]r equal quantities of eleetricity ; and experiment shows this to be the case, pro-
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vided the apparatus is elean and dry, and the charges are taken nearly at the same
time, that is, while the air in relation to temperature, pressure, and moisture, may
be considered constant. On taking six successive sparks we employ six times
as much electricity as for one charge, and three times as much as for two charges,
the quantity of electricity being proportional to the number of charges. It is on
this account Harris introduced the term unit jar. It is used for charging Leyden
jars or batteries with known proportions of electricity.

Electrie Intensity.—Before concluding this account of electrometers, it will be
useful to refer to the kind of information which they supply. From their mode
of action, it is plain that they indicate the degree of electric excitement, the
remoteness from the nnexcited state, a condition expressed by the terms fension
and infensity. If two insulated brass disks of equal size be supplied with equal
quantities of free electricity, they will affect an electrometer equally, and there-
fore their intensity or tension is equal; but if one of the disks be larger than the
other, the smaller will have the highest tension. In faet, one square inch of the
smaller disk will possess more free electricity than the larger, and that is pre-
cisely the condition which constitutes differences of intensity. Of any number
of eleetrified substances, that will have the highest intensity which has the most
free electric fluid on unity of surface.

LAWS OF ELECTRICAL ACCUMULATION.

1. The quantity of free electricity which an insulated conduetor is capable of
receiving is independent of its quantity of matter. Thus, two brass spheres of
the same size, one solid and the other hollow, will take equal quantities of elec-
tricity, and possess equal intensities. The cause of this is referable to the
second law,

2, The free electricity of an insulated conduector is always accumulated on its
surface, where it forms a layer or stratum enveloping the subsiance on every
side, and therefore possessed of the same figure. The cause of free electricity
being disposed upon the surface of conductors is aseribed to the mutual repul-
sion of its particles, which gives them a tendency to recede as far as possible
from each other, and to be arrested at the surface solely by some counteracting
force, such as the interposition of an imperfect conductor.

3. The mode in which eleetricity is distributed over the surface of a conduetor
is dependent on its figure. On a sphere it forms an uniform stratum of equal
thickness all around, that is, each part of the surface has the same quantity of
electricity as any other part of equal size. But on an ellipsoid the stratum is
thickest at the extremities of the longer axis, and the accumulation at those
parts is greater and greater as the length of that axis becomes more and more
predominant. In all conduetors which are much longer than broad, as in a nar-
row metallic bar, as also in those which have elongated pointed terminations, the
prineipal accumulation is at the ends and projecting points.™

The unequal accumulation of electricity on conductors is a direct consequence
of the law of electric repulsion; and Poisson, assuming the truth of that Jaw,
has arrived by ealeulation at the very same conclusions which Coulomb obtained
by experiment. Those who are prepared to follow such very high mathematical
inquiries are referred to Poisson’s original Essay, to the article on Electricity by
Whewell, in the Encyclopedia Metropelitana, and to a late work on Electricity
by Murphy.

* This has been established experimentally by Coulomb.
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4. The eleetrie fluid accumulated at the surface of conductors tends to escape
by the repulsion of its particles. Its pressure against the air, or its effort to
escape, at any part, is considered proportional to the square of the quantity ; so
that if the electric accumulations at four different parts of an execited conductor
areas 1, 2, 8, and 4, the pressure against the air at those parts will be as 1, 4,
9, and 16. Henece electricity passes off with great rapidity from the ends or
projecting points of conductors, a result quite conformable to experience. But
the equilibrium of an excited conduetor is perhaps never entirely restored by
the direct diffusion of its excess due to its own repulsion; for the conductor
necessarily tends to induce a state opposite to itself in contiguous conduetors and
in the circumambient air, and then the attraction of oppositely electrified surfaces
is called into play. z

5. Coulomb proved experimentally, by aid of his torsion electrometer, that the
repulsion of two similarly electrified bodies varies inversely as the square of their
distances.

6. The attraction of two oppositely eledtrified bodies varies inversely as the
square of the distance between them. Coulomb, who verified this law by experi-
ment, also showed that the attractive force, the distance being constant, varies by
the same law as that for repulsion just stated.

Harris has given a beautiful demonstration of these laws by means of his
balance electrometer and unit jar (page 78), the cones a b, of figure 4, being
eonnected respectively with the outer and inner coatings of a large Leyden jar.
On giving to it a constant charge by means of the unit jar, and varying the dis-
tance, the weights raised, or the attractive force, were found to vary inversely as
the square of the distanee between the cones. On preserving the distance con-
stant, giving a charge capable of raising one grain, and then successively dou-
bling, trebling, and quadrupling the quantity first given to the inner coating, the
weights raised were 4, 9, and 16 grains.

7. It may be inferred from the law No. 6, that when, in two oppositely excited
bodies, the whole quantity of eleetricity and the distance vary together and at the
same rate, the attractive force will be unchanged. This has been fully proved
by Harris. In fact, doubling the electricity on both eones, is to quadruple the
attractive force between them ; and doubling the distance diminishes the force by
four times : the foree is thus diminished by one cause as much as it is increased
by the other, and therefore continues unchanged.

8. Having ascertained the nature of the influence exerted by the atmosphere
over the striking distance of a charged Leyden jar, that is, the interval through
which the electricity will pass, so as to discharge it, by including the balls con-
nected with its outer and inner coating within glass vessels suseeptible of exhans-
tion. He then found that the resistance to the passage of a charge varies as the
square of the density of the air. Agreeably to the same law, the striking dis-
tance, when the charge is constant, varies inversely as the density of the air: a
charge which strikes throngh one inch of air when the baroméeter is at 30 inches,
will pass through two inches in air so rarefied as to support only 15 inches of
mercury, and through four inches when the mercurial column is 7'5 inches.
Hence in a perfect vacuum a Leyden jar ought to discharge itself through any
interval ; and in the higher parts of the atmosphere, where the air is much rare-
fied, two oppositely-excited clouds will neutralize each other, thongh separated
by very great distances.

It is not apparent from the preceding remarks, whether the striking distance is
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influenced by change of the density or the elasticity of the confined air, since in
rarefying air by the air-pump, the rarefaction increases, and the elasticity
decreases at the same rate. Harris has shown, contrary to what one might
anticipate, that the influential condition is density, and not elasticity. For on
rarefying air by heat so as to preserve its original elasticity, the striking dis-
tance was exactly the same as in ecold air rarefied to the same degree by the
air-pump ; and in air first rarefied by the air-pump, and then heated until it had
recovered its original elastieity, its volume and density being kept the same, the
varied elasticity had no influence on the charge required to pass through a
constant distance. From these and similar experiments Harris infers that the
remarkable conducting power known to be possessed by hot air is due to its
rarity alone.—Though I have not had occasion to repeat these experiments on
hot air, I have entire confidence in their accuracy ; inasmuch as, not to mention
the known skill and exactness of Harris, I find that the striking distance for the
same charge is greater in air than in ecarbonic acid pgas, and greater in hydrogen
gas than in air, the elasticities being equal.

9. The continnance of an execited charge on an insulated conductor is com-
monly aseribed 1o the pressure of the air. An opposite opinion, however, has
been maintained. Morgan (Phil. Trans, 1785), published some experiments to
prove that a space entirely free from air, such as a Torricellian vacuum, is a
non-conductor of electricity; and Cavallo (Treatise on Electricity), showed
that exhaustion may be carried very far within the bell-jar of an air-pump
without an electrified body placed under it losing its charge. On repeating
these experiments, at the request of Harris, I obtained similar results. These
phenomena appear to indieate the existence of an adhesive force between the
particles of electricity and the surface of bodies, which causes an obstacle to
their escape.

10. Some elegant and most ingenious experiments have been made by Wheat-
stone to determine the velocity of electricity (Phil. Trans. 1834). His principal
eonclusions are the following :—

1. The velocity of electricity along a copper wire exceeds that of light through
the planetary space.

2, The disturbance of the electric equilibrium in a wire eommunieating at its
extremities with the two coatings of a charged jar, travels with equal velocity
from the two ends of the wire, and occurs latest in the middle of the cireuit,

3. The light of electricity of high tension has a less duration in passing as a
spark than the millionth part of a second,

HISTORICAL NOTICE.

The seience of electricity is of modern origin. The knowledge of the ancients
was confined to the fact that amber and the lyneurium (supposed to be tormalin)
acquired the property of attracting light bodies by friction. It was not known
that other bodies may be similarly excited until the commencement of the 17th
century, when Gilbert of Colchester detected the same property in a variety of
other substances, and thereby laid the foundation of the science of electricity.
A few additional facts were noticed during the same century by Boyle, Otio de
Guericke, and Wall, and in 1709 Hawkesbee published an account of many
eurious electrical experiments ; but no material progress was made until Stephen
Grey (Phil. Trans. 1729 to 1733) drew the distinction between conduetors and

B
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non-conduetors of electricity, and illustrated it by new and striking experiments.
Soon after, Dufay in France distinguished between the two kinds of electricity ;
and in 1759 (Phil. Trans. li. 340) Symmer added the important fact that friction
developes both kinds of electricity at the same time, an observation which led to
the theory of two electric fluids as now understood. These discoveries, added
to the confirmation of Franklin’s opinion as to the identity of the cause of
lightning and electricity, fixed the attention of scientific men upon the new
study, and soon acquired for it a high rank among the sciences.

For further details respecting its origin and early progress the reader may
consult the history of electricity by Priestley.

SECTION IV.

GALVANISM.

Tre science of Galvanism owes its name and origin to the experiments on
animal irritability made by Galvani, Professor of Anatomy at Bologna, in the
year 1790. In the course of the investigation he discovered the faet, that mus-
cular contractions are excited in the leg of a frog recently killed, when two
metals, such as zine and silver, one of which touches the crural nerve, and the
other the museles to which it is distributed, are brought into contact with one
another. Galvani imagined that the phenomena are owing to electricity present
in the muscles, and that the metals only serve the purpose of a conductor. He
conceived that the animal electricity originates in the brain, is distributed to
every part of the system, and resides particularly in the muscles. He was of
opinion that the different parts of each muscular fibril are in opposite states of
electrical excitement, like the two surfaces of a charged Leyden phial, and that
contractions take place whenever the electric equilibrium is restored. This he
supposed to be effected during life through the medium of the nerves, and to
have been produced in his experimentis by the intervention of metallic con-
~ ductors,

The views of Galvani had several opponents, one of whemn, the celebrated
Yolta, Professor of Natural Philosophy at Pavia, succeeded in pointing out
their fallacy. Volta maintained that electric excitement is due solely to the
metals, and that the muscular contractions are occasioned by the electricity thus
developed passing along the nerves and museles of the animal. To the experi-
ments instituted by Volta we are indebted for the first voltaic apparatus, which
has properly received the name of the vollaic pile ; and to the same distinguished
philesopher belongs the real merit of laying the foundation of the science of
Galvanism (Phil. Trans. 1800),

The identity of the agent concerned in the phenomena of galvanism and of
the common electrical machine, is now a matter of demonstration. Voltaie and
common electricity are due to the same force, excited by different conditions,
operating in general in a different manner and under different circumstances.
The effects of the latter are caused by a comparatively small quantity of electri-
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city brought into a state of insulation, in which state it exerts a high intensity,
as evinced by its remarkable attractive and repulsive energies, and by its power
to foree a passage through obstructing media. In galvanism the electric agent
is more intimately associated with other substances, is developed in large quan-
tity, but never attains a high tension, and produces its peculiar effects while
flowing along conductors in a continuous current.

VOLTAIC ARRANGEMENTS OR CIRCLES,

Arrangements for exciting galvanism are divided into simple and eompound ;
the former being voltaic eircles in their most elementary form, and the latter a
collection of simple circles acting together; it will hence be proper to com-
mence the description of them with the most simple.

Simple Foliwic Circles—When a plate of zinc and a plate of copper are
placed in a vessel of water, and the two metals are made to touch each other,
either directly or by the intervention of a metallic wire, galvanism is excited.
The action is, indeed, very feeble, and not to be detected by ordinary methods ;
but if a little sulphuric acid be added to the water, numerous globules of hydro-
gen gas will be evolved at the surface of the copper. This phenomenon con-
tinues uninterruptedly while metallic contact between the plates continues, in
which state the ecircuit is said to be closed; but it ceases when the cireuit is
broken, that is, when metallic contaet is interrupted. The hydrogen gas which
arises from the copper plate results from water decomposed by the electric cur-
rent, and its ceasing to appear indicates the moment when the current ceases.
In this case the voltaic circle consists of zine, copper, and interposed dilute
acid ; and the circle gives rise to a current only when the two metals are in
contact, This arrangement is shown in figure 1,%where Fig. 1.
metallic contact is readily made or broken by means of
copper wires soldered to the plates, By employing a gal-

i <l _—
vanometer (p. 94), it is found that a current of + elec- gl i
tricity continually circulates in the closed cireuit from the H]d'-'-" i

zine through the liquid to the copper, and from the copper %, <2
along the conducting wires to the zine, as indicated by the
arrows in the figure. A current of — electricity, agree-
ably to the theory of two electric fluids, ought to traverse the apparatus in 2
direction precisely reversed ; but for the sake of simplicity I shall hereafter
indicate the course of the + eurrent only.

Two metals are not absolutely essential to the formation of a simple circle.
A current is obtained from one metal and two liquids, provided the liquids are
such that a stronger chemical action takes place on one side of the metal than
on the other. Nay, a plate of metal, with two portions of the same liquid, but
of different S'Irimgthﬁ, forms a simple cirele; and even the same liquid, of but
one strength, if one side of the metal be more rapidly acted on by it than the
other, will produce a carrent, This may be effected, for example, by having ore
side rough, the other polished.

An interesting kind of simple voltaic circle is afforded by commercial zine.
This metal, as sold in the shops, contains traces of tin and lead, with rather
more than one per cent. of iron, which is mechanically diffused through its
substance : on immersion in dilute sulphurie acid, these small particles of iron
and the adjacent zine form numerous voltaic eircles, transmitting their currents
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through the acid which moistens them, and disengaging a large quantity of
hydrogen gas. Pure distilled zine is very slowly acted on by dilute sulphurie
acid of sp. gr. ranging from 1-068 to 1-215; but if fused with about two per
cent. or rather less, of iron filings, it is as readily dissolved as commercial zine.
Sturgeon has remarked that commercial zine, with its surface amalgamated,
which may be done by dipping a zine plate into nitric acid diluted with two or
three parts of water, and then rubbing it with mercury, resists the action of
dilute acid fully as well as the purest zine. This fact, of which Faraday in his
late researches has made excellent use, appears due to the mercury bringing the
surface of the zine to a state of perfect uniformity, preventing those differences
between one spot and another, which are essential o the production of minute
currenis ; one part has the same tendency to combine with eleetricity as another,
and cannot act as a discharger to it (Faraday).

While the current formed by the contact of two metals gives increased effect
to the affinity of one of them for some element of the solution, the ability of
the other metal to undergo the same change is proportionally diminished. Thus,
when plates of zine and copper touch each other in dilute acid, the zine oxidizes
more, and the copper less, rapidly than without contact. This principle was
beautifully exemplified by the attempt of Davy to preserve the copper sheathing
of ships. A sheet of copper immersed in sea-water, or a solution of chloride
of sodium, in an open vessel, undergoes rapid corrosion; and a green powder
commonly termed submuriate of copper, but which is really an oxy-chloride, is
generated : atmospheric oxygen dissolved in sea-water unites both with copper
and sodium, the latter yields its chlorine to another portion of copper, and the
oxide and chloride of copper unite. But if the copper be in contact with zinc
or some metal more electro-positive than itself, the zine undergoes the same
change as the copper did, end the latter is preserved. Davy found that the
quantity of zine required thus to form an efficient voltaic eirele with eopper was
very small. A piece of zine as large as a pea, or the head of a small round
nail, was found fully adequate to preserve 40 or 50 square inches of copper; and
this wherever it was placed, whether at the top, bottom, or middle of the sheet
of copper, or under whatever form it was used. And when the connection
between different pieces of copper was completed by wires, or thin filaments of
the 40th or 50th of an inch in diameter, the effect was the samé; every side,
every surface, every particle of the copper remained bright, whilst the iron or
the zine was slowly corroded. Sheets of copper defended by 1-40th to 1-1000th
part of their surface of zine, malleable and cast iron, were exposed during many
weeks to the flow of the tide in Portsmouth harbour, and their weight ascer-
tained before and after the experiment. When the metallic protector was from
1-40th to 1-150th, there was no corrosion nor decay of the copper; with smaller
quantities, such as 1-200ih to 1-460th, the copper underwent a loss of weight
which was greater in proportion as the protector was smaller; and as a proof
of the universality of the principle, it was found that even 1-1000th part of cast
iron saved a eertain proportion of the copper (Phil. Trans. 1824).

Unhappily for the application of this principle in practice, it is found that
unless a certain degree of corrosion takes place in the copper, its surface
becomes foul from the adhesion of sea-weedsand shell-fish. The oxy-chloride
of copper, formed when the sheathing is unprotected, is probably injurious to
these plants and animals, and thus preserves the copper free from foreign bodies.

Simple voltaic circles may be formed of very various materials: but the com-
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binations wsually employed consist either of two perfect and one imperfect
conductor of electricity, or of one perfect and two imperfect conductors. The
substances included under the title of perfeet conduectors are metals and char-
coal, and the imperfect conduetors are water and aqueous solutions. It is essen-
tial to the operation of the first kind of circle, that the imperfect conductor act
chemically on ene of the metals ; and in case of its attacking both, the action
must be greater on one metal than on the other. It is also found generally, if
not universally, that the metal most oxidized is positive with respect to the other,
or bears to it the same relation as zine to copper in figure 1. Davy, in his
Bakerian lecture for 1826 (Phil. Trans.), to which the reader is referred, has
given lists of different arrangements of both the kinds just mentioned.

Faraday has shown that the presence of water is not essential. A battery
may be composed of other liquid compounds, such as a fused metallic chloride,
iodide, or fluoride, provided it is Qecomposable by galvanism, and aets chemi-
cally on one metal of the eircle more powerfully than on the other.

Metallic bodies are not essential to the production of galvanic phenomena.
Combinations have been made with layers of charcoal and plumbago, of slices
of muscle and Dbrain, and beet-root and wood ; but the foree of these circles,
though accumulated by the union of numerous pairs, is extremely feeble, and
they are very rarely employed in practice.

Of the simple voltaie eircles deseribed by Davy, the only one used for ordinary
purposes is that composed of a pair of zine and copper plates excited by an aeid
solution arranged as in figure 1. The form and size of the apparatus are exceed-
ingly various. Instead of actually immersing the plates in the solution, a piece
of moistened cloth may be placed between them. Sometimes the copper plate
is made into a cup for containing the liquid, and the zine is fixed between its
two sides, as shown by the accompanying transverse vertical Fig. 2.
section, figure 2 5 care being taken to avoid actual eontact be- ,
tween the plates, by interposing pieces of wood, cork, or other ™~ c
imperfect conduector of electricity. Another contrivance, which
is much more econvenient, hecanse the zine may be removed at
will and have its surface cleaned, is that represented hy the
annexed woodeut (fig. 3). C is a eup made with two eylinders
of sheet copper, of unequal size, placed one with the other, and
soldered together at bottom, so as to leave an intermediate space « a a,=for con-
taining the zine eylinder z and the acid solution.
The small copper cups b b are useful appendages ;
for by filling them with mereury, and inserting
the ends of a wire, the voltaie circuit may be
closed or broken with ease and expedition. This
apparatus is very serviceable in experiments on
electro-magnetism.

Another kind of circle may be formed by eoil-
ing a sheet of zine and copper round each other,
so that each surface of the zine may be opposed
to one of copper, and separated from it by a small interval. The London Insti-
tution possesses a very large apparatus of this sort, made under the direction of
Pepys, each plate of which is 60 feet long and two wide. The plates are pre-
vented from coming into actual contaet by interposed ropes of horsehair; and
the coil, when used, is lifted by ropes and pulleys, and let down into a tub
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containing dilute acid. The eontrivance of opposing one large connected surface
of %ine to a similar surface of copper originated with Hare of Philadelphia, who,
from its surprising power of igniting metals, gave it the name of calorimofor,
Fig. 4, An excellent arrangement has been described by Daniell, of
which fig. 4 represents a modification more simple and perhaps
. equally effective. It consists of a eylinder of copper,abed e f,
i 3 inches wide from @ to b, 1§ inches from ¢ to d, and four inches
from e to f, the corresponding heights being half an inch, &
inches, and 2 inches; { m n o, is a collar of copper, which by the
i\ arms r r, 8 8, Tests on the top of the cylinder, and to which a
i membranous tube formed of the gullet of an ox is tied, the mem-
i brane being longer than the copper eylinder, so as to be baggy
i below and nearly fill the space e f; u p ¢, is a rod of amalgamated
zine resting on the collar / m n o, by means of a piece of wood
| r & which perforates it; w, ¢, are cups to hold mercury for making
== == gontact. DBetween the membrane and copper eylinder is poured
a saturated solution of blue vitriol, and within the membrane dilute sulphurie
acid of about sp. gr. 1136, which is made with 1 measure of strong acid and 8
of water. The exciting acid is thus in contact with the zine, but not with the
copper. When this cirele is in action, the electric eurrent passes from the zine
through the acid, membrane, and solution of blue vitriol to the copper. The
arrangement is founded on two important prineiples, established by Daniell :—

1. However active a circle, as made heretofore, may be when first excited, its
energy is known rapidly to diminish, and in a few minutes to fall much below
its original power. Daniell has traced the cause to reduction of oxide of zine
by nascent hydrogen at the surface of the copper plate, whereby this metal be-
comes coated with zine, and is thus more or less eonverted at its surface into a
zine plate; and as two zine plates under like conditions do not produce a cur-
rent, of course the action declines. In the new circle this defect iz avoided by
the membranous septum which proteets the copper plate from contact with the
solution of zine: the nascent hydrogen reduces oxide of copper, and a film of
bright eopper is deposited on the eopper plate, thus constantly presenting a clean
good condueting surface; while the hydrogen itself, not eseaping as gas, no
longer opposes an obstacle, as it does when allowed to assume the gaseous
form, tosthe passage of electricity, from the solution to the copper plate. To
supply the loss of oxide of copper, a eopper dise, a, v, 2, b, studded with holes
like a eullender, is supplied, on which rest erystals of blue vitriol, whereby the
solution is kept saturated, and its conducting power preserved. When the acid
within the membrane is exhausted, the membrane itself is removed, and fresh
acid supplied: but to prevent the necessity of frequent renewal, the lower part
of the membrane is made to act as a reservoir of acid.

2. The zine of a pair of plates may be much reduced in size without any loss
of power: strong chemieal action on a small surface of zine, a good condueting
solution, and a bright large surface of eopper, are conditions by which a pow-
erful action is ensured. This is indicated by Davy’s protectors for copper
sheathing (page 84); but it was not previously known that the principle was
applicable to the construction of voltaic apparatus. The great merit of this circle
i8 its conslancy - by keeping up the supply of blue vitriol and acid, its energy
will continue invariable for hours, or for an indefinite period. A similar appa-
ratus has been described by Mullins (Phil. Mag. & An. ix, 122),
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Compound vollaic eircles,—This expression is applied to voltaie arrangements
which consist of a series of simple circles. The first combinations of the kind
were described by Volta, and are now well known under the names of vollaic
pile and crown of cups. The voltaic pile is made by placing pairs of zine and
copper, or zinc and silver plates, one above the other, as in figure 5,
each pair being separated from those adjoining by pieces of cloth,
rather smaller than the plates, and moistened with a saturated solu-
tion of salt. The relative position of the metals in each pair must
be the same in the whole series; that is, if the zine be placed below
the copper in the first pair, the same order should be observed inall
the others. Without such precaution the apparatus would give rise
to opposite currents, which would neutralize each other more or
less according to their relative forces. The pile, which may eonsist
of any convenient number of combinations, should be contained in
a frame formed of glass pillars, fixed into a piece of thick dry wood,
by which it is both supported and insulated. Any number of these piles may
be made to act in concert by establishing metallic communication between the
+ extremity of each pile and the — extremity of the pile immediately following.

The voltaic pile is now rarely employed, because we possess other modes of
forming galvanie combinations which are far more powerful and convenient. The
galvanic battery proposed by Cruickshank consists of a trongh of baked wood,
about 30 inches long, in which are placed at equal distanees 50 pairs of zinc and
copper plates previously soldered together, and so arranged that the same metal
shall always be on the same side, Each pair is fixed in
a groove cut in the sides and bottom of the box, the
points of junetion being made water-tight by cement. The
apparatus thus constructed is always ready for use, and
is brought into action by filling the cells left between the
pairs of plates with some convenient solution, which
serves the same purpose as the moistened eloth in the
pile of Volta, By means of the aceompanying woodeut
the mode in which the plates are arranged will easily be
understood. )

Other modes of combination are now in use, which facilitate the employment
of the voltaic apparatus and increase its energy. Most
of these may he regarded as modifications of the crown
of cups. In this apparatus the exciting solution is
contained in separate cups or glasses, disposed eircu-
larly or in a line ; each glass contains a pair of plates;
and each zine plate is attached to the copper of the
next pair by a metallic wire, as represented in figure 7.
Instead of glasses, it is more convenient in practice to employ a trough of baked
wood or glazed earthenware, divided into separate cells
by partitions of the same material ; and in order that the
plates may be immersed into and taken out of the liquid
conveniently and at the same moment, they are all at-
tached to a bar of dry wood, the necessary conneetion
between the zine of one cell, and the copper of the ad-
joining one being accomplished, as in fizure 8, by a slip &=
or wire of copper. At

A material improvement in the foregoing apparatus was L.

Fig. 5.

Fig. 4.
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suggested by Wollaston (Children’s Essay in Phil. Trans. 1813), who recom-
mended that each cell should contain one zinc and two copper plates, so that
both surfaces of the former metal might be opposed to one of the latter. The
plates communicate with each other, and the zine between them with the copper
of the adjoining eell. An inerease of one half the power is said to be obtained
by this method.

The size and number of the plates may be varied at pleasure. It is now
recognized, however, that inereasing the number of plates beyond a very mode-
rate limit gives for most purposes no proportionate increase of power ; so thata
battery of 50 or 100 pair of plates, thrown into vigorous action, will be just as
effective as one of far greater extent,

A very effective battery, which, I apprehend, from its constancy of action,
convenience, cheapness, and power, will supersede all others, is made with
Daniell’s simple circles (page 86). Twenty of these, arranged on a wooden
tray in two rows, has an energy sufficient for the performance of most experi-
ments of demonstration or research.

[An improvement lately introduced in the construction of the battery cells,
consists in substituting for the membrane, used by Daniell and Mullins, a dia-
phragm, or hollow cylinder of porous earthenware. To obtain great power ina
small compass, these arrangements are eonstructed of solid elements differing as
much as possible in their chemical relations. The plates are brought as near
each other as conveniently practicable, and the fluids used are such as with great
exciting energy combine the highest condueting power. Such arrangements are
called sustaining batleries. The most useful of these forms of apparatus at pre-
sent used are the following :

[1. Grove’s Batlery. In this, probably the most powerful voltaic combination
that has yet been made, the metals used are zine and platinum, the latter dipping
into strong nitrie acid contained in the porous cell, while the zine in the outer
vessel is exposed to the action of dilute sulphuric acid. According to the experi-
ments of Jacobi, an apparatus of this kind having 6 square feet of platinum is
equal in power to one of the ordinary form in which 100 square feet of copper
are employed. Instead of sheets of platinum, a cheaper arrangement with plates
of platinized silver or iron may be émployed. This very efficient arrangement,
first suggested by Mr, Smee, is known under his name.]

[2. The Carbon Baitery, of Cooper, Bunson, and others. In this, carbon in
the various forms of charcoal, coke, anthracite, and plumbago, is associated with
zine 50 as to replace the platinum of the preceding arrangement, The material
of the cells and the exciting liquids are the same. While little inferior in energy,
it is greatly less expensive than the battery of Grove.]

[3. The fron Battery. A very active combination is formed by connecting
iron and zine, in a similar manner ; the former in contact with the nitric, the
latter with diluted sulphurie acid. This is particularly powerful, according to
Schoenbein, when the iron is previously brought into what he calls the passive
state, in which condition it is not aeted upon by nitric acid alone. He succeeded
in forming a very active arrangement by the combination of iron in this state
with the ordinary irgn.]

[4. De la Rive's apparatus. This excellent electrician has recently shown that
a simple battery of platinum and zine, in which the nitrie acid is replaced by a
peroxide, and especially by peroxide of lead, is capable, when charged with
acidulated or salt water, of producing very energetic effects. The peroxide,
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reduced to a fine dry powder, is heated with care in a porous porcelain vessel,
and the platinum placed in the middle of it so as to be completely surrounded
by the peroxide. The external vessel containing the zine plate is charged with
acidulated or salt water. A single pair of this arrangement was found to have
mueh greater activity in producing chemical eflects than the same pair when
exeited by nitric and sulphuric acid as in Grove’s arrangement. ]

It must be remembered that in a compound cirele, the extreme plates at either
end, not being in contact with the exciting fluid, are in reality superfluous, and
serve only as conductors. Hence the current, instead of flowing from the zine
to the copper, seems to flow from the copper to the zinc. But if we abstract the
extreme plates, which serve only as conductors, it is then seen that the direction
of the current corresponds to that of the simple circle (see fig. 5.)

During the action of a simple circle, as of zinc and copper, excited by dilute
sulphuric acid, all the hydrogen developed in the voltaie process is evolved at
the surface of the copper. This fact is not apparent when common zine plates
are used, owing to the numerous currents which form on the surface of the zinc
(page 85); but when a plate of amalgamated zine and another of platinum are
introdueced into dilute sulphurie acid of sp. gr, 1,068, no gas whatever appears
until eontact between the plates is made, and then hydrogen gas rises solely
from the platinum, while zine is tranquilly dissolved. On weighing the amal-
gamated plate before and after the action has continued for half an hour or an
hour, and collecting the hydrogen gas evolved during that interval, the weight of
the hydrogen set free and of zine dissolved will be as 1 to 32.3, being the ratio
of their chemical equivalents. Faraday, who has proved this, has also shown
that in a compound voltaic circle, say of 10 amalgamated zinc plates and 10 of
platinum, each of the former during a given period of action loses exactly the
same weight, and from each of the latter an equivalent quantity of hydrogen gas
is evolved. This separation of one ingredient of the exciting solution at one
plate, while the element previously combined with it unites with the other plate,
seems essential to voltaic action. It is in some way connected with the passage
of the eurrent across the exeiting liquid. Oxygen in a free state may by oxidizing
zine cause electric excitement; but the voltaic current is not established unless
the oxygen formed part of a previous liquid compound in contact or communica-
tion with both the plates.
~ Among the different kinds of voltaic apparatus is usually placed the electric

column of De Lue, which is formed of sueccessive pairs of silver and zine, or
silver and Dutch metal leaf, separated by pieces of paper, arranged as in a voltaic
pile. It is remarkable for its power of exhibiting attractions and repulsions like
common electricity, but cannot produce chemical decomposition or any of the
effects most characteristie of a voltaic current, and is rather an electrical than a
voltaic instrument. It is quoted as a proof of electric developement by contact,
since it will continue in action for years without being cleaned or taken to pieces.
Truoe it is that the more oxidable metal of the eolumn is slowly corroded, and
that no eleetricity is excited when the paper is quite or nearly free from hygro-
metric moisture, the presence of which is necessary to the oxidation of the zine
and copper; but at the same time the quantity of electricity excited seems so
disproporiioned to the corrosion, that the one can scareely be assigned as the
cause of the other.
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[LAWS OF THE ACTION OF VOLTAIC CIRCLES.

Electricians distinguish between quanfily and infensily in galvanism, as in
ordinary eleetricity (page 79); and by most persons, as also in this work, the
same meaning is attached to them. The electric intensity of a voltaic circle is
most correctly estimated by the divergence which in the broken eircuit it causes
in a gold leaf or other electrometer; and as the intensity is never considerable,
it is often necessary to employ a condenser. The charges accumulated on the
extreme plates of a voltaic circle cannot acquire a high tension, because the liquid
which separates them is a good conductor for all charges except such as are of
a very feeble intensity. Accordingly, a simple circle has necessarily a very feeble
tension. The cirele which gives the highest tension is one which excites elec-
tricity sufficient for duly charging the apparatus, while it opposes an obstacle to
spontaneous discharge. A battery of numerous small plates excited by water,
or a weak saline or acid solution, fulfils these conditions.

The guantity of electricity circulating in a voltaic battery is exactly the same
in all its parts. It is found to be exaectly proportional to the magnetic and che-
mical effects which it is eapable of producing ; and hence the quantity of elec-
tricity moving through any closed cirenit is readily estimated either by the
deflection which it causes on a magnetic needle, or by its power of chemical
decomposition. When quantity of electricity is alone desired, a single pair of
plates is just as useful as a compound cirele.

The following numerical results were obtained by Ritchie by means of a
magnetic galvanometer :—

1. The power of a single pair of plates in deflecting the magnetic needle is
directly proportional to the surface of the plates which is covered with dilute
acid.

2. A plate of zine introduced into a rectangular eup of copper, as in figure 2,
page 85, deflects the needle twice as much as when one side of the zine and the
adjacent surface of eopper are protected by a coating of cement from the action
of the acid solution,

3. The deflection produced by a pair of plates, in an acid solution of uniform
strength, varies inversely as the square root of the distance between them,—a
law previously established by Cumming. :

4, The same law, as previously deduced by Cumming and Barlow, applies to
variations in the length of the wire by which the zine and eopper plates are con-
nected. If, all other circumstances being uniform, the conducting wire varies
from 4 feet to 1 foot in length, the deflecting power will vary in the ratio of 1
to 2. Ritchie has stated that with short metallic wires the deflection varies
inversely as the square root of the length of the whole circuit, that is, of the solid
and liquid econductors taken together.

Ritchie has also shown, agreeably to general observation, that the deflecting
power of a compound eircle is not increased by inereasing the number of its
plates. This is another proof that the direct influence of a number of plates is
to increase the intensity and not the quantity of eleetricity ; for the prevailing
opinion that the magnetic needle takes no cognizance of intensity is fully borne
out by the experiments of Faraday,

Though the quantity of a eompound decomposed by a battery is proportional
1o the aciual quantity of electricity which passes, yet, as a compound exposed
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to voltaic action is almost always an imperfeet conduetor, the quantity of elec-
tricity capable of passing through it varies with its intensity. Hence chemieal
decomposition depends on the quantity and intensity together, and affords a eri-
terion of the increased tension of a compound circle due to the number of its
plates.

[ The most extensive combinations for exhibiting the effects of fension are those
which have been constructed by Mr. Crosse, and more recently Mr. Gassiot.
The arrangements used by the latter consist of 3520 pairs of copper and zinc
cylinders placed in separate glass vessels, which are coated with black varnish
and well insulated. The phenomena presented by this apparatus before and
after the completion of the cireuit, serve to illustrate the difference between the
electricity when accumulated at the extremities of the battery and at rest, and
eleetricity in eurrent; in other words, between what are called the sfefic and
dynamic conditions, The following are the conclusions he derived from his
experiments,

1. The elements constituting the voltaic battery assume polar tension before
the eircuit is completed, even in a single eell ; this polar state being shown to
exist by the opposite actions on the electroscope of the two cxtremities of the
battery.

2. The tension thus produced, when heightened by a repetition of series, is
such that a succession of sparks passes between the polar extremities of the
battery before their actual conlael.

3. These static effects precede and are independent of the completion of the
eircuit, as well as of any perceptible chemieal or dynamie aetion,

4. To produce these static effects in the voltaic battery it is indispensable that
the elements be such that they are capable of combining by their chemical
affinities; and the more those affinities are exalted the smaller is the number of
parts composing the series requisite to exhibit the effects of tension. These
effects, therefore, furnish direct evidence of the first step towards chemieal com-
bination, or dynamie action.

5. When the-current is established, either by actual contact of the extremities,
or merely by their approximation so as to admit of a sueccession of sparks, its
dynamie effects on the magnetic needle are the same in both cases; each spark
producing a constant deflection of the needle. It is henee inferred that the cur-
rent, even when the cirenit is closed, may be regarded as a series of discharges
succeeding each other with infinite rapidity.

6. When the eireuit is closed the dynamie effects of a chemical kind, though
feeble, are precisely the same in character as those of the more powerful voltaie
combinations. (Gassiot, Phil. Trans.)]

ﬂﬂINDUGTIDN OF GALVANIC CURRENTS.

[ Great differences exist amongst bodies in their power of condueting galvanie
electricity. The following table exhibits, according to Pouillet’s experiments,
the relative condueting powers of the various metals.

111711 i | | Bisiuth™ . .« . e gsd
Silver . . i . 51562 Brass from 900 to 200
Gold : : i : 3970 Caststeel s 800 < 500
Copper . 2 3 J 3838 Irom . : i . F GO0

Platioum:s /7 5 9 gp 0y 855 Mercury . S0 000



02 GALVANISM.
EFFECTS OF GALVANISM.

The effeets producible by voltaie combinations are conveniently divisible into
the eleetrical, magnetic, and chemical phenomena,

I. Elecirical Effecis.—These are so called, as being analogous to the effects of
ordinary electricity., An active broken circuit produces the phenomena of elec-
tric repulsion, as already stated (p. 89 & 91). A Leyden phial may also be charged
by contact of its inner coating with one wire of the circle, while the outer com-
municates either with the other wire or with the ground: a full charge, though
of feeble intensity, is almost instantly given. On approximating the wires of an
active circle, a brilliant spark passes between them just before contact, as well
as in the act of breaking contact. When the electric current is made to pass
through the body of an animal, as on holding the conducting wires in the hands,
previously moistened to facilitate conduction, a distinct shock is felt, which is
powerful when a battery of high tension is employed. On sending the current
through fine metallic wires or pieces of plumbago or eompact chareoal, these
conductors become intensely heated, the wires even of the most refractory metals
are fused, and a vivid white light appears at the charcoal points, equal, if not
superior, in splendour to that of phosphorus burning in oxygen gas; a pheno-
menon in no wise referable to combustion, as it takes place in a vacuom or under
water. If the electric current pass through thin metallic leaves, the metals burn
with vivid scintillations :—gold leaf emits a white light tinged with blue, silver
a beautiful emerald green light, copper a bluish white light with red sparks,
lead a rich purple, and zine a brilliant white light fringed with red. In burning
leaves, fusing wire, and igniting charcoal, a large quantity of eleetricity is the
only requisite: the large battery of Children, though capable of fusing several
feet of platinum wire, had an electric tension so feeble, that it did not affect the
gold leaves of the electrometer, gave a shock scarcely pereeptible even when the
hands were moist, eommunicated no sensible charge to a Leyden jar, and could
not produce chemical decomposition. If the quantity and intensity of the eurrent
are both great an are of light appears between the chareoal points after contact,
even through an interval of an inch or more.

The electrical effects of galvanism are so similar to those of the electrical
machine, that it is impossible to witness and compare both series of phenomena
without referring them to the same agent. The question of identity early occupied
the attention of Wollaston, who made some very beautiful and eonclusive experi-
ments to prove that not only are the electrical effects of the machine producible by
galvanism, but that the chemical effects of galvanism may be characteristically pro-
duced by a current from an electrical machine (Phil. Trans. 1801). The subject
has been examined anew by Faraday, who has subjected the effects of eleetricity
and galvanism to a minute and eritical comparison: he has obtained ample proof
of the decomposing power of an electric current from an eleetrical machine, bath
by repeating the experiments of Wollaston and devising new ones of his own.
He has alse eompleted the chain of evidence by deflecting a magnetie needle with
an electric current from the machine; an observation, indeed, which had been
previously made by Colladon. These researches have led to a remarkable contrast
between the quami‘_c}' of electricity concerned in the produetion of valtaie and
ordinary eleetrical phenomena. Faraday states that the quantity of electric fluid
employed in decomposing a single grain of water is equal to that of a very pow-
erful flash of lightning ; and this statement, surprising as it is, is supported by
such strong evidence, that it is difficult to withhold assent to the assertion,
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11. Magnetic Effecis of Galvanism.—The power of lightning in destroying and
reversing the poles of a magnet, and in communicating magnetic properties to
pieces of iron which did not previously possess them, was noticed at an early
period of the science of electricity, and led to the supposition that similar effects
may be produced by the common electrical and voltaic apparatus. Attempts were
accordingly made to communicate the magnetic virtue by means of electricity and
galvanism ; but no results of importance were obtained till the winter of 1819,
when Oersted of Copenhagen made his famous discovery, which forms the basis
of a new branch of science. (An. Phil. xvi. 273.)

The fact observed by Oersted was, that the metallic wire of a closed voltaic
circle,—and the same is true of charcoal, saline fluids, and any eondueting
medium which forms part of a closed circle,—causes a magnetic needle placed
near it to deviate from its natural position, and assume a new one, the direction
of which depends upon the relative position of the needle and the wire, On
placing the wire above the magnet and parallel to it, the pole next the negative
end of the battery always moves westward ; and when the wire is placed under
the needle, the same pole goes towards the east. If the wire is on the same
horizontal plane with the needle, no declination whatever takes place; but the
magnet shows a disposition to move in a vertical direction, the pole next the
negative side of the battery being depressed when the wire is to the west of it,
and elevated when it is placed on the east side.

When the influence of the earth’s magnetism on the needle which impedes its
free motion, is counteracted by another magnet placed near it, the needle places
itself directly across the conneeting wire ; so that the real tendency of a magnet
is to stand at right angles to an electrie eurrent.

The communicating wire is also capable of attracting and repelling the poles
of a magnet. When the conneeting wire is held vertically near a horizontally
suspended magnet, on the west side of it, and approached to the north pole,
attraction ensues, till they come very close, when repulsion follows. When the
wire is approached to the south pole, similar effects ensue, in an inverted order.
If the wire be held on the east side, the effects are reversed ; the current in both
cases being supposed to flow upwards through the wire.

The discovery of Oersted was no sooner announced, than the experiments were
repeated and varied by philosophers in all parts of Europe, and, as was to be
expected, new facts were speedily brought to light. Among the most successful
of those who early distinguished themselves were Ampére, Biot, and Arago, of
Paris, and Davy and Faraday in this country. A host of other able men have
since added their eontributions ; and their joint labours have established an alto-
gether new science, Electro-Dynamics, which has already become one of the most
important branches of physical knowledge, and still offers a rich harvest of dis-
covery to its cultivators. Those who wish to enter deeply into the study of this
subject should consult the Recueil d’ Observations Electro-Dynamigues by Ampére,
Cumming’s Manual of Electro-Dynamics, Murphy’s Treatise on Eleetricity, and
the second edition of Barlow’s Essay on Magnetic Attractions. A less mathe-
matical, and therefore more generally intelligible, treatise has been drawn up
with great ability by Roget, and published as part of the Library of Useful
Knowledge; and a Popular Sketch of Electro-Magnetism has been given by
Watkins of Charing-cross. To these works I refer as supplying that detail of
the facts and theories of electro-dynamies, which, as belonging more to the pro-
vinee of physics than chemistry, is unsuited to the design of this volume.

The phenomena of electro-dynamics are solely produced by electricity in
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motion. The passage of electricity through solid or liquid conductors is essen-
tial ;- in fact, a magnetic needle is a galvanoscope, by which means the existence
and direction of an electric current may be detected. In this way, Ampere
demonstrated the fact, that electrieity passes uninterruptedly through the battery
when the ecireuit is closed, and not at all in the broken eircuit.

But a magnetic needle will not only indicate the existence and direction of an
eleetric current: it may even serve, by the degree of deflection, as an exact mea-
sure of its force. When used for this purpose, under the name of galvanometer,
some peculiar arrangements are required in order to ensure the requisite delicacy
and precision. Experiment proves that a magnet is equally affected by every
point of a conductor along which an electric current is passing; so that a wire
transmitting the same current will act with more or less energy, according as the
number &f its parts contiguous to the needle is made to vary. On this prineiple
is constructed the Galvanomeler or Muliiplier of Schweigger. A copper wire is
bent into a rectangular form consisting of several eoils, and in the centre of the
rectangle is placed a delicately suspended needle, as shown in figure 9. Each
coil adds its influence to that of the others; and as the current, in its progress
along the wire, passes repeatedly above and below the needle in opposite direc-
tions, their joint action is the same. In order to prevent the electricity from

Fig. 9. passing laterally from one eoil to another in contaet
with it, the wire should be covered with silk. The
ends of the wire, a and b, are left free for the pur-
pose of communication with the opposite ends of
the voltaic circle. The needle ought to be rendered
astatic, that is the influence of the earth’s magnetism ought to be destroyed by
placing another magnet above the reetangle, having its north pole adjacent to the
south pole of the first. The instrument is thus rendered extremely delicate.

The mutual influence of a magnetic pole and a condueting wire changes with
the distance between them ; and experiment leads to the conclusion that the attrac-
tion of a magnetic pole on a single point of a conductor varies as the square of
the distance ; the same well known law which regulates the distribution of heat
and light, as well as electricity.

On examination, all the phenomena deseribed by Oersted are found to be refer-
able to a force acting tangentially on the poles of a magnet, and in a plane per-
pendicular to the direction of the current.

The same principle accounts for the rotation of a magnetic pole round a

Fig. 10. eurrent, discovered by Faraday. Into the centre of the bottom
of a cup, as in the vertical section, firure 10, a copper wire
¢ d was inserted, a cylindrical magnet # s was attached by a
thread to the copper wire ¢, and the cup was nearly filled
with mercury, so that pole » only of the magnet projected.
A conductor @ b was then fixed in the mereury perpendicu-
I’" larly over the wire c¢. On connecting the conducting wires
\ with the opposite ends of a battery, a current was trans-

=\ mitted from one wire through the mercury to the other. If
— | the + current descend, the north pole of the magnet, if up-
= permost, will rotate round the wire & b, passing from east
_ through the south to west like the movements in the hands
d "= of a watch; and if the current ascend, the line of rotation
will be reversed. Under similar circumstances the south pole would in each
case rotate in the opposite direction.
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If a magnetic pole rotate round a conduetor, a eonductor will be equally disposed
to rotate round a magnetic pole, just as a magnet moves towards
iton or iron towards a magnet, according as one or other is free
to move. Aeccordingly, on fixing a magnet vertically in the
middle of a enp of mercury, fig. 11, and transmitting a cur-
rent by the movable conductor @ b through the mercury, and
along a second conductor d, fixed as before in the bottom of
the eup, Faraday found that the free extremity b of the wire
moved round the pole of the magnet in a direction similar
to the last,

It is ebvious that the direction of rotation imparted by a
fixed current to the movable pole, will be identical with that
which the same pole tends to impart to the same current.

A current of voltaic electricity not only determines the
position of a magnet, but renders steel permanently magnetic. This was ob-
served nearly at the same time by Arago and Davy, who found that when
needles are placed at right angles to the conducting wire, permanent magnetism
is communicated ; and Davy also succeeded in producing this effect even with
a shock of electricity from a Leyden
phial. Arago, at the suggestion of Am-
pére, made a voltaic conductor into the
form of a helix, into the axis of which he
placed a needle, as in figure 12, As in
this arrangement the current nearly in
every part of its course is at right angles
to the needle, and as each coil adds its
effect to that of the others, the united ac-
tion of the helix is extremely powerful. The needle was thus fully magnetized
in an instant.

Though soft iron does not retain wagnetism, its magnetic properties, while
under the influence of an electric current, are very surprising. A piege of soft
iron, about a foot long and an inch in diameter, is bent into the form of a horse-
shoe, a copper wire is twisted round the bar at right angles to its axis, and an
armature of soft iron, to which a weight may be attached, is fitted to its extre-
mities, as in fig. 13, On connecting the
ends of the wire with a simple voltaic
circle, even of small size, the soft iron
instantly becomes a powerful magnet, and
will support considerable weights, In-
creasing the number of coils gives a great
increase of power; but as the length of
wire required for that purpose diminishes
the influence of the current (page 90),
the following arrangement has been suc-
cesslully adepted. The total length of
copper wire intended to be used is cut
into several portions, each of which,
covered with silk or cotton thread to
prevent lateral communieation, is coiled
separately on the iron. The ends of all
the wires are then collected into two separate parcels, and are made to commu-

Fig- 11.

Fig. 12.
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nicate with the same voltaic battery, taking care that the 4 corrent shall pass
along each wire in the same direction. The current is thus divided into a nom-
ber of branches, and has only a short passage from one end of the battery to the
other, though it gives energy to a multitude of coils. A combination of this
kind, connected with a battery of five feet square, supported 2063 pounds, or
nearly a ton weight,

In witnessing the influence of voltaic eonductors over the directive property
of magnets, and in inducing magnetism, it is diffieult to divest one’s self of the
conviction that these conductors, while transmitting a current, are themselves
magnetic. This belief was early entertained by those who repeated the experi-
ments of Qersted, and experimental evidence of its truth was speedily adduced.
Arago and Davy found that a copper wire connecting the end of a voltaic com-
bination attracted iron filings, but that they instantly fell off as soon as the eir-
cuit was broken ; and a conduetor, when its movements were not impeded by
friction or gravity, was proved by Ampére to be obedient, like an ordinary mag-
net, to the magnetic agency of the earth.

Since, therefore, the conduetors just deseribed may be regarded as magnets,
such magnetized conductors ought mutually to repel or attract each other, when
poles of the same or a different nature are adjacent ; and as the action of a whole
spiral or rectangle is merely the accumulated effect of its individual parts, it is
fair to presume that each small portion of a conductor has its opposite sides ina
state of opposite polarity, and that two such contiguous portions should attract
or repel each other on the same principle as the spirals of which they constitute
a part. Nay, even different parts of the same conductor ought to be mutunally
attractive or repulsive. These inferences from the facts already detailed were
fully demonstrated by Ampére soon after the discovery of Oersted. He proved
that two voltaic conductors, or two portions of the same conductor, attract each
other when the currents have the same direction, and are mutually repulsive
when they are traversed by opposite currents ; which is exactly what would be
anticipated from the magnetic influence of conductors.

These are a few examples of the numerous facts experimentally proved by
Ampére concerning the action of voltaie conductors on each other. It is to this
branch of the subject the term of Electro-Dynamies, or the science of electricity
in motion, is sometimes restricted, while the mutual action of conductors and
magnets is called Eleetro-Magnetism ; but these two branches are so entirely
parts of the same science, that I have included both under Ampere’s term of
Electro-Dynamics. Any one who has studied the few preceding pages with
moderate care, cannot fail to trace a elose analogy between a helix traversed by
an electric current and a magnet. The former is effected by other voltaic con-
ductors, by the poles of a magnet, and by the magnetism of the earth, in the
same manner as the latter, It was this similarity, or rather identity, of action
which led Ampére 1o his theory of magnetism. He supposes that the polarity
of every magnet is solely owing to the eirculation, within its substance and at its
surface, of electric currents, which continuvally pass around all its particles in
planes perpendicular to its axis. On placing a magnet in its natural position of
north and south, the direction of its currents is as follows : they descend on the
east side, passing under the magnet from east to west, and ascending on the side
next the west. In like manner are currents supposed to circulate within the
earth, especially near its surface, passing from east to west in planes parallel to
the magnetic equator. These terrestrial currents cause all bodies, which are
freely suspended, and are possessed of electric currents, to place themselves in
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such a position that the current on their under side should flow in parallelism,
and in the same direction, with that in the earth immediately beneath. That the
existence of such eurrents will aceount for the directive property of the earth,
follows from the mutual action of conduetors ; and Barlow, to render the analogy
still more complete, constructed a hollow sphere of wood in which electric cur-
rents were made to eirculate in the same direction as they are thought to do in
the earth ; and by placing an astatic needle on different parts of its surface, he
found that all the phenomena of terrestrial magnetism might be imitated. Obser-
vation has even supplied a cause for the existence of currents in the earth, moving
in the direction which theory requires. The diurnal rotation of our planet on its
axis exposes its surface to be heated in a direction passing from east to west;
and the discoveries which have been made in thermo-electricity (page 72) suffi-
eiently prove the probability of electric currents being established in the conduct-
ing matter of the earth by the successive heating of its parts. In short, the
theory of Ampére connects the facts of electro-dynamics with the phenomena of
terrestrial magnetism, and affords a splendid instance of the application of
mathematical analysis to physical research.

Folta-electrie Induction.—The developement of electricity by the vicinity of an
excited body, already described under the name of induced electricity (page 73),
led Faraday to inquire whether electricity in motion, as well as that of tension
and at rest, may not be excited by induction. Though bafiled in his early
attempts, he at last succeeded in laying open a new branch of electro-dynamies,
which vies in interest and importance with the fundamental diseovery of Oersted
(Phil. Trans, 1831). A copper wire 203 feet long was passed in form of a helix
round a large block of wood, and an equal length of a similar wire was wound
on the same block and in the same direction, so that the coils of each helix
should be interposed, but without contact, between the coils of the other. The
ends of one of the helices were connected with a galvanometer, and the other
with a strong galvanic battery, with the view of ascertaining whether the passage
of an electric current through one helix would induce a current in the adjoining
helix, It was found that the galvanometer needle indicated a current at the
moment both of completing and breaking the cireuit, but that in the interval no
deflection took place; and similarly the induced eurrents readily magnetized a
sewing needle, while the electric current along the inducing helix was in the act
of beginning or ceasing to flow, but at no other period. In the former case the
direction of the induced current is opposite to that of the inducing current, and
in the latter case it is the same. This phenomenon is distingnished by Faraday
under the name of volla-electric induction.

The inducing power of a magnet greatly exceeds that of an electrie current.
A ring of soft iron was covered to nearly half its extent by several helices, the
ends of which were brought together so as to constitute a compound helix ter-
minating in the conductors a b, figure 14 ; and on the Fig. 14,
other half of the ring were arranged similar helices
which communicated by ¢ d with a galvanometer. The
two sets of helices were thus separated from each
other by portions of the ring M M, and were pro-
teeted by cloth from direct contact with the ring itself.
At the moment the wires a b touched the ends of a vol-
taic comhination, the galvanometer was strongly af-
fected : the needle then returned to its former position and remained there until

9
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the voltaie cireuit was broken, when the needle was again deflected as strongly as
before, but in the opposite direction. The action was still greater when both
compound helices were on the same part of the ring, the induction being
inereased apparently by the closer contiguity of the helices. Other arrange-
ments have been devised by Faraday, for producing similar results; and to the
action in all these cases he has given the name of Magneto-electrie induetion,

The phenomena arising from magneto-eleetric and volta-electric induetion are
manifestly owing to the same condition of the induced wire: the action on the
needle, though different in foree, is identical in kind. Tt is equally elear that the
agent brought into operation in the induced wire is an electric current, or, to dis-
miss the language of theory, that the induced wire is in the same electric state
as the condueting wire in a closed voltaic circle. Its power in magnetizing steel
and deflecting a magnet is sufficient evidence of this; but Faraday, by magneto-
electric induction, succeeded in throwing a frog’s leg into spasms by eonnecting
it with the induced wire, and by arming the ends of that wire with points of
chareoal, and separating them at the instant the galvanic circuit of the inducing
wire was broken or restored, sparks of electricity were obtained. The mode in
which soft iron contributes to the effect is likewise obvious. An eleetrie current
circulating round a bar of soft iron has been shown to convert it into a temporary
magnet possessed of surprising power (page 95); and it is doubtless to this
magnet, called into temporary existence by the electric current, most of the
induced eleetricity is to be aseribed. Faraday reduced this to certainty by sur-
rounding a eylinder of soft iron with one helix eonnected with the galvanometer,
and converting the soft iron into a temporary magnet, not by a voltaic battery,
but by placing at each end of the eylinder the opposite pole of a magnet. Dur-
ing the act of applying the magnetic poles to the iron, the galvanometer needle
was deflected ; and the deflection was reproduced, but in the opposite direction,
when the magnetism of the iron was ceasing by the removal of the magnet.
Similarly, when a helix was wound on a hollow eylinder of pasteboard, and a real
magnet was introduced, the galvanometer was deflected : the needle then remained
quiescent so long as the magnet was left in the eylinder; but in the act of its
removal, the needle was again deflected, though, as usual, in the opposite
direetion.

These singular phenomena, which establish such new and intimate relations
between voltaic and magnetic action, and supply additional evidence in favour
of Ampére’s beautiful theory of magnetism, have led to an experiment by which,
at first view, an electric spark appeared to be derived from the magnet itself.
After Faraday had announced his experiment, above mentioned, of obtaining a
spark from the induced wire, other attempts were made to effect the same ohject
with a magnet, without the aid of galvanism. The first person who sueceeded
in this country was Forbes, who operated with a powerful loadstone (Phil. Trans.
Ed. 1832). A helix of copper wire was formed round the middle of a eylinder
of soft iron, which was of such length that its extremities reached from one pole
of the loadstone to the other. On applying and withdrawing the soft iron eylin-
der to and from the poles of the loadstone, magnetism was alternately ereated
and destroyed within it. At these periods of transition, electric currents were
induced in the helix surrounding the soft iron; and when, at these instants,
metallic contact between the condueting wires of the helix was broken, an elec-
tric spark was visible. Forbes succeeded best by connecting one wire with a cup
of mercury, and removing the other wire from contact with its surface at the
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instant when an assistant withdrew the armature of soft iron from the loadstone.
In this experiment, therefore, the electricity was obtained from the helix, and was
induced in it by the soft iron while in the act of acquiring or losing magnetism.
The same experiment was performed by Faraday with a loadstone belonging to
Daniell ; and shortly before the experiment of Forbes, Nobili and Antinori sue-
ceeded with an ordinary steel magnet. Pixii in Paris afterwards performed this
experiment with great effect by causing a strong horse-shoe magnet to revolve
upon an axis, its poles passing in rapid succession in front of a soft iron arma-
ture of ‘the same form ; and a still better arrangement is to eause the armature to
revolve in front of the poles of a powerful magnet, as in the instrument fitted up
by Saxton, and exhibited at the Adelaide-rooms, London. It produces brilliant
sparks, renders platinum wire red hot, and gives a strong shock. It explodes
gunpowder, and also a mixtare of oxygen and hydrogen gases, and decomposes
water rapidly.

Intimately associated with magneto-electric induction, if not referable to the
very same origin, is the induetion of electric eurrents by movement. On intro-
ducing a magnet into a hollow helix of eopper wire, or other solid eonductor, as
also on withdrawing the magnet after its introduction, an eleetric eurrent was
momentarily indueed in the wire ; and if, the magnet being stationary, the helix
were moved in its vicinity, an electric current is likewise induced. The diree-
tion of the movement is not immaterial : it is essential that the plane in which
the conductor moves should form an angle with the axis of the magnet; and the
most powerful currents were induced, when the plane of motion was at right
angles to that axis, and hence parallel to the electric currents which Ampére
gupposes to exist in the magnet, With regard to the direction of an indueced
current, Faraday’s researches establish this law, deduced by Ritchie: if a wire
eondueting voltaic electricity produce on magnets or conduetors certain motions,
whether repulsive, attractive, or rotatory, and if the battery be removed, the ends
of the wires brought into metallic contaet, and the same motions be produced by
mechanical means, the conduetor will have the same electrie state induced in it
as it had when connected with the battery. (Phil. Mag. 3rd series, iv. 12.)

Faraday has applied this prineiple in a most happy manner to explain the phe-
nomena of rotation discovered by Arago. If a plate of copper be revolved close
to a magnetic needle suspended so that it may rotate in a plane parallel to the
plate, the needle will rotate in the same direction; and, reciprocally, a rotating
magnet tends to give rotation to a congguous copper-plate. The same effects
are produced by the rotation not only of all metals, but, according to Arago, of
all bodies whether solid, liquid, or gaseous. These effects, which Faraday has
principally examined in reference to the rotation of metals, are entirely owing to
electric eurrents induced by the rotation, and flowing at right angles to the direc-
- tion of motion,

If motion in the vicinity of a magnet induce an electrie eurrent, the same effect
would be anticipated from the magnetic influence of the earth; and this fact has
been proved by Faraday by most decisive and interesting experiments. When a
bar of soft iron is held in the position of the dipping needle, the direction of
which, in regard to terrestrial magnetism, is analogous to the axis of a common
magnet, it acquires magnetic properties ; and accordingly, on introducing a soft
eylinder into a hollow helix of copper placed in the line of the dip, a galvano-
meter connected with the helix was instantly affected. But the use of iron may
be dispensed with altogether; for when a helix of eopper wire was simply moved
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at right angles to the dipping needle, electric currents were induced by the mag-
netism of the earth. The form of a helix is not even necessary : the movement
of a piece of copper wire across the line of dip developed currents in the wire.
The same eflect was produced by the rotation of a copper plate placed horizon-
tally so as to be nearly at right angles to the line of dip; and the revolution of
a copper globe acted in the same manner. Faraday concludes that the rotation
of the earth on its axis ought similarly to influence the condueting matters of its
surface ; and that electric currents should be thereby induced from the equatorial
regions to either pole. He throws out the suggestion whether the aurora borealis
and australis may not be produced by the returning currents passing from the
poles of the earth into the atmosphere.

IIl. Chemical Effects of Galvanism.—The chemieal ageney of the voltaic appa-
ratus, to which chemists are indebted for a most powerful instrument of analysis,
was discovered by Carlisle and Nicholson, soon after the invention was made
kmown in this country. The substance first decomposed by it was water. When
two gold or platinum wires are connected with the opposite ends of a battery,
and their free extremities are plunged into the same cup of water, but without
touching each other, hydrogen gas is disengaged at the — and oxygen at the +
wire. By collecting the gases in separate tubes as they escape, they are found
to be quite pure, and in the exact ratio of two measures of hydrogen to one of
oxygen. When wires of a more oxidable metal are employed, the result is
somewhat different. The hydrogen gas appears as usual at the — wire; but
the oxygen, instead of eseaping, combines with the metal, and converts it into
an oxide.

This important discovery led many able experimenters to make similar trials.
Other compound bodies, such as acids and salts, were exposed to the action of
galvanism, and all of them were decomposed without exception, one of their
elements appearing at one side of the battery, and the other at its opposite
extremity. An exact uniformity in the circumstances attending the decomposi-
tion was also remarked. Thus, in decomposing water or other compounds, the
same kind of body was always disengaged at the same side of the baitery. The
metals, inflammable substances in general, the alkalies, earth, and the oxides of
the eommon metals, were found at the — wire ; while oxygen, chlorine, and the
acids, went over to the + surface,

In performing some of these experiments, Davy observed, that if the conduct-
ing wires were plunged into separate vélsels of water, made to communicate by
some moist fibres of cotton or amianthus, the two gases were still disengaged
in their usual order, the hydrogen in one vessel, and the oxygen in the other,
just as if the wires had been immersed into the same portion of that liquid,
This singular fact, and another of the like kind observed by Hisinger and Ber-
zelius, induced him to operate in the same way with other compcunds, and thus
gave rise to his celebrated researches on the transfer of chemical substances
from one vessel to another (Phil. Trans. 1807). In these experiments two agate
cups, N and P, were employed, the first communieating with the — , the second
with the + wire of the battery, and connected together by moistened amianthus.
On putting a solution of sulphate of potassa or soda into N, and distilled water
into P, the acid very scon passed over to the latter, while the liquid in the
former, which was at first neutral, became distinctly alkaline. The process was
reversed by placing the saline solution in P, and the distilled water in N, when
the alkali went over to the — cup, leaving free acid in the other. That the acid
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in the first experiment, and the alkaline base in the second, actually passed along
the amianthus, was obvious ; for on one occasion, when nitrate of oxide of silver
was substituted for the sulphate of potassa, the amianthus leading to N was
coated with a film of metal. A similar transfer was effected by putting distilled
water into N and P, and a saline solution in a third cup placed between the
two others, and connected with each by moistened amianthus. In a short time
the acid of the salt appeared in P, and the alkali in N. It was in pursuing
these researches that Davy made his great discovery of the decomposition of the
alkalies and earths, which till then had been regarded as elementary. (Phil.
Trans. 1808.)

Such is a statement of the prineipal phenomena of electro-chemical decom-
position according to the earlier experiments. The facts then observed were
received as established truths of seience, and passed current withont suspicion
or scrutiny till the present time, But Faraday, in his revision of this part of
the science, has not only added much new matter, but proved that several points,
which were considered as fundamental maxims, are erroneous. Before deserib-
ing his results, however, I will define the new terms which he has had oceasion
to introduce.—In order to decompose a compound, it is necessary that it should
be liquid, and that an electric current should pass through it; an object easily
effected by dipping into the liquid the ends of the metallic wires which commu-
nicate with the voltaic circle. These extremities of the wires are commonly
termed poles, from a notion of their exerting attractive and repulsive energies
towards the elements of the decomposing liquid, just as the poles of a magnet
act towards iron; and each is further distinguished by the term positive or nege-
tive, according as it affects an electrometer with 4 or — eleetricity. Now Fara-
day contends that these poles have not any attractive or repulsive energy, and act
simply as a path or door to the current: he hence ealls them electrodes, from
mrexteor, and ifog, a way. The electrodes are the surfaces, whether of air, water,
metal, or any other substance, which serve to convey an electric eurrent into and
from the liquid to be decomposed. The surfaces of this liquid which are in
immediate contact with the electrodes, and where the elements make théir
appearance, are termed anode and eathode, from ave, upwards, and {dos, the way
in which the sun rises, and xara, downwards, the way in which the sun sets,
The anode is where the + current is supposed to enter, and the eathode where
it quits, the decomposing liquid, its direction, when the electrodes are placed
east and west, corresponding with that of the + current which is thought to
circulate on the surface of the earth (page 96). To electrolyze a compound, is
to decompose it by the direct action of galvanism, its name being formed from
mhexrgor and ave, fo unloose or set free; and an electrolyte is a compound which
may be electrolyzed. The elements of an electrolyte are called ions, from tor,
going, neuter participle of the verb to go. Anions are the ions which appear at
the anode, and are usually termed the electro-negative ingredients of a com-
pound, such as oxygen, chlorine, and acids ; and the electro-positive suhumnces’
hydrogen, metals, alkalies, which appear at the cathode, are cations. Whatever
may be thought of the necessity for some of these terms, the words eleetrode,
electrolyze, and electrolyte, are peculiarly appropriate, and are already in use.

The principal facts determined by Faraday may be arranged under the follow-
ing propesitions :—

1. All compounds, contrary to what has been hitherto supposed, are not elec-
trolytes, that is, are not directly decomposable by an electric current, But in
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making this assertion, it is necessary to distinguish between primary and
secondary decomposition. Water is an electrolyte, its hydrogen being delivered
up at the — and its oxygen at the 4 electrode. A solution of hydrochloric acid
is likewise an electrolyte, being resolved into chlorine and hydrogen, But nitrie
and sulphuric acids and ammonia are not electrolytes, though the first and last
are decomposed by secondary action. Thus, on subjeeting nitric acid to voltaic
action, the water of the solution is electrolyzed, and its hydrogen arriving at the
+ electrode, decomposes the nitric acid, water being there reproduced and nitrous
acid formed. So, in a solution of ammonia, the oxygen of decomposed water
unites at the + electrode with the hydrogen of the ammonia, and nitrogen gas
is evolved. Very numerous secondary actions are oceasioned in this way, because
the disunited elements are presented in a nascent form, which is peculiarly
favourable to chemical action; and in many instances the electrode itself, which
is eommonly metallie, is chemically attacked. Thus, when chlorine is evolved
against an electrode of gold, oxygen at one of some easily oxidable metal, as
copper or iron, or sulphur against a silver electrode, chloride of gold, oxide of
copper or iron, and sulphuret of silver, are generated. If these changes are
caused by very feeble currents acting slowly, as for weeks, months, or years,
the new products have opportunity to assume regularly erystalline forms. It is
by such means that Becquerel has succeeded in procuring anificial minerals
exactly resembling those which are found in mines (Traité d'Eleetricité); and
Crosse has since obtained similar results (Phil. Mag. and An. ix. 229). Taking
these facts in conjunction with the researches of Fox on the electrical state of
mineral veins, there can be no longer a doubt that fecble electric currents within
fissures of roeks, induced by terrestrial magnetism, by variations of temperature
at different parts of the rock, or by the different nature of the walls of the
fissures, or of the solutions with which they are filled, may have been one prin-
eipal source of metalliferous deposits ; nor is it at all unreasonable or unphilo-
sophical to suppose that the enormous mineral masses which now constitute our
mutalhf'emus veins may have been the work of such feeble currents acting during
huhdreds or thousands of centuries. Feeble agencies operative fora long period
are often just as efficacious in effecting great changes as powerful agents at work
during a short period; and Becquerel, in opening this new line of inquiry, has
supplied a principle by which the scientific geologist may explain many of those
obscure phenomenon which fall within his observation,

2. Most of the salts which have been examined are resolvable into acid and
oxide, apparently without reference to their proportions. But in compounds of
two elements, the ratio of combination has an influence which has hitherto been
wholly overlooked. No two elements appear capable of forming more than one
electrolyte. Hydroehlorie acid and fused metallic protochlorides, such as the
chlorides of lead and silver, and protochloride of tin, are readily decomposed ;
while bichloride of tin and other perehlorides resist decomposition. Substanees
which consist of a single equivalent of one element and two or more equivalents
of some other element, are not electrolytes : this is the reason why sulphuric and
nitric acid and ammonia do not yield primarily to voltaic action. This principle
bids fair to become very important in determining whieh of several compounds
of two elements contains single equivalents, Water, which is remarkable for its
easy decomposition, may hence be inferred to be a true binary compound.

3. It has been ascertained that most of the elements are fons, and it is pro-
bable that all of them are so; but there are several important elements, such as
nitrogen, carbon, phosphorus, boron, silicon, and aluminium, which have not yet
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been proved to be ions. This arises from the difficulty of obtaining these clements
in compounds fitted for electrolytic action,

4. A single fon, that is, one ion not in combination with another, has no ten-
dency to pass to either of the electrodes, and is quite indifferent to the passing
current, unless it be itself a compound ion, and therefore electrolyzable. The
character of true electrolytic action consists in the separation of fons, one passing
to one electrode and another to the opposite electrode, and appearing there at the
same instant, unless the appearance of one or both be prevented by some second-
ary action.

5. There is no such thing as a transfer of fons in the sense usually understood.
In order that the elements of decomposed water should appear at the opposite
electrodes, there must be water between the electrodes ; and for the similar sepa-
ration of sulphuric acid and soda, there must be a line of particles of sulphate of
soda extending from one electrode to the other. Thus, if a solution of sulphate
of magnesia be covered with pure water, care being taken 1o avoid all admixtare
of particles, and the -+ metallic termination or pole touch the magnesian solution
only, while the — pole is in contact with the water only, a deposit of magnesia
occurs just where the pure water and the magnesian solution meet, and none
reaches the — pole, In Davy's experiment, where sulphurie acid and soda ap-
peared to quit each other, and pass over separately into a vessel of pure water,
there was ecertainly by capillary attraction an actual transfer of the salt before
decomposition oceurred.

6. In the foregoing experiment a surface of water acts as the — electrode,
clearly showing the contact of a metallic conductor with the decomposing liquid
not to be essential. Faraday has proved that even air may serve as an elec-
trode. A current from the prime conductor of an electrical machine was made to
pass from a needle’s point through air to a pointed piece of litmus paper moist-
ened with sulphate of soda, and then to issue from a similarly moistened point
of turmeric paper. True electrolytic action took place, the litmus becoming red
and the turmeric paper brown, though both extremities of the decomposing solu-
tion communicated solely with a stratum of air.

7. Electro-chemical decomposition cannot oceur unless an electrie eurrent is
actually transmitted through the electrolyte; or, in other terms, an electrolyte is
always a conductor of electricity. Water, which conducis an electric current,
ceases to do so when it passes into ice, and then also resists decomposition—
an observation equally true of all electrolytes on becoming solid. Moreover,
liguids which resist electro-chemical decomposition do not permit the enrrent of
a voltaie cirele to pass. The alliance between conduction and decomposition is
so constant, that the latter may be regarded as a mgans by which voltaic currents
are transmitted through liquid eompounds. Agreeably to this notion, solidity
may interfere with conduetion by chaining down the elements of a compound,
and thereby preventing their transfer to the electrodes. Improving the conduetion
of a liquid, as by adding sulphurie acid to pure water, increases the decomposing
power of a voltaic cirele, the exciting fluid within the apparatus remaining the
same; and Faraday has proved that the quantity of a compound decomposed is
exactly proportional to the quantity of electricity whieh passes, however much
other circumstances, such as the size of electrodes and condueting wires, number
and size of plates, and nature of exciting fluid, may vary. Changes in these
conditions do, indeed, influence the quantity of electricity transmitted ; but then
the degree of chemical decomposition varies in the same proportion, The fore-
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going facts at first led to the opinion that the current of a voltaie circle cannot
pass through liguids, except those of a metallic nature, unless decomposition
ensues at the same time; but Faraday has noticed that when the intensity is too
feeble to effect decomposition, a small quantity of electricity may be transmitted,
sufficient to be discovered by a galvanometer., This does not, however, essen-
tially interfere with the law just announced,

8. Chemical compounds differ in the electrical foree required for decomposi-
tion. A current of very feeble tension suffices 1o decompose iodide of potassium,
while a much higher intensity is required for disuniting the elements of water.
The order of easy decomposition in the annexed substances is as follows:—
Solution of iodide of potassium ; fused chloride of silver ; fused protochloride of
tin; fused chleride of lead ; fused iodide of lead ; solution of hydrochleric acid;
and water acidulated with sulphurie acid. By extending tables of this kind, a
ready method will be known for comparing the tension of voltaic circles.

9. The eonduetion of the electric currents within the cells of a voltaie eircle
depends on chemical decomposition equally with that between platinum elee-
trodes. No substance not an electrolyte can serve to excite a voltaic apparatus;
and for the passage of electricity from plate to plate through the intervening
solution, the separation of substances previously combined in the required ratio
is essential, Neither free oxygen nor a solution of chlorine ean exeite a corrent,
though they attack the zinc and develope electricity; and in a voltaic cirele ex-
cited by dilute sulphuric acid, the electricity set in motion is due to decomposed
water and oxidized zine, and not at all to the union of the oxide of zine with
sulphuric acid. The platinum electrodes and intervening liquids may be viewed
as one of the cells of the circle, except that the plates act merely as conduetors,
without any oxidation, the current passing in virtue of the decomposed solution.
In the zinc and copper cells the current is urged on by the appetency of the
zine and oxygen to unite; whereas, in passing between the electrodes, the elec-
tricity has to surmount the mutual atirdetion of oxygen and hydrogen, or some
similar force, without the assistance of any opposing affinity. Hence, in experi-
ments on decomposition, the course of the electricity should be facilitated by
employing large electrodes and wires, and placing them at a short distance from
each other in a good condueting solution.

The principles above established show the importance of exeiting all the cells
of a voltaic circle with a liquid of the same strength. The electricity circulating
in a voltaic apparatus with the conducting wires in contact, is equal to that
which the feeblest cell is able to transmit, any chemical action in other cells more
than sufficient for exciting that quantity being wasted.

[The important law of defwite eleetro-chemical decomposition, first demon-
strated by Faraday, has lately been confirmed and extended by Edmond Becquerel,
in a series of researches applied to a great number of binary and ternary com-
pounds. The following is a summary of conclusions to which he has been Jed.

Using the term equivalent of eleciricity, for the amount of eleetricity necessary
to decompose one equivalent of water, he finds,

1. That one equivalent of a compound formed by the union of an equivalent
of acid, and an equivalent of a base, always requires one equivalent of elec-
tricity for its eleetro-chemical decomposition.

2. When an electrical current is transmitted through two or more binary com-
pounds, the decomposition takes place in such a way, that for one equivalent of
electricity employed, one equivalent of the body which acts the part of an acid,
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or electro-negative element in each compound, is disengaged at the positive
ole.

. As, from the fact that an equivalent of electricity is required to decompose an

equivalent of any compound, we may conclude that the electro-positive and

electro-negative elements of that compound, in uniting, would disengage the same

amount of electricity, he infers the following laws :—

1. When one equivalent of a body, either simple or compound, unites with
one or more equivalents of another, the first playing the part of an electro-nega-
tive element or acid, one equivalent of electricity is set free.

2. If an equivalent of an electro-negative body, such as oxygen, has already
entered into combination with another body, which acts as a base, and if a
second equivalent of the former unites with the compound thus produced to form
a deuto salt or compound ; at the time of this second action another equivalent of
electricity is disengaged.

Thus the quantity of electricity set free depends solely on the body which acts the
part of acid in the compound. (Comp. Rendus, Mar, 1844.)]

THEORIES OF GALVANISM AND ELECTRO.CHEMICAL THEORY.

Of the theories proposed to account for the developement of electricity in voltaic
combinations, three in particular have excited the notice of philosophers. The
first originated with Volta, who conceived that electricity is set in motion, and
the supply kept up, solely by contact or communication between the metals
(page 82). He regarded the interposed solutions merely as conductors, by means
of which the electricity developed by each pair of plates is conveyed from one
part of the apparatus to the other. Thus, in the pile or ordinary battery, repre-
sented by the following series :—

3 2 i

e T o T — e S T e
+ zinc copper fluid  zinccopper fluid  zine copper —

Volta considered that contact between the metals occasions the zine in each pair
to be+, and the corresponding copper plate to be —; that the + zine in each
pair except the last, being separated by an intervening stratum of liquid from the
— copper of the following pair, yields to it its excess of eleetricity ; and that in
this way each zine plate communicates, not only the electricity developed by its
own contact with copper, but also that which it had reeeived from the pair of
plates immediately before it. Thus, in the three pairs of plates contained in
brackets, the second pair was thought to receive electricity from the first only,
and the third pair from the first and second. In batteries constructed on the prin-
eiple of the crown of cups (fig. 6), the electro-motion, as Volta called it, is
ascribed to metallic communication between the zine of one glass and the copper
of the adjoining one.

The second is the chemieal theory, proposed by Wollaston. Volta attached
little importance to the chemical changes which never fail to occur in every
voltaie ecirele, whether simple or compound, considering them as casual or unes-
sential phenemena,and therefore neglected them in the construetion of his theory.
The constaney of their oceurrence, however, soon attracted notice. In the earlier
discussions on the cause of spasmodic movements in the frog (page 82), Fabroni
eontended, in opposition to Volta, that the effect was not owing to electricity at
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all, but to the stimulus of the metallic oxide formed, or of the heat evolved
during its production. More extended researches soon proved the fallacy of this
doctrine: but Fabroni made a most ingenious use of the facts within his know-
ledge, and paved the way to the chemical theory of Wollaston.

Wollaston, fully admitting electricity as the voltaic agent, assigned chemical
action as the cause by which it is excited. The repetition and extension of
Volta’s experiments by the English chemists gpeedily detected the error he had
committed in overlooking the chemical phenomena which oceur within the pile.
It was observed that no sensible effects are produced by a combination of con-
duetors which do not act chemically on each other; that the action of the pile is
always accompanied by the oxidation of the zine; and that the energy of the pile
in general is proportional to the activity with which its plates are corroded. Ob-
servations of this nature induced Wollaston to conelude that the process begins
with the oxidation of the zine,—that oxidation, or, in other terms, chemical
action, was the primary cause of the developement of electricity,—that the fluid
of the circle served both to oxidize the zinc and to conduct the electricity which
was excited,—and that contact between the plates served only to conduet elee-
tricity, and thereby complete the circuit,

The third theory of the pile was proposed by Davy, and is intermediate be-
tween the two former, He adduced many experiments in support of Volta's
statement, that the electric equilibrium is disturbed by the contact of different
substances, without any chemical action taking place between them. He ac-
knowledged, however, with Wollaston, that the chemical changes contribute to
the general result; and he maintained that, though not the primary movers of
the electric current, they are essential to the continued and energetic action of
every voliaic circle. The electric excitement was begun, he thought, by metallic
contact, and maintained by chemieal action.

The progress of inquiry sinee these theories first came into notice, has gradu-
ally given more and more support to the views of Wollaston, and has at last, I
apprehend, established it to the entire exclusion of the theory of Volta. The
very fundamental position, that electrieity is excitable as a primary result by the
contact of different substances, is warmly contested, and, as some think with
strong reason, has been disproved (pgge 72); but admitting, for the sake of
argument, that a smali effect, which is all that can now be contended for, may
thus be produced, it is altogether insignificant when contrasted with the aston-
ishing phenomena exhibited by a voltaic circle. The experimenis of De la Rive,
in reference to this question, appear irreconeilable with the theory of Volta (An.
de Ch. et Ph, xxxviii. 225; Ixi. 38; Ixii. 147). This ingenious philosopher
contends that the direction of a voltaic eurrent is not determined by metallie con-
tact, nor even by the nature of the metals relatively to each other, but by their
chemical relation to the exeiting liquid. As the result of his inquiries, be states,
that of two metals eomposing a voltaie eircle, that one which is most energeti-
cally oxidized will be 4+ with respect to the other. Thus, when tin and copper
are placed in acid solutions, the former, which is most rapidly corroded, gives a
+ ecurrent through the liquid to the copper, as the zine does in the cirele in fig.
1; but,if they are put into a solution of ammenia, which acts most on the copper,
the direction of the eurrent will be reversed. Copper is 4 in relation to lead in
strong nitrie acid, which oxidizes the former most freely ; whereas in dilute nitrie
acid, by which the lead is most rapidly dissolved, the lead is 4. Even two
plates of copper immersed in solutions of the same acid, but of different strength,
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will form a voltaic circle, the plate on which chemical action is most free causing
a eurrent of + electricity to the other: nay, it is possible to construct a com-
pound circle solely with zine plates and one acid solution (page 83,) provided
the same side of each plate be more rapidly oxidized than the other.

The admirable researches of Faraday (Phil. Trans, 1833 & 34), supply con-
clusive evidence against the theory of Volta, proving metallic contact not to be
essential to voltaic action, inasmuch as it is procured characteristically without
contact. A plate of zine, a, fig. 15, about 8 inches long by } an
inch wide, was cleaned and bent at a right angle; and a plate of
platinum, of the same width and 3 inches long, was scldered to a pla-
tinum wire, b s x, the point of which, =, rested on a piece of bibulous
paper lying upon the zine, and moeistened with a solution of iodide
of potassium. On introducing the plates into a vessel, ¢, filled with 3 a
dilute sulphuric and nitric acid, a + current instantly ensued in =3
the direction of the arrow, as testified by the hydrogen evolved at
the plate a, by the decomposed iodide of potassium, and by a gal- c
vanometer. We have thus a simple circle of the same construction | U
and action as in figure 1, except in the absence of metallic con- (7"
tact.

The arrangement of figure 15, however, though good for establishing a prin-
ciple, is not adapted for ordinary practice. The moist paper at = is a much less
perfect conductor than a metal, and thus obstructs the passage of the current;
nay, it does more, for it tends to establish an opposite current. In faet, on re-
moving the dilute acid from ¢, and putting the zine plate, a, in contact with the
plate of platinum, an ordinary simple circle would be formed, in which a posi-
tive current would flow from the zine at  through the solution to and along the
wire # 5 b. This eurrent, in Faraday's experiment, was so feeble compared with
the one excited by the acid solution, that its influence was scareely appreciable ;-
but if the opposed eurrents had been of the same force, no action would have
ensued,

To explain how chemical action excites eleetricity, recourse is had to the
electro-chemical theory, first started by Davy in his essay on Some Chemical
Agencies of Electricity (Phil. Trans. 1807). The views of Davy, which in some
form or other have been adopted by most persons who have speculated on this
subject, are founded on the assumption, now rendered so much more plausible
than in his day, that electrical and chemical attractions are owing to one and the
same agent. He considered chemical substances to be endowed with natural
electric energies; meaning thereby that a certain electric condition, either + or
—, is natural to the atoms or combining molecules of bodies; that chemical
urnion is the result of electrical attraction taking place between oppositely excited
atoms, just as masses of matter when oppositely excited are mutually attracted ;
and that ordinary chemical decomposition arises from two combined atoms being
drawn asunder by the electric energies of other atoms more potent than those by
which they were united. Electro-chemical decomposition was at once explained
by Davy on the same principles. He regarded the metallic terminations or poles
of a voltaic circle (page 101) as two centres of electrical power, each acling
repulsively to partieles in the same electric state as itself, and by attraction on
those which were oppositely exeited. The necessary result was, that if the elec-
tric energy of the battery exceeded that by which the elements of any eompound
subject to its action were held together, decomposition followed, and each ele-

Fig. 15.
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ment was transferred bodily to the pole by which it was attracted, passing
through solutions not containing the original compound, and refusing to unite
with substances for which under other circumstances it would have combined.
Substances which appeared at the + pole, such as oxygen, chlorine, and acids,
were termed electro-negative substances ; and those electro-positive bodies, which
were separated at the — pole.

The views of Davy, both in his original essay and his subsequent explanations
(Phil. Trans. 1526), were so generally and obscurely expressed, that chemists
have never fully agreed, as to some points of the doetrine, about his real mean-
ing. If he meant that a particle of free oxygen or free chlorine is in a negatively
excited state, then his opinion is contrary to the fact, that neither of those gases
affect an electrometer with — or any kind of electricity, any more than hydrogen
gas or potassium alone exhibit any evidence of + excitement. If sulphur unites
with oxymen because it has a + electric energy, why should it unite with
potassium, which confessedly is far more + than itself? The only mode in
which such facts as these seem reconcilable with the electro-chemical theory, is
to suppose all bodies in their uncombined state to be electrically indifferent, but
that they have a natoral appetency to assume one state in preference to another,
Electro-negative bodies are such as assume negative excitement under a certain
approximation to others which at the same time become positively excited, che-
mical union being the consequence. On this supposition it is intelligible that
sulphur may be in 4 relation to oxygen, and — to potassium, just as black
silk is positively electrified by friction with sealing-wax, and negatively by white
silk. Accordingly, Berzelius, and others who have since speculated on this
subject, have been obliged to modify the theory as first given by Davy; and it
is viewed at present in different ways by different persons, The following is
what appears to me'most correctly to harmonize with the laws of electricity and
the phenomena to be explained :—A particle of zine and a particle of oxygen,
each possessed of + and — electricity, assume in combining opposite electric
conditions, and combine, in consequence of such assumption, the particles ad-
hering together by virtue of their opposite states, just as two oppositely excited
pith balls are mutually attractive. The zine particle in becoming + gives off —
electrieity to the mass of zine or other body to which it had belonged ; and, in
like manner, the particle of oxygen, in beeoming —, supplies + electricity to
adjacent particles of oxygen or other adjacent substances. Thus electro-positive
bodies in the act of combining give off — electricity, and electro-negatives set
free 4+ electricity. In general, these opposile electricities instantly neutralize
each other; but under favourable circumstances, as in Pouillet’s experiments,
such effect is prevented. So, in an experiment by De la Rive, of transmitting
dry chlorine gas mixed with air through an insulated copper tube, chloride of
copper is generated : if the gases pass onward in a continuous current, the +
electricity set free by the chlorine is carried off by the air, while the tube is ren-
dered negative by the — electricity lost by those particlss of copper which com-
bine with the chlorine.

Chemical decomposition also excites electricity ; and by this theory it ought
to do so, For a particle of zine in quitting oxygen is +, must recover — elec-
tricity before it can resume its natural state, and in doing so leaves contiguous
substances + ; and, similarly the — oxygen renders objects — by robbing them
of their + electricity. Hence, a body in combining excites in others an eleetrie .
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state opposite to that which it assumes ; while in the act of decomposition it pro-
duces an effect exactly the reverse.

Again, it follows from the theory, that unless the zine can assume the + state
by getting rid of — electricity, it cannot unite with oxygen; and that chemical
union will more readily ensue, the more freely a connecting medium for carrying
off such — electricity is supplied. This is applicable to Davy’s method of pre-
serving copper in sea-water (page 84). A piece of zine in contact with copper
corrodes rapidly by carrying off its — electricity ; while the copper thus con-
stantly rendered —, is prevented from assuming the + state, and hence loses its
power of uniting either with oxygen or chlorine. These principles readily apply
to a gimple voltaic arrangement, composed of zine, copper, and dilute acid. In
the broken eircuit, the oxidation of the zine causes the liquid, which supplies the
oxygen to be +; while the zine plate is made — by the eleectricity given off
by the oxidizing particle of zinc. This happens whether the copper plate is pre-
sent or not. The + electricity diffused in the acid solution is in part taken up
by the copper plate which thereby becomes +, and is in part lost by neutralizing
the — electricity on the zine plate. In the closed circuit, the — electricity on
the zine escapes along the condueting wire to the copper plate; the effect of
which is to promote the oxidation of the zine on the principle above stated, and
by rendering the copper —, to facilitate the extraction of + electricity from the
liquid., A eurrent of + electricity thus circulates from the zine through the
liquid to the copper, and of — electricity in the opposite direction (page 83).
The plate which by chemieal action with the liquid excites electricity, is called
the generafing plate; while the other is the conducling plafe, because it performs
the office of a conductor merely : in the common circle, zine is the generating,
and copper the eonducting plate.

In a compound circle, represented by three pairs of plates, as in fig. 16, each
pair of plates, indicated by the brackets, sends a current of + electricity from
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the zine through the liquid to the copper, rendering each copper plate +, while
each zine plate is —. The first copper and second zinc plates, being oppositely
electrified, neutralize each other; and the same oceurs with the second copper
and third zine, as with any number of plates similarly situated. The extreme
plates alone can evince an electric state, the zinc in the broken circuit being —,
and the copper +; and if these plates are connected by a wire, they, like the
other zine and copper plates of the series, neutralize each other, and a continuous
current is established through the whole battery, of <+ electricity in one direc-
tion, as shown by the arrows, and of — in the other. Thus, the quantity of
electricity which circulates in one part of the clesed battery, which is aptly
called a circle, is, contrary to the notion of Velta (page 105), the same in every
part (page 90). The influence of a number of plates is to augment the intensity
only (page 87). This subject has been ably discussed by De la Rive. (An. de
" Ch. et Ph, lxii. 180.)

Chemists are not agreed as to the order of electric energy in which the ele-
ments should be arranged. The following is that given by Berzelius, and may
be viewed as approximative rather than rigidly exact :—Sulphur, nitrogen, and
hydrogen scarcely occupy their true position in the series. The two former are
less electro-negative than chlorine and fluorine, and hydrogen, I conceive, should
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occupy a prominent station among the electro-positive elements. All the bodies
in the first series are — with regard to those in the second. In the first series
each element 18 —, and in the second +, to all those which follow it,

1. Negative Eleciries,—Oxygen, sulphur, nitrogen, chlorine, iodine, fluorine,
phosphorus, silenium, arsenie, chromium, molybdenum, tungsten, boron, earbon,
antimony, tellurium, columbium, titanium, silicon, osmium, hydrogen.

2, Pusitive Elecirics—Potassium, sodium, lithium, barium, strontium, caleinm,
magnesium, glueinium, yitrium, aluminivm, zireoninm, manganese, zine, cad-
miom, iron, nickel, cobalt, cerinm, lead, tin, bismuth, vranium, copper, silver,
mercury, palladium, platinum, rhodium, iridium, gold.

Theory of Chemical Decomposition—~Compounds are decomposed by galvan-
ism, so far as is known, only when they are more or less fluid, that state being
apparently necessary for giving mobility to the elements, which are otherwise
chained down to one spot and prevented from separating. Davy’s opinion, that
an element is aetually transferred beyond the place in which the decomposing
compound exists, is untenable after the experiments of Faraday (page 103).

The facts adduced by the latter philosopher are inconsistent with the hypo-
thesis of Davy, by which he accounted for chemfeal decomposition and transfer,
namely, that attraction is exerted for the elements of compounds by the metallic
conduetors ¢ b,  The most feasible theory is that of Grotthus, of there being

Fig. 17. successive decompositions and recompositions in the line of
particles lying between the electrodes. Let the upper part
of fig. 17 represent a row of three particles of water lying
£ @0 @O @O x between the electrodes ¢ z, oxygen being represented by (O),

< : ;
| oo oo and hydrogen I?y D J'!L_-i* current, in paﬂﬂlngllhrt::—ugh them,
is assumed to impart a kind of polar or magnetic virtue to the
particles of oxygen and hydrogen, whereby affinity is weakened or destroyed on
one side, and exalted on the other: each particle of hydrogen, for example,
loses its attraction for the oxygen on its right side and quits it, but acquires an
attraction for the oxygen on the left side and combines with it. Three particles
of water thus yield, as in the lower part of fig. 17, two other particles which
are generated ; while the extreme particles of oxygen and hydrogen are set free,
There is thus no transfer from one epot to another; the oxygen and hydrogen
are set free at the place where they pre-existed ; and they are evolved as gases,
unless, by some secondary action, they should unite with the matter of the elec-
trodes or with some element of the solution.

The preceding theoretical questions have been discussed on the assumption
of electricity, as explained in the last section, being an independent principle
susceptible of rapid motion from one body to another ; and that the condition of
a voltaic eonducting wire is similar to that of a wire leading from the ground to
the prime conductor of an eleetrical machine, or which conneets the inner and
outer surface of a charged Leyden phial, except that the voltaic current moves
slowly, owing to its lower tension and the interposed imperfect conductor.
Some coneeive that what is called an electric current is not an actual transfer of
any thing, but a process of induction among the molecules of a conductor pass-
ing progressively along it. Others, denying independent materiality to electri-
city, may ascribe it to a wave of vibrating matter, just as the phenomena of
opties are explained by the undulatory theory. But whatever theory of the nature
of electricity may be adopted, it seems necessary, after the experiments of Fara-
day on the identity of voltaic and common electrieity, that the nature of an elee-
tric and voltaic current is essentially the same.




PARTPE N

INORGANIC CHEMISTRY.

PRELIMINARY REMARKS.

Ix teaching a science such as chemistry, the details of which are numerous
and complicated, it would be injudicious to follow the order of discovery, and
proceed from individual facts to the conclusions which have been deduced from
them. An opposite course is indispensable. It is necessary to discuss general
principles in the first instance, in order to aid the beginner in remembering insu-
lated facts, and in comprehending the explanations connected with them. The
second part of this work will therefore commence with an explanation of the
leading doctrines of the scienece. One inconvenience, indeed, arises from this
method, It is often necessary, by way of illustration, to refer to facts of which
the beginner is ignorant; and hence on some occasions more knowledge will
be required for understanding a subject fully, than the reader may have at his
command, Butrthese instances will, it is hoped, be rarely met with ; and when
they do ocecur, the reader is advised to quit the point of difficulty, and return to
the study of it when he shall have acquired more extensive knowledge of the
details,

To the chemical history of each substance its chief physical characters will
be added. A knowledge of these properties is not only advantageous in assist-
ing the chemist to distinguish one body from another, but in many instances it
is applied to uses still more important. The character called specific gravily,
the meaning of which was explained at page 49, is of so much importance that
the mode of determining it will be mentioned in this place. The process con-
sists in weighing a body carefully, and then determining the weight of an equal
bulk of water, the latter being regarded as unity. If, for example, a portion of
water weigh nine grains, and the same bulk of another body 20 grmins, its sp.
gr. is determined by this formula;—as 9: 20: : 1 (assumed as the sp. gr. of
water) to the fourth proportional 2:2222; so that the sp. gr. of any substance is
found by dividing its weight by the weight of an equal volume of water. It is
easy to discover the weight of equal bulks of water and any other liquid by
filling a small bottle of known weight with each successively, and weighing
them.* The method of obtaining the necessary data in case of a solid is some-

* Bottles are prepared for this purpose by the philosophical instrument makers,
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what different. The body is first weighed in air, is next suspended in water by
means of a hair attached to the scale of the balance, and is then weighed again.
The difference between the two weights gives the weight of a quantity of water
equal to the bulk of the solid. This rule is founded on the hydrostatic law,
that a solid body, immersed in any liquid, not only weighs less than it does in
air, but the difference corresponds exaectly to the weight of liquid which it dis-
places ; and it is obvious that the liquid so displaced is exaetly of the same
dimensions as the solid. Another method is by the use of the bottle recom-
mended for taking the sp. gr. of liquids, After weighing the bottle filled with
water, a known weight of the solid is put into it, which of course displaces a
quantity of water precisely equal to its own volume. The exact weight of the
displaced water is found by weighing the bottle again, after its outer surface is
made perfectly dry.

The determination of the sp. gr. of gaseous substances is an operation of
much greater delicacy. From the extreme lightness of gases, it would be incon-
venient to compare them with an equal bulk of water, and therefore atmospheric
air is taken as the standard of comparison. The first step of the process is w
ascertain the weight of a given volume of air, This is done by weighing a
very light glass flask, furnished with a good stopeock, while full of air; and
then weighing it a second time, after the air has been withdrawn by means of
the ait-pump, The difference between the two weights gives the information
required. According to the observation of Prout, 100 cubie inches of pure and
dry atmospheric air, at the temperature of 60° and when the barometer stands
at 30 inches, weigh 31-0117 grains. By a similar method the weight of any
other gas may be determined, and its sp. gr. be inferred accordingly. For
instance, suppose 100 cabic inches of oxygen gas are found to weigh 34-109
grains, its sp. gr. will be thus deduced ; as 31-0117: 34-109: : 1 (the sp. gr. of
air): 11025, the sp. gr. of oxygen.

There are four eircumstances to which particular attention must be paid in tak-
ing the specific gravity of gases :—

1. The gas should be perfectly pure, otherwise the result cannot be accurate,

2, Due regard must be had to its hygrometic condition. If it is saturated
with moisture, the neeessary correction may be made by the formula of page
50; or it may be dried by the use of substances which have a powerful attrac-
tion for moisture, such as chloride of calcium, quicklime, or fused potassa.

3. As the bulk of gaseous substances, owing to their elasticity and compres-
sibility, is dependent on the pressure to which they are exposed, no two obser-
vations admit of comparison, unless made under the same elevation of the
barometer. It is always understoed, in taking the sp. gr. of a gas, that the
barometer must stand at 30 inches, by which means the operator is certain that
each gas is subject to equal degrees of compression. An elevation of thirty
inches is called the standard height; and if the mercurial column be not of that
length at the time of performing the experiment, the error arising from this
cause must be corrected by caleulation. It has been established by experiment
that the bulk of gases is inversely as the pressure to which they are subject.
Thus, 100 measures of air, under the pressure of 30 inches of merecury, will
dilate to 200 measures, if the pressure be diminished by one half; and will be
compressed to 50 measures, when the pressure is double, or equal to a mercurial
column of G0 inches. The correction for the effect of pressure may therefore
be made by the rule of three, as will appear by an example, If a certain por-
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tion of gas occupy the space of 100 measures at 20 inches of the barometer, its
bulk at 30 inches may be obtained by the following proportion; as 30: 29::
100 : 96-66.

It is understood that the temperature of the mercurial columm is constant : if
not so, correction must be made for the change in the velume of the mercury
produced by change of temperature, on the principle laid down at page 22,

4. For a similar reason the temperature should always be the same. The
standard or mean temperature is 60°; and if the gas be gdmitted into the
we.ighing-ﬂask when the thermometer is above or below that point, the formula
of page 24 should be employed for making the necessary correction.

Chemicdl Nomenelnlure—The first attempt to form a systematic chemical
nomenclature was by Lavoisier, Berthollet, Guyton de Morveau, and Foureroy,
soon after the discovery of oxygen gas. To avoid an undue use of new terms,
the known elements and the more familiar compound bodies were allowed to
retain the names which usage had assigned to them. The newly-discovered
elements were named from some striking property. Thus, oxygen, from ofvs
acid, and yewasw to generate, was so called from a belief that it is the universal
cause of acidity; and the term hydrogen, from 8w¢ water, and sevvoew, was
applied to the inflammable element of water. The compounds into which oxy-
gen enters were termed acids or oxides, according as they do or do not possess
acidity. The name of an acid was derived from the substance acidified by the
oxygen, to which was added the termination in fe. Thus sulphurie and carbonic
acids signified compounds of sulphur and carbon with exygen. Should sulphur
or any other body form two acids, the name of that containing least oxygen was
made to terminate in ous, as sulphurous acid. The termination in wref was
applied to compounds of the simple non-metallic substances with each other,
with a metal, or with a metallic oxide : thus, sulphure! and carburel of iron
signify compounds of sulphur and ecarbon with iron. The general term salt
comprehended compounds of acids with alkaline bases, and the names of the
salts were so contrived as to indicate the substances contained in them, If the
acid contain a maximum of oxygen, the name of the salt terminated in afe; if
a minimum, the termination in ife was used : thus, sulphefe and phosphate of
potassa are salts of sulphuric and phesphoric acids; while the terms sulphite
and phosphife of potassa denote salts of that alkaly with sulphureus and phos-
phorous acids.

These instances suffice to exhibit the principles by which the framers of the
nomenclature were guided. Their object was to apply similar names to similar
| things, and so to construct those names as to indicate the nature or composition
of the bodies to which they were attached. The same views have been acted on
by succeeding chemists, who, with this intention, have availed themselves of
the laws of definite combination. The more essential parts of this method, as
adopted in these elements, are the following :—The names of newly-discovered
elements are selected from some obvious property : thus, chlorine and iodine
were so called from their colour. The termination of 2 name is rendered similar
to those of nearly allied substances : thus, iodéne, and flourine received that ter-
mination from their analogy to chlorine; the compounds of chlerine, iodine,
bromine, and flourine, from their relations to oxygen, are termed chlorides, iod-
ides, &c. ; and the compounds of selenium, and other similar inflammables, are
called seleniurels, from their analogy to sulphurefs and phosphurefs. The names
of metals, except some, as iron and tin, whose names have been sanctioned by

10
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usage, terminate in wm, as potassium and titanium., The names of alkaline
bases, when expressed by one word, terminate in @, as potassa and morphia.
When one substance forms with oxygen three or more acids, a Greek preposi-
tion is usually prefixed to indicate the relative quantity of oxygen: thus, hypo-
nitrous acid contains less oxygen than the nitrous : Aypernitrous would apply to
an acid with more oxygen than the nitrous ; and kypesulphuric acid indicates an
acid with less oxygen than the sulphuric, and more than the sulphorous, Per
is sometimes prefited with the same intention as Ayper: thus, perchloric acid
contains more oxygen than the chloric. Different oxides of the same metal are
distinguished by derivates from the Greek or Latin, An oxide consisting of an
equivalent of each element is denoted either by the term oxide without any affix,
or by profoxide (mgwros, first); the highest grade is the peroxide; and the inter-
mediate grades are distinguished by Latin numerals expressing the number of
equivalents of oxygen combined with one equivalent of the metal, such as bin-
oxide, feroxide, &c. Sesqui, one and a half] is used to indicate the relation of
1to1;,0r2to3, as in the Sesquioxide of iron or eobalt. The Greek nume-
rals dis, fris, tetrahis, are prefixed in like manner to denote oxides formed with
one equivalent of oxygen, and two, three, or more equivalents of a metal. More
complex ratios, such as 3 eq. of a metal to 4 eq. of oxygen, are denoted by a
fraction, 4, placed before the name of the oxide.

The same system is extended not merely to the union of elements generally
with each other, but to compounds of a more complex nature, such as the salts.
To a salt formed of an equivalent of the acid and alkali, its generic name with-
out other addition is applied; but if two or more equivalents of the acid are
attached to one eq. of the base, or two or more equivalents of the base to one eq.
of the acid, a numeral is prefixed so as to indicate its composition. The two
salts of sulphurie acid and potassa are called sulphate and bisulphate ; the first
containing an eq. of the aeid and alkali, and the latter one eq. of the alkali to
two of the acid. The three salts of oxalic acid and potassa are termed the
oxalate, binoxalate, and guadroxalate of potassa; because one eq. of the alkali
is united with one eq. of acid in the first salt, with two in the second, and with
three in the third. In the chromate and dichromate of oxide of lead, one eq. of
the acid is united with 1 eq. of oxide in the"former, and with two in the latter.
The term salt has of late received considerable extension, being now applied to
compounds analogous to common salts in eonstitution, though not formed of an
acid and alkali. The grounds on which this has been done, and the nomencla-
ture introduced in consequence, are explained in the section of the salts.—In
speaking of salts of metallic oxides, many chemists are in the practice, for the
sake of brevity, of mentioning the name of the metals only. Thus, in the
expressions sulphales of silver and lead, the oxide of silver, and oxide of lead,
are to be understood. The present comprehensive sense in which the word salt
is used begins to render this practice objectionable,

The generic part of the name of a compound is usually formed from that
ingredient which is considered the most highly eleetro-negative. Thus, to eoms-
pounds of oxygen and chlorine, chlorine and iodine, iodine and sulphur, sulphur
and potassium, in which the first of each pair is the electro-negative element,
the correct appellations are oxides of chlorine, chloride of iodine, iodide of sul-
phur, sulphuret of potassium; and not chloride of oxygen, iodide of chlorine,
sulphuret of iodine, and potassiuret of sulphur. This practice is invariably
observed in this treatise, :
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Convenient and philosophical as this nomenclature may at first appear, its
principles are now felt to be far from coextensive with the science. Tt much
needs extension and modification. To many of the complex compounds known
to chemists it is impracticable to apply convenient names correetly expressive of
their constitution; and this has led to the use of those symbolic characters
which have become general among chemists, and which are essential to the
present state of chemistry. The mode of employing such notation will be
explained in the second section of this part.

SECTION 1.

AFFINITY,

Arr chemical phenomena are owing to Affinity or Chemical Attraction, It is
the basis on which the science of chemistry is founded. * It is, as it were, the
instrument which the chemist employs in all Lis operations, and hence it forms
the first and leading object of his study.

Affinity is exerted between the minutest particles of different kinds of matter,
causing them to combine so as to form new bodies endowed with new properties.
It acts only at insensible distances ; in other words, apparent contact, or the
closest proximity, is necessary to its action. Everything which prevents such
contignity is an obstacle to combination ; and any force which increases the dis-
tance between particles already combined, tends to separate them permanently
from each other. In the former case, they do not come within the sphere of
their mutual attraction; in the latter, they are removed out of it. It follows,
therefore, that though aflinity is regarded as a specific power distinct from the
other forces which aet on matter, its action may be promoted, modified, or coun-
teracted by them; and consequently, in studying the phenomena produced by
affinity, it is necessary to inquire into the conditions that influence its operation.

The most simple instance of the exercise of chemical attraction is afforded
by the admixture of two substances, ‘Water and sulphurie acid, or water and
aleohol, combine readily. On the contrary, water shows little disposition to
unite with ether, and still less with oil ; for, however intimately their particles
may be mixed together, they are no sooner left at rest than the ether separates
almost entirely from the water, and a total separation takes place between that
fluid and the oil. Sugar dissclves very sparingly in alechol, but to any extent
in water; while camphor is dissolved in a very small degree by water, and
abundantly by aleohol. It appears, from these examples, that chemical attrac-
tion is exerted between different bodies with different degrees of force. There
is sometimes no proof of its existence at all; between some substances it aets
very feebly, and between others with great energy.

Simple combination of two substances is a common oceurrence ; of which the
golution of salts in water, the combustion of phesphorus in oxygen gas, and the
neutralization of a pure alkali by an acid, are instances. Dut the phenomena
are often more complex. The formation of a new compound is often attended
by the destruction of a pre-existing one; as when some third body acts on a



116 AFFINITY.

compound, for one element of which it has a greater affinity than they have for
one another, Thus, oil has an affinity for the volatile alkali, ammonia, and will
unite with it, forming a soapy substance ecalled a liniment. But the ammonia
has a still greater attraction for sulphuric acid ; and hence, if the acid be added
to the liniment, the alkali will quit the oil, and unite by preference with the acid,
If a solution of camphor in alechol be poured into water, the camphor will be
set free because the aleohol combines with the water, Sulphuric acid, in like
manner, separates baryta from nitrie acid. Combination and decomposition
occur in each of these cases;—combination of sulphuric acid with ammonia, of
water with aleohol, of baryta with sulphurie acid ;—decomposition of the com-
pounds formed of oil and ammonia, of alechol and eamphor, of nitric aeid and
baryta. These are examples of what Bergmann called single elective affinity ;—
elective, because a substance manifests, as it were, a choice for one of two others,
uniting with it by preference, and to the exclusion of the other. Many of the
decompositions that oceur in chemistry are instances of single elective affinity.
The order in which these decompositions take place has been expressed in
tables; of which the following, drawn up by Geoffroy, is an example :—

Sulphurie acid.

Baryta,
Strontia,
Potassa,
Soda,
Lime,
Ammonia,
Magnesia.

This table signifies, first, that sulphuric acid has an affinity for the sub-
stances placed below the horizontal line, and may unite separately with each ;
and, secondly, that the bases of the salts so formed will be separated from the
acid by adding any of the alkalies or earths which stand above it in the column.
Thus, ammonia will separate magnesia, lime ammonia, and potassa lime; but
none can withdraw baryta from sulphuric acid, nor can ammonia or magnesia
decompose sulphate of lime, though strontia or baryta will do so. Bergmann
conceived that these decompositions are solely determined by chemieal attraction,
and that consequently the order of decomposition represents the comparative
forces of affinity ; and this view, from the simple and natural explanation it
affords of the phencmenon, was for a time very generally adopted. But Berg-
mann was in error. It does not necessarily follow, because lime separates
ammonia from sulphuric acid, that the lime has a greater attraction for the acid
than the volatile alkali. Other causes are in operation which medify the action
of affinity to such a degree, that it is impossible to discover how much of the
effect is owing to that power, It is conceivable that ammonia may in reality
have a stronger affection for sulphuric acid than lime, and yet that the latter,
from the great influence of disturbing causes, may succeed in decomposing sul-
phate of ammonia.

The propriety of the foregoing remark will appear from the following exam-
ple :—When a stream of hydrogen gas is passed over oxide of iron heated to
redness, the oxide is reduced to the metallic state, and water is generated. On
the contrary, when watery vapour is brought into contact with red-hot metallie
iron, the oxygen of the water quits the hydrogen and combines with the irom.
It follows from the result of the first experiment, according to Bergmann, that
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hydrogen has a stronger attraction than iron for oxygen; and from that of the
second, that iron has a greater affinity for oxygen than hydrogen. But these
inferences are incompatible with each other. The affinity of oxygen for the two
elements, hydrogen and iron, must either be equal or unejual. If equal, the
result of both experiments was determined by modifying circumstances; since
neither of these substances onght on this supposition to take oxygen from the
other, Butif the forces are unequal, the decomposition in one of the experi-
ments must have been determined by extraneous causes, in direct opposition to
the tendeney of affinity.
The fallacy of Bergmann’s opinion was detected by Berthollet. He first
showed that the relative forees of chemical attraction cannot always be deter-
" mined by observing the order in which substances separate each other when in
combination, and that the tables of Geoffroy are merely tables of decomposition,
not of affinity, He likewise traced all the various circumstances that modify
the action of affinity, and gave a consistent explanation of the mode in which
they operate. Berthollet went even a step further. He denied the existence of
elective affinity as an invariable foree, capable of effecting the perfeet separation.
of one body from another, and maintained that all the instances of complete
decomposition attributed to elective affinity are in reality determined by one or
more of the collateral circumstances that influence its operation, But here this
acute philosopher went too far. Bergmann erred in supposing the result of
chemical action to be in every case owing to elective affinity ; but Berthollet
ran into the opposite extreme in declaring that the effects formerly ascribed to
that power are never produeed by it. That chemical attraction is exerted
between bodies with different degrees of energy, is, I apprehend, indisputable.
Water has a much greater affinity for hydrochloric acid and ammoniacal gases
than carbonie and hydrosulphuric acids, and for these than for oxygen and
hydrogen. The attraction of lead for oxygen is greater than that of silver for
the same substanee. The-disposition of gold and silver to combine with mer-
cury is greater than the attraction of platinum and iron for that fluid. As these
differences cannot be accounted for by the operation of any modifying causes, we
must admit a difference in the force of affinity in producing combination, It is
equally elear that in some instances the separation of bodies from one another
can only be explained on the same principle. No one, I conceive, will contend
that the decomposition of hydriodic acid by chlorine, or of hydrosalphuric acid
by iodine, is determined by the concurrence of any modifying cirenmstances.
Affinity is the cause of changes still more complicated than those which have
just been considered, In a ecase of single elective affinity, three substances only
are present, and two affinities are in play. But it frequently happens that twe
compounds are mixed together, and four different affinities bronght into action,
The changes that may or do oceur under these cirenmstances may be stadied by
aid of a diagram. Thus, in mixing together a solution of earbonate of ammonia
and nitrate of lime, their mutual action may be represented in the following
manner :—

P N, N
Carbonie acid Ammonia
Nitrie aecid Lime,

e,
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Each of the acids has an attraction for both bases, and hence it is possible
either that the two salts should continue as they were, or that an interchange
of principles should ensue, giving rise to two new compounds,—carbonate of
lime and nitrate of ammonia, According to the views of Bergmann, the result
is solely dependent on the comparative strength of affinities. If the affinity of
carbonie acid for ammonia, and of nitric acid for lime, exceed that of carbonic
acid for lime, added to that of nitric acid for ammonia, then will the two salts
experience no change whatever ; but if the latter affinities preponderate, then, as
does actnally happen in the present example, both the criginal salts will be de-
composed, and two new ones generated, Two decompositions and two combi-
nations take place, being an instance of what is called double elective gffinily.
Kirwan applied the terms quiescent and divellent to denote the tendency of the
opposing affinities,—the action of the former being to prevent a change, the latter
to produce it.

The doctrine of double elective affinity was assailed by Berthollet on the same
ground and with the same success as in the case of single elective attraction. He

-sueceeded in proving that the effect canmot always be aseribed to the sole influ-

ence of affinity. For, to take the example already adduced, if carbonate of
ammonia decompose nitrate of lime by the mere force of a superior attraction, it
is manifest that carbonate of lime ought never to decompose nitrate of ammonia.
But if these two salts are mixed in a dry state and exposed to heat, double de-
composition does take place, carbonate of ammonia and nitrate of lime being
formed ; and therefore, if the change in the first example was produced by che-
mical attraction alone, that in the second must have oceurred in direct opposition
to that power, It does not follow, however, because the result is sometimes
determined by modifying conditions, that it must always be so. I apprehend
that the decomposition of the solid cyanuret of mercury by hydrosulphuric acid
gas, Which takes place even at a low temperature, cannot be ascribed to any
other cause than a preponderance of the divellent over the quiescent aflinities.

ON THE CHANGES THAT ACCOMPANY CHEMICAL ACTION,

The leading circumstance that characterises chemical action is the loss of pre-
perties experienced by the combining substances, and the aequisition of new
ones by the product of their combination. The change of property is sometimes
inconsiderable. Ina solution of sugar or salt in water, and in mixtures of water
with alechol or sulphuric acid, the eompound retains so much of the character
of its constituents, that there is no diffieulty in recognising their presence. But
more generally the properties of one or both of the combining bedies disappear
entirely. One would not suppose from its appearance, that water is a compound
body ; much less thatit is composed of two gases, oxygen and hydrogen, neither
of which, when uncombined, has ever been compressed into a liquid. Hydrogen
is one of the most inflammable substances in nature,and yet water cannot be set
on fire: oxygen, on the contrary, enables bodies to burn with great bril-
liancy, and yet waler extinguishes combustion. The alkalies and earths were
regarded as simple till Davy proved them to be compound ; and certainly they
evince no sign whatever of containing oxygen and a metal. Numerous exam-
ples of a similar kind are afforded by the mutual action of acids and alkalies.
Sulphurie acid and potassa, for example, are highly caustic. The former is in-
tensely sour, reddens the blue colour of vegetables, and has a strong affinity for
alkaline substances; the latter has a pungent taste, converts the blue colour of



AFFINITY. 119

vegetables to green, and combines readily with acids. On adding these prinei-
ples cautiously to each other, a compound results called a neutral salt, which
does not in any way affect the colouring matter of plants, and in which the other
distinguishing features of the acid and alkali can no longer be perceived, They
appear to have destroyed the properties of each other, and are hence said to neu-
fralize one another,

The other phenomena that accompany chemieal action are changes of densily,
temperature, form, and eolour.

1. Change of densily. It is observed that two bodies rarely oceupy, after
combination, the same space which they possessed separately. In general their
bulk is diminished, so that the sp. gr. of the new body is greater than the mean
of its components. Thus a mixture of 100 measures of water and an equal
quantity of sulphuric acid does not occupy the space of 200 measures, but con-
siderably less. A similar contraction frequently attends the combination of
solids. Gases often experience a remarkable condensation when they unite.
The elements of olefiant gas, for instance, would expand to four times the bulk
of that compound, if they were suddenly to become free, and assume the gaseous
form. But the rule is not without exception. The reverse happens in some
metallic compounds ; and there are examples of combination between gases with-
out any change of bulk.

2. A change of lemperature generally accompanies chemical action. Heat is
evolved either when there is a diminution in the bulk of the combining sub-
stances without change of form, or when a gas is condensed into a liguid, or a
liguid becomes solid. The heat caused by mixing sulphuric acid with water is
an instance of the former ; and the common process of slaking lime, during which
water loses its liquid form in combining with that earth, is an example of the
latter. The rise of temperature in these cases is obviously referable to diminished
gp. heat in the new compound ; but intense heat sometimes accompanies chemi-
cal action under cireumstances in which an explanation founded on a change of
sp. heat is inadmissible. At present it is enough to have stated the fact; its
theory will be discussed under the subject of combustion. The production of
cold seldom or never takes place during combination, except when heat is ren-
dered insensible by the conversion of a solid into a liquid, ora liquid into a gas.
All the frigorific mixtures act in this way.

3. The changes of form that attend chemical action are exceedingly various.
The combination of gases may give rise to a liquid or a solid ; selids sometimes
become liguid, and liquids solid, Several familiar chemieal phenomena, such as
detonation, effervescence, and precipitation, are owing to these changes. The
sudden evolution of a large quantity of gaseous matler causes an explosion, as
when gunpowder detonates. The slower disengagement of gas produces effer-
vescence, as when marble is put into hydrochlorie acid. A precipitate is ewing
to the formation of a new body which happens to be insoluble in the liquid in
which its elements were dissolved.

4. Change of colour frequently attends chemical action. No uniform relation
has been traced between the colour of a compound and that of its elements.
Todine, whose vapour is of a violet hue, forms a beautiful red compound with
mereury, and a yellow one with lead. The black oxide of copper generally gives
rise to green and blue eoloured salts ; while the salts of the oxide of lead, which
is itselfl yellow, are for the most part colourless, The colour of precipitates is a
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very important study, as it supplies a character by which most substances may
be distinguished.

ON THE CIRCUMSTANCES THAT MODIFY AND INFLUENCE THE OPERATION
OF AFFINITY.

Of the conditions which are capable of promoting or counteracting the ten-
dency of chemical attraction, the following are the most important: cohesion,
elasticity, quantity of matter, gravity, and contact with other bodies. To these
may be added the agency of the imponderables,

Cokesion.—The first obvious effect of cohesion is to oppose affinity, by im-
peding or preventing that mutual penetration and close proximity of the particles
of different bodies, which is essential to the successful exercise of their attrac-
tion, Bodies seldom act chemically in their solid state; their molecules do not
come within the sphere of attraction, and therefore eombination cannot take
place, although their affinity may in fact be considerable. Liquidity, on the con-
trary, favours chemieal action; it permits the closest possible approximation,
while the eohesive power is comparatively so trifling as to oppose no appreciable
barrier to affinity.

Cohesion may be diminished in two ways,—by mechanical division, or by
the application of heat. The former aids by inereasing the extent of surface;
but it is not of itself in general sufficient, because the particles, however minute,
still retain that degree of cohesion which constitutes solidity. Heat acts with
greater effect, and never fails in promoting combination, whenever the cohesive
power is a barrier to it. Its intensity should always be so regulated as to pro-
duce liquefaction. The fluidity of one of the substances frequently suffices for
effecting chemical union,as is proved by the facility with which water dissclves
many salts and other solid bodies. But the cohesive foree is still in operation ;
for a solid is commonly dissolved in greater quantity when its cohesion is
diminished by heat. The reduetion of both substances to the liquid state is the
best method for ensuring chemical action. The slight degree of echesion pos-
sessed by liquids does not appear to cavse any impediment to combination; for
they commonly act as energetically on each other at low temperatures, or at a
temperature just sufficient to cause perfect liquefaction, as when their cohesive
power is still further diminished. It seems fair to infer, therefore, that very little,
if any, affinity exists between two bodies which do not combine when they are
intimately mixed in a liquid state.

The phenomena of erystallization are owing to the ascendency of cohesion
over affinity. When a large quantity of salt has been dissolved in water by the
aid of heat, part of the saline matter generally separates as the solution cools,
because the cohesive power of the salt then becomes comparatively too powerful
for chemical attraction. Its particles begin to eohere together, and are deposited
in erystals, the process of crystallization continuing till it is arrested by the
aflinity of the liquid. A similar change happens when a solution made in the
cold is gradually evaporated. The ecohesion of the saline particles is no longer
counteracted by the affinity of the liquid, and the salt therefore assumes the solid
form.

Cohesion plays a still more important part. It sometimes determines the
result of chemical action, probably even in epposition to affinity, 'Thus, on
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mixing together a solution of two acids and one alkali, of which two salts may
be formed, one soluble and the other insoluble, the alkali will unite with that
acid with which it forms the insecluble compound, to the total exclusion of the
other. This is one of the modifying circumstances employed by Berthollet to
account for the phenomena of single elective attraction, and is certainly applica-
ble to many of the instances to be found in the tables of affinity. When, for
example, hydrochloric acid, sulphuric acid, and baryta are mixed together, sul-
phate of baryta is formed in consequence of its insolubility. Lime, which yields
an insoluble salt with carbonic acid, separates that acid from ammonia, potassa,
and soda, with all of which it makes soluble compounds.

A similar explanation may be given of many cases of double elective attrae-
tion. On mixing together in solution four substances, 4, B, ¢, b, of which it is
possible to form four compounds, A8 and cp, or Ac and Bp, that compound will
certainly be produced which happens to be insoluble. Thus, sulphuric acid,
soda, nitric acid, and baryta may give rise either to sulphate of soda and nitrate
of baryta, or to sulphate of baryta and nitrate of soda; but the first two salts
cannot exist together in the same liquid, because the insoluble sulphate of baryta
is instantly generated, and its formation necessarily causes the nitric acid to
combine with the soda. In like manner a solution of nitrate of lime is decom-
posed by carbonate of ammonia, in consequence of the insolubility of carbonate
of lime.

To comprehend the manner in which cohesion acts in these instances, it is
necessary to consider what takes place when in the same liquid two or more
compounds are brought together, which do not give rise to an insoluble sub-
stance. Thus, on mixing solutions of sulphate of potassa and nitrate of soda,
no precipitate ensues ; because the salts capable of being formed by double
decomposition, sulphate of soda and nitrate of potassa, are likewise soluble. In
this case it is possible either that each acid may be confined to one base, so as
to constitute two neutral salts; or that each acid may be divided between both
bases, yielding four neutral salts, It is difficult to decide this point in an une-
quivoeal manner: but, judging from many chemical phenomena, there can, I
apprehend, be no doubt that the arrangement last mentioned is the most frequent,
and is probably universal whenever the relative forces of affinity are not very
unequal. When two acids and.two bases meet together in neutralizing propor-
tion, it may therefore be inferred, that each acid unites with both the bases in a
manner regulated by their respective forces of affinity, and that four salts are
contained in solution. In like manner, the presence of three acids and three
bases will give rise to nine salts jsand when four of each are present, sixteen salts
will be produced. This view affords the most plausible theory of the constitu-
tion of mineral waters, and of the produets which they yield by evaporation.

The influence of insolubility in determining the result of chemical action may
be readily explained on this principle. If nitric acid, sulphuric acid, and baryta
are mixed together in solution, the base may be coneeived to be at first divided be-
tween the two acids, the nitrate and sulphate of baryta to be generated. The latter,
being insoluble, is instantly removed beyond the influence of the nitric aeid, so
that for an instant nitrate of baryta and free sulphurie acid remain in the liquid
but as the base left in solution is again divided between the two acids, a fresh
quantity of the insoluble sulphate is generated; and this process of partition
eontinues, until either the baryta or the sulphurie acid is withdrawn from the
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solution. Similar changes ensue when nitrate of baryta and sulphate of soda
are mixed.

The separation of salts by erystallization from mineral waters or other saline
mixtures is explicable by a similar mode of reasoning. Thus, on mixing nitrate
of potassa and sulphate of soda, four salts, according to this view, are gene-
rated,—namely, the sulphates of soda and potassa, and the nitrates of those
bases; and if the solution be allowed to evaporate gradually, a point at length
arrives when_the least soluble of these salts, the sulphate of potassa, will be
disposed to erystallize. As soon as some of its erystals are deposited, and thus
withdrawn from the influence of the other salts, the constituents of these undergo
a new arrangement, whereby an additional quantity of sulphate of potassa is
generated ; and this process continues until the greater part of the sulphuric acid
and potassa has combined, and the compound is removed by erystallization. If
the difference in solubility is considerable, the separation of salts may be often
rendered very complete by this method. y

The efflorescence of a salt is sometimes attended with a similar result. If
carbonate of soda and chloride of caleium are mingled together in solution, the
insoluble carbonate of lime subsides. But if carbonate of lime and sea-salt are
mixed in the solid state, and a certain degree of moisture is present, carbonate
of soda and chloride of ecaleium are slowly generated; and since the former, as
soon as it is formed, separates itself from the mixture by efflorescence, its pro-
duction continues progressively. The efllorescence of earbonate of soda, which
is sometimes seen on old walls, or which in some countries is found on the soil,
appears to have originated in this manmer.

Elasticity—From the obstacle which eohesion puts in the way of affinity, the
gaseous state, in which the cohesive power is wholly wanting, might be ex-
pected to be peculiarly favourable to chemical action. The reverse, however,
is the fact. DBodies evince little disposition to unite when presented to each
other in the elastic form. Combination does indeed sometimes take place, in
consequence of a very energetic attraction ; but examples of an opposite kind are
much more common. Oxygen and hydrogen gases, and chlorine and hydrogen,
though their mutual affinity is very powerful, may be preserved together for any
length of time without combining, This want of action seems to arise from the
distance between the particles preventing that close approximation which is so
necessary to the successful exercise of affinity. Hence many gases cannot be
made to unite directly, which nevertheless combine readily while in their
nascent stale; that is, while in the act of assuming the gaseous form by the de-
composition of some of their solid or fluid combinations.

Elasticity operates likewise as a decomposing agent. If two gases, the recipro-
cal attraction of which is feeble, suflfer considerable condensation when they
unite, the compound will be decomposed by very slight causes. Chloride of
nitrogen, which is an oil-like liquid, composed of the two gases chlorine and
nitrogen, affords an apt illustration of this principle, being distinguished for its
remarkable facility of decomposition. Slight elevation of temperature, by in-
creasing the natural elasticity of the two gases, or contact of substanees which
have an affinity for either of them, produces immediate explosion.

Many familiar phenomena of decompaosition are owing to elasticity. All com-
pounds that contain a volatile and a fixed principle are liable to be decomposed
. by a high temperature, The expansion occasioned by heat removes the elements
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of the compound to a greater distance from each other, and thus, by diminishing
the foree of chemical attraction, favours the tendency of the volatile prineiple to
assume the form which is natural to it. The evaporation of water from a solu-
tion of salt is an instance of this kind.

Many solid substanees which contain water in a state of intimate combination
part with it in a strong heat, in consequence of the volatile nature of that liquid,
The separation of oxygen from some metals, by heat alone, is explicable on the
same principle.

From these and some preceding remarks, it appears that the influence of heat
over affinity is variable; for at one time it promotes chemical union, and opposes
it at another. Its action, however, is always consistent. Whenever the cohesive
power is an obstacle to combination, heat favours affinity either by diminishing
the cohesion of a solid, or converting it into a liquid. As the cause of the
gaseous state, on the contrary, it keeps at a distance particles which would other-
wise unite; or, by producing expansion it tends to separate from one another
substances which are already combined, There is one effect of heat which
seems somewhat anomalous ; namely, the combination which ensues in gaseous
explosive mixtures on the approach of flame., 'Fhe explanation given by Ber-
thollet is probably correct,—that the sudden dilatation of the gases in the imme-
diate vicinity of the flame acts as a violent compressing power to the contiguous
portions, and thus brings them within the sphere of their attraction.

Some of the decompositions, which were attributed by Bergmann to the sole
influence of elective affinity, may be ascribed to elasticity. If three substances
are mixed together, two of which can form a compound which is less volatile
than the third, the last will, in general, be completely driven off by the applica-
tion of heat. The decomposition of the salts of ammonia by the pure alkalies or
alkaline earths may be adduced as an example; and, for a like reason, all the
carbonates are decomposed by nitrie acid, and all the nitrates by sulphuric acid.
This explanation applies equally well to some cases of double decomposition.
It explains, for instance, why dry carbonate of lime will decompose nitrate of
ammonia by the aid of heat; for carbonate of ammonia is more volatile than the
nitrate either of ammonia or lime.

The influence of elasticity in determining the result of chemical action in
these instances seems owing to the same cause which enables insolubility to be
productive of similar effects. Thus, on mixing nitrate of ammonia with lime,
the acid is divided between the two bases ; some ammonia becomes free, which,
in consequence of its elasticity, is entirely expelled by a gentle heat. The acid
of the remaining nitrate of ammonia is again divided between the two bases ;
and if a sufficient quantity of lime is present, the ammoniacal salt will be com-
pletely decomposed. In like manner, the decomposition of potassa may be
effected by iron, though the affinity of this metal for oxygen seems much infe-
rior to that of potassium for oxygen. If potassa in the fused state be brought
in eontact with metallic iron at a white heat, the oxygen is divided between the
two metals, and a portion of potassium set at liberty. But as potassium is
volatile at a white heat, it is expelled at the instant of reduetion; and thus, by
its influence being withdrawn, an opportunity is given for the decompoesition of
an additional quantity of potassa.

Quantily of Matter.—The influence of quantity of maiter over affinity is uni-
versally admitted. If one body, a, unites with another, B, in several propor-
tions, that compound will be most difficult of decomposition which contains the
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smallest quantity of B. Of the three oxides of lead, for instance, the peroxide
paris most easily with its oxygen by the action of heat ; a higher temperature is
required to decompose the red oxide ; and the protoxide will bear the strongest
heat of our furnaces without losing a particle of its oxygen.

The influence of guantity over chemical attraction may be further illustrated
by the phenomena of solution. When equal weights of a soluble salt are added
in suceession to a given quantity of water, which is capable of dissolving almost
the whole of the salt employed, the first portion of the salt will disappear more
readily than the second, the second than the third, the third than the fourth, and
g0 on. The affinity of the water for the saline substance diminishes with each
addition, till at last it is so weakened as to be unable to overcome the echesion
of the salt. The process then ceases, and a saturated solution results.

Quantity of matter is employed advantageously in many chemical operations.
If a chemist wishes to displace a metallic oxide from an acid by the superior
affinity of potassa for the latter, he frequently uses rather more of the alkali
than is sufficient for neutralizing the acid. He employs an excess of the alkali,
in order the more effectually to bring every particle of the substance to be decom-
posed in contact with the decomposing agent.

But Berthollet has attributed much greater influence to quantity of matter.
It was the basis of his doctrine, developed in the Stafigue Chimigue, that bodies
eannot be wholly separated from each other by the affinity of a third substance
for one element of a compound ; and to explain why a superior chemiecal attrac-
tion does not produce the effect which might be expected from it, he contended
that quantity of matter compensates for a weaker affinity. From the co-opera-
tion of several disturbing causes, Berthollet perceived that the foree of affinity
cannot be estimated with certainty by observing the order of decomposition ; and
he therefore had recourse to another method. He supposed the affinity of dif-
ferent acids for the same alkali to be in the inverse ratio of the ponderable
quantity of each which is necessary for neutralizing equal quantities of the
alkali. Thus, if two parts of one acid, A, and one part of another acid, n, are
required to neatralize equal quantities of the alkali, ¢, it was inferred that the
affinity of » for ¢ was twice as great as that of A. He coneceived, further, that
as two parts of a produce the same neutralizing effect as one part of m, the
attraction exerted by any alkali towards two parts of A ought to be precisely
the same as for the one part of B; and he hence coneluded that there is no rea-
son why the alkali should prefer the small quantity of one to the large quantity
of the other. On this he founded the principle that quantity of matter compen-
sates for force of attraction.

Berthollet has here obviously confounded two things, namely, force of attrac-

i

tion and neutralizing power, which are really distinet. The relative weights of |

hydrochloric and sulphuric acids required to neutralize an equal gquantity of any
alkali, or, in other words, their eapacities of saturation, are as 36-4 to 40, a ratio
which remains constant with respect to all other alkalies. The affinity of these
acids, according to Berthollet’s rule, will be expressed by the inverse ratio of
these numbers. But in taking this estimate, we have to make three assump-
tions, each of which is disputable, There is no proof, in the first place, that
hydrochloric acid has a greater affinity for an alkali, such as potassa, than sul-
phurie acid. Such an inference would be directly opposed to the general opinion
founded on the order of decomposition; and though that order, as we have
shown, is by no means a satisfactory test of the strength of affinity, it would be
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improper to adopt an opposite eonclusion without having good reasons for so
doing. Secondly, were it established that hydrochloric acid has the greater
affinity, it does not follow that the attraction of those acids for potassa is in the
inverse ratio of 364 to 40, And, thirdly, supposing this point settled, it is
very improbable that the ratio of their affinities for one alkali will apply to all
others ; analogy would lead us to anticipate the reverse. Independently of these
aobjections, Duleng has found that the principle of Berthollet is not in accord
with the results of experiment,

Gravity.—The influence of gravity is perceptible when it is wished to make
two substances unite, the densities of which are different. In a ease of simple
solution, a larger quantity of saline matter is found at the bottom than at the top
of the liquid, unless the solution shall have been well mixed subsequently to its
formation. In making an alloy of two metals which differ in density, a larger
quantity of the heavier metal will be found at the lower than in the upper part
of the eompound, unless great care be taken to counteract the tendency of gravity
by agitation. This force obviously aets, like the cohesive power, in preventing
@ sufficient degree of approximation.

Contact with other bodies.—The influence of contact of different substances in
modifying affinity is observable either in the increased or diminished energy of
chemical action. The former is always the result of a galvanic current, and has
been treated of elsewhere: the latter is produced by the interposition of an
indifferent body by which others are removed out of the sphere of their mutual
action. Thus, on immersing a fragment of pure zine into dilute sulphuric acid
the chemical action is no sooner commenced than it is checked by the hydrogen
which is liberated ; this is effected by the minute globules of the gas collecting
upon the surface of the zine, and adhering firmly to it, preventing the zinc and
dilute acid from coming into that elose contact which is essential to chemical
aetion. Some means must therefore be used to remove this intervening film
of hydrogen, if a continuous action be desired : this is effected when the com-
mon zine of commeree is used by the minute portions of other metals present
in it as impurities, by which small but numerous galvanic currents are excited,
and by their action the hydrogen is collected and makes its escape as globules
of gas.

Imponderabies.—The influence which heat exerts over chemical phenomena,
and the modes in which it operates, have been already discussed. The chemical
agency of galvanism has also been described. The effects of light will be most
conveniently stated in other parts of the work. Eleetricity is frequently em-
ployed to produce the eombination of gases with one another, and in some
instances to separate them. It appears to act by the heat which it occasions,
and therefore on the same principle as flame.

On the measure of affinily.—As the foregoing observations prove that the
order of decomposition is not always a satisfactory measure of affinity, it becomes
a question whether there are any means of determining the comparative forces of
chemieal attraction. When no disturbing causes operate, the phenomena of
decomposition afford a sure eriterion; but when the conelusions obtained in this
way are doubtful, assistance may be frequently derived from other sources. The
surest indications are procured by observing the tendency of different substances
to unite with the same body under the same ecircumstances, and subsequently
marking the comparative facility of decomposition when the compounds so
formed are exposed to the same decomposing agent. 'Thus, on exposing silver,
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lead, and iron, to air and moisture, the iron soon rusts, the lead is oxidized in
a slight degree only, and the silver resists oxidation altogether. Iron is henee
inferred to have the greatest affinity for oxygen, lead next, and silver the least.
This conclusion is supported by concurring observations of a like nature, and
confirmed by the circumstances under which the oxides of those metals part
with their oxygen. Oxide of silver is reduced by heat alone; and oxide of
lead is decomposed by charcoal at a lower temperature than oxide of iron.

It is inferred from the action of heat on the carbonate of potassa, baryta, lime,
and oxide of lead, that potassa has a stronger attraction for carbonie acid than
baryta, baryta than lime, and lime than oxide of lead. The affinity of different
eubstances for water may be determined in a similar manner.

Of all chemical substances, our knowledge of the relative degrees of attrac-
tion of acids and alkalies for each other is the most uncertain, Their mutual
action is affeeted by so many circumstances, that it is in most cases impossible,
with certainty, to refer any effect to its real cause. The only methods that have
been hitherto devised for remedying this defect are those of Berthollet and Kir-
wan. Both are founded on the capacities of saturation, and the objections which
have been urged to the rule suggested by the former philosopher apply equally
to that proposed by the latter. But this uncertainty is of no great consequehce
in practice. We know perfectly the order of decomposition, whatever may be
the actual forces by which it is effected.

SECTION IL

ON THE PROPORTIONS IN WHICH BODIES UNITE, AND ON THE LAWS OF
COMBINATION,

Tue study of the proportions in which bodies unite naturally resolves itself
into two parts. The first includes compounds whose elements appear to unite in
a great many proportions; the second comprehends those, the elements of which
combine in a few proportions only.

I. The compounds contained in the first division are of two kinds. In one,
combination takes place unlimitedly in all proportions; in the other, it oecurs in
every proportion within a certain limit. The union of water with alcohol and
the liquid acids, such as the sulphurie, hydrochlorie, and nitrie, affords instances
of the first mode of combination ; the solutions of salts in water are examples
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of the second. One drop of sulphuric acid may be diffused through a gallon of

water, or a drop of water through a gallon of the acid ; or they may be mixed
together in any intermediate proportions; and nevertheless in each case they
appear to unite perfectly with each other. A hundred grains of water, on the
contrary, will dissolve any quantity of sea-salt which does not exceed forty
grains. Its solvent power then eceases, because the cohesion of the solid becomes
comparatively too powerful for the force of affinity. The limit to combination
18 in such instances owing to the eohesive power; and but for the obstacle
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which it occasions, the salt would mest probably unite with water in every
proportion.

All substances that unite in many proportions, give rise to compounds which
have this common character, that their elements are united by a feeble affinity,
and preserve, when combined, more or less of the properties which they possess
in a separate state. In a scientific point of view, these combinations are of a
minor importance; but they are exceedingly useful as instruments of research.

* They enable the chemist to present bodies to each other, under cireumstances
peculiarly favourable for acting with effect: the liquid form is thus communi-
cated to them; while the affinity of the solvent or menstruum, which holds
them in solution, is not sufficiently powerful to interfere with their mutual
attraction.

I1. The most interesting series of compounds is produced by substances which
unite in a few proportions only; and which, in combining, lose more or less
completely the properties that distinguished them when separate. Of these
bodies, some form but one combination. Thus there is only one compound of
boron and oxygen, and of chlorine and hydrogen. Others combine in two pro-
portions, For example, two compounds are formed by mereury and oxygen, and
by hydrogen and oxygen. Other bodies again unite in three, four, five, or even
six proportions, which is the greatest number of compounds that any two sub-
stances are known to produce, exeept perhaps carbon and hydrogen, and those
which belong to the first division.

The combination of substances that unite in a few proportions only, is regu-
lated by the three following remarkable laws : —

First Law of Combination. The composition of bodies is fixed and invariable. A
compound substance, so long as it retains its characteristic properties, always
consists of the same elements united together in the same proportion. Sulphuric
acid, for example, is always composed of sulphur and oxygen in the ratio of 16
parts of the former to 24 of the latter : no other elements can form it, nor can it
be produced by its own elements in any other proportion. Water, in like man-
ner, is formed of 1 part of hydrogen and 8 of oxygen; and were these elements
to unite in any other ratio, some new compound, different from water, would be
the produet. The same observation applies to all other substances, however
complicated, and at whatever period they were produced. Thus sulphate of
baryta, whether forped ages ago by the hand of nature, or quite recently by the
operations of the chemist, is always composed of 40 parts of sulphurie acid and
767 of baryta. This law, in fact, is universal and permanent. Its importance
is equally manifest: it is the essential basis of chemistry, without which the
seience itself could have no existence.

Two views have been proposed by way of accounting for this law. The ex-
planation now universally given is confined to a mere statement, that substances
are disposed to combine in those proportions to which they are so strietly limited,
in preference to any others; it is regarded as an ultimate fact, because the phe-
nomena are explicable on no other known prineiple. A different doctrine was
advanced by Berthollet, in his Statique Chimique, published in 1803, Having
ghserved the influence of cohesion and elasticity in modifying the action of
affinity as already deseribed, he thought he could trace the operations of the same
causes in producing the effect at present under consideration. As the solubility
of a salt and of a gas in water is limited, in the former by eohesion, in the latter
by elasticity, he conceived that the same forces would account for the unchange-
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able composition of certain compounds. He maintained that within certain
limits bodies have a tendency to unite in every proportion; and that combination
is never definite and invariable, except when rendered so by the operation of
modifying causes, such as cohesion, insolubility, elasticity, quantity of matter,
and the like. Thus, according to Berthollet, sulphate of baryta is composed of
40 parts of sulphuric acid and 76+7 of baryta, not because those substances are
disposed to unite in that ratio rather than in another, but because the eompound
so constituted happens to have great cohesive power,

These opinions were ably and suceessfully combated by Proust in several
papers published in the Journal de Phisigue, wherein he proved that the metals
are disposed to combine with oxygen and with sulphur only in one or two pro-
portions, which are definite and invariable ; and a controversy ensued remarkable
for the moderation with which it was conducted on both sides. The question is
now no longer at issue. The great variety of facts, similar to those observed by
Proust, which have since been established, has proved beyond a doubt that the
leading principle of Berthollet is erronecus. The tendency of bodies to unite in
definite proportions only, is indeed so great as to excite a suspicion that all sub-
stances combine in this way; and that the exceptions thought to be afforded by
the phenomena of solution are rather apparent than real; for it is conceivable
that the apparent variety of proportion, noticed in such cases, may arise from the
mixture or combination of a few definite compounds with each other.

2, Second Law of Combination. The relative quantities in which bodies unile,
may be expressed by proportional numbers. Thus, 8 parts of oxygen united with
1 part of hydrogen, 16 of sulphur, 354 of chlorine, 376 of selenium, and 108
paris of silver. Such are the quantities of these five bodies which are dispesed
to unite with 8 parts of oxygen; and it is found that when they combine with
one another, they unite either in the proportions expressed by those numbers, or
in multiples of them according to the third law of combination, Hydrosulphurie
acid, for instance, is composed of 1 part of hydrogen and 16 of sulphur, and
bisulphuret of hydrogen of 1 part of hydrogen to 32 of sulphur; 354 of chlorine
unite with 1 of hydrogen, 16 of sulphur, and 108 of silver; and 39:6 parts of
selenium with 1 of hydrogen, and 16 of sulphur, 2

From the oecurrence of such proportional numbers has arisen the use of cer-
tain terms, as Proportion, Combining Proportion, Proporiional, and Chemical
Equivalent, or Eguivalent, to express them. The latter term, introduced by
Wollaston, and which is employed in this treatise, was suggested by the cir-
cumstance that the combining proportion of one body is, as it were, equivalent
to that of another body, and may be substituted for it in combinatien. Among
the tables at the end of the volume will be found one of the equivalents of ele-
mentary substances, .

This law is not confined to elementary substances, since compound bodies
have their combining proportions or equivalents, which may likewise be ex-
pressed in numbers. Thus, since water is eomposed of 1 eq. or 8 parts of oxy-
gen, and 1 eq. or 1 of hydrogen, its combining proportion or equivalent is 9.
The equivalent of sulphurie acid is 40, because it is a compound of one eq. or
16 parts of sulphur, and three eq. or 24 parts of oxygen; and in like manner,
the eq. of hydrochloric acid is 36-4, because it is a compound of one eq. or 35°4
parts of chlorine, and one eq. or 1 part of hydrogen. The equivalent number of
potassium is 39,and as that quantity combines with 8 of oxygen to form potassa,
the equivalent of the latter is 39 + 8=47. Now when these compounds unite,
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one equivalent of the one combines with one, two, three, or more equivalents of
the other, precisely as the simple substances do. Hydrate of potassa, for exam-
ple, is constituted of 47 parts of potassa and 9 of water, and its equivalent is
consequently 47.+ 9, or 56. Sulphate of potassa is composed of 40 sulphuric
acid + 47 potassa; and the nitrate of that alkali of 54 nitric acid + 47 of
potassa. The equivalent of the former salt is therefore 87, and of the latter 101,

The composition of the salts affords a very instructive illustration of this sub-
ject; and to exemplify it still further, a list of the equivalents of a few acids and
alkaline bases is annexed :—

Hydrofluoric Acid 19-7 Lithia 14
Phosphoric Acid 35-7 Magnesia 207
Hydrochleric 36-4 Lime 285
Sulphuric Acid 401 Boda 313
Nitrie Acid 54-15 Potassa 47-15
Arsenic Acid 5T Btrontia 51-8
Selenic Acid 636 Baryta T6-7

The alkalies here are shown to differ widely in neutralizing power; for the
equivalent of each base expresses the quantity required to neutralize an equiva-
lent of each of the acids. Thus 14 of lithia, 31-3 of soda, and 767 of baryta,
combine with 64:15 of nitric acid, forming the neutral nitrates of lithia, sbda, and
baryta. The same fact is obvious with respect to the acids; for 40:1 of sul-
phurie, 54'15 of nitric, and 63.6 of selenic acid unite with 767 of baryta, form-
ing a neutral sulphate, nitrate and selenate of baryta.

These eircumstances afford a ready explanation of a curious fact, first noticed
by the Saxon chemist Wenzel; namely, that when two neutral salts mutually
decompose each other, the resulting compounds are likewise neutral, The cause
of this fact is now obvious. If 713 parts of neutral sulphate of soda are mixed
with 130-7 of nitrate of baryta, the 76'7 parts of baryta unite with 40 of sul-
phuric acid, and the 54 parts of nitrie acid of the nitrate combine with the 31-3
of soda of the sulphate, not a particle of acid or alkali remaining in an uncom-
bined condition.

Sulphate of Soda. Nitrate of Baryta.
Sulphuric acid 40 54  Nitrie acid.
Soda 31-3 76°T Baryta.

71-3 130°7

It matters not whether more or less than 71-3 parts of sulphate of soda are
added; for if more, a small quantity of sulphate of soda will remain in solution ;
if less, nitrate of baryta will be in excess; but in either case the neutrality will
be unaffected.

8. Third Law of Combination. FWhen one body, A, uniles with another body, s,
in two or more proportions, the quaniities of the latter, uniled with the same quantily
of the former, bear (o each other a very simple ratio. The progress of chemical
research, in diseovering new compounds and ascertaining their exact composition,
has shown that these ratios of B may be represented by one or other of the two
following series :—

1st Series. A unites with 1, 2, 3, 4, 5, &e. of B.

2d Series. A unites with 1, 13, 2, 23, &e. of B.

11
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The first series is exemplified by the subjoined compounds,

Water is c-nmipwad af, 04 Hydrogen 1 - Oxygen 8 1
Binoxide of Hydrogen . Duo. 1 - Do. 16 2
Carbonic Oxide ' +» Carhon 6 - Do. 8 1
Carbonie Acid Hdah, Do, 9 : Do. 16§ 2
Nitrous Oxide L. Nitrogen 1415 Do. 87 1
Nitric Oxide - . Do. 1415 . Do. 16} 2
Hyponitrous Acid . . Do. 1415 ., Do, 24 3
Nitrous Acid : . Do, 1415 . Do. 32 4
Nitric Acid St Do | AdIDa: Do. 40) &

Inall these compounds the ratio of the oxygen are expressed by whole numbers.
In water the hydrogen is combined with half as much oxygen as in the binoxide
of hydregen, so that the ratio is as 1 102, The same relation holds in earbonie
oxide and carbonic acid. The oxygen in the compounds of nitrogen and oxygen
ig in the ratio of 1, 2, 3, 4, and 5. In like manner the ratio of sulphur in the
two sulphurets of mereury, and that of chlorine in the two chlorides of mercury,
tsas 1 to 2, So, in bicarbonate of potassa, the alkali is united with twice as
much earbonie acid as in the earbonate; and the aecid of the three oxalates of
potassa is in the ratio of 1, 2, and 4.

The following compounds exemplify the second series :—

Protoxide of Iron consistz of Iron 28  Oxygen 8§ 1

Peroxide ’ . Du, 28 Do. 13} 1
Protoxide of Manganese . « Manganese 277 Do, B 1

Besqui-oxide o . s AN 277 Do, 12 1}
Bin-oxide : . Da. 277 Do. 16) 2

Arsenious Acid 4 . Arsenic 3877 Do. 12 1k
Arsenic Acid . » Do, 377 Do. 20} 24
Hypophosphorous Aeid . . Phosphorus 157 Do. 4 i
Phosphorus Acid "y . Do, 157 Do, 12 13
Phosphoric Acid i Loy wDay 157 Do, 20) 2%

Both of these series, which together constitute the Third Law of Combination,
result naturally from the operation of the second law. The first series arises
from one equivalent of a body uniting with 1, 2, 3, or more equivalents of an-
other body. The second series is a consequence of two equivalents of one sub-
stance combining with 3, 5, or more equivalents of another. Thus, if two equiva-
lents of phesphorus unite both 3 and with 5 equivalents of oxygen, we obtain
the ratio of 13 to 2%, and should one equivalent of iron combine with one of
oxygen, and another compound be formed of two equivalents of iron to three of
oxygen, then the oxygen united with the same weight of iron would have the
ratio, as in the table of 1 to 12. The compounds of manganese and phosphorus
with oxygen afford examples of the same nature. Still more complex arrange-
ments will be readily conceived, such as 3 equivalents of one substance to 4, 5,
or more of another. But it is remarkable that combinations of this kind are
very rare; and even their existence, though theoretically possible, has not been
decidedly established. Even some of the compounds which are vsually included
in the second series belong properly to the first. The red oxide of lead, for in-
stance, appears in its chemical relations not so much as a direet compound of
lead and oxygen, but as a kind of salt formed by the union of the binoxide of
lead with the protoxide of the same metal. On this supposition the two other
oxides belong to the first series,

The merit of establishing the first law of combination seems due to Wenzel,
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a Saxon chemist; and the second law is deducible from his experiments on the
eomposition of the salts, His work, entitled Lehre der Ferwandischafl, was pub-
lished in 1777. Bergmann and Richter, a few years after, confirmed the obser-
vations of Wenzel, though without adding materially in the way of generaliza-
tion. Higginsin 1789 speculated on the atomic eonstitution of compound bodies
in a manner which, if pursued, would have led to the discovery of Dalton. It
is to the latier, science is indebted for deducing from the scattered facts which
had been previously collected, a theory of chemical union, embracing the whole
science, and giving it a consistency and form which before his time it had never
possessed. In his hands the second law of combination first attained its full
generality ; but the discovery, which is more peculiarly his own, is that part of
the third law of combination which is econtained in the first of the two series
above mentioned, The first public announcement of his views appears to have
been made to the Philosophical Society of Manchester in 1803 ; and in 1808
they were explained in his New System of Chemical Philosophy. In the same
year Wollaston and Thomson gave their evidence in support of the new doctrine,
and other chemists have followed in the same path of inquiry. But of all who
have successfully laboured in establishing the laws of combination, the most
splendid contribution is that of the celebrated Berzelius, Struck with the
perusal of the works of Richter, he commenced in 1807 an investigation into the
Laws of Definite Proportion. Since that period his labours in this important
field have been incessant, and every department of the science has been enriched
by his skill and indefatigable indusiry. Whether we look to pneumatic chemistry,
to the chemical history of the metals and of the salts, or to the composition of
minerals, we are alike indebted to Berzelius. In all he has traced the laws of
definite proportion, and by a muliitude of exact analyses given to the laws of
combination that certainty which acecumulated facts can alone convey.

The utility of being acquainted with these important laws is manifest.
Through their aid, and by remembering the equivalents of a few elementary
substances, the composition of an extensive range of compound bodies may be
caleulated with faeility. Thus by knowing that 6 is the eq. of carbon and 8 of
oxygen it is easy to recollect the composition of carbonic oxide and carbonic
acid ; the first consisting of 6 parts of carbon + 8 of oxygen, and the second of
6 ecarbon + 16 of oxygen. The eq. of potassium is 39 ; and potassa, its protox-
ide, is composed of 39 of potassium + 8 of oxygen. From these few data, the
composition of carbonate and bi-carbonate of potassa are given ; the former being
composed of 22 parts of carbonic acid 4 47 potassa, and the latter of 44 ecax-
bonic acid + 47 potassa. This method acts as an antificial memory, the advan-
tage of which, compared with the former practice of stating the composition in
100 parts, will be manifest by inspecting the following quantities and attempting
to recollect them.

Carbonic Oxide, Carbonic Acid,
Carbon 42-86 . . : 2727
Oxygen 5114 . . E o S
Earhﬂnalé of Potassa, Bi-carbonate of Potassa.
Carbonic acid 31-43 . . . 47-83
Potassa 6857 : - : 52-17

From the same data, caleulations, which would otherwise be difficult or tedious,
may be made rapidly and with ease, without reference to hooks, and frequenily
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by a simple mental process. The exact quantities of substances required to pro-
duce a given effect may be determined with certainty, thus affording information
which is often necessary to the success of chemical processes, and of great
consequence both in the practice of the chemical arts, and the operations of
pharmacy.

The same knowledge affords a good test to the analyst by which he may judge
of the accuracy of his result, and even sometimes correet an analysis which he
has not the means of performing with rigid precision. Thus a powerful argu-
ment for the accuracy of an analysis is derived from the correspondence of its
result with the laws of chemieal union, On the contrary, if it form an exegption
to them, we are authorized to regard it as doubtful ; and may hence be led to
detect an error, the existence of which might not otherwise have been suspected.
If an oxidized body be found to contain one equivalent of the combustible with
7:99 of oxygen, it is fair to infer that 8, or one equivalent of oxygen, would
have been the result, had the analysis been perfect.

The composition of a substance may sometimes be determined by a caleula-
tion, founded on the laws of chemical union, before an analysis of it has been
accomplished. When the new alkali lithia was first discovered, chemists did
not possess it in sufficient quantity for determining its constitution analytically.
But the nentral sulphates of the alkalies and alkaline earths are known to be
composed of one equivalent of each constituent, and the oxides to contain one
eq. of oxygen. If it be found, therefore, by analysis, that neutral sulphate of
lithia is composed of 40 parts of sulphuric acid and 14 of lythia, it may be
inferred, since 40 is one eq. of the aeid, that 14 is the eq. for lithia; and that
this oxide is formed of 8 parts of oxygen and 6 of lithium.

The method of determining equivalent numbers will be anticipated from what
has already been said. The commeneement iz made by carefully analyzing a
definite compound of two simple substances which possess an extensive range of
affinity. Thus water, a compound of oxygen and hydrogen, is found to contain
8 parts of the former to 1 of the latter; and if it be assumed that water consists
of 1 eq. of oxygen and 1 of hydrogen, the relative weights of these equivalents
will be as 8 to 1. The chemist then seleets for analysis such compounds as he
believes to contain 1 eq. of each element, in which either oxygen or hydrogen,
but not both, is present, Carbonic oxide and hydro-sulphuric acid are suited to
his purpose : as the former consists of 8 parts of oxygen and 6 of carbon, and
the latter of 1 part of hydrogen and 16 of sulphur, the equivalent of carbon is
inferred to be 6, and that of sulphur 16. The equivalent of all the other ele-
ments may be determined in a similar manner.

In researches on chemical equivalents there are two kinds of difficulty, one
involved in the processes for ascertaining the exaet composition of compounds,
and the other in the selection of the compounds which contain single equivalents.
Important general precautions in the experimental part of the subject are the
following :—1, to exert scrupulous care about the purity of materials ; 2, to select
methods which consist of a few simple operations only ; 3, to repeat experiments,
and with materials prepared at different times ; 4, to arrive at the same conelusion
by two or more processes independent of each other. In the selection of com-
pounds of single equivalents there are several circumstances caleulated to direet
the judgment :—

1. If two substances combine in several proportions, the law of multiples
usually effects the electro-negative element of a compound, Thus, in the §
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compounds of nitrogen and oxygen, in which oxygen is the — element, 14 parts
of nitrogen are united with 8, 16, 24, 32, and 40 paris of oxygen; whereas,
taking the quantity of oxygen as constant, 8 parts of oxygen are united with 14,
7, 4'66, 35, and 2'8 parts of nitrogen, in which the simple ratio of the first
series does not exist, This cireumstance induces the chemist always to search
among the oxides of the same element for the lowest grade of oxidation, and in
most cases to consider it as a compound of single equivalent. In some instances,
however, the second degree of oxidation is formed of single equivalents, while
the lowest oxide consists of 2 eq. of the + element and one of oxygen. Such
compounds are ealled dioxides (page 114) and sometimes suboxides,

2. Metallic oxides, distinguished for strong alkalinity, or for acting as strong
alkaline bases, are always protoxides. Dioxides rarely unite definitely with
acids, and are remarkable for their ready conversion into protoxides with separa-
tion of metal. If the same metal yield several oxides, the protoxide is the
strongest base; the highest grade of oxidation is frequently an acid, and the
intermediate oxides are in general little distinguished either for alkalinity or
acidity. Protoxides usually resist decomposition more obstinately than other
oxides.

3, When a metal forms two oxides, the oxygen of whieh is in a ratio of 1 to
1}, the first is usually the protoxide, and the second a compound of 2 eq. of the
metal to three of oxygen. The oxides of iron and nickel are examples.

4. If two compounds resemble each other in their modes of combination, it is
a strong presumption that their constitution is similar. Alumina and the per-
oxide of iron are remarkably allied in their chemical relations; and hence it is
inferred, since the latter consists of 2 eq. of iron and 3 eq. of oxygen, that the
former, whose composition would otherwise be very doubtful, is composed of 2
eq. of aluminium and 3 eq. of oxygen.

5. Mitscherlich has found, as is more fully stated in the article on crystalliza-
tion, that certain compounds which resemble each other in composition and in
their modes of combining, are likewise disposed in erystallizing to affect the
same form. Hence it is a strong presumption that compounds which are analo-
gous both in their erystalline figure and modes of combining, are also similar in
their composition. In the oxide and acid of chromium the oxygen is in the ratio
1 to 2, and hence it was at first supposed that 1 eq. of chromium was united in
the oxide with 1 eq. and in the acid with 2 eq. of oxygen. But the chromates
resemble the sulphates in form and modes of combining, and the oxide of chro-
mium bears the same analogy to alumina and peroxide of iron. The inference
is, that oxide of chromium consists of 2 eq. of chrominm and 3 eq. of oxygen,
and chromie acid of 1 eq. of chromium and 3 eq. of oxygen.

6. Another guide in these inquiries is derived from the relation traced by
Dulong and Petit between the equivalents of a body and its sp. heat. The eoin-
cidences pointed out at page 36 are sufficiently numerous to show an interesting
relation which is sometimes useful in seleeting between doubtful numbers; but
the instances of failure are at present too frequent to admit of this prineiple being
used except with much cantion.

7. The ready decomposition by galvanism, observed by Faraday, of compounds
whieh consist of single equivalents, and the resistance to the same agent of many
others not so constituted, promises to become an indieation of great value in
determining eq. numbers. The facts as yet known respecting it will be found in
the section on galvanisin,
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8. Great light is often thrown on the chemical constitution of a compound by
a knowledge of the volumes of the substances of which it is composed. This
subject, however, will be discussed in an after part of this section.

Since the equivalents merely express the relative quantities of different sub-
stances which combine together, it is in itself immaterial what figures are
employed to express them. The only essential point is, that the relation should
be strictly observed. Thus, the eq. of hydrogen may be assumed as 10; but
then oxygen must be 80, carbon 60, and sulphur 160. We may call hydrogen
100 or 1000; or, if it were desirable to perplex the subject as much as possible,
some high uneven number might be selected, provided the due relation between
the different numbers were faithfully preserved. Dut such a practice would
destroy the advantage above ascribed to the use of equivalents; and it is the
object of every one to employ such as are simple, that their relation may be per-
ceived by mere inspection. Thomson makes oxygen 1, so that hydrogen is
eight times less than unity, or 0125, carbon 075, and sulphur 2. Wollaston,
in his seale of chemieal equivalents, estimated oxygen at 10; and hence hydro-
gen is 1'25, carbon 75 and so on. According to Berzelius, oxygen is 100. And
lastly, several other chemists, such as Dalton, Davy, Henry, and others, selected
hydrogen as their unit; and therefore the eq. of oxygen is 8. One of these
series may easily be reduced to either of thé others by an obvious and simple
caleulation. The numbers adopted in this work refer to hydrogen as unity, and
are given in the subjoined table.®

CHEMICAL EQUIVALENTS OF ELEMENTARY SUBSTANCES.

Elements. | Equivalents, Elements, | Equivalents, 5 Elements. |Equivalents.
Allumininm 13.7 Gold 199.2 Potassium 89.15
Antimony G646 {Hydrogen ‘1 ‘Rhodium Ho.2
Arsenic 37.7 Todine 126.3 Seleninm 306
Barium 68.7 Iridium 98.8 Silicium 7.5
Bismuth 71 Iron 28 (Bilver 108
Boron 10.9 Lead 103.6 Sodinm 23.3
Broming T3.4 {Lithinm 10 ‘Strontium 438
Cadminm 6.8 {Magnesinm 12.7 Sulphur 16.1
Calcium 0.5 Manganese 270 | Tellurium 42.3
Carbon 6.12 | Mercury 202 | Thorium 50.6
Cerium 46 ‘Molybdenum 1.7 ||Tin 57.9
Chlorine 35.42 \Nickel 29.5 Titanium 24.3
Chrominm 28 |Nitrogen 14.15 Tungsten 997
Cobalt 20.5 Osminm a8n.7 Vanadinm G55
Columbium 185 Dxygen 8 Uranium 217
Copper 31.6 | Palladium 933 |‘_'r.'ttri|um 32.2
Fluorine 18.68 Phosphorus 15.7 Zine 32.8
Gluginium 17.7 | [Platinum 98.8 | Zirconinm 337

The preceding table is constructed prineipally from the published tables of
Berzelius, and partly from facts supplied by my own researches. The hypothesis
that all equivalent numbers are simple multiples of the equivalent of hydrogen,
has been elsewhere shown to be untenable, (Phil. Trans. 1833, Part ii. page
523.) Whenever the experimental quantity is nedrly a whole number, the last
may for many purposes be used as a sufficient approximation; and, aceordingly,
for such elements as carbon, sulphur, nitrogen, and potassium, which are often
referred to in the way of illustration, I have generally adopted round numbers, as

* For a full table of equivalents, expressed on both the oxygen and hydrogen sgales,
refer to Appendiz. (R.)
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being shorter and more easily remembered than fractions. But on all occasions
where exact calculations are concerned, the numbers given in the table should
be employed. ™ v

The useful instrument known by the name of the Scale ¢of Chemical Equiva-
lents, was originally devised by Dr. Wollaston, and is a table of equivalents com-
prehending all those substances which are most frequently employed by chemists
in the laboratory ; and it only differs from other tabular arrangements of the same
kind, in the numbers being attached to a sliding rule, which is divided according
to the principle of that of Gunter. From the mathematical eonstruction of the
scale, it not only serves the same purpose as other tables of equivalents, but in
many instances supersedes the necessity of caleulation. Thus, by inspecting the
common table of equivalents, we learn that 87 parts, or one equivalent, of sul-
phate of potassa, contain 40 parts of sulphuric acid and 47 of potassa; but
recourse must be had to calculation, when it is wished to @etermine the quantity
of acid or alkali in any other quantity of the salt. This knowledge, on the con-
trary, is obtained directly by means of the scale of chemical equivalents. For
example, on pushing up the slide until 100 marked upon it is in a line with the
name sulphate of potassa on the fixed part of the scale, the numbers opposite to
the terms sulphurie acid and potassa will give the precise quantity of each con-
tained in 100 parts of the compound. In the original scale of Wollaston, for a
particular account of which I may refer to the Philosophical Transactions for
1814, oxygen is taken as the standard of comparison; but hydrogen may be
selected for that purpose with equal propriety, and scales of this kind have been
prepared for sale by Reid of Edinburgh. A very complete scale of equivalents
has been drawn up by Prideaux of Plymouth, (Phil. Mag. and Annals, viii. 430.)

ON THE ATOMIC THEORY,

The brief sketch which has been given of the laws of combination will, T
trust, set in its true Jight the importance of that department of chemiecal science.
It is founded on erperiment alone, and the laws which have been stated are the
mere expression of fact. It is not necessarily connected with any speculation,
and may be kept wholly free from it. The notion that the laws of combination
involve something uncertain or hypothetical, is a fallacy easily referable to its
source. It was impossible to reflect on the regularity and constancy with which
bodies obey these laws, without speculating about the cause of that regularity ;
and, consequently, the facts themselves were no sooner noticed, than an attempt
was made to explain them. Aeccordingly, when Dalton published his discovery
of those laws, he at once incorporated the deseription of them with his notion of
their physical cause, and even expressed the former in language suggested by
the latter.  Since that peried, though several British chemists of eminence, and
in particular Wollaston and Davy, recommended and practised an opposite course,
both subjects have been too commonly comprised under the name of afomic
theory ; hence it has often happened that heginners have rejected the whole as
hypothetical, because they eould not satisfactorily distinguish those parts which
are founded on fact from those which are conjeetural. All such perplexity would
have been avoided, and this department of the science have been far better under-

* The recent researches of Dumas, Erdmann and Marchand, on the equivalents of oxy-
gen, hydrogen, earbon, and lime, have revived the hypothesis alluded to in the text. The
numbers in the table are, therefore, to be regarded as still open to revision. (R.)
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stood, and its value more justly appreciated, had the discussion coneerning the
atomie constitution of bodies been always kept distinet from that of the phe-
nomena which it is intended to explain. When employed in this limited sense,
the atomie theory may be discussed in a few words.

Two opposite opinions have long existed concerning the ultimate elements of
matter. It is supposed, according to one party, that every particle of matter,
however small, may be divided into smaller portions, provided our instruments
and organs were adapted to the operation. Their opponents contend, on the
other hand, that matter is composed of certain ultimate particles of molecules,
which by their nature are indivisible, and are hence termed afoms (from & nof,
and geuvery fo cut). These opposite opinions have from time to time been keenly
contested, and with variable success, according to the acuteness and ingenuity
of their respective champions. DBut it was at last perceived that no positive
data existed capable of deciding the question, and its interest therefore gradually
declined. The progress of modern chemistry has revived attention to this con-
troversy, by affording a far stronger argument in favour of the atomic constitu-
tion of matter than was ever advanced before, and one which is almost irresistible,
For the assumption that all bodies consist of ultimate atoms, the weight of which
differs in different kinds of matter, supplies a luminouns explanation of the laws
of chemical union, whieh do not appear explicable on any other supposition.

According to the atomic theory, every compound is formed of the atoms of its
constituents. An atom of A may unite with 1, 2, 3, or more atoms of B, Thus,
supposing water to be composed of 1 atom of hydrogen and 1 atom of oxygen,
binoxide of hydrogen will eonsist of 1 atom of hydrogen and 2 atoms of oxygen.
If carbonic oxide is formed of 1 atom of carbon and 1 atom of oxygen, car-
bonic acid will consist of 1 atom of carbon and 2 atoms of oxygen. If, in the
compounds of nitrogen and oxygen, enumerated at page 130, the first or pro-
toxide consist of 1 atom of nitrogen and 1 atom of oxygen, the four others will
be regarded as compounds of I atom of nitrogen to 2, 3, 4, and 5 atoms of
oxygen. From these instances it will appear that the law of multiple propor-
tion is a necessary consequence of the atomic theory. There is also no apparent
reason why 2 or more atoms of 1 substance may not combine with 2, 3, 4, 5, or
more atoms of another; but, on the contrary, these arrangements are necessary
in explanation of the not unfrequent oceurrence of half equivalents, as formerly
stated, (Page 130.) Such combinations will also account for the complicated
proportion notieed in certain compounds, especially in many of those belonging
to the animal and vegetable kingdoms.

In consequence of the satisfactory explanation which the laws of chemical
union receive by means of the atomic theory, it has become customary to em-
ploy the term afom in the same sense as combining proportion or equivalent.
For example, instead of deseribing water as a compound of 1 eq. of oxygen and
1 eq. of hydrogen, it is said to consist of 1 atom of each element. In like man-
ner sulphate of potassa is said to be formed of 1 atom of sulphuric acid and 1
atom of potassa, the word in this case denoting as it were a compound atom,
that is, the smallest integral particle of the acid or alkali; a particle which does
not admit of being divided, except by the separation of its elementary or consti-
tuent atoms. The numbers expressing the proportions in which bodies unite
must likewise indieate, consistently with this view, the relative weights of atoms;
and accordingly these numbers are often called atomic weights. Thus, as water
is composed of 8 parts of oxygenand 1 of hydrogen, it follows, on the supposition
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of water consisting of 1 atom of each element, that an atom of oxygen must be
8 times heavier than an atom of hydrogen. If carbenic oxide be formed of an
atom of earbon and an atom of oxygen, the relative weights of their atoms are as
6 to 83 and in short the chemical equivalents of all bodies may be considered as
expressing the relative weights of their atoms.

The foregoing argument in favour of the atomic constitution of matter becomes
much stronger when we trace the intimate connection which subsists among
many substances, between their crystalline form and chemical composition. This
subject, however, now known under the name of ésomorphism, will be more con-
veniently discussed under the head of erystallization,

Dalton supposes the atoms of bodies to be spherical; and he has invented
certain symbols to represent the mode in which he conceives they may combine
together, as illustrated by the following figures :—

(=) Hydrogen. : O Oxygen.
(D Nitrogen. @® Carbon.
BINARY COMPOUNDS.

(=) Water.
(@ Carbonic oxide.

TERNARY COMPOUNDS.
(OGO Binoxide of hydrogen.
G‘O. Carbonic acid.

&ec. dc. &c.

All substances containing only 2 atoms he called binary eompounds, those
composed of 3 atoms ternary compounds, of 4 quaternary, and so on.

There are several questions relative to the nature of atoms, most of which will
_ perhaps never be decided. Of this nature are the questions which relate to the
actual form, size, and weight of atoms, and to the circumstances in which they
mutually differ. All that we know with any certainty is, that their weights do
differ, and by exact analysis the relations between them may be determined.
Peculiar views of the constitution of matter are held by Ampére, whose opinions
are always acote and philosophical. He not only believes dissimilar atoms, as
of oxygen and hydrogen, to be capable of uniting, but that 2 or more atoms of
the same kind have a power of mutual attraction whereby they are arranged in
groups of definite figure, which he calls moleenles. These molecules, more or
less intimately bound together by cohesion, give rise to the different states of
bodies, the solid, liquid, and gaseous. Thus, oxygen gas is conceived not an
assemblage of self-repulsive atoms of oxygen, but of molecules, each of which is
a polyhedral solid made up of a constant number of atoms and repulsive to neigh-
bouring molecules, In like manner he conceives the ultimate particles of com-
pounds, as water and potassa, to be arranged in groups so as to constitute
molecules. Similar views are maintained by Prout in his Bridgewater Treatise.
This doetrine receives strong support from some phenomena of gaseous combina-
tion, and from the complex nature of organic compounds.

It is but justice to the memory of Higgins, to state that he first made use of
the atomic hypothesis in chemical reasonings. In his ¢ Comparative View of
the Phlogistic and Antiphlogistic Theories,” published in the year 1789, he ob-
serves (pages 36 and 37) that * in volatile vitriolic acid a single ultimate particle
of sulphur is intimately united only to a single particle of dephlogisticated air;
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and that, in perfect vitriolic acid, every single particle of sulphur is united to 2
of dephlogisticated air, being the quantity necessary to saturation;"” and he rea-
sons in the same way concerning the constitution of water and the compounds of
nitrogen and oxygen. These remarks of Higgins do not appear to have had the
slightest connection with the subsequent views of Dalton, whe seems to have
never seen the work of Higgins till after he had given an account of his own
doctrine. The observations of Higgins, though highly creditable to his sagacity,
do not affect Dalton's merit as an original observer. They were made, moreover,
in so casnal a manner, as not only not to have attracted the notice of his contempo-
raries, but to prove that Higgins himself attached no particular interest to them.
Dalton’s chief merit consists in having formed a complete theory of chemical
union, and in the discovery of an essential and most important part of the doe-
trine, a merit which is solely and indisputably his; but in which he would have
been anticipated by Higgins, had that chemist perceived the importance of his
own opinions.

To the student who may desire a more ample account of the doctrine of atoms
than the nature and limits of this volome admit of being given here, I may recom-
mend a small work by Daubeny on the atomic theory, which in other respects
will be found well worthy of perusal,

ON THE THEORY OF VOLUMES.

Soon after the publication of the New System of Chemical Philosophy in 1808,
in which work Dalton explained his views of the atomie constitution of bodies,
Gay-Lussac published in the Memoires @’ Areueil on the  Combination of Gaseous
Substances with one another.” He there proved that gases unite together by
volume in very simple proportions, which he exemplified by the ratios in which
the following gases unite :—

100 Hydrogen s RO . 50 Oxygen,

100 Ammoniacal . . ., 100 Hydrochleric acid gas.
: 100 do. - - . 100 Fluoboric acid gas.

104 do. - - - 200 da,

100 do. - . : 100 Carbonie acid gas.

100 dea, ' ’ . 200 da,

Various other examples were quoted, both from his own experiments and from
those of others, all demonstrating the same fact. Thus ammonia was found by
A. Berthollet to consist of 100 volumes of nitrogen gas and 300 volumes of
hydrogen ; sulphuric acid contains 100 volumes of sulphurous acid and 50 vol-
umes of oxygen : and earbonie acid is formed by burning a mixture of 50 volumes
of oxygen and 100 volumes of carbonic oxide,

From these and other instances Gay-Lussac established the fact, that gaseous
substances unite in the simple ratio of 1 to 1, 1 t0 2, 1 to 3, &e.; and this ori-
ginal observation has been confirmed by such a multiplicity of experiments, that
it may be regarded as one of the best established laws in chemistry. Nor does
it apply to gases merely, but to vapours also. For example, hydrosulphuric,
sulphurous, and hydriedie acid gases are composed of

600 vol hydrogen gas and 100 vol. vapour of sulphur,
600 oxXygen 100 s sulphur.
100 hydrogen 100 3o by iodine.



ON THE LAWS OF COMBINATION. 139

Another remarkable fact established by Gay-Lussac in the same essay is, that
the volumes of compound gases and vapous always hear a very simple ratio to
the volumes of their elements. This will appear from the following table, in

which all the substances are supposed to be in the gaseous state :—

Volumes of Elements. Volumes of resulting compounds,
100 Nitrogen  + 300 Hydrogen yield 200 Ammonia.

50 Oxygen 4+ 100 Hiydrogen . . - . 100 Water.

50 Oxygen + 100 Nitrogen . . . 100 Protoxide of Nitrogen.
100 Sulphur + 600 Hydrogen . . . 000 Hydrosulphuric acid.
100 Sulphur + 600 Oxygen . . . G600 Sulphurous acid.

100 Chlorine 4+ 100 Hydrogen . . . 200 Hydrochloric acid.
100 Todine - - 100 Hydrogen . . . 200 Hydriodic acid.
100 Bromine 100 Hydrogen . . . 200 Hydrobromic acid.

100 Cyanogen < 100 Hydrogen . . . 200 Hydrocyanic acid,
100 Oxygen + 100 Nitrogen . . . 200 Binoxide of Nitrogen.

The law of multiples (page 130) is equally demonstrable by means of com-
bining or eq. volumes as by combining or eq. weights. The annexed tabular
view will justify this statement :—

Volumes of Elements. Resulting Compounds.
100 Nitrogen + 50 Dxygen yield  Protoxide of Nitrogen.
100 do. + 100 do. . . . Binoxide of Nitrogen.
. 100 do, <= 150 do. ., . . Hyponitrous acid.
100  do. - 200 do. . . . Nilrous acid.
100 do. =i 250 do. ¢ .. . Nitie acid.
100 Hydrogen + 50 de. B ha e Walar.
100 do. + 100 do. . . . Binoxide of Hydrogen.

100 Carbon Vapour 4 60 do. « » Carbonic oxide,
100 do. 4+ 100 do. . . . Carbonle acid.

It thus appears that the laws of combination may equally well be deduced from
the volumes or from the weights of the combining substanees, and that the compo-
sition of gaseous bodies may be expressed as well by measure as weight. In the
subjoined table is a comparative view of equivalent weights and volumes, to which
is added the respective sp. gravities in relation both to air and hydrogen : the facts
respecting the vapours are drawn from an essay by Mitscherlich. (An. de Ch. et
Fh.lv.5.) Tn constructing the table 100 volumes of hydrogen are assumed as the
unit to which the eq. vol. of other substances are compared, and as the volume oe-
cupied by a weight of hydrogen represented by its equivalent. The eq. vol. of other
substances, considered as gases, are in like manner the volumes corresponding
to their equivalents taken as weights. In all substances, whose sp. gr. and
equivalents are the same compared to the sp. gr. and eq. of hydrogen as unity,
the eq. vol. is 100. If the sp. gr. is smaller than its equivalent, as in mercury,
this must arise from its eq. vol. being proportionally greater than the eq. vol.
of hydrogen: and if the sp. gr. is greater than its equivalent, as in oxygen or
sulphur, the eq. vol. is proportionally smaller than the eq. vol, of hydrogen. A
simple rule of three, therefore, enables the eq. vol. to be calculated. Thus the
eq. vol. of mercury is 3% % 100 =200; that of oxygen % X 100=750; and
that of sulphur is W‘Eﬂig » 100 =16.66, agreeably to the numbers which will be

found in the table.
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G AR e Epecific Gravitios. Chemical Eguivalents
Airas 1, |Hydrogen as 1| By Vol | By Weight,
Hydrogen 2 3 : X 0-0690 1:00 100 1-00
Nitrogen . 5 ; 0-9727 14-12 100 14:15
Chlorine A 5 2:4700 3584 100 35-42
Carbon l:h;,rpolhahc.al} . . 0-4215 612 100 612
lodine : . - B7011 126-30 104 12630
Bromine 5 ; ; 5-3930 TR0 100 TR-40
Water 2 . ¥ . 0-6202 * 900 100 900
Aleohal . . . ‘ 16012 23-24 100 2325
Sulphuric Ether . . . 2:5822 37°50 100 37-50
Light Carburetted H]dmgwem : 05595 B-12 100 B-12
Olefiant Gas . ; ’ 00810 14:24 100 14-24
Carbonic Oxide . - . 9727 14-12 100 14-12
Carbonie Acid 5 : - 1-5239 22:12 100 22-12
Protoxide of Nitrogen . . 1-5239 212 100 22:15
Sulphurous Acid . . 2-2104% 32:10 100 22:10
Sulphuric Acid {anl:y-.imus} . 27617 40- 10 100 40:10
Cyanogen - . . 1:B157 26-35 100 26-35
Hydrosulphuric “Acid - - 111770 17-10 100 17-10
Binoxide of Nitrogen . . 10377 15:06 200 30:15
Mercury . + 3 . 69690 101-00 200 202-00
Ammonia . . . 0-5898 8-56 200 17-156
Hydrochloric Acid : ' 1-2695 18-42 200 36-42
Hydriodic Acid - . . 4- 3850 63-63 200 127-26
Hydrobromic Acid . . 2:7310 39-71 200 79-40
Hydrocyanic Acid . . : 0.9423 13-67 200 27-35
Arsenuretted Hydrogen . . 26950 39:20 200 7820
Sesquichloride of Arsenic 5 - 62950 0136 200 151-66
Sesquiodide of Arsenic . . 156400 227-00 200 454-28
Protochloride of Mercury A . 8-2040 11900 200 23742 -
Bichloride of Mercury . . 9:4300 13700 | 200 27284
Bromide of Mercury . i . 96650 140-26 200 280-40
Bibromide of Mercury . . 12-3620 179-40 200 358-80
Biniodide of Mercury . - 156700 227-40 200 454-52
Oxygen . g - 4 1:1025 16-040 a0 800
Arsenions Acid ’ . . 13-6695 198-4 50 09-40
Phosphorus i i 3 43273 628 25 15-70
Arsenic - ; . ’ 10-3620 150-8 25 ;T
Sulphur . ; . G-G4R0 9648 16.66 1610
Bisulphuret of Meren ry - - 5-3840 810 83.331 23418

The observations which more immediately flow from the facts in the pre-
ceding table are these :—

1. The combining or eq. volumes of substances, both elementary and coms
pound, are either equal or have the simple ratio of 1t0o 1,1 to 2, 1 to 3, &e,
The same simplicity rarely exisis among the equivalent weights,

2. On comparing the third and fifth columns, the corresponding numbers for
the first 18 substances will be found nearly or quite identical. As those sub-
stances have the same uniting volume as hydrogen, which is the assumed unit
of comparison, and as the sp. gravities are merely the weights of equal volaraes,
the numbers of the third eolumn, were they quite exact, must coincide with those
in the fifth: their want of identity indicates errors of observation.

3. The identity in the eq. volumes of the elementary gases, hydrogen, nitrogen,
and chlorine, led to the notion that the eq. volumes of most other elements, such
as ecarbon, sulphur, and phosphorus, might also be identical. Assuming that
identity, the sp. gravity which those elements ought to have when gaseous, may
easily be caleulated, Thus, taking 1, 6:12, and 161 as the equivalents of hydro-
gen, carbon, and sulphur, then will their sp. gravities in the gaseous state, eq.
volumes being supposed equal, be in the ratio of 1, 6:12, and 15-1, This method,
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by which the hypothetieal sp. gravity of carbon, as stated in the table, was ob-
tained, was first indicated by Dr. Prout. (An. of Phil. vi. 321.) But though
such hypothetical numbers may sometimes be used for the convenience of ex-
pressing the relation of uniting substances by measure, recent facts show how
dangerous it would be to confide in them; for by the table it appears that the eq.
volume of sulphurous vapour is one sixth of that of hydrogen, which renders the
sp. gravity of the vapour of sulphur six times greater than the hypothetical
number. Similar deviation is observable in phosphorus, arsenic, and mercury.
In these cases, the real sp. gravity of a vapour is as much greater or less than
the hypothetical as its eq. volume is less or greater than that of hydrogen.

4. The identity in the eq. volumes of hydrogen, nitrogen, and chlorine, sug-
gested the idea that the atoms of all the elements are of the same magnitude;
and this, coupled with the supposition that the self-repulsive energy of these
atoms is equal, led to the opinion that equal volumes of the elements in the
gaseous state must contain an equal number of atoms. This hypothesis, recom-
mended by its simplicity, and supported by the fact that the volumes of gaseous
substances vary according to the same law by varying temperature and pressure,
was accordingly employed as a mode of determining the relative weights of
atoms. As water consists of 50 measures of oxygen and 100 of hydrogen gas,
it was inferred to be a compound of one atom of oxygen and two atoms of
hydrogen ; and consequently, taking 8 as the weight of an atom of oxygen, the
weight of one atom of hydrogen is § instead of 1, as in the table; er taking
hydrogen as 1, the atom of oxygen is 16. On the same principle may the num-
bers which in the table represent the eq. weights of chlorine, bromine, iodine,
and nitrogen, which have the same eq. volumes as hydrogen, be considered as
the weights of two equivalents. The equivalents adopted by Davy in his Ele-
ments of Chemical Philosophy, as well as those of Berzelius, which are now in
general use on the Continent, were framed in accordance with these views : this
the British chemist requires to bear in mind, since the same numbers which
Berzelius uses for 2 eq. of hydrogen, nitrogen, chlorine, bromine, and iodine,
he considers as one equivalent. But the opinion of Davy and Berzelius must
now either be abandoned, or maintained on other principles, since the late
researches of Dumas and Mitscherlich have shown experimentally that eq.
volumes of the elementary gases and vapours do not contain the same number
of atoms.

5. The facts contained in the last and preceding tables supply material for
caleulating the sp. gravity of compound gases, by which means the aceuracy of
other conclusions respecting their eomposition may be verified. Thus analysis
proves that ammoniacal gas is composed of 100 volumes of nitrogen and 300 of
hydrogen gases, condensed into the space of 200 volumes : if so, its sp. gravity
will be

= ("HB89.

09727+ 83X 069 1-1787
] ]

| The near agreement of this calculated number with that found by weighing the
gas itself, proves that ammonia has really the constitution above assigned to it,
and gives great probability that the sp. gravity of nitrogen and hydrogen gases
is nearly correct.

Again, hydrochloric acid gas consists of 100 volumes of hydrogen and 100 of
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chlorine gases united without any change of bulk. Hence its sp. gravity ought
to be

247+ 0069 00
= 12095

Hydroeyanie acid vapour is formed of 100 volumes of hydrogen and 100 of
cyanogen gases united without change of volume ; and therefore its sp. gravity
should be

1'515'?:;[- ﬂrﬂﬁgm 00423,

Considering olefiant gas as a compound of 200 volumes of hydrogen gas and
200 of the vapour of carbon condensed into 100, its sp. gravity will be (2 x
0:069 + 2 % 0:4215) = (0-1380 + 0-8430) = 0-9810.

Aqueous vapour is composed of 100 volumes of hydrogen and 30 of oxygen
gases condensed into the space of 100 volumes; and therefore its sp. gravity
ought to be 0:069 + 0-5512 (half the sp. gr. of oxygen) = 0-6202.

Protoxide of nitrogen is formed of 100 volumes of nitrogen and 50 of oxygen
gases condensed into 100 volumes, and hence its sp. gravity should be 0:9727
+ 0-5512 = 1-5239.

Assuming earbonic oxide to be a compound of 100 velumes of carbon vapour
and 50 of oxygen gas contracted in uniting into 100 volumes, its sp. gravity
should be 0:4215 + 0-5512 = 0-9727.

As the different sp. gravities thus calculated are very nearly those found by
direct experiment, there is a strong presumption that the elements of the calcu-
lations are correct.

The principle of these caleulations is sufficiently obvious. The sp. gravities
represent the weights of equal volumes of the gases; taking 100 as the stand-
ard volume of which the sp. gravity of each gas denotes the weight, then 50
volumes of a gas may be indicated by half, 25 volumes by a fourth, and 1666
by a sixth of its sp, gravity. Thus hydrosulphurie acid is a compound of 100
volumes of hydrogen gas, and 1666 (*22) of the vapour of sulphur condensed
it to 100 volumes, and therefore its sp. gravity is

0-069 + ?ﬁ.ehn-nﬁg + 1-1080=1-1770.

Sulphurous acid consists of 100 volumes of oxygen gasand 1666 of the vapour
of sulphur condensed into 100 volumes ; and hence its sp. gravity is

G- G480
1-1025 + —F - 1:1025 4 1-1080=2-2105.

In these two gases the volume is the same as the hydrogen or oxygen which
they contain, and therefore their sp. gravities are the sum of the weights of
their elements. The same applies to water, protoxide of nitrogen, and carbonic
oxide. In olefiant gas 400 volumes are condensed into 100, and therefore its
sp. gravity is the sum of the sp. gravities of its elements. Hydrochlorie acid
gas occupies the same space as its elements, and therefore its sp. gravity is

B el i s b ia
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found by taking the mean of their sp. gravities. The same remark applies to
hydroeyanic acid. Inammonia 400 volumes are condensed into 200, and therefore
the sum of the sp. gravities is halved.

As vapours are easily condensed by cold, and in many cases exist as such only
at high temperatures, their sp. gravities may often be obtained by caleulation
more accurately than by experiment. Thus it is easier accurately to asecertain
the sp. gravity of hydrogen and hydrosulphurie acid gases than of the vapour
of sulphur ; and therefore as soon as experiment has shown that the sp. gravity
of that vapour is somewhere about 6:6480, then the precise number may be cal-
culated. For as 100 volumes of hydrosulphuric acid gas contain 100 of hydro-
gen gas, the sp. gravity of the latter deducted from that of the former (1-177
— 0-069), gives 1-108 as the weight of combined sulphur. If the eq. volume
of sulphur were 100, then must 1'108 be its sp. gravity ; but as the number
found experimentally is nearly six times 1'108, the inference is that the redl sp.
gravity is 6 x 1'108 = 6648, and that its eq. volume is six times less than 100,
or 16:66. The only assumption here is, that if the eq. volume of the vapour is
not 100, it must be some multiple or submultiple of it by a whole number, con-
sistently with the theory of volumes. In the construction of the preceding table
I have given the sp. gravities of vapours caleulated on these principles rather
than the precise numbers given by experiment.

6. The volume of a compound gas in reference to the volumes of its eompo-
nents is determined by one of the following rules :—

1. One volume of gas united with one volume, yield two volumes of the com-
pound.

2. The volume of the compound gas often has the volume of that gas which
enters most largely into it by volume.

3. The volume of the compound gas is equal to the sum of the volumes of
its components divided generally by 2, but sometimes by 4 or 8.

4. In a few cases the sum of the component volumes must be divided by 3.

" [ON THE RELATIVE VOLUMES IN WHICH SOLIDS AND LIQUIDE RESPECT-
IVELY COMBINE.

[The recent researches of Schroder, Ammermuller, and Kopp, have brought
to light several interesting facts in regard to the proportion, by volume, in which
solids and liquids respectively combine, indieating laws of combination, in refer-
ence to the volumes of the solid and liquid ingredients, analogous in some
respects to those already deseribed, as applicable to the union of the gases. A
few of the more prominent of these results are deserving of mention here, as
well from their intrinsic interest as from the light they seem destined to shed on
various important points of chemiecal theory.

[As the chemical equivalents or atomic weights of bodies represent the pro-
portion by weights in which they enter into combination, so these numbers when
divided by the specific gravities of the respective bodies to which they refer, will
represent the proportional volumes in which they unite. The numbers thys result-
ing from the division of the equivalents, or atomic weights, by the specific gra-
vities are called the equivalent, or atomic volumes. Thus the atomic weight of
silver being 108-3, and its sp. gravity 105, we have the equivalent volume of

108

| silver = ==10"40. In like manner the atomic weight of potassium being
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39-3 and its sp. gravity 0-865, we have the equivalent volume of potas-
' 393
siim = ~oe = 45-43.
The following table includes the equivalent volumes of a number of the sim-
Ple bodies, reduced to the hydrogen scale.*

TABLE OF EQUIVALENT VOLUMES.

Elements. Eq. Yol. Elements. Eq. Yol.
Carbon 287 |[Iron 352
Sulphur 800 |Cobalt 52
Phosphorus 808 | Copper 3-52
Chlorine 12:80 | Manganese 3:52
Bromine 12:30 | Nickel 362
Todine 1250 | Iridinm 4-66 | .
Chromium 552 | Osmium 4:56 |
Molybdenum 552 | Palladium 456
Tungsten 552 | Platinum 4-56
Silver 10,40 | Rhodinm 45l
Gold 520 | Titanium 4-56
Sodinm 23-31 | Zinc 464

| Potassium 46:64 |Lead 9-12

From this table we see that the chlorine, chromium, iron, and iridium groups,
have respectively the eq. volumes 12-80, 552, 3-52, and 4-56, while the eq.
volumes of potassium and silver, are respectively double those of sodium. and
gold.

[The numbers in the above table are called by Kopp the primative atomic or
equivalent volumes, to distinguish them fromn those which the same elements
must, in many cases, be inferred to possess while they are actually in the
state of combination, The latter often differ from the former, although related
to them by some simple arithmetical rule, applicable to all the individuals of a
particular group of compounds. The most important law, deduced from a com-
parison of equivalent volumes, is the following :— .

The equivalent volumes of Bomorphous bodies are equal, or in some very simple
ralio to each other.

This law, partially illustrated in the above table, has been shown by Kopp to
be true of a large number of compound isomorphous bodies, among which are
the following :—

1.
Alumina.
Seaquioxide of Iron.
Seaquioxide of Chromium.

2.
Carbonate of Zine.
i Magnesia.
* Irom.
¢ L Manganese,
L Lime.
Dolomite.

* The corresponding numbers in Kopp’s and Schrider’s tables are caleulated according
to the scale in which the eq. of oxygen is reckoned 100,
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3.
Double Sulphate of Potassa and Ammonia,
i " £ Alomina.
L L1 e Sesquioxide of Iron.
i L L Sesquioxide ol Chromium.
4.
Sulphate of Zinc.
L Magnesia,
L1 Nickel.

[Where a gas, as oxygen or hydrogen, enters into the composition of a solid
compound, it is obvious that we cannot compute its equivalent volume, as part
of the compound, from its equivalent weight, and its sp. gravity in the gaseous
condition, its sp. gravity in the solid form, being requisite for this purpose. In
such cases the equivalent volume of the gaseous element is inferred from a com-
parison of the equivalent volume of the compound and the non-gaseous ingre-
dient, Thus

uivalent volume of Protozide of Lead, or Phi0=11"658} . :
Eq Do, do. of Lead, or Pl == 9.12} Diff, = 2-56.

In the protoxide of lead, therefore, the eq. volume of the oxygen is, in this
way, inferred to be 2-56.

It will readily appear, however, that this result is only correet upon the sup-
position that the lead exists in this compound in its primitive equivalent volume
(9:12). Were it condensed to one half, or in any other way changed, the eq.
vol. of the oxygen thus deduced would differ from the above. Tt is, however,
an interesting fact that we obtain the same eq. vol. for the combined oxygen in
a large number of analogous oxides, by adopting the same hypothesis in regard to

eq. volumes of the other metals, Thus :
Equivalent volame of Protozide Zinc,or Zn 0 =720} .. _ o
Do, do. of Zine, or - Zn =~1-ﬁi} Diff. = 2-56.
Equivalent volume of Protoxide of Cadmium, or Cd 0 =904 Diff. = 2:56
Do, do. of Cadmium, or Cd =H48 S 2
Equivalent volume of Protoxide of Copper, or Cu 0= 6-08} ... :
Do. do. of Copper, or . Cu = g5gq Dilf.=256.

Applying the same mode of ealeulation to the binoxides and sesquioxides, and
still assuming the primitive equivalent volume of the metal to be retained by it
while combined, we obtain in a large number of cases the same value as above,
for the equivalent volume of the oxygen. Thus

Equivalent volume of Binoxide of Lead, or Phily = 1424} .0 ;
. Do. do. of Lead, or DR o 9.12}511—23{345-
Equivalent volume of Sesquivxide of Lead, or PhyDs = 2592} o o0 g
* Do. do, of Lead, or i slna 9;12} T8 =3 % 2-56.
wivalent volume of Sesquioxide of Irom, or Fe0y =14-72) ~ oo :
Eq Lo, do. of Iﬂ}ﬂ., ar : Fe — 7.u4} 768 =21 ¥ 2-56.

[1t is therefore a reasonable presumption from these facts, that the equivalent
volume of the oxygzen, as it exists in the various oxides referred to, is invariable,
and is represented, according to the hydrogen scale, by 2-56. There is, how-
ever, a second class of oxides, such as the sesquioxide of chromium, (Cr 0,) in
which the eq. vol. of the oxygen, as inferred by a similar process, is one half,
and a third class, including the binoxide of copper (Cu,0), in which it is twice

12
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as great as that above given. Neither of these latter groups is as large as that
first referred to. They, however, serve to indicate a Jaw of dilatation and eonden-
sation on the part of the solid oxygen entering into these various compounds, of
remarkable simplicity, the several combining volumes having the relation of the
numbers 1, 2, 4.]

[Applying similar reasonings and caleulations to the salts, we find that in the
nitrates the (NO;),* associated with the metallic base, has an invariable equiva-
lent volume = 2864 Thus

Equivalent volume of Nitrate of Lead, or Pb NOg=37-T6} __ 9864
o Pl Tk 7 i

do. of Lead, or = 5
Equivalent volume of Nitrate of Silver, or Ag NOs = 39.04 — 93-64
Do. do. of Silver, or Ag = 10-40§ — ?

In the sulphates we find the eq. vol. of the SO, combined with the metal, to
have two different values. For one class of the sulphates the eq. vol. of SO, is
18-88, Sulphate of copper, Cu SO, is an example of this class. For the other
the eq. vol. is 1488, Sulphate of lead, Pb 80, illustrates this. These two
numbers are very nearly in the ratio of 4 to 5.]

[According to the researches of Kopp, the equivalent volume of a compound is
very rarely equal to the sum of the primitive equivaleni volumes of ils elements.
Hence the eq. volumes in which these elements exist in the compound are to be
sought for by comparisons, such as those above given of the various compounds
of analogous character. It will be seen, from the preceding results, that the
changes of equivalent volume, due to the different combinations into which a
given element enters, is, like the condensation or expansion in gaseous combi-
nation, governed by certain numerieal laws peculiar to each group of compounds,
although, according to Kopp, these condensations and rarefactions of the solid
volumes, are not expressed by the same simple ratios, as in the case of the gases.
This very interesting inquiry has, as yet, been too little advanced to furnish, in
a positive form, any more general results than those above indicated; but there
is good reason to hope for new and important generalizations in its further prose-
cution. (Pegg. Ann. xlvii.)]

CHEMICAL SYMBOLS,

The impracticability in many cases of contriving convenient names expres-
sive of the constitution of chemical compounds, especially of minerals, suggested
the employment of symbols as an abbreviated mode of denoting the composition
of bodies. It was thought that the names of elementary substances, instead of
being written at full length, might often be more conveniently indicated by the
first letter of their names; and that the combination of elements with each other
might be expressed by placing together, in some way to be agreed on, the letters
which represent them., The advantage of such a_symbolic language was felt
so strongly by Berzelius, that he some years age contrived a set of symbols,
which he has since used extensively in his writings ; and other eminent chemists
as well as mineralogists, believing symbols to be useful, adopted those which
Berzelius had proposed. The consequence is, that symbolic expressions, called
chemical formulz, are now so much resorted to, and are so identified with the
language of chemistry, that essays of great value are in a measure as sealed books

* See general remarks on salts in a subsequent part of the work.
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to those who cannot read symbols, It is therefore important that the chemical
student, whatever he may think of the value of symbols, should not be unae-
quainted with them. Fortunately, the labour of a few minutes will enable him
to understand the subject. The following table includes the symbols of all the
elementary substances according to Berzélius.

Elements. Symb. || Elements. Symb. | Elements, Symb. |
Alfuminium Al Gold {Aurum) .- | Au ||/Platinem . Pl 1
Antimony (Suhmm} &b Hydrogen . H Potassium {Kahum} K
Arsenie . Az |Todine A L 1 {Rhodium . . R
Bariom . Ba iIridium A 8 Ir Belenium . Se
Bismuth . . | Bi |Iron (ferrom) + | Fe |Silicon f 5i
Boron . . B |Lantanum P Ln | Silver (Ar enlumj Ag
Bromine . . Br | Lead (Plombum) . Pb [Bodium (Natrium) . Na
Cadminm : Cd | Lithiem ; L Strontium : Br
Calcinm . « | Ca | Magnesiom 7 Mg ||Sulphur " 2 b
Carbon : C Manganese . Mn ||(Tellurium . Te
Cerinm . « | Ce | Mercury {H_'rdrlrgy Thorium . « | Th
Chlorine i Cl rum) Hy |Tm (Stannum) . Sn
Chromium « | Cr Molybdenum « | Mo |[Titaniom Ti
Cobalt g Co Nickel . Ni {Tungsten (Wulﬁ'am} W
Columbium  (Tanta. Nitrogen P [ (Vanadiurm Vv

lum) . Ta ﬂsmlurn : s Unmum ; u”
IC-DPPBI' {Cuprum]n « | Cu [{lOx . « 10 |{¥ttrom - . e
Fluerine P ([pahadiom - Pd |/Zine . : Zn

" IGlucinium. . e Phasphorus w HEE i i i

For the sake of uniformity, and to prevent confusion, it is much to be wished
that these symbols, being now generally known, should be rizorously adhered
to. Berzelius has properly selected them from Latin names, as being known to
all civilized nations ; and when the names of two or more elements begin with the
same letter, the distinction is made by means of an additional letter.

The foregoing symbols are intended to represent the chemical eq. of the ele-
ments. Thus, the letters H, I, and Ba, stand for one eq. of hydrogen, iodine,
and bariom ; and 2 H, 3 H, and 4 H, for 2, 3, and 4 eq. of hydrogen. Two eq.
of an element are often denoted by placing a dash through or under its symbeol :
for instance, H or H means 2 H, and 2 or P signifies 2 P. Certain compounds
are often, for the sake of brevity, denoted h]' single symbols in the same manner
as the elements: thus an eq. of water, ammonia, and eyanogen, is sometimes
expressed by Aq, Am, and Cy; but in general the formule for compound bodies
are 5o contrived as to indicate the elements they contain, and the mode in which
they are united. This may be done in several ways; but that which first sug-
gests itself is, to connect together the symbols by the same signs as are used in
Algebra. Thus the formule K+ 0, Ca4 O, Ba + 0, Mn+4 O, Fe 4 0,
2Fe+30,3H+N,2H+2C,C+20,N+50,8+30,andH +Cl,
denote single eq. of potassa, lime, baryta, protoxide of manganese, protoxide of
iron, peroxide of iron, ammonia, olefiant gas, carbonie acid, nitric acid, sulphuric
acid, and hydrochloric acid. The formula C 4+ N + 6 O indicates the elements
which are contained in an eq. of nitrate of potassa: in order to express further
that the potassium is combined with only 1 eq. of oxygen, the remaining oxygen
with the nitrogen, and the potassa with nitrie acid, the symbols are placed thus,
(K + 0) + (N + 50,) the brackets containing the symbols of those elements
which are supposed to be united. A number placed on the outside of a bracket
multiplies the compound within it: thus (K + O) 4+ (8 + 3 0) is sulphate of
potassa, and (K + 0) + 2 (S 4 8 0) is the bisulphate. All the elements con-
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tained in a compound are thus visibly represented, and the chemist is able readily
to trace all possible modes of combination, and to seleet that which is most in
harmony with the facts and principles of his science. He may, and often does,
thereby detect relations which might otherwise have escaped notice,

Another advantage attributable to such formule is, that they facilitate the com-
prehension of chemical changes. If hydrosulphuric acid acts upon the protoxide
of lead, it is Basftu say that the sulphur combines with the lead and the hydro-
gen with the oxygen; but the exact adaptation of the quantities for mutual inter-
change appears to me more clearly shown by symbols than by a description or
a diagram, both of which are apt to produece eonfusion where the change to be
explained is complex. In the simple instance alluded to, H + S reacts on
Pb + O, and the products are Pb +S and H + 0, When hydrosulphurie acid
acts on bicyanuret of mercury, the result is bismlphuret of mereury and hydro-
eyanic acid : the substances which interchange elements are 2 (H + S) and
Hg + 2 Cy ; and the products are Hg + 2 S, and 2 (H + Cy). In more com-
plicated changes the advantage of chemical formule is still more manifest, ex-
amples of which kind will be found in the section on ¢yanogen, and in other
parts of this volume.

Useful as the algebraie chemical formule are for the purposes of studying
chemical changes, they are sometimes found inconveniently long where the object
is merely to express the composition of bodies, and accordingly Berzelius has
introduced several abbreviations. For instance, he indicates degrees of oxidation

by dots placed over the symbol, writing, F-i, E.!, N, instead of K + O, C + 20,
N + 50, for potassa, carbonie acid, and nitric acid. In like manner he denotes

- compounds of sulphur by commas, writing I;[, ﬁg, H instead of K + 8,
Hg +2 8, H + 8, for sulphuret of potassium, bisulphuret of mereury, and
hydrosulphuric acid. When the ratll::- is that of 2 to 3 he employs the symbal

for two eq. above stated : thus Ff P 4"'-5 is used instead of 2 Fe + 3{} 2P 4+ 50,
2As 4 50, for an equivalent “of peruxldﬂ of iron, phosphorie acid, and arsenic

acid ; and similarly we have E_ﬂ, %, instead of 2As 4+ 38,2As+4 58 for the
sesquisulphuret and persulphuret of arsenic. These last formule are sometimes
used to indicate two eq. instead of one ; but as, agreeably to the atomie theory,
the smallest possible particle of peroxide of iron consists of 2 atoms of iron and
3 of oxygen, the formula 2 Fe + 3 O ought to stand for 1 eq. only.

Berzelius often dispenses with the sign, +, and writes eombined elements
side by side, the sign of addition bemg understood instead of expressed. Thus

he uses HO, KO, FeS, CaC, Ba N, Iﬂ.S-]- Ni§, instead of H 4+ 0, K + O,

Fe + 5, Ca + G, Ba + I‘i,{IL + E,} + [Nl + S}, for water, potassa, sul-
phuret of iron, carbonate of lime, nitrate of baryta, and the double sulphate of
potassa and oxide of nickel. Two or more equivalenis of one constituent of a
eompound are denoted by numbers placed in the same position as the indices of

powers in algebra : thus NH?, NC?, E*, H3, is the abbreviation of N + 3H,

N 4 20, gif‘_e, + 3H for ammonia, cyanogen, and sesquihydrate of iron, a eom-
pound of 2 eq. of peroxide of iron and 3 of water. A number used before
symbols, like coefficients in algebra, multiplies all the following symbols not

separated from it by a + sign. Thus in 8 Ca Si + K Si? + 16 aq. (which is
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the formula for the mineral ealled apophyllite) the 8 denotes 8 eq. of Ca St, or
silicate of lime, which are united with 1 eq, of bisilicate of potassa, and 16 of

water,
Berzelius also expresses the vegetable and animal acids by the first letter of

lartaric, acetic, eitric, benzoic, gallie, and formic acids.

Several objections, some of which are of great weight, have been made to
this system of symbols, and various modifications have been proposed by dif-
ferent authors. Among these, that which has been adopted by Liebig and Pog-
gendorff in their chemical dictionary, combine more successfully than any other
the requisite clearness, brevity, and generality, and will be used in this work.
The following are the principles of this method, The numbers which are written
before a symbol affect all that follow as far as the first full stop or sign of addi-
tion ; while those which are written a little below and to the right hand, multiply
only the symbol to which they are attached. Two symbols placed side by side
are understood to be combined together; thus HO signifies water; KO potassa,
&e. When two ecompounds are separated only by a comma, they are also to be
considered as combined, Thus KO,HO is the symbol of hydrate of potash;
KO,50, that of sulphate of potash, When two salts or other complex com-
pounds are combined, the 4 sign is used; thus KO,S0, 4+ HO,80, represents
bisulphate of potash, a compound of sulphate of potash with hydrated sulphuric
acid. In this system of notation, no dots are employed, hor is any abbreviation
used to express two equivalents, For example, alumina, which Berzelius abbre-

viates thus, Al is represented by Al,0,, which is equally short, more easily
written and printed, and which moreover has this advantage, that there is only
one symbol used for each element; while the composition of allied componnds
admits of a more ready comparison. If, for example, it is wished to show the
analogy between the oxides and chlorides of phosphorus, this is at once done by
writing their formuls according to the method of Liebig and Poggendorff.

P,0, P,0, P,Cl, P,CI,

Whereas if dots are employed for oxygen, the analogy is far from being so
obvious :—

am sty

| 8 o el S
unless chlorine be, like oxygen, expressed in two ways ; which, however, would
embarrass the learner unnecessarily, By comparing the symbol for apophyllite,
according to Berzelius, above given, with that for the same mineral, according
to Liebig and Poggendorfl, 8 (Ca0,8i0,) + K0,28i0, 4 16 aq., it will be seen
that the latter is at least equally clear, and from the absence of dots, far less
liable fo error in printing or in reading. In the first limb of the above formula
it is to be observed that the figure 8 multiplies all contained within the parenthe-
sis. In like manner, erystallised alum is represented, according to Berzelius, by

]{é + Al 83 + 24H; and, on the method here preferred, by K0,S0, + AL0,,
380, + 24HO. For the reasons above mentioned, the method of Liebig and
Poggendorff will be uniformly employed hereafter; but 1 have thonght it right
to explain that of Berzelius, that where it is met with it may be understood.
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ISOMERIC BODIES.

It was formerly thought that the same elements united in the same ratio must
always give rise to the same compound; but within these few years several
examples have been discovered of two or even more substances containing the
same elements in the same ratio, and yet exhibiting chemical properties distinet
from each other. For such compounds Berzelius has suggested the general
appellation of isomeric, from cong equal, and pegog part, expressive of equality in
the ingredients. Interesting instances of this kind are the two cyanie acids,
which consist of cyanogen and oxygen in the same raiio, and have the same
equivalent, vet differ widely in their chemical properties ; and a similar example
is afforded by the tartaric and paratartaric acids, Para from nega near o, is pre-
fixed in order to mark the relation to tartaric acid, a principle of nomenclature
which is extended to other cases.

Unexpeeted as was the discovery of isomerism, it is quite consistent with our
theories of chemical union, insomuch as the same elements may be grouped or
combined in different ways, and thereby give rise to compounds essentially
distinet. Thus the elements of sulphate of potassa may perhaps be united
indiscriminately with each other, as expressed by the formula KSO,; or
they may form KO + S0;; or KS + O,; or KO, + 80,; and other com-
binations might be made. The second of these is thought to be the real one;
but no one can say that the others are impracticable. Again, the elements of
peroxide of tin, Sn and 20, may either form Sn0,, or Sn0 + O; and those of
the peroxide of iron, 2Fe and 30, may either be Fe,0,, or FeO + FeO,, not to
mention other possible combinations. The elements of alechol are 4C, 6H,
and 20, which may be united indiseriminately as H,C,0,, H.C, + 20, H,C O
+ HO, or H,C, + 2HO, besides others.

Some bodies consist of the same elements in the same ratio, and yet differ in
their equivalents. A marked example is supplied by olefiant gas and etherine,
the former of which contains 200 volumes of carbon vapour and 200 of hydrogen
gas condensed into 100 volumes, and the latter of 400 volumes of carbon vapour
and 400 of hydrogen gas, united so as to yield 100 volumes of etherine. The
equivalent of olefiant gas is 14-24, and that of etherine 28-48, or exactly double.
A similar case will be found in the deseription of eyanuric acid. The nature of
these compounds 1s at once detected by their Equi\ralbnta being unlike, and by
the volume which they oceupy as gases compared with the volumes of the ele-
ments of which they consist, Isomeric bodies of this kind are obviously much
less intimately allied than those above deseribed.

SECTION III.

OXYGEN.

History.—Discovered by Priestley in 1774, and by Scheele a year or two after,
without previous knowledge of Priestley’s discovery. Tt was termed Dephloeis-
ticated air by Priestley, Empyreal air by Scheele, and Fital air by Condorecet.
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The name it now bears, derived from the Greek words ofv aeid and yarvaswr fo
generale, was proposed by Lavoisier, who considered it the sole cause of acidity.

Preparation—From several sources, the peroxides of manganese, lead, and
mercury, nitre, and chlorate of potassa, yield it in large quantities when they
are exposed to a red heat. The substances commonly employed for the purpose
are peroxide of manganese and chlorate of potassa. It may be procured from
the former in two ways; either by heating it to redness in a gun-barrel, or in a
retort of iron or earthenware; or by putting it in fine powder into a flask with
about an equal weight of concentrated sulphuric acid, and heating the mixture
by means of a lamp. To understand the theory of these processes, it is neces-
sary to bear in mind the composition of the three following oxides of manganese :—

Manganese, Oxygen.
Proloxide ' 27 Tor 1 equiv. + 8 . =357
Sesquioxide 277 + 12 . = 37
Peroxide ‘ 2T + 16 . == 437

On applying a red heat to the last, it parts with half an equivalent of oxygen,
and is converted into the sesquioxide, Ewvery 437 grains of the peroxide will
therefore lose, if quite pure, 4 grains of oxygen, or nearly 12 cubic inches; and
one ounce will yield about 128 eubie inches of gas. [If more strongly heated
it loses uniformly one third of its oxygen, That is three equivalents of the per-
oxide yield two equivalents of oxygen, and is thereby converted into the red
oxide, a compound of the first two oxides, The change is expressed in sym-
bols thus: 3Mn0O, =20 & MnyO; or MnO + Mn,0;. Every 43:7 grains,
therefore, of the peroxide, will lpse about 5!, grains of oxygen or 16 cubie
inches. Hence one pound will yield about 700 grains, or nearly 2000 eubie
inches of gas.] With sulphurie acid the peroxide loses a whole eq. of oxygen,
and is converted into the protoxide, which unites with the acid, forming a sul-
phate of the protoxide of manganese. Every 43-7 grains of peroxide yields 8
grains of oxygen and 357 of protoxide, which by uniting with one eq. (40) of
the acid, forms 75'7 of the sulphate. The first of these processes is the most
convenient in practice,

The gas obtained from peroxide of manganese, thongh bardly ever quite pure,
owing to the presence of iron, carbonate of lime, and other earthy substances, is
sufficiently good for ordinary purposes. It yields a gas of better quality, if pre-
viously freed from carbonate of lime by dilute hydrochloric or nitric acid ; but
when oxygen of great purity is required, it is better to obtain it from chlorate of
potassa. For this purpose, the salt should be put into a retort of green glass,
or of white glass made without lead, and be heated nearly to redness. It first
becomes liquid, though quite free from water, and then, on increase of heat, is
wholly resolved into pure oxygen gas, which escapes with effervescence, and
into a white compound, called chloride of potassium, which is left in the retort.
The composition of the chloric acid and potassa which constitute the salt is
stated below :—

Chlorine . 35-42 or 1 eq. Potassium . 3%150r1 eq.
Oxyzen : 40  or 5 eq. Oxygen . 8 orleq.
Chloric acid . 7542 or 1 eq. Potassa . 4715 0r 1 eq.

Hence the oxygen which passes over from the retort, is derived partly from
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the potassa and partly from the chlorie acid ; while chlorine and potassium enter
into combination. Thus are 122:57 grains of the chlorate resolved into 74-57
grains of chloride of potassium, and 48 grains, or about 161 cubic inches of
pure oxygen. The following equation briefly and clearly explains the change,
KO + Cl0;=KCI + O,.*

Properties.—Colourless, tasteless, inodorous ; feeble refractor of light; non-
conductor of electricity ; heavier than atmospheric air, sp. gr. being estimated
at 1-1026 by Duolong and Berzelius, so that 100 cubic inches weigh at 60° and
30" Bar. 34193 grains. It is always gaseous when not combined with other
ponderable matter ; though even in its simplest form it is assoeiated, like other
elementary prineiples, with the agents productive of heat, light, and electrieity.
Like all gases it emits a strong heat when suddenly compressed: light also
appears; but this is solely due to its chemical action on the oil with which the
compressing tube is lubricated. It is the most perfect — electric, always appear-
ing at the + electrode when any of its compounds are electrolized ; is sparingly
absorbed by water, which dissolves only 3 or 4 per cent. of the gas; is neither
acid nor alkaline, as it does not change the colour of blue flowers, nor evince a
disposition to unite directly either with acids or alkalies. It has a very powerful
attraction for most simple substances; and there is not one of them, except
perhaps the highly-negative fluorine, with which it may not be made to combine.
The act of combining with oxygen is called exidafion, and bodies which have
united with it are said to be oxidized. The compounds so formed are divided
by chemists into acids and oxides. The former division includes those com-
pounds which possess the general properties of acids; and the latter compre-
hends those which not only do not possess that character, but of which many
are highly alkaline, and yield salts by uniting with acids. The phenomena of
oxidation are variable. It is sometimes produced with great rapidity, and with
evolution of heat and light. Ordinary combustion, for instance, is nothing more
than rapid oxidation; and all inflammable or combustible substances derive
their power of burning in the open air from their affinity for oxygen. On other
occasions it takes place slowly, and without any appearance either of heat or
light, as in the rusting of iron by moist air. Different as these processes may
appear, oxidation is the result of both; and both depend on the same circum-
stance, namely, the presence of oxygen in the atmosphere.

All substances that are capable of burning in the open air, burn with far
greater brillianey in oxygen gas. A piece of wood, on which the least spark of
light is visible, bursts into flame the moment it is put into a jar of oxygen;
lighted charcoal emits beautiful seintillations; and phosphorus burns with so
powerful and dazzling a light that the eye cannot bear its impression. Even
iron and steel, which are not commonly ranked among the inflammables, undergo
rapid eombustion in oxygen gas.

The changes that accompany these phenomena are no less remarkable than the
phenomena themselves. When a lighted taper is put into a vessel of oxypgen
rras, it burns for 2 while with increased splendour; but the size of the flame soon
begins to diminish, and if the mouth of the jar be closed, the light will in a

* I the chlorate of potassa be previously mixed with about 1.10th of its weight of per-
exide of manganese, it vields its oxyren at a lower temperature than when alone, and with
upiform rapidity throughout the whole process. According to Balmain the peroxide of
manganese remaing undecomposzed. (R.)
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short time disappear entirely. The gas has mow lost its characteristic pro-
perty ; for a second lighted taper, immersed in it, is instantly extinguished.
This result is general. The burning of one body in a given portion of oxygen
unfits it more or less completely for supporting the combustion of another; and
the reason is manifest. Combustion is produced by the combination of inflam-
mable matter with exygen. The quantity of free oxygen, therefore, diminishes
during the process, and is at length nearly or quite exhausted. The burning of
all bodies, however inflammable, must then cease, because the presence of oxy-
gen is necessary to its continuance. For this reason oxygen gas is called a sup-
porter of combustion. Oxygen often loses its gaseous form as well as its other
properties. If phosphorus or iron be burned in a jar of pure oxygen over
water or mercury, the disappearance of the gas becomes cbvious by the ascent
of the liquid, which is forced up by the pressure of the atmosphere, and fills
the vessel. Sometimes, on the contrary, the oxygen gas suffers diminution of
volume only, or it may even undergo no change of bulk at all, as is exemplified
by the combustion of the diamond.

The changes experienced by the burning body are equally striking, While
the oxygen loses its power of supporting combustion, the inflammable substance
lays aside its combustibility. Itis then an oxidized body, and cannot be made
to burn even by aid of the purest oxygen gas. It has also increased in weight.
It is an error to suppose that bodies lose any thing while they burn. The mate-
rials of our fires and candles do indeed disappear, but they are not destroyed,
Although they fly off in the gaseous form, and are commonly lost to us, it is not
difficult to collect and preserve all the products of combustion. When this is
done with the required care, the combustible matter is always found to weigh
more after than before combustion; and the increase in weight is exactly equal
to the quantity of oxygen which has disappeared during the process,

Oxygen gas is necessary to respiration. Noanimal ean live in an atmosphere
which does not contain a certain portion of uncombined oxygen; for an animal
soon dies if put into a portion of air from which the oxygen has been previously
removed by a burning body. Oxygen disappears during respiration. If a bird
be confined in a limited quantity of atmospheric air, it will at first feel no incon-
venience; but as a portion of oxygen is withdrawn at each inspiration, its quan-
tity diminishes rapidly, so that respiration soon becomes laborious, and ina
short time ceases altogether, Should another bird be then introduced into the
same air, it will die in the course of a few seconds; or if a lighted candle be
immersed in it, its flame will be extinguished. Respiration and combustion have
therefore the same effect. An animal cannot live in an atmosphere which is
unable to support combustion; nor, in general, can a candle burn in air which
eontains too little oxygen for respiration.

* It is singular that, though oxygen, as a constituent of the atmosphere, is
necessary to respiration, in a state of purity it is deleterious. When an animal,
as a rabbit for example, breathes pure oxygen gas, no inconvenience is at first
perceived ; but after the interval of an hour or more the circulation and respira-
tion become very rapid, and the system in general is highly excited. Symp-
toms of debility subsequently ensue, followed by insensibility ; and death occurs

| in six, ten, or twelve houss. On examination after death, the blood is found

highly florid in every part of the body, and the heart acts strongly even after the
breathing has ceased. For these experiments we are indebted to Broughton.

Iis eg. is==38; eq. vol. = 50; symb, O,
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THEORY OF COMBUSTION.

The only phenomena of combustion noticed by an ordinary observer, are the
destruction of the burning body, and the developement of heat and light; but it
has been demonstrated that in addition to these circumstances, oXygen gas inva-
riably disappears, and a new compound consisting of oxygen and the combus-
tible is generated. The term combustion, therefore, in its common signification,
implies the rapid union of oxygen gas and combustible matter, accompanied
with heat and light. As the evolution of heat and light is dependent on chemi-
cal action, the same phenomena may be expected in other chemical processes;
and accordingly heat and Jight are frequently emitted quite independently of
oxygen. Thus phosphorus takes fire, and a taper burns for a short time, in a
vessel of chlorine ; and several of the common metals, such as copper, antimeony,
and arsenic, in a state of fine division, become red hot when introduced into a
jar of that gas, Potassium takes fire in eyanogen gas ; and copper leaf or iron
wire, if moderately heated, undergoes the same change in the vapour of sulphur.
A mixture of iron filings and sulphur, when heated so as to bring the latter into
perfect fusion, emits intense heat and light at the instant of combination; and a
like effect, thongh in a far less degree, is produced by the action of concentrated
sulphuric acid on pure magnesia. Most of these and similar examples, espe-
cially when one of the combining substances is gaseous, are frequently included
under the idea of ecombustion; and they certainly belong to the same class of
phenomena. In the subsequent observations, however, I shall employ the term
in its ordinary sense; but the remarks concerning increase of temperature,
whether with or without light, apply equally to all cases where heat is developed
as a result of chemical action.*®

For many years prior to the discovery of oxygen gas, the phenomena of com-
bustion were explained on the Stahlian or phlogistic hypothesis. All combus-
tible bodies, according to Stahl, contain a certain principle which he called phlo-
giston, to the presence of which he aseribed their combustibility. He supposed
that when a body burns, phlogiston escapes from it; and that when the body
has lost phlogiston, it ceases to be Sombustible, and is then a dephlogisticated
or incombustible substance. A metallic oxide was consequently regarded as a
simple substance, and the metal itself as a compound of its oxide with phlogiston.
The heat and light which accompany eombustion, were attributed to the rapidity
with which phlogiston is evolved during the process. ]

The discovery of oxygen proved fatal to the Stahlian doctrine. Lavoisier had
the honour of overthrowing it, and of substituting in its place the antiphlogistie
theory. The basis of his doectrine has already been stated,—that combustion and
oxidation in general consist in the combination of combustible matter with oxy-
gen. This fact he established beyond a doubt. On burning phosphorus in a jar
of oxygen, he observed that a considerable quantity of the gas disappeared, that
the phosphorus gained materially in weight, and that the increase of the latter
exactly corresponded to the loss of the former. An iron wire was burnt in 2
similar manner, and the weight of the oxidized iron was found equal to that of
the wire originally employed, added to the quantity of oxygen which had disap-
peared. That the oxygen is really present in the oxidized body he proved by a
very decisive experiment., Some liguid mercury was confined in a vessel of

* Iu its comprehensive sense, the term combustion is applied by chemists to all cases of
chemical combination accompanied by the evolution of heat and light, (R.)
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oxygen gns, and exposed to a temperature sufficient for causing its oxidation.
The oxide of mercury, so produced, was put into a small retort and heated to
redness, when it was reconverted into oxygen and fluid mercury, the quantity of
the oxygen being exaetly equal to that which had combined with the mereury in
the first part of the operation.

To account for the production of heat and light during combustion, Lavoisier
had recourse to Black’s Theory of latent heat. Heat is always evolved when a
substance, without change of form, passes from a rarer into a denser state, and
also when a gas becomes liquid or solid, or a liquid solidifies ; becanse a quan-
tity of heat previously combined, or latent, within it, is then set free. Now this
is precisely what happens in many instanees of combustion. Thus water is
formed by the burning of hydrogen, in which case two gases give rise toa liquid;
and in forming phosphoric acid with phesphorus, or in oxidizing metals, oxygen
is condensed into a solid. When the produet of combustion is gaseous, as in the
burning of chareoal, the evolution of heat is aseribed to the circumstanee that the
oxidized body contains a smaller quantity of ecombined heat, or has a smaller sp.
heat, than the substances by wlich it is produced.

This is the weak point of Lavoisier’s theory. Chemical action is very often
aecompanied by inerease of temperature, and the heat evolved during combustion
is only a particular instance of it. Any theory, therefore, by which it is proposed
to account for the production of heat in some cases, ought to be applicable to all.
When combustion, or any other chemical action, is followed by considerable
eondensation, in eonsequence of which the new body contains less insensible heat
than its elements did before combination, it is obvious that heat will, in that case,
be disengaged. But if this were the sole eause of the phenomenon, a rise of
temperature should always be preceded by a corresponding diminution of sp.
heat, and the extent of the former ought to be in a constant ratio with the degree
of the latter. Now Petit and Dulong infer from their researches on this subject
(An. de Ch. et Ph. x.), that the degree of heat developed during eombination,
bears no relation to the sp, heat of the combining substances; and that in the
majority of cases, the evolution of heat is not attended by any diminution in the
sp. heat of the compound. It iz a well-known fact, that increase of temperature
frequently attends chemical action, though the products contain much more in-
sensible heat than the substances from which thev were formed. 'This happens
remarkably in the explosion of gunpowder, which is attended by intense heat;
and yet its materials, in passing from the solid to the gaseous state, expand to
at least 250 times their volume, and consequently render latent a large quantity
of heat.

These circumstances leave no doubt that the evolution of heat during chemical
action is owing to some cause quite unconnected with that assigned by Lavoisier;
and if this cause operates so powerfully in some cases, it is fair to infer that part
of the effect must be owing to it on those oecasions, when the phenomena appear
to depend on change of sp. heat alone. A new theory is therefore required to
account for the chemical production of heat. But it is easier to perceive the
fallacies of one doetrine, than to substitute another which shall be faultless ; and
it appears to me that chemists must, for the present, be satisfied with the simple
statement, that energetic chemical action does of itself give rise to increase of
temperature. Berzelius, in adopting the electro-chemical theory, regards the
heat of combination as an electrical phenomenon, believing it to arise from the
oppositely eleetrical substances neutralizing one another, in the same manner as
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the electric equilibrium is restored during the discharge of a Leyden jar. Elee-
trical action certainly appears to be an essential part of every chemical change,
and it is probable that the heat developed during the latter may be due to the
former ; but this part of science is as yet too imperfect for indicating the precise
mode by which the effect is produced.

The heat emitted during combustion varies with the nature of the material.
The effect of the combustible gases in raising the temperature of water, accord-
ing to the experiments of Dalton, is shown in the following table.—(Chemical
Philosophy, ii. 309.)

Hydrogen, in burning, raises an equal volume of water . . 5* F.
Carbonic oxide 4 ; Faciaa ! . s . g
Light carburetted hydrogen . - . : . : 18
Olefiant gas - . . . . . . . 27
Coal gas, varies with the quality of the gas from . . 10 to 16
0il gas, varies also with the guality of the gas from . . 12 to 20

Dalton further states that generally the combustible gases give out heat nearly
in proportion to the oxygen which they consum®

Despretz has given a notice of some experiments on the heat developed in
combustion (An. de Ch. et Ph. xxxvii. 180). The substances burned were hy-
drozen, carbon, phosphorus, and several metals; and so much of each was em-
ployed as to require the same quantity of oxygen. When the combustion of
hydrogen gas produced 2578 degrees of heat, carbon gave out 2967, and iron
5325. Phosphorus, zine, and tin, emit quantities of heat very nearly the same
as iron. Hence it follows that, for equal quantities of oxygen, hydrogen in
burning evolves less heat than most other substances. These results do not aceord
with those of Dalton.

SECTION 1V.

HYDROGEHN.

Hist.—First correctly deseribed in 1766 by Cavendish (Phil. Trans. 1vi, 144),
under the name of inflamnmable air. It had been previously confounded with
other combustible gases, and it was by some called phlogiston, from the notion
that it is th~ matter of heat. Its present name is derived from {8we wafer, and
vevwasay lo generafe,

Prep—~Commonly in two ways. The first consists in passing the vaponr of
water over metallic iron heated to redness. This is done by putting iron wire
into a gun-barrel open at both ends, to one of which is attached a retort contain-
ing pure water, and to the other a bent tube. The gun-barrel is placed in a fur-
nace, and when it has acquired a full red heat, the water in the retort is made to
boil briskly. The gas, which is copiously disengaged as soon as the steam
comes in contact with the glowing iron, passes along the bent tube, and may be

-
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collected in convenient vessels, by dipping the free extremity of the tube into the
water of a pneumatic trough. The second and more convenient method consists in
putting pieces of iron or zine into dilute sulphuric acid, formed of one part of strong
acid and four or five of water. Zinc is generally prefemﬂ The hydrogen ob-
tained in these processes is not absolutely pure. The' gas evolved during the
solution of iron has an offensive odour, aseribed by Berzelius to the presence of
a volatile oil, which may be almost entirely removed by transmitting the pas
through aleohol. The oil appears to arise from some compound being formed
between hydrogen and the carbon which is always contained even in the purest
kinds of common iron; and it is probable that a little carburetted hydrogen gas
is generated at the same time. The zine of commeree contains sulphur, and
almost always traces of charcoal, in consequence of which it is contaminated with
hydro-sulphurie acid, and probably with the same impurities, though in a less
degree, as are derived from iron. A little metallic zine is also contained in it,
apparently in combination with hydrogen. All these impurities, carburetted
hydrogen exeepted, may be removed by passing the hydrogen through a solution
of pure potassa. To obtain hydrogen of great purity distilled zine should be
employed.

Prop.—Colonrless, inodorous, tasteless; always gaseous when uncombined ;
a powerful refractor of light; the lightest body in nature; and hence the best
material for filling balloons. From its extreme lighiness, it is difficult to ascer-
tain its sp. gr. by weighing, because the presence of minute quantities of com-
mon air or watery vapour occasions considerable error. By the table of sp.
gravities (page 140) it appears that hydrogen gas is just 16 times lighter than
oxygen, an inference derived from the cumpusitiun of water to be shortly stated :
hence 100 C. I. 60° and 30 Bar. should WFlgh 15 X% 34:193 = 2-1371 grains,
and its sp. gr. should be 0-06896.

It is neither acid nor alkaline. Water dlssoh'es only 1} per cent. of its
volume. It cannot support respiration: death ensues from deprivation of oxygen
rather than from any noxions quality of the hydrogen, since an atmosphere com-
posed of a due proportion of oxygen and hydrogen gases may be respired without
inconvenience. Nor is it a supporter of combustion; for when a lighted candle,
fixed on wire, is passed up into an inverted jar full of hydrogen gas, the light
instantly disappears.

Hydrogen gas is inflammable in an eminent degree, though, like other com-
bustibles, it requires the aid of a supporter of combustion, burning only where
it is in contact with the air. Its combustion, when conducted in this manner,
goes on tranquilly, and is attended with a yellowish blue flame and a very feeble
licht. The phenomena are different when the hydrogen is previously mixed with
a due quantity of air. The approach of flame not only sets fire to the gas near
it, but the whole is kindled at the same instant; and a flash of light passes
through the mixture, followed by a violent explosion.  The best proportion for
the experiment is two measures of hydrogen to five or six of air. The explosion
is far more violent when pure oxygen is used instead of atmospheric air, parti-
| cularly when the gases are mixed together in the ratio of one measure of oxXygen

| to two of hydrogen.

Oxygen and hydrogen gases cannot combine at ordinary temperatures, and
may, therefore, be kept in a state of mixture without even gradual combination
taking place between them. Hydrogen may be set on fire, when in contact with
air or oxygen gas, by flame, by a solid body heated to bright redness, and by
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the electric spark, Ifa jet of hydrogen gas be thrown upon recently prepared
spongy platinum, this metal almost instantly becomes red hot, and then sets fire
to the gas, a discovery which was made in the year 1824, by Professor Doebe-
reiner, of Jena. The power of flame and electricity in eausing a mixture of
hydrogen with air or oxygen gas to explode, is limited. Mr. Cavendish found
that flame oceasions a very feeble explosion when the hydrogen is mixed with
nine times its bulk of air; and that a mixture of four measures of hydrogen with
one of air does not explode atall. An explosive mixture formed of two measures
of hydrogen and one of oxygen gas, explodes from all the causes above enume-
rated. Biot found that sudden and viclent compression likewise causes an ex-
plosion, apparently from the heat emitted during the operation; for an equal
degree of condensation, slowly produced, has not the same effect. The electric
spark ceases to cause detonation when the explosive mixture is diluted with
twelve times its volume of air, fourteen of oxygen, or nine of hydrogen; or
when it is expanded to sixteen times its bulk by diminished pressure. Spongy
platinum acts just as rapidly as flame or the electrie spark in producing explo-
sion, provided the gases are quite pure, and mixed in the exact ratio of two to
one.* Mr. Faraday finds that platinum foil, if perfectly clean, produces gradual,
though rather rapid combination of the gases, often followed by explosion. (Phil.
Trans, 1834.)

When the action of heat, the electric spark, and spongy platinum no longer
cause explosion, a silent and gradual combination between the gases may still
be occasioned by them. Sir H. Davy observed that oxygen and hydrogen
gases unite slowly with one another, when they are exposed to a temperature
above the boiling point of mercury, and below that at which glass begins to
appear luminous in the dark. An explosive mixture, diluted with air to too
great a degree to explode by electricity, is made to unite silently by a succes-
sion of electric sparks. Spongy platinum causes them to unite slowly, though
mixed with one hundred times their bulk of oxygen gas.

A large quantity of heat is evolved during the combustion of hydrogen gas.
Lavoisier concludes, from experiments made with his calorimeter, (Elements,
vol. i.), that one pound of hydrogen oceasions as much heat in burning as is
sufficient to melt 2956 pounds of ice. Dr. Dalton fixes the quuntity of ice at
320 pounds, and Dr, Crawford at 480. The most intense heat that can be pro-
duced, is cansed by the combustion of hydrogen in oxygen gas. Dr. Hare, of
Philadelphia, who first burned hydrogen for this purpose, collected the gases in
separate gas-holders, from which a stream was made to issue throngh tubes com-
municating with each other, just before their termination. At this point, the jet
of the mixed gases was inflamed. The effect of the combustion, though very
great, is materially increased by forcing the two gases, in due proportion, into a
strong metallic vessel, by means of a condensing syringe, and setting fire toa
jet of the mixture as it issues. An apparatus of this kind, now known by the
name of the oxy-hydrogen blow-pipe, was contrived by Mr. Newman, and em-
ployed by the late Professor Clarke in his experiments on the fusion of refrac-

* For a variety of facts respecting the causes which prevent the action of flame, electri-
city, and platinum in producing detonation, the reader may consult the Essay of M. Grotthus
in the Ann. de Chimie, vol, xxxii, ; 8ir H. Davy’s work on Flame ; Dr. Henry’s Essay in the
Philosophical Transactions for 1824 ; and a paper by myself in the Edinburgh Philosophical
Journal for the same year,

L
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tory substances. On opening a stop-cock which confines the compressed gases,
a jet of the explosive mixture issues with foree through a small blowpipe tube,
at the extremity of which it is kindled. In this state, however, the apparatus
should never be used ; for as the reservoir is itself full of an explosive mixture,
there is great danger of the flame running back aleng the tube, and setting fire
to the whole gas at once. To prevent the oecurrence of such anaceident, which
would most probably prove fatal to the operator, Professor Cumming proposed
that the gas, as it issues from the reservoir, should be made to pass through a
eylinder full of oil or water before reaching the point at whieh it is to burn; and
Dr. Wollaston suggested the additional precaution of fixing successive layers of
fine wire gauze within the exit tube, each of which would be capable of inter-
cepling the communication of flame. A modification of this apparatus has been
devised by Mr. Gurney; but both his and Newman’s are rendered unnecessary
by the safety-tube lately propesed by Mr. Hemming. It consists of a brass
cylinder, about 6 inches long, and 3-4ths of an inch wide, filled with very fine
brass wire, in length equal to that of the tube. A pointed rod of metal, 1-8th of an
inch thick, is then foreibly inserted through the centre of the bundle of wires in
the tube, so as to wedge them tightly together. The interstices between the wires
thus constitute very fine metallic tubes, the econducting power of which is so
great as entirely tointercept the passage of flame. The mixed gases are supplied
from a common bladder. (Phil. Mag. 3d 8. i. 82.) A very intense heat may
be safely and easily procured by passing a jet of oxygen gas through the flame
of a spirit lamp, as proposed by the late Dr. Marcet. An elegant improvement
on this principle has been devised by Mr. Daniell, by fixing a jet for conveying
oxygen within another jet for hydrogen or coal gas, so that a eurrent of oxygen
may be introduced into the middle of the flame. (Phil. Mag. ii. 57. 3d Series.)
The heat from this apparatus is quite sufficient for most purposes ; and it may be
still further increased by causing the gases to pass separately through heated tubes,
in order that they may have a temperature of 400° or 500° on issuing from the
jets.—On this prineiple is founded the patent of Mr. Dunlop, of the Carron Iron
Works, for increasing the temperature of blast furnaces : the air which supports
the combustion is previously heated by transmission through iron tubes kept at
a low red heat, whereby the power of the furnaces is surprisingly increased, and
a great saving in fuel and time is accomplished.
Its eq. is=1; eq. vol. =100; Symb. H. Compounds with oxygen :—

By Weight. By Volume.

Hydrogen.  Oxygen. Equiv. Hyd. Oxy.
Water (Protoxide of Hydrogen) lorleq. 4+ 8Borleq.= 9 100 50
Peroxide of Hydrogen lorleq +16or2eq.=17 100 100

Water.—TFirst proved by Cavendish to be the sole produet of the combustion
of hydrogen gas. He demonstrated it by burning oxygen and hydrogen gases
in a dry glass vessel, when a quantity of pure water was generated, exactly equal
in weight to that of the gases which had disappeared. This experiment, which
is the synthetic proof of the composition of water, was afterwards made on a
much larger scale in Paris by Vaunquelin, Fourcroy, and Seguin, Lavoisier first
demonstrated its nature analytically, by passing a known quantity of watery
vapour over metallic iron heated to redness in a glass tube. Hydrogen gas was
disengaged, the metal in the tube was oxidized, and the weight of the former,
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added to the inerease which the iron had experienced from ecombining with oxy
gen, exactly corresponded to the quantity of water decomposed.

Its composition by volume was demonstrated very satisfactorily by Nicholson
and Carlisle: by resolving waler into its elements by galvanism, and eollecting
them in separate vessels, they obtained precisely two measures of hydrogen and
one of oxygen,—a result which has been fully confirmed by subsequent experi-
menters. The same fact was proved synthetically by Gay-Lussac and Humboldt,
in their Essay on Eudiometry, published in the Journal de Physique for 1805,
They found that when a mixture of oxygen and hydrogen is inflamed by the
electric spark, those gases always unite in the exact ratio of one to two, whatever
may be their relative quantity in the mixtore. When one measure of oxygen is
mixed with three of hydrogen, one measure of hydrogen remains afier the explo-
sion ; and a mixture of two measures of oxygen and two of hydrogen leaves one
measure of oxygen. When one volume of oxygen is mixed with two of hydre-
gen, both gases, if quite pure, disappear entirely on the electric spark being
passed through them. The composition of water by weight was determined with
great care by Berzelius and Dulong; and we cannot hesitate, considering the
known dexterity of the operators, and the principle on which their method of
analysis was founded, to regard their result as a nearer approximation to the truth
than that of any of their predecessors. They state, as a mean of three careful
experimenis (Ann. de Ch. et Ph. xv.), that 100 parts of pure water consist of
111 of hydrogen, and 88-9 oxygen, which is the ratio of 1 to 8009, very nearly
that of 1 to 8 above stated.

The processes for procuring a supply of hydrogen gas will now be intelligible.
‘The first is the method by which Lavoisier made the analysis of water. It is
founded on the fact that iron at a red heat decomposes water, the oxygen of that
liquid uniting with the metal, and the hydrogen gas being set free. That the
hydrogen which is evolved when zine or iron is put into dilute sulphurie acid
must be derived from the same source, is obvious from the consideration, that of
the three substances, iron, sulphurie acid, and water, the last is the only one
which contains hydrogen. The product of the operation, besides hydrogen, is
sulphate of the protoxide of irom, if irom is used, or of the oxide of zine, when
zine is employed, according to the following equation; HO + SO, + Fe = Fe0
+ 80; + H. The knowledge of the combining proportions of these substances
will readily give the exaet quantity of each product. These numbers are—

Water (8 oxy. 4 1 hyd.) . . . . . s 9
Sulphuric acid . . . . . " . 401
Iron : B : g = . . ' 28
Protoxide of Iron (28 iron 4 8 oxygen) - . v 398
Sulphate of the protoxide of iron (40-1 4 36). . i : 761

Hence for every 9 grains of water which are decomposed, 1 grain of hydrogen
will be set fiee; 8 grains of oxygen will unite with 28 grains of iron, forming
36 of the protoxide of iron; and the 36 grains of protoxide will eombine with
40°1 grains of sulphuric aeid, yielding 76-1 of sulphate of the protoxide of iron.
A similar caleulation may be employed when zine is used, merely by substitating
the equivalent of zine (32:5) for that of iron.—According to Mr. Cavendish, an
ounce of zine yields 676 cubic inches, and an equal quantity of irom 782 eubic
inches of hydrogen gas.
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The action of dilute sulphuric acid on metallie zine affords an instance of what
was once called Disposing Affinity. Zine decomposes pure water at common
temperatures with extreme slowness ; but as soon as sulphurie acid is added,
decomposition of the water takes place rapidly, though the acid merely unites
with oxide of zine. The former explanation was, that the affinity of the acid for
oxide of zine disposed the metal to unite with oxygen, and thus enabled it to
decompose water; that is, the oxide of zine was supposed to produce an effect
previous to its existence. The obseurity of this explanation arises from regard-
ing changes as consecutive, which are in reality simultaneous. There is no
succession in the proeess ; the oxide of zine is not formed previously to its com-
bination with the acid, but at the same instant. There is, as it were, but one
chemical change, which consists in the eombination at one and the same moment
of zine with oxygen, and of oxide of zinc with the acid ; and this ehange occurs
because these two affinities, acting together, overcome the attraction of oxygen
and hydrogen for one another.*®

Prop.—Transparent, colourless, inodorous, tasteless; powerful refractor of
light ; imperfect conduetor of heat and electricity ; very incompressible, its abso-
lute diminution for a pressure of one atmosphere being only 51-3 millionths of
its volume. (An. de Ch. et Ph. xxxvi, 140.) Its changes of form under vary-
ing temperatures have been already stated in the section on heat. Its sp, pr. is
1, being the unit to which the sp. gr. of all solids and liquids is referred as a
convenient term of comparison. One cubic inch, at 62° and 30 Bar., weighs
R52°458 grains. Itis 815 times heavier than atmospheric air. The sp. gr. of
aqueous vapour is 0-6202, and 100 C. I. (containing 100 hydrogen and 50 oxy-
@en), at 212% and 30 Bar., weigh 14-96 grains; sp. gr. of ice is 0-92,

Owing partly to the extensive range of its own affinity, and partly to the nature
of its elements, water is a chemical agent of great power. Of this, the prepa-
ration of hydrogen gas is anexample; and indeed there are few complex changes,
where oxygen and hydrogen are present, which do not give rise either to the
production or decomposition of water. But, independently of the elements of
which it is composed, it combines direetly with many bodies. Sometimes it is
contained in a variable ratio, as in ordinary solution; in other compounds it is
present in a fixed definite proportion, as is exemplified by its union with several
of the acids, the alkalies, and all salts that contain water of erystallization.
These combinations are termed Aydrafes. Thus, concentrated sulphurie acid is a
compound of one eq. of the real acid and one eq. of water ; and its proper name
is hydrous sulphuric acid, or hydrate of sulphuric acid. The prefix hydro has been
sometimes used to signify the presence of water in definite proportion; but it is
advisable, to prevent mistakes, to limit its employment to the compounds of
hydrogen.

[Of late the investigations of chemists have shown that in relatien to chemieal
compounds water performs at least 4 funetions, 1st. That of a feeble acid when
in combination with a base to which the term hydrate is more properly restricted.
2d. In combination with acids acting as a base forming basic waler, as in the

* Most chemists now regard this case as simply one of substifulion, in which the hydrogen
of that portion of water which is intimately combined with the acill, is replaced by a metallic
body, performing the same funetion. HO, SOy becoming, by the substitution of zinc for the
hydrogen Zn0O, 805, The large quantity of water present is useful to dissolve the sulphate
of zinc as it is formed. (R.) :

13
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so called hydrated acids, 3d. In a neutral state, as a necessary constituent of
certain neutral salts, and mutually replaceable in such salts by another neutral
salt, and called saline or conmstitutional water. 4. In feeble union with neu-
tral salts, and easily expelled by heat, the salt thereby losing its erystalline
form and falling into powder; in this staie called water of erystallization. For
a full exposition of this subject see chapter on salts.]

The purest water which can be found as a natural produet, is procured by
melting freshly fallen snow, or by receiving rain in clean vessels at a distance
from houses. Dut this water is not absolutely pure; for if placed under the ex-
hausted receiver of an air-pump, or boiled briskly for a few minutes, bubbles of
gas escape from it. The air obtained in this way from snow water is much
richer than atmospherie air in oxygen gas. According to Gay-Lussac and Hum-
boldt it contains 34'8 per cent. of oxygen, and the air separated by ebullition
from rain water contains 32 per cent. All water which has once fallen on the
ground becomes impregnated with more or less earthy or saline matters, and ean
be separated from them only by distillation. The distilled water, thus obtained,
and preserved in clean well-stopped bottles, is absolutely pure. Recently boiled
water has the property of absorbing a portion of all gases, when its surface is.in
contact with them ; and the absorption is promoted by brisk agitation. The fol-
lowing table, from Henry’s chemistry, shows the absorbability of different gases
by water, deprived of all its air by ebullition.

100 C. 1. water, at 60° and 30 Bar., absorb of

Dalton and Henry, Saussure,
Salphuretted hydrogen a 100C, I, ; 253
Carbonic acid . . « 100 * 106
Nitrous oxide . . 100 . 76
Olefiant gas 5 ; . 12:5 ; 15,3
Dxvygen F . . FT : G5
Carbonic oxide : - - 156 . 6-2
Nitrogen : . v 1-56 4 4-1
Hydrogen . . . 1-56 . 46

The estimate of Saussare is in general too high. That of Dalton and Henry
for nitrous oxide, according to the experiments of Davy, is considerably beyond
the truth.

Iis eq. is =9; eq. vol. 100; symb. H 4+ O, or HO, or H, or aq. from aqua.

Peroxide or Binoxide.—Discovered by Thenard in 1818, Its preparation is
founded on the fact that there are two oxides of barium, the peroxide and pro-
toxide, the former of which is converted into the protoxide by the action of acids.
When this process is conducted with the necessary precautions, the oxygen
which is-set free, instead of escaping in the form of gas, unites with the hydro-
gen of the water, and brings it to a maximum of oxidation. For a full detail of
all the minutiz of the process, the reader may consult the original memoir of
Thenard ;* the general directions are the following :—T'e 81X or seven ounces of
water add so much pure concentrated hydrochloric aeid as is sufficient to dissolve
230 grains of baryta; and after having placed the mixed fluids in a glass vessel
surrounded with ice, add in successive portions 185 grains of peroxide of barium

* In the An. de Chim. et de Phys. vol, viii. iz. x. and L.; Annals of Philosophy, vol. xiii.
and xiv.; and M. Thenard’s Traité de Chimie.
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rednced to powder, and stir with a glass rod after each addition. When the solu-
tion, which takes place withont effervescence, is complete, sulphurie acid is
added in sufficient quantity for precipitating the whole of the baryta in the form
of an insoluble sulphate, leaving the hydrochloric acid in solution. Another por-
tion of peroxide of barium, amounting to 185 grains, is then put into the liquid :
the free hydrochloric acid instantly acts upon it, and as soon as it is dissolved,
the baryta is again separated as a sulphate by the addition of sulphurie acid.
The solution is then filtered, in order to separate the insoluble sulphate of baryta;
and fresh quantities of peroxide of barium areadded in succession, till about three
ounces have been employed. The liguid then contains from 25 to 50 times its
volume of oxygen gas. The hydrochloric acid which has served to decompose
the peroxide of barium during the whole process, is now removed by the cautious
addition of sulphate of oxide of silver, and the sulphurie acid afrerwards sepa-
rated by solid baryta,

[M. Pelouse proposes a much easier process for the preparation of this
eompound. This consists in substituting hydrofluoric acid or fluosilicic acid for
hydrochloric to decompose the peroxide of barium., By this means the baryta
is deposited as an insoluble fluoride of barium, and the peroxide of hydrogen
remains dissolved in the water. The change is thus simply expressed.
HF + BaO,=BaF + HO,.]

Peroxide of hydrogen, as thus prepared, is still diluted with a considerable
quantity of water. To separate the latter, the mixed liquids are placed, with a
vessel of strong sulphurie acid, under the exhausted receiver of an air-pump. As
the water evaporates, the density of the residue increases, till at last it acquires
the sp. gr. of 1:452, The concentration cannot be pushed further; for if kept
under the receiver after reaching this point, the peroxide itself gradually but
slowly volatilizes without change.

Prop.—A colourless, transparent liquid, inodorous, and of a metallic taste;
volatilizes in vacuo less rapidly than water; retains its liquid form at all degrees
of cold to which it has been exposed ; at 53° is resolved into oxygen and water,
and hence should be always kept in glass tubes surrounded by ice. It inter-
mixes with water in all proportions ; bleaches litraus and turmerie paper, whitens
the skin and tongue, causing to both a pricking sensation, and thickens the
galiva. The most remarkable of its properties is its facility of decomposition.
Diffused daylight does not seem to exert any influence over it, and even the
direct solar rays act upon it tardily, It effervesces from eseape of oxygen at 59°,
and the sudden application of a higher temperature, as that of 2129, gives rise to
such rapid evolution of gas as to cause an explosion. Walter, apparently by com-
bining with the peroxide, renders it more permanent; but no degree of dilution
can enable it to bear the heat of boiling water, at which temperature it is entirely
decomposed. All the metals except iron, tin, antimony, and tellurium, have a
tendency to decompose it, converting it into oxygen and water, A state of
minute mechanical division is essential for producing rapid decomposition. If
the metal is in mass, and the peroxide diluted with water, the action is slow.
The metals which have a strong affinity for oxygen are oxidized at the same
time, such as potassium, sodium, arsenie, molybdenum, manganese, zine, tung-
sten, and chromium, while others, such as gold, silver, platinum, iridium,
osmium, rhodium, palladiam, and mercury, retain the metallic state.

It is decomposed at common temperatures by many of the metallic oxides.
That some protoxides should have this effect, would be anticipated in conse-
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quence of their tendency to pass into a higher state of oxidation. The protoxides
of iron, manganese, tin, cobalt, and others, act on this prineiple, and are really
converted into peroxides. The peroxides of barium, strontinm, and ealeium may
likewise be formed by the action of peroxide of hydrogen on baryta, strontia, and
lime. Butitis a singular fact, of which no satisfactory explanation has been
given, that some oxides decompose it without passing into a higher degree of
oxidation. The peroxides of lead, mercury, gold, platinum, manganese, and
cobalt, possess this property in the greatest perfection, acting on peroxide of
hydrogen, when concentrated, with surprising energy. The decomposition is
complete and instantancous ; oXygen gas is evolved so rapidly as to produce a
kind of explosion ; and such intense temperature is excited, that the glass tube
in which the experiment is conducted becomes red-hot. The reaction is very
great even when the peroxide of hydrogen is diluted with water. Oxide of silver
occasions very perceptible effervescence when put into water which contains only
1-50th of its bulk of oxygen. All the metallic oxides, which are decomposed by
a red heat, such as those of gold, platinum, silver, and mercury, are reduced to
the metallic state when they act upon peroxide of hydrogen. This effect cannot
be altogether ascribed to heat disengaged during the action; for oxide of silver
suffers reduction when put into a very dilute solution of the peroxide, although
the decomposition is not then attended by an appreciable rise of temperature.
While the tendency of metals and metallic oxides is to decompose the perox-
ide of hydrogen, acids have the property of rendering it more stable. In proof of
this, let a portion of that liquid, somewhat diluted with water, be heated i1l it
begins to effervesce from the escape of oxygen gas; let some strong acid, as the
nitrie, sulphurie, or hydrochlorie, be then dropped into it, and the effervescence
will cease on the instant. When a little finely divided gold is put into a weak
solution of peroxide of hydrogen, containing only 10, 20, or 30 times its bulk of
oxygen, brisk effervescence ensues; but on letting one drop of sulphuric acid
fall into it, effervescence ceases instantly; it is reproduced by the addition of
potassa, and is again arrested by adding a second portion of acid. The only
acids that do not possess this property are those that have a low degree of acid-
ity, as carbonic and boracic acids; or those which suffer a ghemical change when
~mixed with peroxide of hydrogen, such as hydriodie, hydrosulphuric, and sul-
phurous acids. Acids appear to increase the stability of the peroxide in the same
way as water does, namely, by combining chemically with it. Several compounds
of this kind were formed by Thenard, before he was aware of the existence of the

peroxide of hydrogen. They were made by dissolving peroxide of barium in

some dilute acid, such as the nitric, and then precipitating the baryta by sul-
phuric acid, As nitric acid was supposed under these circumstances to combine
with an additional quantity of oxygen, Thenard applied the term oxygenized nitrie
acid to the resulting compound, and deseribed several other new acids undera
similar title. But the subsequent discovery of peroxide of hydrogen put the
nature of the oxypgenized aecids in a clearer light; for their properties are easily
explicable on the supposition that they are composed, not of acids and oxygen
gas, but of acids united with peroxide of hydrogen.

Peroxide of hydrogen was analysed by diluting a known weight of it with
water, and then decomposing it by beiling the solution.

Its eg. is = 17; symb. H + 20, or HOy, or H.
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SECTION V.
NITROGEN.

Hist.—Fmst noticed by Rutherford of Edinburgh in 1772, Discovered to be
a constituent of the atmosphere by Lavoisier in 1775, and by Scheele about the
same time. It was termed azote, (= privative, and ey lfe,) by Lavoisier, from
its inability to support respiration. The name of nitrogen is derived from its
being an element of nitric acid.

Prep—1. By burning a pieee of phosphorus in a jar full uf' air inverted over
water. The strong affinity of phosphorus for oxygen enables it to burn till the
wheole of that gas is consumed. The product of the combustion, metaphosphoric
acid, is at first diffused through the residue in the form of a white eloud ; but as
this substance is rapidly absorbed by water, it disappears entirely in the course
of half an hour. The residual gas is nitrogen, containing a small quantity of car-
bonic acid and vapour of phosphorus, both of which may be removed by agitating
it briskly with a solution of pure potassa. Several other substances may be em-
ployed for withdrawing oxygen from atmospheric air. A solution of protosul-
phate of iron, charged with binoxide of nitrogen, absorbs the oxygen in the space
of a few minutes. A stick of phosphorus produces the same effect in twenty-
four hours, if exposed to a temperature of 60°. A solution of sulphuret of potas-
sium or caleinm acts in a similar manner; and a mixture of equal parts of iron
filings and sulphur, made into a paste with water, may be employed with the
same intention. Both these processes, however, are inconvenient from their
slowness.—2. By exposing a mixture of fresh musele and nitric acid of sp. gr.
1:20 to a moderate temperature. Effervescence then takes place, and a large
quantity of gaseous matter is evolved, which is nitrogen mixed with a little car-
bonie acid. The latter must be removed by agitation with lime water; but the
residue still retains a peculiar odour, indicative of the presence of some volatile
puinciple which cannot be wholly separated from it. The theory of this process
is somewhat complex, and will be considered more conveniently in a subsequent
part of the work. 3. By transmitting chlorine gas through a solution of ammo-
nia, when that alkali yields its hydrogen to the chlorine, and its nitrogen is
evolved.

Prq:}—ﬂn]ourlass, tasteless, inodorous ; always gaseous when uncombined ;
&p. gr. 0-9722, so that 100 C.I. weigh 30.166 grains ; no action on the blue colour
of plants ; water dissolves 1} per cent. It is distinguished from other gases more
by negative characters than by any striking quality. It is not a supporter of
combustion ; but, on the contrary, extinguishes all burning bodies that are im-
mersed in it. No animal can live in it ; but yet it exerts no injurious action either
on the lungs or on the system at large, the privation of oxygen gas being the
sole cause of death. It is not inflammable like hydrogen ; though, under favour-
able circumstances, it may be made to unite with oxygen.
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Considerable doubt exists as to the nature of nitrogen. Though ranked among
the simple non-metallic bodies, some circumstances have led to the suspicion
that it is compound ; and this opinion has been warmly advocated by Davy and
Berzelius. The chief argument in favour of this view is drawn from the pheno-
mena that attend the formation of what is called the ammoniacal amalgam. From
the metallic appearance of this substance, it was supposed to be a compound of
mereary and a metal; and as one method of forming it is by the action of
galvanism on a salt of ammonia, in contact with a globule of mercury, it follows
that the metal, if present at all, must have been supplied by the ammonia. Now
ammonia is composed of hydrogen and nitrogen ; and as the former, from its small
sp. gravity, can hardly be supposed to contain a metal, it was inferred that it
must be present in the latter. Unfortunately for this argument, the supposed
metal cannot be obtained in a separate state. The amalgam no sconer ceases to
be under galvanic influence than its elements begin to separate spontaneously,
and in a few minutes decomposition is complete, the sole products being ammo-
nia, hydrogen, and pure merenry. Davy accounted for this change on the suppo-
sition that water is decomposed ; that its oxygen reproduces nitrogen by uniting
with the supposed metal; and that one part of its hydrogen forms ammonia by
uniting with the nitrogen, while the remainder escapes in the form of gas. But
Gay-Lussac and Thenard (Recherches Physico-Chimiques, vol. i.) declare that
the amalgam resolves itself into mercury, ammonia, and hydrogen, even though
perfectly free from moisture; and they infer from their experiments that it is
composed of those three substances combined directly with each other. It hence
appears that the examination of the ammoniacal amalgam affords no proof of the
compound nature of nitrogen ; nor was Davy’s attempt to decompose that gas by
aid of potassium, intensely heated by a galvanic current, attended with better
SUCCEsSs.

Bis eq. is 14°15; eq. vol. =100 ; symb. N,

The compounds of nitrogen treated of in this section are the following,
exclusive of atmospheric air, which is regarded as a mechanical mixture :—

By volume. By weight.
Nit. Oxy. Nit. Oxy. Equiv. Formul=.

Nitrous oxide 100 . 50 14154 8=22156 N4 O
Nitric oxide 100 . 100 14156 4 16 =30:15 N 4 20
Hyponitrous acid 100 . 150 1415 4+ 24=13815 N 4 30
Nitrows acid 100 . 200 14156 4+ 32=46-16 N + 40
Nitrie acid 100 . 2350 14:16 + 40 =45-16 N + 50

ON THE ATMOSPHERE.

The earth is everywhere surrounded by a mass of gaseous matter called the
atmosphere, which is preserved at its surface by the force of gravity, and revolves
together with it around the sun. It is colourless and invisible, excites neither
taste nor smell when pure, and is not sensible to the touch unless when it is in
motion, It possesses the physical properties of elastic fluids in a high degree.
Its sp. gr. is unity, being the standard with which the density of all gaseous
substances are compared. At 30 Bar. and 32° it is 7694 times lighter than
water, and 10462 than mercury; or at 62° 815 times lighter than water, and
nearly 11065 times lighter than mercury. The knowledge of its exact weight is

- g
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an essential element in many physical and chemical researches, and has been
determined with very great care by Prout, who finds that 100 C. 1. of pure and
dry atmospherie air, at 60° and 30 Bar, weigh 310117 grains.

The pressure of the atmosphere was first noticed early in the 17th century by
Galileo, and was afterwards demonstrated by his pupil Torricelli, to whom
science is indebted for the invention of the barometer. Its pressure at the level
of the sea is equal to a weight of about 15 pounds on every square inch of sur-
face, and is capable of supporting a column of water 34 feet high, and one of
mercury of 30 inches; that 1s, a column of mercury of one inch square and 30
inches long has the same weight (nearly 15 pounds) as a column of water of
equal base and 34 feet long, and as a column of air of equal base reaching
from the level of the sea to the extreqgg limit of the atmosphere. By the use
of the barometer it was discovered that the atmospheric pressure is variable. Tt
varies according to the elevation above the level of the sea, and on thig prineiple
the height of mountains is estimated. Supposing the density of the atmosphere
to be uniform, a fall of one inch in the barometer would ecrrespond to 11065
inches, or 922 feet of air; but in order to make the caleulation with acenracy,
allowance must be made for the increasing rarity of the air, and for various other
circumstances which are detailed in works on meteorology. (Daniel's Meteoro-
logical Essays, 2nd edit. 376.) TFrom causes at present not understood, the
pressure varies likewise at the same place. On this depends the indications of
the barometer as a weather-glass; for observation has fully proved, that the
weather is commonly fair and calm when the barometer is high, and usually wet
and stormy when the mercury falls,

Atmospheric air is highly compressible and elastic, so that its particles admit
of being approximated to a great extent by compression, and expand to an
extreme degree of rarity, when the tendency of its particles to separate is not
restrained by external force. The volume of air and all other gaseons fluids, so
long as they retain the elastic state, is inversely as the pressure to which they are
exposed. Thus a portion of air which cecupies 100 measures when compressed
by a force of one pound, will be diminished to 50 measures when the pressure
is doubled, and will expand to 200 measures when the ecompression is equal to
half a pound. This law was first demonstrated in 1662 by the celebrated Boyle,
and a second demonstration of it was given some years afterwards by the French
philosopher Mariotte, apparently without being aware that the discovery had
been previously made in England. It is hence frequently called the law of
Mariotte. Till lately it had not been verified for very great pressures; but from
the experiments of Oersted in 1825, who extended his observations to air com-
pressed by a force equal to 110 atmospheres, it may be inferred to be quite
general, exeept when the gaseous matter assumes the liguid form. (Fd. Journal
of Scienee, iv. 224.) Gases vary from this law when they approach the point
at which they asgume the liquid form. At what pressure air becomes liquid is
uncertain, since all attempts to condense it have hitherto been unsuecessful,

The extreme compressibility and elasticity of the air accounts for the facility
with which it is set in motion, and the velocity with which it is eapable of mov-
ing. It is subject to the laws which chameterize elastic fluids in general. It
presses, therefore, equally on every side; and when some parts of it become
lighter than the surrounding portions, the denser particles rush rapidly into their
place and foree the more rarefied ones to ascend. The motion of air gives riss
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to various familiar phenomena. A stream or current of air is wind, and an
undulating vibration excites the sensation of sound.

The atmosphere is not of equal density at all its parts. This is obvious, from
the consideration that those portions which are next the earth sustain the whole
pressure of the atmosphere, while the higher strata bear only a part. The
atmospherie column diminishes in length as the distance from the earth’s sur-
face increases; and, consequently, the greater the elevation, the lighter must be
the air. It is not known to what height the atmosphere extends. From calcu-
lations founded on the phenomena of refraction, its height is supposed to be
about 45 miles ; and Wollaston estimated, from the law of expansion of gases,
that it must extend to at least 40 miles with properties unimpaired by rarefac-
tion. In speculating on its extent beyond®hat distance, it becomes a gquestion
whether the atmosphere is or is not limited to the earth. This subject was dis-
cugsed with his usual sagacity by Wollaston in an Essay on the Finite Extent
of the Atmosphere (Phil. Trans. 1822), Supposing the atmosphere unlimited,
it should pervade all space, and accumulate about the sun, moon, and planets,
forming around each an atmosphere, the density of which would depend on their
respective forces of attraction. Now Wollaston inferred from astronomieal
observations made by himself and Kater, that there is no solar atmosphere ; and
the observations of other astronomers appear to justify the same inference with
respect to the planet Jupiter. If the aceuracy of these conclusions be admitted,
it follows that our atmosphere is confined to the earth ; and it may next be asked,
by what means is its extent limited ? Wollaston accounted for it by supposing
the air, after attaining a certain degree of rarefacfion, to possess such feeble
elasticity, that the tendency of its particles to separate further from each other
is counteracted by pravity. The unknown height at which this equilibrium
between the two forees of elasticity and gravitation takes place, is the extreme
limit of the atmosphere. The loss of elasticity may be aseribed to two power-
ful and coneurring causes ; namely, to the distance between the particles of air
when highly rarefied, and to the extreme cold which prevails in the higher strata
of the atmosphere.

The temperature of the atmosphere varies with its elevation. Gaseous fluids
permit radiant matter to pass freely through them without any absorption, and
therefore without their temperature being influenced by its passage. The atmos-
phere is not heated by transmitting the rays of the sun, but receives its heat
solely from the earth, and chiefly by actual contact; se that its temperature
becomes progressively lower, as the distance from the general mass of the earth
increases. Another circumstance which contributes to the same effect, is the
inereasing tenuity of the atmosphere; for the temperature of rarefied air is less
raised by a given quantity of heat, than that of the same portion of air when
compressed, owing to its sp. heat being greater in the former state than in the
latter. From the joint influence of both these causes it is found that, in ascend-
ing into the atmosphere, the temperature diminishes at the rate of one degree
for about every 352 feet. The rate of decrease is probably much slower at con-
siderable distances from the earth ; but still there is no reason to doubt that the
temperature continues to decrease with the increasing elevation. There must
consequently, in every latitude, be a point where the thermometer never rises
above 32°, and where ice is never liquefied. This point varies with the latitude,
being highest within the tropics, and descending gradually as we advance towards
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the poles. The following table, from the Supplement to the Eneyelopedia Bri-
tanniea, page 190, article Climate, shows the point of perpetual ice correspond-
ing to different latitudes :—

Latitude. English feet Latitude. English feet
in height, in height.

(S el S 15,207 i e I . TR

| sl Sl R R e T e T e
10 5 & s a 1496 et g ¢ e . 5,034
1l bt 14,220 GOPE BTN AR e Y S 3INTS
11 el L e 13,478 LT LR AR & R P B TR )
e e el g 12,557 TORs e ey Trairw RS
BORGyEn b w8 usay 11,484 O nedsar i SR T 1
BB e aaboain] ol g 10 ilERT SR W 1o govadian fus 457
T TR L. 9,001 BT e 117

Air was one of the four elements of the ancient philosophers, and their opi-
nion of its nature prevailed generally, till its acecuracy was rendered questionable
by the experiments of Boyle, Hooke, and Mayow. The discovery of oxygen
pas in 1774 paved the way to the knowledge of its real ecomposition, which was
discovered about the same time by Scheele and Lavoisier. The former exposed
some atmospheric air to a solution of sulphuret of potassium, which gradually
absorbed the whole of the oxygen. Lavoisier effected the same object by the
combustion of iron wire and phosphorus.

The earlier analyses of the air did not agree very well with each other. Aec-
cording to the researches of Lavoisier, it is composed of 27 measures of oxygen
and 73 of nitrogen. The analysis of Scheele gave a somewhat higher proportion
of oxygen. Priestley found that the quantity of oxygen varies from 20 to 25 per
cent. ; and Cavendish estimated it only at 20. These discrepancies must have
arisen from imperfections in the mode of analysis; for the proportion of oxygen
has been found by subsequent experiments to be almost, if not exactly, that
which was stated by Cavendish. The results of Scheele and Priestley are clearly
referable to this cause, It is now known that the processes they employed cannot
be relied on, unless certain precautions are taken of which these chemists were
ignorant. Recently boiled water absorbs nitrogen; and consequently, if sul-
phuret of potassium be dissolved in that liquid by the aid of heat, the solution,
when agitated with air, tukes up a portion of nitrogen, and thereby renders the
apparent absorption of oxygen too great. This inconvenience may be avoided by
dissolving the sulphuret in eold unboiled water. Binoxide of nitrogen, employed
by Priesiley, removes all the oxygen in the course of a few seconds; but for
reasons which will soon be mentioned, its indications are apt to be fallacious.
The combustion of phosphorus, as well as the gradual oxidation of that substance,
acts in a very uniform manner, and removes the whole of the oxygen completely.
The residual nitrogen contains a little of the vapour of phosphorus, which in-
ereases the bulk of that gas by 1-40th, for which an allowanee must be made in
estimating the real quantity of nitrogen.

Since chemists have learned the precautions to be taken in the analysis of the
air, a close correspondence has been observed in the results of their experiments
upon it. The researches of Davy, Dalton, Gay-Lussac, Thomson, and others,
leave no doubt that 100 measures of pure atmospheric air consist of 20 or 21
volumes of oxygen,and 80 or 79 of nitrogen. The most approved mode of
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analysis consists in mixing with the air a quantity of hydrogen sufficient to con-
vert all the oxygen present into water, and kindling the mixture by the eleetrie
spark. The combination may also be effected without detonation by means of
spongy platinum. Water is formed, and is condensed; and since that liquid is
composed of one volume of oxygen and two of hydrogen, one-third of the dimi-
nution must give the exact quantity of oxygen. This process is so easy of exe-
cution, and so uniform in its indications, that it is now employed nearly to the
total exelusion of all others.

Sueh is the constitution of pure atmospherie air. But the atmosphere is never
absolutely pure; for it always contains a certain variable quantity of carbonie
acid and watery vapour, besides the odoriferous matter of flowers and other vola-
tile substances, which are also frequently present. Saussure found carbonie acid
in air collected at the top of Mont Blane ; and it exists at all altitudes which have
been hitherto attained. Saussure, in a recent essay, states the propertion of this
gas to vary at the same place within short intervals of time. It is greater in
summer than in winter; and from observations made during spring, summer,
and autumn, in the open fields, and in calm weather, its proportion is inferred to
be always greater at night than in the day, and to be more abundant in gloomy
than in bright weather. A very moist state of the ground, as after much rain,
diminishes the quantity of carbonie acid, apparently by direet absorption. It is
_ rather more abundant in elevated situations, as on the summits of high moun-
tains, than in the plains: but its quantity is there nearly the same in day and
night, in wet and dry weather, because the higher strata of the air are less influ-
enced by vegetation, and the state of the soil. Saussure thinks also that a highly
electrical state of the atmosphere tends to diminish' the quantity of carbonic
acid. He found that 10,000 parts of air contain 4-9 of carbonic acid as a mean,
62 as a maximum, and 3'7 as a minimum. (An. de Ch. et Ph. xxxviii. 411.
xliv. 5.)

The chief chemical properties of the atmosphere are owing to the presence of
oxygen gas. Air from which this principle has been withdrawn is nearly inert.
1t can no longer support respiration and eombustion, and metals are not oxidized
by being heated in it. Most of the spontaneous changes which mineral and
dead organized matters undergo, are owing to the powerful affinities of oxygen,
The uses of the nitrogen are in a great measure unknown. It was supposed to
act as a mere diluent to the oxygen; but it most probably serves some useful
purpose in the economy of animals, the exact nature of which has not been dis-
covered.

The knowledge of the composition of the air, and of the importance of oxygen
to the life of animals, naturally gave rise 10 the notion that the healthiness of the
air, at different times, and in different places, depends on the relative quantity of
this gas. It was therefore supposed that the purity of the atmosphere, or its
fitness for communicating health and vigour, might be diseovered by determining
the proportion of the oxygen; and hence the origin of the term Eudiomeler, which
was applied to the apparatus for analyzing the air. But this opinion, though at
first supported by the discordant results of the earlier analysts, was soon proved to
be fallacious. On the contrary, the composition of air is not only constant in the
same place, but is the same in all regions of the earth, and at all altitudes., Air
collected at the summit of the highest mountains, such as Mont Blanc and Chim-
borazo, contains the same proportion of oxygen as that of the lowest valleys.
The air of Egypt was found by Berthollet to be similar to that of France. The
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air which Gay-Lussac brought from an altitude of 21,735 feet above the earth, had
the same composition as that collected at a short distance from its surface. Even
the miasms of marshes, and the effluvia of infected places, owe their noxious
qualities to some prineciple of too subtile a nature to be detected by chemical
" means, and not to a deficiency of oxygen. Seguin examined the infectious atmo-
sphere of an hospital, the odour of which was almost intolerable, and could dis-
cover no appreciable deficiency of oxygen, or other peculiarity of composition.

The question has been much discussed, whether the oxygen and nitrogen gases
of the atmosphere are simply intermixed, or chemically combined with each other.
Appearances are at first view greatly in favour of the latter opinion. Oxygen
and nitrogen gases differ in density, and therefore it might be expected, were
they merely mixed together, that the oxygen as the heavier gas ought, in obedi-
ence to the foree of gravity, to collect in the lower regions of the air; while the
nitrogen should have a tendency to occupy the higher. But this has nowhere
been observed. If air be confined in a long tube preserved at perfect rest, its
upper part will contain just as much oxygen as the lower, even after an interval
of many months ; nay, if the lower part of it be filled with oxygen, and the upper
with nitrogen, these gases will be found in the course of a few hours to have
mixed intimately with one another. The constituents of the air are, also, in the
exact proportion for combining. By measure they are nearly in the simple ratio
of 1 to 4, which agrees with the law of combination by volume; and by weight
they are as B to 28, which corresponds to 1 eq. of oxygen and 2 of nitrogen.

Strong as are these arguments in favour of the chemical theory, it is never-
theless liable to objections which appear insuperable. The atmosphere possesses
all the characters that should arise from a mechanical mixture. There is not, as
inall other cases of chemical union, any change in the bulk, form, or other quali-
ties of its elements. The nitrogen manifests no attraction for the oxygen. All
bodies which have an affinity for oxygen abstract it from the atmosphere with as
much facility as if the nitrogen were absent altogether. Even water effects this
separation ; for the air which is expelled from rain water by ebullition, contains
more than 21 per cent, of oxygen. When oxygen and nitrogen gases are mixed
together in the ratio of 1 to 4, the mixture occupies precisely 5 volumes, and has
every property of pure atmospheric air. The refractive power of the atmosphere
is precisely such as a mixture of oxygen and nitrogen gases ought to possess;
and different from what would be expected were its elements chemically united.
(Edinburgh Journal of Seience, iv. 211.)

Since the elements of the air eannot be regarded as in a state of actual combi-
nation, it is neeessary to account for the steadiness of their proportion on some
other principle. It has been conceived that the affinity of oxygen and nitrogen
for one another, though insufficient to cause their combination when mixed toge-
ther at ordinary temperatures, might still operate in such a manner as to prevent
their separation ; that a certain degree of attraction is even then exerted between
them, which is able to counteract the tendency of gravity. An opinion of this
kind was advanced by Derthollet, in his Stafique Chimique, and defended by
Murray. This doetrine, however, is not satisfactory, It is conceivable that
oxygen and nitrogen may attract each other in the way supposed : and it may be
admitted that this supposition explains why these two gases continue in a state
of perfect mixture. But still the explanation is unsatisfactory ; and for the fol-
lowing reason:—Dalton took two eylindrical vessels, one of which was filled
with carbonic acid, the other with hydrogen gas ; the latter was placed perpen-
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dicularly over the other, and a communication was established between them,
In the course of a few hours hydrogen was detected in the lower vessel, and
carbonie acid gas in the upper. If the upper vessel be filled with oxygen, nitro-
gen, or any other gas, the same phenomena will ensue: the gases will be found,
after a short interval, to be in a state of mixture, and will at last be distributed
equally through both vessels, Now this result cannot be ascribed to the action
of affinity. Carbonie acid cannot be made to unite either with hydrogen, oxygen,
or nitrogen ; and therefore, it is gratuitous to assert that it has an affinity for
them. Some other power must be in operation, capable of producing the mixture
. of gases with each other, independently of chemical attraction ; and if this power
can cause carbonicacid to ascend through a gas which is twenty-two times lighter
than itself, it will surely explain why oxygen and nitrogen gases, the densities
of which differ so little, should be intermingled in the atmosphere.

The explanation which Dalton has given of these phenomena is founded on the
assumption, that the particles of one gas, though highly repulsive to each other,
do not repel those of a different kind. Hence one gas should act as a vacuum
with respect to another; and if a vessel full of carbonic aecid communicate with
another of hydrogen, the particles of each gas should insinuate themselves be-
tween the particles of the other, till they are equally diffused through both ves-
sels. The particles of the earbonic acid do not indeed fill the space occupied by
the hydrogen with the same velocity as if it were a real vacuum, because the
particles of the hydrogen afford a mechanical impediment to their progress. The
ultimate effect, however, is the same as if the vessel of hydrogen had been a
vacuum, (Manchester Memoirs, vol. v.)

Though it would not ‘be difficult to find objections to this hypothesis, it has
the merit of being applicable to every possible case; which cannot, I conceive,
be admitted of the other. It accounts not only for the mixture of gases, but for
the equable diffusion of vapours through gases, and through each other. This
view receives support from Graham’s experiments on the diffusion of gases.
(Phil. Trans. Edin. 1831.) When a gas is contained in a glass bell jar which
has a erack or fissure in its sides, or communicates with the air by a narrow aper-
ture, or is contained in a porous vessel, the gas gradually diffuses itself into the
air, and air into the gas, each passing through the chink or other small opening
at the same time, but in opposite directions. On ascertaining after an interval
how much gas has escaped from, and how much air entered into, the vessel, it
will be found that the respective quantities depend on the relative sp. gravities;
and the same principle of intermixture equally applies when the apertures of com-
munication are large, as when they are small. Each gas has a diffusiveness
peculiar to itself, and which is greater as its sp. gr. is less. Graham determined
the rate of diffusicn for different gases by means of what he calls a diffusion {ube,
which is simply a graduated tube closed at one end by plaster of Paris, a sub-
stance, when moderately dry, possessed of the requisite porosity. He has been
led by direct experiment to the following econclusion,—that *the diffusion or
spontaneous intermixture of two gases in contact, is effected by an interchange in
position of indefinitely small volumes of the gases, which volumes are not neces-
sarily of equal magnitude, being, in the case of each gas, inversely proportional
to the square root of the density of that gas.” The relative diffusivenes of each
gas may hence be represented by the reciprocal of the square root of its sp. gr.
Thus, the sp. gr. of air being 1, its diffusiveness is 1 also; that of hydrogen is
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1 1 1 1
= = 3'B07; that of oxygen = — = (09524 ;
3/ 0069 02627 »/1°102 105
1

and that of nitrogen  0°972 = 1-014 :

v

so that the relative power of diffusion of air, hydrogen, oxygen, and nitrogen, is

indicated by the numbers, 1, 3-807, 09524 and 1-014. In gases which are very

sparingly soluble in water, and hence not condensable by the moisture of the

plaster of Paris, the results of experiment coincide so exactly with the law, that

Graham suggests its application to determine the sp. gr. of gases. Thus if g

demnote the diffusiveness of a gas, as found by careful experiment, and d its sp.
gr.; then since, by the law of diffusion,

1 1
g = —— we have d = —
Vd, g%

It is obvious that these phenomena eannot be referred to any chemieal prinei- -
ple, but are dependent on the mechanical constitution of gases. It has been
lately shown in a very clever paper by T. Thomson of Clitheroe (Phil. Mag. 3rd
Series, iv. 321), that the law of gaseous diffusion is included under Dalton’s hy-
pothesis, that one gas is as a vacuum with respect to another. For it is a law
deduced from the physical properties of gaseous bodies, that the velocities of
gases flowing under like eircumstances into a vacuum are inversely as the square
roots of their sp. gravities, which is precisely the same law that regulates their
flow into each other. 5

There is still one eircumstance for consideration respecting the atmosphere.
Since oxygen is necessary to combustion, to the respiration of animals, and to
various other natural operations, by all of which that gas is withdrawn from the
air, it is obvious that its quantity would gradually diminish, unless the tendency
of those causes were counteracted by some compensating process. To all appear-
ance there does exist some source of compensation ; for chemists have not hith-
erto noticed any change in the constitution of the atmosphere. The only source
by which oxygen is known to be supplied, is the action of growing vegetables.
A healthy plant absorbs carbonic acid during the day, appropriates the carbona-
-geous part of that gas to its own wants, and evolves the oxygen with which it
was combined. During the night, indeed, an opposite effect is produced. Oxy-
gen gas then disappears, and carbonie acid is eliminated ; but it follows from the
experiments of Priestley, Davy, and Daubeny, that plants during 24 hours yield
more oxygen than they consume. Whether living vegetables make a full com-
pensation for the oxygen removed from the air by the processes above mentioned,
is uncertain. From the great extent of the atmosphere, and the continual agita-
tion to which its different parts are subject by the action of winds, the effects of
any deteriorating process would be very gradual, and a change in the proportion
of its elements could be perceived only by observations made at very distant in-
tervals.

Besides oxygen, nitrogen, carbonic acid, and traces of volatile organic sub-
stances, air, as already stated, always contains a greater or less amount of the
vapour of water. The methods and instruments employed for determining its
quantity have been described in the article Evaporation. As these instruments
are termed hygrometers, the moisture of the atmosphere is often called hygro-
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metric; and solid substances which absorb it are said to contain hygrometrie
water.

PROTOXIDE OF NITROGEN.

Hisi.—Dephlogisticated air of Priestley, its discoverer; and the nitrous oxide of
Davy, who studied it minutely. (Researches on the Nitrous Oxide, 1800.)

Prep.—It may be formed by exposing nitric oxide for some days to the action
of iron filings, or other substances which have a strong affinity for oxygen, when
the nitric oxide loses one half of its oxygen, and is converted into the protoxide ;
but the most convenient method is by nitrate of ammonia. This salt is prepared
by neutralizing with ecarbonate of ammonia pure nitric acid diluted with about
three parts of water, and eoncentrating by evaporation until a drop of the liquid
let fall on a cold plate becomes a firm mass, adding a little ammonia towards the
close to ensure neutrality. The salt after cooling is broken to pieces, introduced
into a retort, and heated by a lamp or pan of charcoal : at first, below 400°, fusion
ensues; and as the heat rises to 480° or 500°, rapid decomposition sets in, which
continues until all the salt disappears. If a white cloud appears within the retort,
due to some of the salt subliming undecomposed, the heat should be checked.

The sole produets of this operation, when earefully condueted, are water and
protoxide of nitrogen. The nature of the change will be readily understood by
comparing the composition of nitrate of ammeonia with that of the products derived
from it. ‘These, in round numbers, are as follows :—

Nitrie Acid. Ammonia, Walter. Prot. of Nitrogen,
HWitrogen 14 or 1 eq. Nitrogen 14 or 1 eq. Hyd. 3 or 3 eq. Nit. 38 or2 eq.
Oxygen 40 or 5 eq. Hydrogen 3 or 3 eq, Oxy. 24 or 3 eq. Oxy, 16 or 2 eq.

54 17 a7 14

The same expressed in symbols is
NH,+ NO;=3HO + 2NO.

It thus appears that the hydrogen in the ammonia takes so much oxygen as
is sufficient for forming water, and the residual oxygen converts the nitrogen both
of the nitrie acid and of the ammonia into protoxide of nitrogen: 71 grains of the
salt will thus yield 44 prains of protoxide of nitrogen and 27 of water.

FProp.—~Colourless, slightly agreeable odour, and sweetish taste; commonly
gaseous, but at 45° and under a pressure of 50 atmospheres it is liquid ; [under
the same pressure, this liquid exposed to the intense cold of Thilorier’s bath of
solid carbonie acid and ether, becomes a transparent erystalline solid (page 53.)]
sp. gr. of the gas = 1-5241, and 100 C. L. weigh 47:22 grains ; no action on test
paper. Recently boiled water at 60° dissolves nearly its own volume of the gas,
and yields it unchanged by boiling : henee it cannot be preserved over cold water,
and may by it be separated from gases which are insoluble in water. It is a sup-
porter of combustion. Most substances burn in it with far greater energy than
in the atmosphere. 'When a recently extinguished candle with a very red wick
18 introdueed into it, the flame is instantly restored. Phosphorus, if previously
kindled, burns in it with great brilliancy. Sulphur, when burning feebly, is ex-
tinguished by it; but if immersed while the combustion is lively, the size of the
flame is considerably increased. With an equal bulk of hydrogen it forms a
mixture which explodes violently by the electrie spark or by flame. In all these
cases the product of combustion is the same as when oxygen gas or atmospherie
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air is used. The protoxide is decomposed ; the combustible matter unites with
its oxygen, and the nitrogen is set free. It suffers decomposition when a succes-
sion of electric sparks is passed through it, and a similar effect is caused by
condueting it through a porcelain tube heated to inecandescence. It is resolved,
in both instances, into nitrogen, oxygen, and nitrous acid.

Davy discovered that it may be taken into the lungs with safety, and that it
supports respiration for a few minutes. He breathed 9 quarts of it, contained
in a silk bag, for three minutes, and 12 quarts for rather more than four; but
no guantity could enable him to bear the privation of atmospherie air for a longer
period. Tis action on the system, when inspired, is very remarkable. A few
deep inspirations are followed by most agreeable feelings of excitement, similar
to the earlier stages of intoxication. This is shown by a strong propensity to
langhter, by a rapid flow of vivid ideas, and an usual disposition to musecular
exertion. These feelings, however, soon subside ; and the person returns to his
usual stite without experiencing the langour or depression which so universally
follows intoxication from spirituous liquors. [Its effects, however, on different
persons, are various ; and in individuals of a plethoric habit it sometimes pro-
duces giddiness, headache, and other disagreeable symptoms.

When 100 measures of it are mixed with 100 of hydrogen and fired by elec-
tricity, 100 of nitrogen gas remain, and the sole other product is water. As 100
of hydrogen unite with 50 of oxygen, it follows that 100 measures of the pro-
toxide contain 100 of nitrogen and 50 of oxygen gases. This result, obtained
by Davy, has been confirmed by Henry, who analyzed it by means of carhonie
oxide gas (An. Phil. N. 8. viii. 299). Now,

100 cubie inches of nitrogen gas weigh . . F 3(-166 grains
a0 do, oxygen ' . . . 17-064
These numbers added together amount to . . 47-220

which must be the weight of 100 C. I. of the protoxide. Its composition by
weight is determined by the same data, being 17-054 oxygen to 30:166 nitrogen,
or 8 to 14 nearly, as already stated. Jis eq. €5 =22'15; eq. vol. =100; symb,
N 4 0, NO, o N.

%

BINOXIDE OF NITROGEN.

Hist.—Discovered by Hales, but first carefully studied by Priestley, under the
name of nilrous gas. It is also called nitric oxide and dewloxide of nilrogen.

Prep.—Preferably by the action of nitric acid, of sp. gr. 12, on metallic cop-
per. Brisk effervescence takes place without the aid of heat, and the gas may
be collected over water or mereury. The copper gradually disappears during the
process ; the liquid acquires a beautiful blue colour, and yields on evaporation
a salt which is composed of nitric acid and oxide of eopper. The chemieal
changes that oceur are the following :—One portion of nitrie acid suffers decom-
position : part of its oxygen oxidizes the eopper; while another part is retained
by the nitrogen of the nitric acid, forming binoxide of nitrogen. The oxide of
copper attaches itself to some undecomposed nitric acid, and forms the blue
nitrate. Many other metals are oxidized by nitric acid, with disengagement of
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a similar compound ; but none, mercury excepted, yields so pure a gas as cop-
per. The following equation expresses the reaction :—

Cog+4 N O;=3 (Cu 0. N 0y + N 0,.

Prop.—Gaseous, not hitherto condensed into a liquid ; colourless, tasteless,
and inodorous; excites violent spasm of the glottis when an attempt is made to
inhale it; sp. gr. =1:0377, and 100 C. I. weigh 32-137 grains, Water at 60°
dissolves about 11 per cent. It has no action on test paper; but if any free
oxygen is present, it produces dense, suffocating, acid vapours of ared or orange
colour, called nitrous acid vapours, which are freely absorbed by water, and render
it acid, This character distinguishes it from all other gases, and is a good test
of the presence of free oxygen. Tnsome cases it supports combusiion : burning
sulphur and a lighted candle are extinguished by it; but charcoal and phos-
phorus, when in vivid combustion, burn in it with increased brilliancy. The
produet of the combustion is carbonic acid in the former case, and metaphos-
phoric acid in the latter, nitrogen being separated in both instances. With an
equal bulk of hydrogen it forms a mixture which cannot be made to explode,
but which is kindled by contact with a lighted candle, and burns rapidly with a
greenish white flame, water and pure nitrogen gas being the sole produets. The
action of freshly ignited spongy platinum on a mixture of hydrogen and bin-
oxide of nitrogen gases leads to the slow production of water and ammonia.

It is partially resolved into its elements by being passed through red-hot tubes,
and a succession of electric sparks has a similar effect, It is converted into
protoxide of nitrogen by substances which have a strong affinity for oxygen, such
as moist iron filings, and a solution of sulphuret of potassium. Davy ascer-
tained its composition by the combustion of chareoal (Elements of Chemieal
Philosophy, p. 200). Two volumes of the binoxide yielded one volume of
nitrogen, and about one of carbonic acid ; whence it was inferred to conmsist of
equal measures of oxygen an