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CORRIGENDA.

VOL. I. page 48, 1. 9 from bottom, for 114 of the former to §3} of the latter,

or 1 to 14, read 11.1 to 88.9, or 1 to 8.

p. 31, ), b and 7, for 1}, read 8. i

p. 84,1, 9. This, so far as it respects Petit and Nulong, is incor-
rect, for they assume that radiation is the same in air and other
gases as in vacuo, the different velocities of cooling being duc to
the conducting powers of elastic media.

p. 102, 1. 18 from bottom, for precisely read nearly.

p. 111, 1. 21, for (202°) rcad (102°),

p. 126, 1, 8, after end, inscrt conlaining mercury.

p. 141 in the Table. The specific gravity of pitric oxide, though
copicd exactly from Berzelius and Duloung, is incorrect.

P. 128, L. 14, for condensing inta one volume, read into two volumes.

p. 160, 1. 19, for from 32° ta 2129, read from — 40° to + 212°

p. 229, 1. 9 from bottom, after oxygen, insert chlorine.

Passim, except when it is applied to potash of commerce, for potash
read potassa,

VOL. 11, p. 166, 1. 11, for protoxide read peroxide.



PREFACE

TO THE

NINTH EDITION.

CueMisTRY is, of all the sciences, that which is most emi-
nently progressive, scarcely a year elapsing during which it
is not enriched by a great variety of new facts,—by the resolu-
tion of compounds into more simple elements,—by combina-
tions before unknown,—and sometimes by general laws of ex-
tensive application and influence. Every new edition of a
chemical book must necessarily, therefore, if it keep pace with
the progress of discovery, differ essentially from the one which
preceded it; for while it embraces every thing that is new
and important, it must reject whatever recent experience hrs
proved to be erroneous. It is by freely effecting the latter
purpose, that I have been enabled to accommodate this work to
the state of the science, without materially enlarging the size
of the volumes. They will be found, however, by those who
may be at the pains of comparing this edition with the last, to
comprise a large proportion of new matter. 1 have been
induced also, by mature consideration of those analogies
which have of late years been unfolded among chemical sub-
stances, to adopt an entirely different arrangement, the prin-
ciple of which is fully cxplained in the concluding pages of
the InTroDUCTION. It iS founded, as to its leading outline,
on those relations of bodies to Electricity, which have been
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developed by the genius of Sir Humphry Davy, and, though

the classification is far from being unobjectionable, it seems
to me the best that can be followed in the present state of
the science. ' :

To this edition, a tenth copper plate is annexed; and a
number of wood cuts, from accurate drawings by Mr. Joseph
Farey, are, for the first time, interspersed through the work,
wherever it appeared to me that the subject required such il-
lustration. Among the Tables, in the Appendix to the Second
Volume, is inserted one of Chemical Equivalents, the num-
bers of which, whenever they differ from those in the body
of the work, are to be regarded as most worthy of confidence.
In the ADDENDA, too, will be found notices of recent disco-
veries, to the latest period which the publication would permit,

Although no pains have been spared to render these volumes
a faithful abstract of the present state of Chemistry, yet it
is more than probable that errors and omissions will still be
detected in them. In rectifying these, I hope to be assisted
by a continuance of those candid criticisms, both through
public and private channels of communication, by which I
have already greatly benefited.

Manchester, April, 1823.
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INTRODUCTION.

NaruraL PHiLoSOPHY, in its most extensive sense, is &
term comprehending every science, that has for its objects
the properties and affections of matter. But it has attained,
by the sanction of common language, a more limited signifi-
cation; and chemistry, though strictly a branch of natural
philosophy, is generally regarded as a distinct science. Be-
tween the two it may, perhaps, be difficult to mark out pre-
cisely the line of separation: but, an obvious character of the
facts of natural philosophy is, that they are always attended
with sensible motion; and the determination of the laws of
motion is peculiarly the office of its cultivators. Chemical
changes, on the other hand, of the most important kind, often
take place without any apparent motion, either of the mass, or
of its minute parts; and where the eye is unable to perceive
that any change has occurred. The laws of gravitation, of
central forces, and all the other powers that fall under the
cognizance of the natural philosopher, produce, at most, only
a change of place in the bodies that obey their influence.
But, in chemical changes, we may always observe an impor-
tant difference in the properties of things: their appearances
and qualities are completely altered, and their individuality de-
stroyed. ‘Thus, two highly corrosive and deleterious sub-
stances, by uniting chemically together, may become mild and
harmless; the combination of two colourless substances may
present us with a compound of brilliax‘lt complexion; and the
union of two fluids, with a compact and solid mass.
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Chemistry, therefore, may be defined, that science, the ob-
ject of which is to discover and explain the changes of com-
position that occur among the integrant and constituent parts
of different bodics.*

From this dcfinition, it may readily bLe conceived, how
wide is the range of chemical inquiry; and, by applying it to
the various events that daily occur in the order of nature, we
shall be enabled to separate them with accuracy, and to allot,
to the sciences of natural philosophy and chemistry, the proper
objects of the cultivation of each. Whenever a change of
place is a necessary part of any event, we shall call in the aid
of the former. 'When this condition may be dispensed with,
we shall resort to chemistry for the light of its principles.
But it will be often found, that the concurrence of the two
sciences is essential to the full explanation of phenomena.
The water of the ocean, for example, is raised into the atmo-
sphere by its chemical combination with the matter of heat;
but the clouds, that are thus formed, maintain their elevated
situation by virtue of a specific gravity inferior to that of the
.lower regions of the air,—a law, the discovery and application
of which are due to the natural philosopher, strictly so called.

It has not been unusual to cousider chemistry, under the
twofold view of a scicnce and of an art. This arrangment,
however, appears to have had its origin in an imperfect dis-
crimination between two objects, that are essentially distinct.
Science consists of assemblages of facts, associated together in
classes, according tc circumstances of resemblance or analogy.

The business of its cultivators is, first, to investigate and

® The reader, who wishes to examine other definitious of chemistry, will
find a variety of them, collected by Dr. Black, in the first volume of his
¢ Lectures,” published, since his death, by Professor Robison,
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establish individual truths, either by the careful observation
of natural appearances, or of new and artificial combinations
of phenomena produced by the instruments of experiment.
The next step is the induction, from well ascertained facts,
of general principles or laws, more or less comprehensive in
their extent, and serving, like the classes and orders of
natural history, the purposes of an artificial arrangement.” Of
such a body of facts and doctrines, the sCIENCE oF CHEMISTRY
is composed. But the employment of the artist consists
merely in producing a given effect, for the most part by the
sole guidance of practice or experience. In the repetition of
processes, he has only to follow an established rule ; and, in
thc improvement of his art, he is benefited generally by for-
tuitous combinations, to which he has not been directed by
any general axiom. An artist, indced, of enlarged and en-
lightened mind, may avail himself of general principles, and
may employ them in perfecting established operations: but
the art and the science are still marked by a distinct boun-
dary.” In such hands, they are auxiliaries to each other; the
onc contributing a valuable accession of facts ; and the other, in
return, imparting fixed and comprehensive principles, which
simplify the processes of art, and direct to new and important
practices.

The possession of the general principles of chemistry en-
ables us to understand the mutual relation of a great variety
of events, that form a part of the established course of nature.
It unfolds the most sublime views of the beauty and harmony
of the universe; and developes a plan of vast extent, and of
uninterrupted order, which could have been conceived only
by perfeci wisdom, and executed by unbounded power. By
withdrawing the mind, also, from pursuits and amusements
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that excite the imagination, its investigations may tend, in
common with the rest of the physical sciences, to the improve-
ment of our intellectual and moral habits; to strengthen the
faculty of patient and accurate thinking; and to substitute
placid trains of feeling, for those which are too apt to be
awakened by the contending interests of men in society, or
the imperfect government of our own passions.

The class of natural events that call for the explanation
of chemical science, is of very considerable extent; and the
natural philosopher (using this term in its common accepta-
tion) is wholly incompetent to unfold their connexion. He
may explain, for example, on the principles of his own science,
the annual and diurnal revolutions of the Earth, and part of
the train of consequences depending on these rotations. But
here he must stop: and the chemist must trace the effects, on
the Earth’s surface, of the caloric and light derived from the
sun; the absorption of caloric by the various bodies on which
it falls; the consequent fluidity of some, and volatilization of
others; the production of clouds, and their condensation in
the form of rain; and the effects of this rain, as well as of the
sun’s heat, on the animal, vegetable, and mineral king-
doms. In these minuter changes, we shall find, there is not
less excellence of contrivance, than in the stupendous move-
ments of the planetary system. And they interest us even
more nearly ; because, though not more connected with our
existencé or comfort, yet they are more within our sphere of
observation; and an acquaintance with their laws admits of
a more direct application to human affairs.

There is another branch of knowledge (that of natural his-
tory), which is materially advanced by the application of che-
mical science. The classifications of the naturalist are derived
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from an examination and comparison of the external forms,
both of animate and inanimate bodies. He distributes the
whole range of nature into three great and comprehensive
kingdoms,—the animal, the vegetable, and the mineral. Each
of these, agnin, is subdivided into several less extensive classes;
and individual objects are referred to their place in the system,
by the aéreement of their characters, with those assigned to
the class, order, and genus. In the diffcrent departments of
natural history, these resemblances vary in distinctness, in
facility of observation, and in certainty of description. Thus,
the number and disposition of the parts of fructification in
vegetables afford marks of discrimination, which are well
defined, and easily ascertained. But minerals, that are not
possessed of a regularly crystallized form, are distinguished
by outward qualities that scarcely admit of being accurately
conveyed by language ; such as minute shades of colour; or
trifling differences of hardness, transparency, &c. To the
evidence of these loose and varying characters, that of the
chemical composition of minerals has within the few past years
been added ; and mineralogy has been advanced, from a con-
fused assemblage of its objects, to the dignity of a wcll me-
thodized and scientific system. In the example of crystallized
bodies, the correspondence between external form and chemi-
cal composition, has been most successfully traced by the
genius of Haily; whose method of investigation has enabled
him, in numerous instances, to anticipate, from physical cha-
racters, the results of the most skilful and laborious analysis,
It is unnecessary to pursue this part of the subject to a
greater extent; because, to all who have been in the habit of
philosophical investigation, the connexion between the sciences
must be sufficiently apparent; and because there is another
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ground, on which chemistry is more likely to claim, with suc-
cess, the respect and attention of the great mass of mankind.
This is, its capacity of ministering to our wants end our
luxuries, and of instructing us to convert to the ordinary
purposes of life, many substances which nature presents to us
in a rude and uscless form. The extraction of metals from
their ores; the conversion of the rudest materials into the
beautiful fabrics of glass and porcelain; the production of
wine, ardent spirits, and vinegar; and the dyeing of linen,
cotton, and woollen manufactures,—are only a few of the arts
_ that are dependent on chemistry for their improvement, and
even for their successful practice.

It cannot, however, be denied, that all the arts, which have
been mentioned, were practised in times when the rank of che-
mistry, as a science, was extremely degraded; and that they
are the daily employment of unlettered and ignorant men.
Bit to what does this confession amotint; and how far does
it prove the independence of the above arts on the science of
chemistry ?

The skill of an artist is compounded of knowledge and of
manual dexterity. The latter, it is obvious, no science can
teach. But the acquirement of expcrience, in other words, a
talent for the accurate observation of facts, and the habit of
arranging facts in the best manner, may be greatly facilitated
by the possession of scientific principles. Indeed, it is hardly
possible for any one to frame rules for the practice of a che-
mical art, or to profit by the rules of others, who is unac-
quainted with the general doctrines of the science. For, in
all rules, it is implied, that the promised effect will only take
place, when circumstances are precisely the same as in the
case under which the rule was formed. To ensure an uner-
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ring uniformity of result, the substances, employed in che-
mical processes, must be of uniform composition and excel-
lence; or, when it is not possible to obtain them thus un-
varied, the artist should be able to judge precisely of the
defect, that he may proportion his agents according to their
qualities. ~Were chemical knowledge more genersally pos-
wssed, we should hear less of failures and disappointments in
chemical operations ; and the artist would commence his pro-
ceedings, not, us at present, with distrust and uncertainty,
but with a confident and well grounded expectation of
success.

It will scarcely be contended, that any one of the arts has
hitherto attained the extent of its possible perfection. In all,
there is yet a wide scope for improvement, and an extensive
range for ingenuity and invention. But from what class of
men are we to expect useful discoveries? Are we to trust, as
hitherto, to the favour of chance and accident: to the for-
tuitous success of those who are not guided in their experi-
ments by any general principles? Or shall we not rather
endeavour to inform the artist, and induce him to substitute,
for vague and random conjecture, the torch of induction and
of rational analogy? In the present imperfect state of his
knowledge, the artist is even unable fully to avail himself of
those fortunate accidents, by which improvements sometimes
occur in his processes ; because, to the eye of common obser-
vation, he may have acted agreeably to established rules, and
have varied in circumstances which he can neither perceive nor
appreciate. The man of science, in these instances, sees more
deeply, and, by availing himself of a minute and accidental
difference, contributes at once to the promotion of his own
interest, and to the advancement of his art.

VOL. 4, b
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But it is the union of theory with practice that is now re-
commended. And ¢ when theoretical knowledge and prac-
tical skill are happily combined in the same person, the intel-
lectual power of man appears in its full perfection, and equally
fits bim to conduct, with a masterly hand, the details of ordi-
nary business, and to contend successfully with the untried
difficulties of new and perplexing situations. In conducting
the former, mere experience may frequently be a sufficient
guide; but experience and speculation must be combined to
prepare us for the latter.” * ¢ Expert men,” says Lord
Bacon, “ can execute and judge of particulars one by one;
but the general counsels, and the plots, and the marshalling
of affairs, come best from those that are learned.”

This recommendation to artists, of the acquirement of sci-
entific knowledge, is happily sanctioned by the illustrious
success, in our awn days, of the application of theory to the
practice of certain arts. Few persons are ignorant of the be-
nefits, that have resulted to the manufactures of this country,
from the inventions of Mr. Watt and Mr. Wedgwood ; both
of whom have been not less benefactars of philosophy than
eminent for practical skill. The former, by a clear insight
into the doctrine of latent heat, resulting, in a great measure,
from his own acuteness and patience of investigation, and
seconded by an unusual share of mechanical skill, has perhaps
brought the steam-engine to its acme of perfection, Mr.
Wedgwood, aided by the possession of extensive chemical
knowledge, made rapid advances in the improvement of the
art of manufacturing porcelain; and, besides raising himself
ta great opulence and distinction, has created for his country

‘ ® Stewart’s Elements of the Philosophy of the Human Mind, chap. iv.
sect. 7.
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a source of most profitable and extensive industry. In an
art, also, which is nearly connected with the manunfactures of
our own town,* and the improvement of which must, there-
fore, ¢ come home to our business and bosoms,” we owe un-
speakable obligations to two speculative chemists,—to Scheele,
who first discovered chlorine; and to Berthollet, who first in-
structed us in its application to the art of bleaching.
Examples, however, may be urged against indulgence in
theory ; and instances are not wanting, in which the love of
speculative refinement has withdrawn men entirely from the
straight path of useful industry, and led them on gradually
to the ruin of their fortunes. But from such instances, it
would be unfair to deduce a general condemnation of theo-
retical knowledge. It would be the commion error of arguning
against things that are useful, from their occasional abuse.—
In trath, projects which have, for their foundation, & depend-
ence on chemical principles, may be undertaken with a move
rational confidence, than such as have in view the accomplish-
ment of mechanical purposes; because, in chemistry, we are
better able, than in mechanies, to predict, ftom an experi-
ment on a small scale, the probable issue of more extensive
attempts. No one, from the successfal trial of a small ma-
chine, ean offirm, with unerring certainty, that the samé suc-
cess will attend one on a greatly enlarged plan; because the
amount of the resistances, that are opposed to mrotien, in-
creases often in a ratio greater than, from theory, could ever
bave been foreseen. But the same law, by which the minernl
alkali i extracted from a pound of common salt, must equally
operate en a thousand times the quemtity ; and, even when we

® Manchester; where the substance of this discourse was originally
delivered as an introductory lecture.
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augment our quantities in this immense degree, the chemical
affinities, by which so large a mass is decomposed, are exerted
only between very small particles. The failures of the me-
chanic, therefore, arise from the nature of things; they occur,
because he has not in his power the means of foreseeing and
calculating the causes that produce them. But, if the chemist
fail in perfecting an economical scheme on a large scale, it is
either because he has not sufficiently ascertained his facts on
a small one, or has rashly embarked in extensive speculations,
without having previously ensured the accuracy of his esti-
mates.

The benefits which we are entitled to expect from the efforts
of the artist and the man of science, united in one person,
and at the same time tempered and directed by prudential
wisdom, affect not only ipdividual but national prosperity. To
the support of its distinction, as a‘commercial nation, this
country is to look for the permanency of its riches, its power,
and, perhaps, even of its liberties; and this pre-eminence is
to be maintained, not only by local advantages, but on the
more certain ground of superiority in the productions of its
arts. Impressed with a full conviction of this influence of
the sciences, a neighbouring and rival people have offered the
most public and respectful incitements to the application of
theory in the improvement of the chemical arts; and, with
the view of promoting this object, national institutions have
been formed among them, which have been already, in several
instances, attended with the most encouraging success. It may
be sufficient, at present, to mention, as an example, that
France, during a long war, supplied, from her own native
resources, her enormous, and, perhaps, unequalled consump-
tion of nitre,
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The general uses of chemistry have been thus fully en.
larged upon, because it is a conviction of the utility of the

science, that can alone recommend it to attentive and per-
- severing study. It may now be proper to point out, in detail,
a few of its more striking applications.

L. The art which is, of all others, the most interesting, from
its subserviency to wants that are interwoven with our nature,
is AGRICULTURE, or the art of obtaining, from the earth, the
largest crops of useful vegetables at the smallest expense.

The vegetable kingdom agrees with the animal one, in the
possession of a living principle. Every individual of this
kingdom is regularly organised, and requires for its support an
unceasing supply of food, which is converted, as in the animal
body, into substances of various forms and qualities. Each
plant has its periods of growth, health, disease, decay, and
death ; and is affected, in most of these particulars, by the
varying condition of external circumstances. A perfect state
of agricultural knowledge would require, therefore, not only
a minute acquaintance with the structure and economy of
vegetables, but with the nature and effects of the great variety
of external agents, that contribute to their nutriment, or in-
fluence their state of health and vigour. It can hardly be
expected, that the former attainment will ever be generally
made by practical farmers; and it is in bringing the agricul-
tarist acquainted with the precise composition of soils and
manures, that chemistry promises the most solid advantages.
Indeed, any knowledge that can be acquired on this subject,
without the aid of chemistry, must be vague and indistinct,
and can neither enable its possessor to produce an intended
effect with certainty, nor be communicated to others in lan-
guage sufficiently intelligible. Thus we are told, by Mr.
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Arthur Young, that, in some parts of England, any loose
clay is called marl, in others marl is called chalk, and in
others clay is called loam. From so confused an application
of terms, all general benefits of experience in agriculture must
be greatly limited.

Chemistry may, to agriculturists, become a universal lan-
guage, in which the facts, that are observed in this art, may
be so clothed, as to be intelligible to all ages and nations. It
would be desirable, for example, when a writer speaks of clay,
loam, or marl, that he should explain his conception of these
terms, by stating the chemical composition of each substance
expressed by them. For, all the variety of soils and manures,
aud all the diversified productions of the vegetable kingdom,
are eapable of being resolved, by chemical analysis, into a
suall number of elementary ingredients. 'The formation of a
well defined language, expressing the proportion of these
elements in the various soils and manures, now so vaguely
characterized, would give an accuracy and precision, hitherto
unknown, to the experience of the tillers of the earth.

1t has been said, by those who contend for pure empiricism
in the art of agriculture, that it has remained stationary,
motwithstanding all improvements in the sciences, for more
than two thoysand years. “ To refute this assertion,” says
Mr. Kirwan, “ we need only compare the writings of Cato,
Columells, or Pliny, with any modern tracts, or still better,
with the modern practice of our best farmers.”—« If the
exact comnexion of effects with their causes,” he adds, ¢ has
not beea so fully and extensively traced in this as in other
sibjects, we must attribute it to the peculiar difficulty of the
imetaigation. In ather subjects, exposed to the joint opera-
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tion of many tauses, the effect of each, singly and exclusively
taken, may be particulatly examined, nd the experimenter
may work in his laboratory, with the object always in his
view. But the secret processes of vegetation take place in the
dark, exposed to the various and indeterminable influences of
the atmosphere, and require, at lenst, half a year for their
completion.. Hence the difficulty of determining on what
peculiar circumstance success or failure depends; for, the
diversified experience of fiany years can alone afford a ra-
tional foandation for solid, specific conclusions.” *

II. To those who study MEDICINE as a branch of general
science, or witli the more itnportant view of practical utility,
chemistry may be recommended with peculiar force and pro-
priety.—The aninal body may be regarded as a living ma-
chine, obeying the same laws of motion as are daily exempli-
fied in the productions of human art. ‘The arteries are long,
flexible, and elastic canals, admitting, in some measure, the
application of the doctrine of hydraulics; and the muscles are
50 many levers, of precisely the same effect with those which
are employed to gain power in mechanical contrivances.
But there is another view, in which, with equal justice, the
living body may be contemplated. It is a laboratory, in -
which are constantly going fotward processes of various kinds,
dependant on the operation of chemical affinities. The con-
version of the various kinds of food into blood, a fluid of com-
peratively wniform composition and qualities ; the production
of animal hegt by the action of the air on that fluid, as it
pesses throngh the lungs; and the changes, which the blood

¢ Ses Kirwan on Manures.
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afterwards undergoes in its course through the body,—are all,
exclusively, subjects of chemical inquiry. To these, and
many other questions of physiology, chemistry has of late
years been applied with the most encouraging success; and
it is to a long continued prosecution of the same plan, that
we are to look for a system of physiological science, which
shall derive new vigour and lustre from the passing series of
years. \

It must be acknowledged, however, as has been observed
by Sir H. Davy,* that  the connexion of chemistry with
physiology has given rise to some visionary and seductive
theories ; yet even this circumstance has been useful to the
public mind, in exciting it by doubt, and in leading it to
new investigations. A reproach, to a certain degree Jjust, has
been thrown upon those doctrines known by the name of
chemical physiology ; for, in the applications of them, ’spe-
culative philosophers have been guided rather by the ana-
logies of words than of facts. Instead of endeavouring slowly
to lift up the veil, which conceals the wonderful phenomena of
living nature; full of ardent imaginations, they have vainly
and presumptuously attempted to tear it asunder.”

IIL There is an extensive class of arts, forming, when
viewed collectively, a great part of the objects of human
industry, which do not, on a loos¢ and hasty observation,
present any general principle of dependency or connexion,
But they appear thus disunited, because we bhave been accus-
tomed to attend only to the productions of these arts, which
are, in truth, subservient to widely different pur;wses. Who

¢ In his eloquent “ Discourse, Introductory to a Course of Lectures,”
&c. London. Johnson. 1802,
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would conceive, for instance, that iron and common salt; the
one a metal, the use of which results from its hardness, duc-
tility, and malleability ; the other a substance, chiefly valuable
from its acting as a preservative and scasoner of food,—are
furnished by arts alike dependent on the general principles of
chemistry? The application of science, in discovering the
principles of these arts, constitutes what has been termed
ECONOMICAL CHEMISTRY ; amongst the numerous objects of
which, the following stand most distinguished :

1st. Metallurgy, or the art of extracting metals from their
ores, comprehending that of Assaying, by which we are
enabled to judge, from the composition of a small portion, of
the propriety of working large and extensive strata. To the
metallurgist, also, belong the various modifications of the
metals when obtained, and the union of them together, in
different proportions, so as to afford compounds adapted to
particular uses.—Throughout the whole of this art, much
practical improvement may be suggested by attention to the
general doctrines of chemistry. The artist may receive use-
ful hints respecting the construction of furnaces for the fusion
of ores and metals ; the employment of the proper fluxes; the
utility of the admission or exclusion of air; and the con-
version of the refuse of his several operations to useful pur-
poses. When the metals have been separated from their
ores, they are to be again subjected to various chemical pro-
cesses. Cast or pig iron is to be changed into the forms of
wrought or malleable iron and of steel. Copper, by com-
bination with zinc or tin, affords the various compounds of
brass, pinchbeck, bell-metal, gun-metal, &c. Even the art of
printing owes something of its present unexampled perfection
to the improvement of the metal of types. )
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2d. Chemistry is the foundation of those arts that furnish
us with saline substances, an order of bodies highly useful in
the business of common life. Among these, the most con-
spicuous are, sugar in all its various forms; the vegetable
and mineral alkalis, known in commerce by the names of

hy pearlash, and barilla; common salt; green and blue

vitriol, and alum ; nitre or saltpetre; sugar of lead ; borax;
and a long catalogue, which it is needless to extend farther.

8d. The manufacturer of glass, and of various kinds of
poitery and porcelain, should ‘be thoroughly acquainted with
the nature of the substances he employs; with their fusibility,
# affected by difference of proportion, or by the admixture of
foreign ingredients ; with the means of regulating and mea-
suring high degrees of heat; with the principles on which
depend the hardness of his prodacts, and their fitness for
bearing sudden vicissitudes of heat and cold; and with the
chemical properties of the best adapted eolours and glazings.—
Even the humble art of making bricks and tiles has received,
from the chemical knowledge of Bergman, the addition of
several interesting facts.

4th. The preparation of various kinds of JSermented liquors,
of wine, and ardent spirits, is intimately connected with che-
mical principles. Malting, the first step in the production of
some of these liquors, consists in the conversion of part of the
grsin into saccharine matter, essential in most instances to the
maceess of the fermentative change. To acquire a precise ac-
quaintance with the circumstances, that favour or retard the
process of fermentation, no small share of chemical knew-
ledge is required. The brewer should be able to ascertain,
and to regulate exactly, the strength of his infusiens, which
will vary greatly when he has seemingly followed the same
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routine. He should be aware of the influence of minute
changes of temperature in retarding or advancing fermenta-
tion; of the means of promoting it by proper ferments; and
of the influence of the presence or exclusion of atmospherical
air. A complete acquaintance with the chemical principles
of his art, can hardly fail to afford him essential aid in its
practice. .

The production of ardent spirits is only a sequel of the
vinous fermentatiom, and is, therefore, alike dependent on the
doctrines of chemistry.

sth. The arts of bleaching, dyeing, and printing, ave,
throughout, a tissue of chemical operations. It is not unusual
to hear the new mode of bleaching distinguished by the ap-
pellation of the chemical method; but it is, in truth, not more
dependent on the principles of this science, than the one which
is has superseded, nor than the kindred arts of dyeing and
printing. In the instance of bleaching, the obligation due to
the speculative chemist is universally felt and acknowledged.
Bat the dyer and the calico-printer have yet to receive from
the philosopher some splendid invention, which shall command
their respeet, and excite their attention %o chemical science.
From purely speculative men, however, much less is to be ex-
pected, than from men of enlightened experience, who en«
deavour to discover the design and renson of each step in the
processes of their arts, and fit themselves for more effeetual ob-
servation of particular fucts, by diligently possessing them-
selves of general truths.

The ebjects of inquiry that present themselves to the dyer
and calico-printer, are of considerable number and import-
ance. The preparation of goods for the reception of colowring-
matter; the application of the best bases, or means of fixing
fegitive eolours; the improvement of colouring ingredimnts
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themselves; and the means of rendering them permanent, so
that they shall not be affected by soap, or by the accidental
contact of acids or other corrosive bodies; are among the
subjects of chemical investigation. It is the business of the
dyer, therefore, to become a chemist; and he may be assured
that, even if no brilliant discovery should be the reward of the
acquisition, he will yet be better fitted by it for conducting
common operations, with certain and unvaried success.

6th. The tanning and preparation of leather are processes
strictly chemical, which were involved in mystery, till they
were reduced to well established principles by the researches
of Seguin, and by the subsequent experiments of Davy. In
this, as in most other examples, the application of science to
the practical improvement of an art, has to encounter the ob-
stacles of ignorance and prejudice. But the interests of men
are sure finally to prevail; and the most bigotted attachment to
established forms must give place to the clearly demonstrated
utility of new practices. Such a demonstration is generally
furnished by some artist of more enlightened views than his
neighbours, who has the spirit to deviate from ordinary rules;
and thus becomes (not unfrequently with some personal sacri-
fice) a model for the imitation of others, and an important
benefactor of mankind. ,

Many other chemical arts might be enumerated; but
enough, I trust, has been said, to evince the connexion between
practical skill and the possession of scientific knowledge. I
shgll now, therefore, proceed to explain the principle of the
arrangement which I have selected for the following work.

The order, which I have adopted as most eligible, is to
commence with those facts, which conduct directly to the
establishment of general principles. Attraction or affinity, as
the great cause of all chemical changes, and as admitting of
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illustration by phenomena that are sufficiently familiar, has a
primary claim to consideration. The developement of its laws
will Jead too to the explanation of a number of terms, without
which it is scarcely possible to describe the most common che-
mical appearances. Next to that of attraction, the influence of
Heat, over the forms and properties of bodies, is the most gene-
rally observed fact; and as heat i a power, which is constantly

opposed to that of affinity, there is the more propriety in con-

trasting their operation. With heat, Light, as a repulsive
agent, is frequently associated. Electricity, also, belongs to the
same class of powers; and has, indeed, such an extensive con-
troul over the phenomena of Chemistry, as to have supplied
the basis of a division of bodies into two great and compre-
hensive classes, according to their electrical habitudes. When,
for example, a body corposed of two elements is placéd between
surfaces oppositely electrified, the one element is uniformly at-
tracted to the positive, and the other to the negative surface.
And as like electricities repel, and unlike attract, each other,
it is inferred that the element, which arranges itself at the posi-
tive pole, is naturally in a state of negative electricity, and the
reverse with respect to the other. Hence the distribution of all
bodies into the two great classes of ELEcTRO-NEGATIVE and
Ececrro-Posimive. ,
To this arrangement, it may be objected that bodies, which
are properly ranked in the electro-positive division, when
considered in their relations to substances of an opposite class,
nevertheless exert a contrary energy towards bodies of the
same class with themselves. This is distinctly the case with
the metals, which, though all electro-positive towards oxygen,
are, in many cases, electro-negative towards each other; and
the same exception may be extended to a variety of other
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cases. It must be considered, however, that classifications
have no foundation in nature, and are entirely the work of
human reason ; that they are merely artificial contrivances for
the purpose of assisting us in the acquirement and retention
of knowledge ; and must partake of the imperfections of all
human inventions. It is under a full sense then of its defects, -
that I adopt the arrangement followed in this work; and I
consider it only as a provisional one, till the progress of
science shall have unfolded still more striking and consistent
analogies.

The ELECTRO-NEGATIVE BoDIES, at present known, are
at most only four; namely, OxveeN, CuroriNg, IopINE,
and Fruopine, They require, therefore, no sub-division into
orders, or genera. But the ELECTRO-POSITIVE cLAss includes
so great a number of individuals, that it becomes quite neces-
sary to aid the memory by selecting, from among them, re-
semblances which may be the foundation of less comprehen-
sive divisions. On investigating their properties and combi-
nations, it will be found that several of them, not possessing
the qualities of metals (which also belong to the electro-posi-
tive class), are capable of forming acids by combination with
oxygen, chlorine, or hydrogen. These may, therefore, be
set apart under the gencral name of SiMpPLE AcIDIFIABLE
Bosixs, to which, as a few of the metals are also acidifiable,
may be added, for greater precision, the epithet Non-mETa L-
Lic. They are, HvyparoerN, NiTroern, Carmon, Boron,
PuosPBORUS, SULPHUR, and SEiENiUM. In describing the
properties of each individual of this genus, I shall first exa-
miae its relations to each of the four electro-negative elements.
This will lead to an early exposition of the mature and effects
of Acips, a kind of eompounds, which are comcerned in-al-
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mast all the operations of Chemistry, and a knowledge of
which will be found greatly to assist in developing the proper-
ties of the Metals. Before proceeding, however, to the Me-
tals, I shall describe, for the sake of couvenience, though it
may be less conformable to strictly philosephical order, the
COMPOUNDS QF SIMPLE ACIDIFIABLE BODINS WITH EACH
oraER. This will enable me to introduce, at an early period,
the history of ammonia; of the compounds of hydrogen with
sulphur; of cyanogen; and of a few acids with compound
bases ; and thus to render still mare complete the history of
the Metals, and of their Oxides; for most of these have im.
portant relations, not only to the acids, but to the compounds
of acidifiable bodies with each other.

The MzraLs themselvea oconstitute the remaining division
of alectro-positive bodies, and I shall trace the connections of
eaeh of them and of its oxides with the four electro-negative
bodies,—with the acids,—with simple and compound acidi-
fiable bodies,—and finally, with other metals. It is, therefore,
in the section devoted to each individual metal, that the reader,
who may eccasionally consult these volumes, is to look for thg
history of the salifiable hases, whether alkalis, earths, or merely

" oxides; for that of the salta formed by the union of the dif-
farent bases with acids; and for the action of those salts on all
bodies, the properties of which may have been described
in antecedent chapters.  Of the metals, I have adopted
sub-divisions, which appear to me sufficiently to classify
them by their most striking resemblances, without the incon-
venience of those multifarious distinctions, which serve rather
to oppress than to assist the memory.

So far, the bodies, which will have been introduced to the
reader’s notice, belong neither to the animal nor the vege-
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table kingdoms, the subjects of which will next demand our
attention. The confines between these kingdoms, it is well
known, have, in many instances, been traced by the hand
of nature so indistinctly, that it is difficult to pronounce to
which of them particular individuals ought to be referred.
Nor are we always relieved from the difficulty, by appealing
to chemical propertics; for it frequently happens that azote,
which was formerly supposed to belong exclusively, or nearly
80, to animal matters, is evolved in the form of ammonia, by
the destructive decomposition of vegetables. The distinction,
however, between animals and vegctables, understood in its
popular sense, is sufficient to serve as the basis of a subordi-
nate division of bodies, till improved processes of analysis,
and more refined and extended results, shall enablc us to
take a wider survey of nature, and to found our classifications
on the true constitution of bodies, by which are implied, not
only the kind and number of their elementary atoms, but the
manner in which they are grouped. :

Having concluded the history, both of inorganic and or-
ganic bodies, it will only remain to lay down practical rules,
deduced from facts and principles that have been explained
in the course of the work, for solving a few of the most in-
teresting problems in CrkMicAL ANALYSIS; and to present,
in a series of TaBLEs, synoptical views of such facts, as are
best exhibited under that form.
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which continues rising till it is full, when it is stopped by the
cross bar to which the pullies are attached.

To transfer the gas, or to apply it to any purpose, the cock
b is to be shut, and an empty bladder, or bottle of elastic
gum, furnished with a stop cock, to be screwed on a. 'When
the vessel ¢ is pressed down by the hand, the gas passes
down the central pipe, which it had before ascended, and its
escape at b being prevented, it finds its way up a vertical pipe
which is fixed to the outer surface of the vessel, and which is
terminated by the cock . By means of an ivory mouth-piece
screwed upon this cock, the gas, included in the instrument,
may be respired; the nostrils being closed by the fingers.
‘When it is required to transfer the gas into glass jars standing
inverted in water, a crooked tube may be employed, one end
of which is screwed upon the cock /; while the other aperture
is brought under the inverted funnel, fixed into the shelf of
the pneumatic trough. (See fig. 41, c.)

Several alterations have been made in the form of this ap-
paratus; but they are principally such as add merely to its
neatness and beauty, and not to its utility; and they render it
less easy of explanation. The counterpoises ee are now, for
example, generally concealed in the framing, and the move-
able vessel ¢ is frequently made of glass.

When large quantities of gas are required (as at a public
lecture), the gas-holder (plate iv. fig. 86), will be found ex-
tremely useful. It is made of tinned iron plate, japanned
both within and without. Two short pipes, a and c, ter~
minated by cocks, proceed from its sides, and another, 8,
passes through the middle of the top or cover, to which it is
soldered, and reaches within half ar inch of the bottom. It
will be found convenient also to have an air-cock, with a very
wide bore, fixed to the funnel at /. When gas is te be trans-
ferred into this vessel from the gazometer, the vessel is first
completely filled with water through the funnel, the cock @
being left open, and ¢ shut. By means of a horizontal pipe,
the aperture @ is coanected with @ of the gazemetey. The
cock b being shut, 2 and ¢ are opened, and the vessel ¢ of the
gazometer (fig. 35), gently pressed downwards with the hand.
The gas then descends from the gazometer sill the air-holder

voL. I. c
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is full, which may be known by the water ceasing to escape,
throogh the cock ¢. All the cocks are then to be shut, and
the vessels disunited. To apply this gas to any purpose, an
empty bladder may be screwed on a; and water being poured
through the funnel /, a corresponding quantity of gas is forced
into the bladder. By lengthening the pipe 0, the pressure of
a column of water may be added: and the gas being forced
through a with considerable velocity, may be applied to the
purpose of a blow-pipe, &c. &c. The apparatus admits of
a variety of modifications. The most useful one appears to
me to be that contrived by Mr. Pepys, consisting chiefly in
the addition of a shallow cistern (e, plate ix. fig. 85) to the
top of the air-holder, and of a glass register tube f; which
shows the height of the water, and consequently the quantity
of gas, in the vessel. A more minute account of it will be
given in the description of the ninth plate.*

The gazometer, already described, is fitted only for the
reccption of gases that are confinable by water; because
quicksilver would act on the tinning and solder of the vessel,
and would not only be spoiled itself, but would destroy the
apparatus. Yet an instrument of this kind, in which mer-
cury can be employed, is peculiarly desirable, on account of
the great weight of that fluid; and two varicties of the mer-
curial gazometer have therefore been invented. The one, of
glass, is the contrivance of Mr. Clayfield, and may be seen
represented in the plate prefixed to Sir H. Davy’s 8vo. vol.
of Researches, published in 1800. In the other, invented by
Mr. Pepys, the cistern for the mercury is of cast-iron. A
drawing and description of it may be found in the 5th vol. of
the Philosophical Magazine ; but as neither of these instru-
ments are essential to the chemical student, and as they are
required only in experiments of research, I deem it sufficient
to refer to the minute descriptions of their respective in-
ventors. Mr. Newman has lately joined a gazometer of this
kind to an improved mercurial trough, by means of which
the advantages of both are obtained with only 60 or 70

® Descriptions and figures of improved gas-holders may be seen also in
the 13th, 24th, 27th, and 44th vols. of the Philosophical Magazine.
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pounds of quicksilver A description and drawing of this
apparatus is given in the Journal of Science and the Arts,
i.186. (See also pl. x. at the end of this volume.)

For those gases that are absorbed by water, a mercurial
trough is necessary. For the mere exhibition of a few expe«
viments on these condensible gases, a small wooden trough,
11 inches long, two wide, and two deep, cut out of a solid
block of mahogany, is sufficient; but for experiments of
research, one of considerable size is required. (See plate iii.
ﬁg- 31, f' f)

The apparatus, required for submitling gases to the action
of electricity, is shown in plate ix. fig. 84; where a represents
the knob of the prime conductor of an electrical machine;
b a Leyden jar, the ball of which is in contact with it, as
when in the act of charging ; and ¢ the tube standing inverted
in mercury, and partly filled with gas. The mercury is
contained in a strong wooden box d, to which is screwed the
upright iron pillar e, with a sliding collar for securing the
tube ¢ in a perpendicular position. When the jar ! is charged
to a certain intensity, it discharges itself between the knob e
and the small ball 7, which, with the wire connected with it,
may be occasionally fitted on the top of the tube ¢. The
strength of the shocks is regulated by the distance between
a and i.

By the same apparatus, inflammable mixtures of gases may
be exploded by electricity. In this case, however, the jar &
is unnecessary, a spark received by i from a being sufficient to
kindle the mixture.

The method of weighing gases is very simple, and easily
practised. For this purpose, however, it is necessary to be
provided with a good air-pump ; and with a globe or flask,
furnished with a brass cap and air-cock, as shown fig. 22, 0.
A graduated receiver is also required, to which an air-cock is
adapted, as shown at fig. 22, a.

Supposing the receiver a to be filled with any gas, the
weight of which is to be ascertained, we screw the cock of
the vessel § on the transfer plate of an air-pump, and exhaust
it as completely as possible. The weight of the exhausted

c?
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wvessel is then very accurately taken, even to a small fraction
of a grain; and it is screwed upon the air-cock of the re-
ceiver a. On opening both cocks, the last of which should
be turned very gradually, the gas ascends from the vessel a;
and the quantity, which enters into the flask, is known by
the graduated scale on a. On weighing the vessel a second
time, we ascertain how many grains have been admitted. If
we have operated on common air, we shall find its weight to
be at the rate of about 30.5 grains to 100 cubical inches.
The same quantity of oxygen gas will weigh about 34 grains,
and of carbonic acid gas upwards of 47 grains.

In experiments of this kind it is necessary either to operate
with the barometer at 80 inches, and the thermometer at 60°
Fahrenheit, or to reduce the volume of gas employed to that
Ppressure and temperature, by rules which will presently be
given. Great care is to be taken, also, not to warm any of
the vessels by contact with the hands, from which they should
be defended by a glove. On opening the communication be-
tween the receiver and the exhausted globe, if any water be
lodged in the air-cock attached to the former, it will be
forcibly driven into the globe, and the experiment will be
frustrated. This may be avoided by using great care in filling
the receiver with water, before passing into it the gas under
examination.

The specific gravity of any gas compared with common air
is readily known, when we have once determined its absolute
weight. Thus if 100 cubic inches of air weigh 30.5 grains,
and the same quantity of oxygen gas weighs 34 grains, we say,

$0.5 : 84 :: 1.000 : 1.1147.
The specific gravity of oxygen gas will therefore be as 1.1147
0 1.000, We may determine, also, the specific gravity of
gases, more simply, by weighing the flask, first when full of
common air, and again when exhausted; and afterwards by
admitting into it as much of the gas under examination as it
will receive ; and weighing it a third time. Now as the loss
between the first and second weighing is to the gain of weight
on admitting the gas, so is common air to the gas whose spe-
cific gravity we are estimating. Supposing, for example,
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that by exhausting the flask it loses 30.5 grains, and that by
admitting carbonic acid it gams 47; then
30.5 : 47 :: 1.000 : 1.5409.
The specific gravity of carbonic acid is therefore 1.5409, air
being taken at 1.000. And knowing its specific gravity, we
can, without any farther experiment, determine the weight
of 100 cubic inches of carbonic acid ; for as the specific gra~
vity of air is to that of carbonic acid, so is 80.5 to the num-
ber required; or :
1.000 : 1.5409 :: 30.5 : 47.
One hundred inches of carbonic acid, therefore, will weigh
47 grains.

Previously to undertaking éxperiments on other gases, it
may be well for an unpractised experimentalist to acquire
manual dexterity by transferring common air from one vessel
to others of different sizes, in the following manner.

1. When a glass jar, closed at one end, is filled with water,
and held with its mouth downwards, in however small a
quantity of water, the fluid is retained in its place by the
pressure of the atmosphere on the surface of the exterior water.
Fill in this manner, and invert, on the shelf of the pneumatic
trough, one of the jars, which is furnished with a stopper
(fig. 28). The water will remain in the jar so long as the
stopper is closed; but immediately on removing it, the water
will descend to the same level within as without; for it is now
pressed, equally upwards and downwards, by the atmosphere,
and falls therefore in consequence of its own gravity.

2. Place the jar filled with water and inverted, over one
of the funnels of the shelf of the pneumatic trough. Then
take another jar, filled (as it will be of course) with atmo-
spherical air. Place the latter with its mouth on the surface
of the water; and on pressing it .in the same position below
the surface, the included air will remain in ite situation.
Bring the mouth of the jar beneath the funnel in the shelf,
and indline it gradually. The air will now rise in bubbles,
through the funnel, into the upper jar, and will expel the
water from it inte the trough.

8. Let one of the jars, provided with a stop-cock at the
top, be placed full of air on the shelf of the trongh. Screw
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upon itan empty bladder; open the communication between
the jar and the bladder, and press the former into the water.
The air will then pass into the bladder, till it is filled ; and
when the bladder is removed from the jar, and a pipe screwed
upon it, the air may be again transferred into a jar inverted
in water.

For the purpose of transferring gases from a wide vessel
standing over water, into a small tube filled with and inverted
over mercury, I have long used the following simple contri-
vance of Mr. Cavendish. A tube, eight or ten inches long,
and of very small diameter, is drawn out to a fine bore, and
bent at this end, so as to resemble the italic letter /. The
point is then immersed in quicksilver, which is drawn into
the tube till it is filled, by the action of the mouth. Placing
the finger over the aperture at the straight end, the tube filled
with quicksilver is next conveyed through the water, with the
bent end uppermost, into an inverted jar of gas. When the
finger is removed, the quicksilver falls fitom the tube into the
trough, or into a cup placed to receive it, and the tube is filled
‘with the gas. The whole of the quicksilver, however, must
not be allowed to escape; but a column must be left, a few
inches long, and must be kept in its place by the finger. Re-
move the tube from the water; let an assistant dry it with a
towel or with blotting paper; and introduce the point of the
bent end into the aperture of the tube standing over quick-
silver. On withdrawing the finger from that aperture which
is now uppermost, the pressure of the column of quicksilver,
added to the weight of the atmosphere, will force the gas
from the bent tube into the one standing in the mercurial
trough,

On every occasion, when it is necessary to observe the
precise quantity of gas, at the commencement and close of an
experiment, it is essential that the barometer and thermometer
should exactly correspond at both periods. An increased
temperature, or a fall of the barometer, augments the appa-
zent quantity of gas; and a reduced temperature or a higher
barometer diminishes its bulk. Another circumstance, an
attention to which is indispensable in all accurate experiments,
ds that the surface of the fluid, by which the gas is confined,
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should be precisely at the same level within and without the
jar. If the fluid be higher within the jar, the contained gas
will be under a less pressure than that of the atmosphere, the
weight of which is counterpoised by that of the column of
fluid within. In mercury, this source of error is of very con-
siderable amount; as any person may be satisfied by raising
above the surface of the quicksilver of a trough, a tube partly
filled with that fluid, and partly with air, for the volume of the
air will enlarge as the surface of the mercury within the tube
is elevated above the outer surface.

In experiments on gases, it is not always possible to begin
and conclude an experiment at precisely the same tempe-
rature, or with the same height of the barometer ; or even to
bring the mercury within and without the receiver to the
same level. In these cases, therefore, calculation becomes
necessary ; and with the view of comparing results more rea-
dily and accurately, it is usual to reduce quantities of gas to
the bulk they wculd occupy under a given pressure, and at
a given temperature. In this country, it is now customary to
assume as a standard 80 inches of the barometer, and 60° of
Fabrenheit’s thermometer; and to bring to these standards
observations made under other degrees of atmospheric pres-
sure and temperature. The rules for these corrections, which
are sufficiently simple, are the following :

Rules for reducing the Volume of Gases to a mcan Height of

the Barometer, and mean Temperature.

1. From the space occupied by any quantily of gas under an
observed degree of pressure, to infer what its volume would be
under the mean height of the baromeler, taking this at 30 inches,
as is now most usual. '

" This is done by the rule of proportion; for, as the mean
height is to the observed height, so is the observed volume to
the volume required. For example, if we wish to know what
space would be filled, under a pressure of 30 inches of mer-
cury, by a quantity of gas, which fills 100 inches, when the
barometer is at 29 inches,

80: 29 ::100: 96.66.
The 100 inches would, therefore, be reduced to 96.66.
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2. To estimate what would be the volume of a portion of gas,
if brought to the temperature of 60° Fahrenheit,

Divide the whale quantity of gas by 480: the quotient will
show the amount of its expansion or contraction by cach
degree of Fahrenheit’s thermometer. Multiply this by the
number of degrees, which the gas exceeds, or falls below, 60°,
If the temperature of the gas be above 60° subtract, or if
below 60°, add, the product to the absolute quantity of gas;
and the remainder in the first case, or sum in the second, will
be the answer.  Thus, to find what space 100 cubic inches of
gas at 50° would occupy if raised to 60° divide 100 by 480;
the quotient 0.208 multiplied by 10 gives 2.08, which added
to 100 gives 102.08 the answer required. If the temperature
had been 70°, and we had wished to know the volume which
the gas would have occupied at 60°% the same number 2.08
must have been subtracted from 100, and 97.92 would have
been the answer.

8. In some cases, it is necessary to make a double correc-
tion, or to bring the gas to a mean loth of the barometer and
thermometer., 'We must then first correct the temperature,
and nfterwards the pressure. Thus to know what space 100
inches of gas at 70° Fahrenheit, and 29 inches barometer,
would fill at 60° I'ahrenheit and 30 inches barometer, we first
reduce the 100 inches, by the second process, to 97.92. Then
by the first

80: 29 :: 97.92 : 94.68.
Or 100 inches thus corrected, would be only 94.63.

4. To ascertain what would le the absolule weight of a
given volume of gas at a mean temperature, from the known
weight of an equal volume at any other temperature ; first, find
by the second process what would be its bulk at a mean tem-
perature ; and then say, as the corrected bulk is to the actual
weight, so is .the observed bulk to the number required.
Thus if we bave 100 cubic inches of gas weighing 50 grains
at 50° Fubrenheit, if the temperature were raised to 60° they
would expand to 102.08. And

102.08 : 50 :: 100 : 49.
Therefore 100 inches of the same gas at .60° would weigh 49
grains.
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5. To learn the absolute weight of a given volume of gas
under a mean pressure, from ils knowr weight under an observed
pressure, say, as the observed pressure is to the mean pressure,
s0 is the observed weight to the corrected weight. For ex-
ample, having 100 inches of gas which weigh 50 grains under
a pressure of 29 inches, to know what 100 inches of the same
gas would weigh, the barometer being 30 inches,

29:30:: 50: 5h1.72.
Then 100 inches of the same gas, under 30 inches pressure,
would weigh 51.72 grains.

6. In some cascs it is necessary to combine the two last
calculations. Thus, if 100 inches of gas at 50° Fahrenheit,
and under 29 inches pressure, weigh 50 grains, to find what
would be the weight of 100 inches at 60° Fahrenheit, and
under 30 inches of the barometer, first correct the tempera-
ture, which reduces the weight to 49 grains. Then,

29 :30:: 49 : 50.7.
One hundred inches, therefore, would weigh 50.7 grains.

Corrections for Moisture in Gases.

Another correction, which it is often necessary to make in
taking the weight of gases, is for the quantity of aqueous va-
pour diffused through them. It is obvious that all gases,
which are specifically heavier than aqueous vapour, must have
their specific gravity diminished by admixture with steam;
and, on the contrary, all gases that are specifically lighter than
steam must have their specific gravity increased by that ad-
mixture. For the following formule, 1 am indebted to Mr.
Dalton, who has obligingly stated them at my request.

““ At ordinary temperatures, the tension or elasticity of
aqueous vapour varies from !5 to . of the whole atme-
spheric pressure; in the present case, it is supposed to be &
given quantity. The specific gravity of pure steam compared
with that of common air, under like circumstances of tem-
perature and pressure, is, according to Gay Lussac, as 0620
to 1.

Let a = weight of 100 cubic inches of dry comman gir, at
the pressure 30 iuches and temperature 60° Fahr.; p = any
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" variable pressure of atmospheric air; and f = pressure or ten-
sion of vapour in any moist gas. Then the following formule
will be found uscful in calculating the volumes, weights, and
specific gravities of dry and moist gases; putting M for the
volume of moist gas; D for that of dry gas ; and V for that
of vapour, all of the same pressure and temperature.

I. M=D+ V.
2. 22 M = D.

3.

] I"
S
Il
=

If we wish to infer the specific gravity of any dry gas from
the observed specific gravity or weight of the same mixed with
vapour, it will be convenient to expound p by that particular
value which corresponds with @, namely 80 inches of mercury 3
and let s = the specific gravity of the dry gas, and w = the
observed weight of 100 cubic inches of the moist gas.

Then we shall have the following, viz.:

5. ’-’%g—f sa+-L x .620a=w.
P
_-f_
6"“?0‘“;..('” x 620a.)

Exemplifications.
1. 98 vol. dry air + 2 vol. vapour = 100 vol. of moist air.
2. Given p = 80, f = .5,and M = 100.
Then ’3:1. M =D, the dry air, = 984,
s. And M = V, the vapour, = 1%.
4. Given D = 100, p = 830, f = .4.
Then 22212 — 101.35, the moist air.
Given V* = 2, p = 30, f = .3.
Then 3?; % — 200, the moist air.

® It is easy to sec that V, in this and the other cases, mostly will de-
note a virtual volume only ; or such as would result, if the vapour were
‘condensiblelike a gas, without being convertible into a liquid.
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5. Let f = .5,s = 1.111, a = 30.5, p = 29.5,
Then T2 1111 x 80.5 4+ 5 x.62 x $0.5=33.64=w, which

gives the specific gravity 1.108.
6. Let f, a, and p as above, and w = 2.5, corresponding to
sp. gr. 0.8197.

30 .5
Then s = m( 25 — 5= X .62 x 30.5) = .07266.

The above formula apply equally well if V be a permanent
gas, or any other vapour beside that of water, the specific
gravity of the gas or vapour being substituted instead of .620 °
that of steam.”
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CHAPTER II.

OF CHEMICAL AFFINITY.

AcL bodies, composing the material system of the universe,
have a mutual tendency to approach each other, whatsoever
may be the distances at which they are placed. The opera~
tion of this force extends to the remotest parts of the planetary
system, and is one of the causes that preserve the regularity
of their orbits. The smaller bodies, also, that are under our
more immediate observation, are influenced by the same
power, and fall to the Earth’s surface, when not prevented
by the interference of other forces. From these facts, the
existence of a property has been inferred, which has been
called attraction, or more specifically, the attraction of gravita-
tion. Its nature is entirely unknown to us; but some of its
laws have been investigated, and successfully applied to the
explanation of phenomena. Of these, the most important are,
that the force of gravity acts on bodies directly in proportion
to the quantity of matter in each; and that it decreases in the
reciprocal proportion of the squares of the distances.

From viewing bodies in the aggregate, we may next pro-
ceed to contemplate them as composed of minute particles.
Of the nature of these particles, we have no satisfactory evi-
dence. It is probable that they consist of solids, which are
incapable of mechanical division, but are still possessed of the
dimensions of length, breadth, and thickness. In simple
bodies, the particles must be all of the same nature, or homo-
geneous. In compound bodies, we are to understand, by the
term particles, the smallest parts into which bodies can be
resolved without decomposition. The word atom has of late
been revived, to denote both these kinds of particles; and we
may, therefore, speak with propriety of simple atoms and of
compound atoms. 'When two atoms of different kinds unite to
form a third or compound atom, we may term the two first
component atoms ; and if these have not been decomposed,
they may be called elementary or primary atoms.



SBCT. I CHEMICAL AFFINITY, &c. 29

The atoms or particles of bodies are also influenced by the
force of attraction, but not unless when placed in apparent
contact. Hence a distinction has been made between gravita-
tion, and that kind of attraction which is effective only at
insensible distances. The latter has been called contiguous
altraction or qffinity ; and it has been distinguished, as it is
exerted between particles of matter of the same kind, or be-
tween particles of a different kind.

By the affinity of aggregation, the cohesive affinity, or, more
simply cohesion, is to be understood that force or power, by
which particles or atoms of matter of the same kind attract each
other, the only effect of this affinity being an aggregate or
mass. Thus a lump of copper may be considered as composed
of an infinite number of minute particles or integrant parts,
each of which has precisely the same properties, as those that
belong to the whole mass. These are united by the force of
cohesion. But if the copper be combined with another metal
(such as zinc), we obtain a compound (brass), the constituent
parts of which, copper and zinc, are combined by the power
of chemical affinity. In simple bodies, therefore, cohesion is
the only force exerted between their particles. But in com-
pound bodies, we may distinguish the force, with which the
primary or component atoms are united, from that which the com-
pound atoms exert tawards each other; the former being united
by chemical affinity, and the latter by the cohesive attrac-
tion.

——

SECTION I.
Of Cohesion, Solution, and Crystallization.

TrEe cohesive affinity is a property, which is common to a
great variety of bodies. It is most strongly exerted in solids ;
and in these it is proportionate to the mechanical force re-
quired for effecting their disunion. In liquids, it acts with
considerably less energy ; and in aériform bodies we have no
evidence that it exists at all; for their particles, as will after-
wards be shown, are mutually repulsive, and, if not held to-
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gether by pressure, would probably separate to immeasurable
distances. The force of this attraction is not only different
among different bodies, but in various states of the same
body. Thus in the cohesion of certain metals (steel for in-
stance), important changes are produced by the rate of cool-
ing, by hammering, and by other mechanical operations.
‘Water, also, in a solid state, has considerable cohesion, which
is much diminished when it becomes liquid, and is entirely
destroyed when it is changed into vapour.

The most important view, in which the chemist has to con-
sider cohesion, is that of a force either counteracting or modi-
fying chemical affinity ; for the more strongly the particles of
any body are united by this power, the less are they disposed
to enter into combination with other bodies. In many cases,
a very powerful affinity existing between two substances may
be rendered wholly inefficient, by the strong cohesion of one
or both of them. Hence it has been received as an axiom,
that the affinity of composition is inversely proportionale to the
cohesive affinity. 'To the language, however, in which this
axiom is expressed, it has been justly objected, that it implies
an accuracy of proportion between the forces of cohesion and
of chemical affinity, which cannot be proved to exist; since
all that can truly be affirmed is, in general terms, that the
affinity of composition is less effective, as the attraction of
cohesion is stronger.

The cohesion of bodies may be overcome, 1st, by me-
chanical operations, as by rasping, grinding, pulverising, and
other modes of division, which are generally employed as pre-
liminary steps to chemical processes. In some instances, cven
a minuter division of bodies is necessary, than can be accom~
plished by mechanical means; and recourse is then had to
precipitation. Silica, for example, in the state of rock crystal,
may be boiled for a long time in liquid potash, without any
appearance of chemical action. It may even be bruised to the
finest powder, without being rendered sensibly soluble. But
when first precipitated from a state of chemical solution, it is
readily dissolved by that menstruum, and even by some acids.

2dly. Cohesion may be counteracted by heat, applied so as
to melt one or both of the bodies, if fusible; or to raise them
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into vapour, if volatile. Lead and sulphur contract no union,
till one or both of them is melted by heat. Arsenic and sul-
phur are united most effectually, by bringing them into con-
tact, when both are in a state of vapour.

8dly. Cohesion may be counteracted by solution ; and this
is so general a condition of chemical union, that it was
formerly received as an axiom, that lodies do not act on each
other, unless one or loth are in a state of solution ; a principle,
to which the progress of chemical science has since discovered
many exceptions.

The term solution is applied to a very extensive class of phe-
nomena. ‘When a solid disappears in a liquid, if the com-
pound exhibit perfect transparency, we have an example
of solution. The expression is applied, both to the act of
combination, and to the result of the process. When common
salt, such as is used in cookery, is agitated with water, it dis-
appears; in other words, its solution takes place; and we also
term the liquid which is obtained, a solution of salt in water.
This is one of the simplest cases that can be adduced, of the
efficiency of chemical affinity ; for solution is always the result
of an affinity between the fluid and the solid which is acted
upon, fecble it is true, yet suflicient in force to overcome the
cohesion of the solid. This affinity continues to act, until, at
length, a certain point is attained, where the affinity of the
solid and fluid for each other is overbalanced by the cohesion
of the solid, and the solution cannot be carried farther. This
point is called saturation, and the fluid obtained is termed a
saturated solution.

With respect to common salt, water acquires no increase
of its solvent power by the application of heat. But there
are various salts with which water may be saturated at the
common temperature of the atmosphere, and will yet be
capable of dissolving a still farther quantity by an increase of
its temperature. When a solution, thus charged with an ad-
ditional quantity of salt, is allowed to cool, the second portion
of salt is deposited in a form resembling its original one.

To recover a salt from its solutio, if its solubility does not
vary with the temperature of the solvent, as in the instance
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of common salt, it is necessary to expel a portion of the fluid
by heat. This constitutes the process of evaporation. If the
evaporation be carried on very slowly, so that the particles of
the solid may approach each other in the way best adapted to
them, we obtain solid figures, of a regular shape, called crys-
tals. 'The crystallization of a solid may also take place from
that state of fluidity which is produced by heat. Thus several
of the metals crystallize on cooling from a melted state; and
some volatile bodies, as arsenic, assume, when condensed from
the state of vapour, the shape of regular crystals.

In the act of separating from the water in which they were
dissolved, the crystals of almost all salts carry with them a
quantity of water, which is essential to the regularity of their
form, and cannot be expelled without reducing them to shape-
less masses. It is termed their water of crystallization. Its
proportion varies in different salts; in some it is extremely
small; in others it constitutes the principal part of the salt,
and is even so abundant, as to liquefy them on the applica-
tion of heat, producing what is called the watery fusion. In
every salt it exists, not in an uncertain but in a definite propor-
tion, bearing in the same salt the samne ratio to t:e solid saline
matter, but differing for different salts. The water of crys-
tallization is retained also in different salts with very dif-
ferent degrees of force. Some crystals, which lose their wa-
tery ingredient by mere exposure to the atmosphere, are said
to effloresce. Others, on the contrary, not only hold their water
of crystallization very strongly, .but even attract more; and,.
on exposure to the atmosphere, become liquid, or deliguiate.
The property itself is called deliquescence.

‘When two salts are contained in the same solution, which
vary in their degree of solubility, and which have no remark-
able attraction for each other, they may be obtained separate.
For by carefully reducing the quantity of the solvent by eva-
poration, the salt whose particles have the greatest cohesion,
will crystallize first. If both salts are more soluble in hot
than in cold water, the crystals will not appear till the liquid
cools. But if one of them, like common salt, is equally solu-
ble in hot and in cold water, crystals will appear, even during
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EXPERIMENTAL CHEMISTRY.

PART I.

CHAPTER L
OF A CHEMICAL LABORATORY AND APPARATUS.

A cuEMmicAL laboratory, though extremely useful, and
even essential, to all who embark extensively in the practice
of chemistry, either as an art, or as a branch of liberal know-
ledge, is by no means required for the performance of those
simple experiments, which farnish the evidence of the funda-
mental truths of the science. A room that is well lighted,
easily ventilated, and destitute of any valuable furniture, is
all that is absolutcly necessary for the purpose. It is even ad-
viseable, that the construction of a regular laboratory should
be deferred, till the student has made some progress in the
science; for he will then be better qualified to accommodate
its plan to his own peculiar views and convenience.

It is scarcely possible to offer the plan of a laboratory, which
will be suitable to every person, and to all situations; or to
suggest any thing more than a few rules that should be gene-
rally observed. Different apartments are required for the
various classes of chemical operations. The principal one
may be on the ground floor; twenty-five feet long, sixteen or
eighteen wide, and open to the roof, in which there should
be contrivances for allowing the occasional escape of suffo-
cating vapours. This will be destined chiefly for containing
furnaces, both fixed and portable. It should be amply fur-
nished with shelves and drawers, and with a large table in the

VOL. I. B
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centre, the best form of which is that of a double cross.
Another apartment may be appropriated to the minuter ope-
rations of chemistry; such as those of precipitation on a
small scale, the processes that require merely the heat of a
lamp, and experiments on the gases. In a third of smaller
size, may be deposited accurate balancesy, and other instru-
ments of considerable nicety, which would be injured by the
acid fumes that are constantly spread through a laboratory.

The following are the principal instruments that are re-
quired in chemical investigations; but it is impossible, with-
out entering into very tedicus details, to enumerate all the
apparatus that should be in the possession of a practical
chemist.

et

SECTION 1.

Of Apparatus for General Purposes.

F. Furnaces. These may be formed either of solid brick-
work, or of such materials-as admit of their removal from
place to place.

The directions generally laid down in elementary books of
chemistry for the construction of FIXED FURNACES appear
to me-deficient in precision, and such as a workman would
find it difficult to put in practice. I have, therefore, given
plans and sections, in the last two plates, of the various kinds
of furnaces; and, in the Appendix, minute instructions will
be found for ereeting them.*

The furnaces of most general utility are, 1st, the }ind
Burnace, in which an intense heat is capable of being excited
for the fusion of metals, &c. In this furnace, the body sub--
mitted to- the action of heat, or the vessel containing it, is
placed in contact with the burning fuel. Fig. 60 exhibits one
of the most common construction. Fig. 61 is the section of
a wind furnace; the pian of which was obligingly commu-
nicated to me by Mr Knight, of Foster-lane, London, to
whom, also, I anrindebted for that represented, fig. 62. The

* See the Description of the.7th and 8th plates in the Appendix.
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wind furnace of Mr. Chevenix is shown by fig. 74, 2dly,
The Evaporating Furnace is formed of iron plates, joined tos
gether by rabbiting, and placed over horizontal returning
flues of brick. Figs. 64 and 63, arc two views of this furnace
as recommended by Mr. Knight. When evaporation is pers
formed by the naked fire, the vessel may be placed on the top
of the furnace, fig. 60 or 61; and when effected through the
intervention of a water bath, a shallow kettle of water, in
which is placed the evaporating dish and its contents, may be
set in the same situation. For the purposes of evaporating
liquids, and drying precipitates on a small scale, at a tempe=
rature not exceeding 212° Fahr, a convenient apparatus is re-
presented by fig. 27. 8dly, The plan of a Reverleratory fur«
nace is exhibited by figs. 66, 67, and 68. 4thly, The Furnace
Sor distilling by a Sand Heat is constructed by setting upon the
top of the brick-work, fig. 60, the iron pot, tig. 71; a door
being made in the side of the furnace for introducing fuel.

Distillation by the naked fire is performed with the wind fur-
nace, figs. 62, 63. 5thly, The Cupelling or Enamelling Fur-
nace, is shown by figs. 69, 70.

Portable furnaces, however, are amply sufficient for all the
purposes of the chemical student, at the outset of his pursuit.
The one which I prefer is that shown by figs. 58 and 59. It
was originally contrived, I believe, by Mr. Schmeisser;* and
is made with considerable improvements, and sold by the
dealers in chemical apparatus. Its size is so small, that
it may be set on a table, and the smoke may be conveyed by
an iron pipe, into the chimney of the apartment. In the fur-
nace, as it is usually sold, the chimney, adapted for distillation
with a sand heat, passes directly through the sand-bath, the
form of which is necessarily, when thus constructed, a very
inconvenient one. I have found it a great improvement to
make the aperture for the chimney at k. This allows us to
have a sand-bath of the usual shape, as shown by fig. 59; or
even to place evaporating dishes, or a small boiler, on the
top of the furnace. The aperture of the side flue may be

® See his Mineralogy, Tab. iii. and iv.
32
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closed by a stopper, when we dispose the furnace as shown
by fig. 58. Dr. Black’s furnace is generally made of a larger
size, and is adapted to operations on a more considerable
scale. (See figs. 72 and 78.) Both these furnaces are con-
structed of thin iron plates, and are lined with fire-clay.
They will be minutely described in the references to the
plates.

¢ For the purpose of exciting a sudden heat, and of raising
it to great intensity, nothing can be better adapted than a
very simple, cheap, and ingenious furnace, contrived by Mr.
Charles Aikin, fig. 55. It is formed out of pieces of black-
lead melting pots, in a manner to be described in the Ap-
pendix, and is supplied with air by a pair of double bellows, d.
By a slight alteration, this furnace may occasionally be em-
ployed for the operation of cupelling. (See fig. 57.)

II. TFor containing the materials, which are to be sub-
mitted to the action of heat in a wind furnace, vessels called
<ruciBLEs are employed. They are most commonly made
of a mixture of fire-clay and sand, occasionally with the ad-
dition of plumbago, or black lead. The Hessian crucibles are
best adapted for supporting an intense heat without melting ;
but they are liable to crack when suddenly heated or cooled.
The porcelain oncs, made by Messrs. Wedgewood, are of
much purer materials, but are still more apt to crack on sud-
den changes of temperature; and, when used,. they should,
therefore, be placed in a common crucible of larger size, the
interval being filled with sand. The black-lead crucibles

 resist very sudden changes of temperature, and may be re-
peatedly used ; but they are destroyed when some saline sub-
stances (such as nitre) are melted in them, and are consumed
by a current of air. For certain purposes, crucibles are
formed of pure silver or platina. Their form varies consi-
derably, as will appear from inspecting plate vi. figs, 49, 50,
51, and 54. It is necessary in all cases, to raise them from
the bars of the grate, by a stand, fig. 53, aor b. For the
~purpose of submitting substances to the continued action of a
red heat, and with a considerable surface exposed to the air,
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the hollow arched vessel, with a flat ‘bottom, fig. 52, termed
a muffle, is commonly used. In fig. 69, d, e, the muffle is
shown, placed in a furnace for use.

III. EvarorATING VESSELS should always be of a flat shape,
so as to expose them extensively to the aciion of heat. (See
a section of one, fig. 12.) They are formed of glass, of
earthen ware, and of various metals. Those of glass are with
difficulty made sufficiently thin, and are often broken by
change of temperature; but they have a great advantage in
the smoothness of their surface, and in resisting the action of
most acid and corrosive substances. Evaporating vessels of
porcelain, or Wedgewood’s ware, are next in utility, are less
costly, and less liable to be cracked. They are made both of
glazed and unglazed ware. For ordinary purposes the former
are to be preferred; but the unglazed should be employed
when great accuracy is required, since the glazing is acted
on by several chemical substances. Evaporating vessels of
glass or porcelain are generally bedded, up to their edge, in
sand (see fig. 65); but those of various metals are placed im=
mediately over the naked fire. When the glass or porcelain
vessel is very thip, and of small size, as a watch glass for
example, it may be held by means of a small prong, repre-
sented under fig. 12; or it may be safely placed on the ring of
the brass stand, plate i. fig. 18, and the flame of an Argand’s
lamp, cautiously regulated, may be applied beneath it. A
lamp thus supported, so as to be raised or lowered, at plea-
sure, on an upright pillar, to which rings, of various dia-
meters, are adapted, will be found extremely useful; and,
when a strong heat is required, it is adviseable to employ a
lamp, furnished with double concentric wicks. A lamp for
burning spirit of wine will, also, be found very convenient,
especially if provided (as they now generally are) with a glass
cap to cover the wick when not in use, which being fitted by
grinding, prevents the waste of the spirit by evaporation.

IV. In the process of evaporation, the vapour for the most
part is allowed to escape; but of certain chemical processes,™
the collection of the volatile portion is the principal object.
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“This process is termed pisTILLATION. It is performed in ves-
sels of various forms and materials. The common still is so
generally known, that a representation of it in the plates was
deemed unnecessary.* It consists of a vessel, generally of
copper, shaped like a tea-kettle, but without its spout and
handle. Into the opening of this vessel, instead of a common
1id, a hollow moveable head is affixed, which ends in a nar-
row, open pipe. This pipe is received into another tube
of lead, which is twisted spirally, and fixed in a wooden tub,
so that it may be surrounded by cold water. (Fig. 40, dd.)
‘When the apparatus is to be used, the liquid intended to be
distilled is poured into the body of the still, and the head is
fixed in its place, the pipe, which terminates it, being received
into the leaden worm. The Jiquid is raised into vapour, which
passes into the worm, is there condensed by the surrounding
cold water, and flows out at the lower extremity.

The common still, however, can only be employed for vola-
tilizing substances that do not act on copper, or other metals,
and is, -therefore, limited to very few operations. The vessel,
fig. 2, is of glass, or earthen ware, and is also intended for
distillation. It is termed an alemdbic, and consists of two parts;
the body a for containing the materials, and the head / by
which the vapour is condensed; the pipe ¢ conveying it to a
Teceiver. Vessels, termed retorts, however, are more generally
used. Fig, 1, a, shows the common form, and fig. 18, a, re-
prescnts a stoppered, or tubnlated retort. Retorts are made
of glass, of earthen ware, or of metal. When a liquid is to
be added at distant intervals during the process, the best con-
trivance is that shown fig. 26, g, consisting of a bent tube,
with a funnel at the upper end. When the whole is intro-
duced at first, it is done either through the tubulure, or, if
into a plain retort, through the funnel, fig. 10, by means of
which the liquid may be poured in, without touching the inside
of the retort neck.

To the retort, a receiver is a necessary appendage: and this
may either be plain, fig. 1, J, or tubulated, as shown by the
dotted lines at c. To some receivers a pipe is added (fig. 13, 0),

® See Aikin’s Chem. Dict. pl. ii. fig. 91.
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which may enter partly into a ‘bottle beneath. This vessel,
which ie principally useful for enabling us to remove the dis-
tilled liquid, at different periods of the process, is termed a

-quilled receiver. For some purposes, it is-expedient to have

the quilled part accurately ground to the neck .of the bottle, ¢,
which should then be furnished with .a tubulure, or second
neck, having a ground stopper, aud should be provided, also,
with a bent tube, to be occasionally applied, for conveying
away any gases that may be preduced. The condensation of
the vapour is much facilitated, by lengthening the neck of the
retort with an adopter (fig. 11), the wider end of which slips
over the retort neck, while its narrow extremity is admitted
into the mouth of the receiver. (See fig. 63.)

Heat may be applied to the retort in several modes. When
the vessel is of earthen ware, and when the distilled substance
requires a strong heat to raise it into vapour, the naked fire is
applied, as shown fig. 63. Glass retorts are generally placed
in heated sand (fig.'59); and, when of a small size, the flame

-of an Argand’s lamp, cautiously regulated, may be convenient-

ly used (fig. 18).

In several instances, thessubstance raised by distillation is
partly a condensable liquid, and partly a gas, which is not
condensed till it is brought into contact with water. To effect
this double purpose, a series of receivers, termed MHoulfe's
Apparatus, is employed. The first receiver (0. fig. 30) has a
right-angled glass tube, open at both ends, fixed into its tu-

“bulure; and the other extremity of the tube is made to termi-

nate beneath the surface of distilled water, contained, as high
a8 the horizontal dotted line, in the three-necked bottle c.
From ancther neck of :this bottle, a second pipe proceeds,
which ends, like the first, under water, contained in a second
bottle d. To the central neck a.straight tube, open at both
ends, is fixed, ‘so that its lJower end may be a litde beneath
the surface of ‘the kiquid. - Of these bettles:any number may
be employed that is thaught necessary.

The materials being introduced into the retort, the arrange-
ment completed, .and the joints secured ia the manner to be
.presently :described, the distillatian :is begun. The eondens-
able vapour-cellects in a liquid.form in sthe ballean .0, while
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the evolved gas passes through the bent pipe, beneath the sur-
face of the water in ¢, which continues to absorb it till satu-
rated. When the water of the first bottle can absorb no
more, the gas passes, uncondensed, through the second right-
angled tube, into the water of the second bottle, which, in its
turn, becomes saturated. Any gas that may be produced,
which is not absorbable by water, escapes through the bent
tube ¢, and may be collected, if necessary.
Supposing the bottles to be destitute of the middle necks,
and, consequently, without the perpendicular tubes, the pro-
*-cess would be liable to be interrupted by an accident: for if,
in consequence of a diminished temperature, an absorption or
condensation of gas should take place, in the retort a, and, of
course, in the balloon 4, it must necessarily ensue that the
water of the bottles ¢ and d would be forced, by the pressure
-of the atmosphere, into the balloon, and possibly into the
sretort, which might cause a dangerous explosion; but, with
-the addition of the central tubes, a sufficient quantity of air
rushes through them to supply any accidental vacuum. This
inconvenience, however, is still more conveniently obviated by
Welther’s tube of safety (fig. 81, J), which supersedes the ex-
-pediency of three-necked bottles. The apparatus being ad-
_justed, as shown by the figure, a small quantity of water is
poured into the funnel, so as to about half fill the ball &.
When any absorption happens, the fluid rises in the ball, till
none remains in the tube, when a quantity of air immediately
rushes in and supplies the partial vacoum in 2. On the other
‘band, no gas can escape, under ordinary circumstances; be-
.cause any pressure from within is instantly followed by the
formation of a bigh column of liquid in the perpendicular
part, which resists the egress of gas. This ingenious inven-
tion I can recommend, from ample experience of its utility.
Very useful alterations in the construction of Woulfe’s ap-
paratus have been contrived also by Mr. Pepys and Mr.
Knight. That of the former is shown (fig. 32), where the
balloon & is surmounted by a vessel ¢ accurately ground to it,
and furnished with a glass valve, resembling that affixed to
Nooth’s apparatus for impregnating water with carbonic acid,
“commonly sold under that name in the glass shops. This



SECT. I. GENERAL PURPOSES. 9

valve allows gas to pass frecly into the vessel ¢, but prevents
the water which ¢ contains from falling into the balloon. Mr.,
Knight’s improvement is described, and represented in a plate,
in the Philosophical Magazine, vol. xx.*

When a volatile substance is submitted to distillation, it is
necessary to prevent the escape of the vapour through the
junctures of the vessels; and this is accomplished by the ap-
plication of LuTEs. The most simple method of confining the
vapour, it is obvious, would be to connect the places of junc-
ture accurately together by grinding; and accordingly the
neck of the retort is sometimes ground to the mouth of the
receiver. This, however, adds too much to the expense of
apparatus to be generally practised.

When the distilled liquor has no corrosive property (such
as water, alcohol, ether, &c.), slips of moistened bladder, or
of paper, or linen, spread with flour paste, white of egg, or
mucilage of gum arabic, sufficiently answer the purpose. The
substance which remains, after expressing the oil from bitter
almonds, and which is sold under the name of almond-meal,
or almond powder, forms a useful lute, when mixed, to the
consistency of glaziers’ putty, with water or mucilage. For
confining the vapour of acid, or highly corrosive substances,
the fat lute i3 well adapted. It is formed by beating perfectly
dry and fincly sifted tobacco pipe-clay, with painters’ drying
oil, to such a consistence that it may be moulded by the hand.
The same clay, beat up with as much sand as it will bear,
without losing its tenacity, with the addition of cut fibres of
tow, or of a little horse-dung, and a proper quantity of water,
furnishes a good lute, which has the advantage of resisting a
considerable heat, and is applicable in cases where the fat lute
would be melted or destroyed. Various other lutes are re-

* Another modification of this apparatus, by Dr. Murray, is represented
in Nich. Journ. 8vo. vol. iii. or in Murray’s System of Chemistry, vol. i.
pl. v. fig. 40. Fig. 41 of the same plate exhibits a cheap and simple fol’lfl
of this apparatus, contrived by the late Dr. Hamilton, and depicted ori-
ginally in his translation of Berthollet on Dyeing. Mr. Burkitt's improve~
ment of this apparatus may be seen in Nicholson’s Journ.al, 4to. vol, v.
349; and an American invention for the same purpose is represented in
the Quarterly Journal, viii. 384,
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commended by chemical writers; but the few that have been
enumerated I find to be amply sufficient for every purpose.

On some occasions, it is necessary to protect the retort from
too sudden changes of temperature, by a proper coating. For
glass retorts, a mixture of moist common clay, or loam, with
sand, and cut shreds of tow or flax, may be employed. If
the distillation be performed by a sand heat, the coating needs
not to be applied higher than that part of the retort which is
bedded in sand; but if the process be performed in a wind
furnace (fig. 63), the whole body of the retort, and that part
of the neck also which is exposed to the fire, must be carefully
coated. To this kind of distillation, however, earthen retorts
are better adapted ; and they may be covered with a compo-
sition originally recommended by Mr. Willis. Two ounces
of borax are to be dissolved in a pint of boiling water, and a
sufficient quantity of slaked lime added, to give it the thick-
ness of cream. This is to be applied by a painter’s brush,
and allowed to dry. Over this a thin paste is afterwards to be
applied, formed of slaked lime and common linseed-oil, well
mixed and perfectly plastic. In a day or two, the coating
will be sufficiently dry to allow the use of the retort.

For joining together the parts of iron vessels, used in distil-
lation, a mixture of the finest China clay, with a solution of
borax, is well adapted. In all cases, the different parts of any
spparatus made of iron should be accurately fitted by boring
and grinding, and the above lute is to be applied to the part
which is received into an aperture. This will generally be suf-
ficient without auy exterior luting ; otherwise the lute of clay,
sand, and flax, already described, may be applied over the joint.

In every instance, where a lute or coating is applied, it is
adviseable to allow it to dry before the distillation is begun ;
and even the fat lute, by exposure to the air during one or two
days after its application, is much improved in firmness.
The clay and sand lute is perfectly useless, except it be pre-
viously quite dry. In applying a lute, the part immediately
over the juncture should swell outwards, and its diameter
ghould be gradually diminished on each side. (See fig. 18,
where the luting is shown, applied to the joining of the retort
and receiver.)
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Beside the apparatus already described, a variety of vessels
and instruments are necessary, having litile resemblance to
each other, in the purposes to which they are adapted. Glass
veseels are required for effecting solution, which often re-
quires the application of heat, and sometimes for a consider-
able duration. In the latter case, it is termed digestion, and
the vessel, fig. 4, called a matrass, is the most proper for per-
forming it. 'When solution is required to be quickly effected,
the bottle, fig. 5, with a rounded bottom, may be used; or a
common Florence oil flask serves the same purpose extremely
well, and bears, without ¢racking, sudden changes of tempe-
ratare. For precipitations, and separating liquids from preci-
pitates, either form of the decanting-jar (fig. 14), will be found
useful ; or, if preferred, it may be shaped as in fig. 26, f.
Liquids, of different specific gravities, are separated by the
vessel, fig. $; the beavier fluid being drawn off through the
cock 0, and air being admitted by the removal of the stopper
a, to supply its place. Glass rods, of various lengths, and
spouns of the same material, or of porcelain, are useful for
stirring acid and corrosive liquids; and a stock of cylindrical
tubes, of various sizes, is required for occasional purposes. It
is necessary also to be provided with a series of glass measures,
graduated into drachme, ounces, and pints. The small tube,
fig. 15, called a dropping tule, which is open at each end and
‘blown in the middle into a ball, will be found useful in direct~
ing a fine stream of water upon the edges of a filtre, or any
small object. The same purpose may, also, be very conve-
niently effected by fixing a piece of glass tube of small bore,
two or three inches long, and beut at one end to an obtuse
angle, into a hole bored in a cork, which may be used as the
stopple of an eight ounce vial filled with water, fig. 25, a.
On inverting the vial, and grasping the bottom part of it, the
warmth of the hand expels either a few drops or a small stream
of water, which may be directed upon any minute object.
When the flow ceases, it may be renewed, if required, by
setting the bottle, for a moment, with its mouth upwards
(which admits a fresh supply of coel air), and then proceeding
as before.

For the drying of precipitates, and other substances, by &
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heat not exceeding 212° a very useful apparatus is sold in
London, by the makers of chemical implements. It is repre-
sented, supported by the ring of a lamp-stand, by fig. 27.
The vessel a is of sheet-iron or copper japanned and hard-
soldered ; c is a conical vessel of very thin glass, having a rim,
which prevents it, when in its place, from entirely slipping
intoe; and dis a moveable ring, which keeps the vessel ¢ in
its place. When the apparatus is in use, water is poured
into a about as high as the dotted line ; the vessel ¢, containing
the substance to be tried, is immersed in the water, and se-
cured by the ring d; and the whole apparatus set over an
Argand’s lamp. The steam escapes by means of the chimney
4, through which a little hot water may be occasionally poured,
to supply the waste by evaporation. By changing the shape
of ¢ to the segment of a sphere, still retaining the rim, I
have found it a most convenient vessel for evaporating fluids.
For the purpose of depriving organic substances of water
without decomposing them, they may be exposed to a tem-
perature of 212° Fahr. in a vacuum with sulphuricacid. Anin-
genious apparatus for this purpose, invented by Dr. Prout, is
described in the Annals of Philosophy, vol. vi. p. 272.

Accurate beams and scales, of various sizes, with corres-
ponding weights, some of which are capable of weighing seve-
ral pounds, while the smaller size ascertains a minute fraction
of a grain, are essential instruments in the chemical labora-
tory. A balance of great accuracy and sensibility, and at the
same time attainable at a moderate expence, has been invented
by Capt. Kater. It is described in the Quarterly Journal,
xi. 280, and xii. 40. Mortars, also, should be at hand of
various materials, such as glass, porcelain, agate, and metal.
Wooden stands, too, of various kinds, for supporting re-
ceivers, should be provided.* For purposes of this sort,
and for occasionally raising to a proper height any article of
apparatus, a series of blocks, made of well seasoned wood,
eight inches (or any other number) square, and respectively
eight, four, two, one, and half an inch in thickness, will be
found extremely useful ; since, by combining them in different
ways, thirty-one different heights may be obtained.

® See Aikin's Chem. Dict. pl. iv. fig. 59, e.
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The blow-pipe is an instrument of much utility in chemical
researches. A small one, invented by Mr. Pepys, with a flat
cylindrical box for condensing the vapour of the breath, and
for containing caps, to be occasionally applied with apertures
of various sizes, is perhaps the most commodious form.* One
of a much smaller size, for carrying in a pocket-book, has been
contrived by Dr. Wollaston.+ A blow-pipe, which is sup-
plied with air from a pair of double bellows, worked by the
foot, 1 may be applied to purposes that require both hands to
be left at liberty, and will be found useful in blowing glass,
and in bending tubes. The latter purpose, however, may be
accomplished by holding them over an Argand’s lamp with
double wicks. A simple and ingenious apparatus, in which
atmospheric air is expelled from a jet by the pressure of a
column of water, is described by Mr. Tilley in the 43d vol.
of the Philosophical Magazine. Another contrivance of a
similar kind, recommended by Dr. Clarke in the Annals of
Philosophy, N. S.i. 428, is sold in London under the name of
Toft's Blow-pipe, but it appears to me objectionable on account
of the room which it occupies. Occasionally, when an intense
heat is required, the flame of the blow-pipe, instead of being
supported by the mouth or by common air, may be kept up
by a stream of oxygen gas, expelled from a bladder or from a
gas-holder.§ The blow-pipe invented by Mr. Brooke con-
sists of a small square box of copper or iron, into which air is
forced by a condensing syringe, and from which it is suffered
to rush, through a tube of very small aperture, regulated by a
stop-cock, against the flame of a lamp or candle.|| By means
of a screw added to the syringe, the receiver may be filled
with oxygen gas, or, as will be described hereafter, with a
mixture of hydrogen and oxygen gases. Blow-pipes on this
construction may be had of Mr. Newman, aud of most of the
other makers of philosophical instruments. The application

® See Aikin’s Chem. Dict. pl. vii. fig. 71, 72, 73.

4 It is described in Nich. Journ, xv. 284. See also pl. x. at the end of
this volume.

1 Phil. Mag. xliii. 280.

§ Seea represenlauon of the apparalus for this purpose, in the Chemical '
Conversations, pl. ix.

Thomson’s Annals, vii. 367 ; or Quarterly Journal, i. 65.
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of the blow-pipe to chemical analysis, and especially to the
examination of minerals, may be best learned from the ample
and perspicuous directions contained in Berzelius’s Treatise
on the Use of the Blow-pipe, in one vol. 8vo. lately translated
by Mr. Children.

In the course of this work, various other articles of appa-
ratus will be enumerated, in detailing the purposes to whiclk
they are adapted, and the principles on which they are con-
structed. It must be remembered, however, that it is no part
of my object to describe every ingenious and complicated in«
vention, which has been employed in the investigation of che-
mical science: but merely to assist the student in attaining
apparatus for general and ordinary purposes. For such pur-
poses, and even for the prosecution of new and important in-
quiries, very simple means are sufficient; and some of the
most interesting chemical facts may be exhibited and even
ascertained, with the aid merely of Florence flasks, of com-
mon vials, and of wine glasses. In converting these to the
purposes of apparatus, a considerable saving of expense will
accrue to the experimentalist; and he will avoid the encum-
brance of various instruments, the value of which consists in
show, rather than in real utility.

—et——
SECTION II.

Of the Apparatus for Experiments on the Gases.

For performing the necessary experiments on gases, many
articles of apparatus are essential, that have not hitherto been
described. It may assist the student in obtaining the neces-
sary instruments, if a few of the most essential be here enao+
merated. In this place, however, I shall mention such only,
as are necessary in making a few general experiments on that
interesting class of bodies.

The apparatus, required for experiments on gases, consists
partly of vessels fitted for containing the materials that afford
them, and partly of vessels adapted for the reception of gases,
and for submitting them to experiment.
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1. For procuring such gases as are producible without a
very strong heat, glass bottles, furnished with ground stop-
pers and bent tubes, are sufficient (plate ii. fig. 18). Of these
several will be required, of different sizes and shapes, adapted
to different purposes. If these cannot be procured, a Flo-
rence flask, with a cork perforated by a bent glass tube, or
even by a tin pipe, will serve for obtaining some of the gases.

Those gases that require, for their liberation, a red heaty
may be procured, by exposing to heat the substance capable
of affording them, in earthen retorts or tubes; or in a gun
barrel, the touch-hole of which has been accurately plugged
by an iron pin. To the mouth of the barrel must be affixed
a glass tube, bent so as to convey the gases where it may be
requisite.

A very convenient apparatus, for obtaining such gases as
canuot be disengaged without a red heat, is sold at the shops
for philosophical apparatus in London. It consists of a cast-
iron retort, having a jointed metallic conducting tube fitted
to it by grinding; by means of which the gas may be con-
veyed in any direction, and to any moderate distance. It is
represented as placed, when in actual use, between the bars
of a common fire-grate (plate ix. fig. 85, a, 0.)

2. For receiving the gases, glass jars, of various sizes (figs.
22, 23), are required, some of which should be furnished with
necks at the top, fitted with ground stoppers. Others should
be provided with brass caps, and screws, for the reception of
air-cocks (fig. 22). Of these last (the air-cocks), several will
be found necessary ; and, to some of them, bladders, or elastic
bottles, should be firmly tied, for the purpose of transferring
gases. These jars will also be found extremely useful in ex-
periments on the properties and effects of the gases. Some
of them should be graduated into cubical inches.

To contain these jars, when in use, a vessel will be nee
cessary, capable of holding a few gallons of water. Fhis
may either be of wood, if of considerable size; or, if smally
of tin, japanned or painted. Plate iv. fig. 41, ff; exhibits a
section of this apparatus, which has been termed the pneu-
mato-chemical trough, or pneumatic cistern. Its- size may
vary with that of the jars employed; and, about two or three
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inches from the top, it should have a shelf, on which the jars
may be placed, when filled with air, without the risk of being
overset. In this shelf should be a few small holes, to which
inverted funnels may be soldered.

A glass tube, about 18 inches long, and three quarters of
an inch diameter (fig. 24,) closed at one end, and divided into
cubic inches, and tenths of inches, will be required for ascer-
taining the purity of air by nitrous gas. It should be accom-
panicd also with a small measure, containing about two cubic
inches, and similarly graduated. For employing the solution
of nitrous gas in liquid sulphate of iron, glass tubes, about
five inches long, and half an inch wide, divided decimally,
are also necessary. Besides these, the experimentalist should
be furnished with air funnels (fig. 19), for transferring gases
from wide to narrow vesscls.

An apparatus, almost indispensable in experiments on this
class of bodies, is a GaZoMETER, which enables the chemist to
collect and to preserve large quantities of gas, with the aid
of only a few pounds of water. In the form of this apparatus
there is considerable variety ; but, at present, I have no other
view than that of explaining its general construction and use.
It consists of an outer fixed vessel d (plate iv. fig. 85), and an
inner moveable one, ¢, both of japanned iron. The latter
slides casily up and down within the other, and is suspended
by cords passing over pulleys, to which are attached the coun-
terpoises, ee. 'o avoid the encumbrance of a great weight
of water, the outer vessel d is made double, or is composed of
two cylinders, the inner one of which is closed at the top and
at the bottom. The space of only about half an inch is left
between the two cylinders, as shown by the dotted lines. In.
this space the hollow vesscl ¢ may move freely up and down.
The interval is filled with water as high as the top of the
inner cylinder. The cup, or rim, at the top of the outer
vessel, is to prevent the water from overflowing, when the
vessel ¢ is forcibly pressed down, in which situation it is
placed whenever gas is about to be collected. The gas enters
from the vesscl in which it is produced, by the communicating
pipe !, and passes along the perpendicular pipe marked by
dotted lines in the centre, into the cavity of the vessel ¢,
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the act of evaporation. In this way we may completely sepa<
rate nitre from common salt, the crystals of the latter being
formed during evaporation ; while those of nitre do not appear
till some time after the fluid has cooled. ' »

Salts, which are thus deposited in regular shapes, generally
adhere to the surface of the vessel containing the solution, or
to any substance, such as pieces of thread or of wood, intro~
duced for the purpose of collecting them. But a still more
effectual way of inducing crystallization is to immerse, in the
solution, a crystal of the same kind with that which we expect
to be formed. The crystal, thus exposed, receives successive
additions to its several surfaces, and preserves its form, with
a considerable addition to its magnitude. This curious fact
was originally noticed by Le Blanc, who has founded on it &
method of obtaining large and perfect crystals..

In some instances, the affinity of a salt for its solvent is so
powerful, that it will not separate from it in the form of crys-
tals; but will yet crystallize from another fluid, which is
capable of dissolving it, and for which it has a weaker affinity.
Potassa, for instance, cannot be made to crystallize from its
watery solution, but will yet separate, in a regular form, from
its solation in alcohol.

Every solid, that is susceptible of crystallization, has a
tendency to assume a peculiar shape. Thus common salt,
when most perfectly crystallized; forms regular cubes; nitre
has the shape of a six-sided prism; and alum that of an oc-
tahedron. It has, indeed, been alleged, as an objection to the
modern theory of crystallization, that minerals, differing essen-
tially in their composition, have precisely the same primitive
form. For example, the primitive fotm of carbonate of lime,
and of the compound carbonate of lime and magnesia, is, in
both, a regular rhomboid, so nearly resembling each other,
as to have been supposed to be precisely the same. In this
case, however, Dr. Wollaston has shown, that though the
figures are similar, yet their angles, on admeasurement by a
nice instrument, differ very appreciably.* But other instances
have been since brought forward by M. Beudant, in which

* Phil. Trans. 1812,
YOL. I. D
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artificial salts, composed of dissimilar ingredients, have tke
same crystalline form; and Dr. Wollaston has satisfied himself
of the accuracy of M. Beudant’s remark, that the mixed sul-
phates of copper and iron, of zinc and iron, and of copper,
zinc, and iron, assume forms, in which no difference has yet
been discovered from that of simple sulphate of iron alone.*
He apprehends, indeed, that on minute investigation, some
difference will be found, either in the angles or linear measures
of those different salts; but till this has been established, the
facts, as they stand, must be acknowledged to be exceptions
to the principle, that identily of crystalline form is necessarily
connected with identity of chemical composition. In the instances
which have been given, the perfect transparency of the crys-
tals forbids our considering them as an intermixture of foreign
matter grouped together by sulphate of iron; and this expla-
nation is, also, irreconcileable with the fact, discovered by
Dr. Wollaston, that a mixed solution of sulphates of zinc and
copper, in certain proportions, affords crystals which, though
containing no iron, still agree so nearly in form with those
of sulphate of iron, that he could not undertake to point out
any difference between them.

It has been long known that the same solid admits of great
varieties of crystalline figure, without any variation of its che-
mical composition. Calcareous spar, for example, appears in
six-sided prisms, in three or six-sided pyramids, and in many
other shapes. These varieties are occasioned by accidental
circumstances, which modify the operation of the force of
cohesion. The diversities of shape are, on first view, ex-
tremely numerous; and yet, upon a careful examination and
comparison, they are found to be reducible to a small number
of simple figures, which, for each individual species, is always
the same, v

The attempt to trace all the observed forms of crystals to
a few simple or primary ones, seems to have originated with
Bergman t. In the instance of calcareous spar, this distin-
guished chemist demonstrated that its numerous modifications

® Thomson's Annals, xi. 262, 283. xiii. 126, and Mlucherhch Ann. de
Chim. et Phys. xiv. 172, 326,

1 Bergman’s Essays, ii.
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may possibly result from one simple figure, the rhomb, by
the accumulation of which, in various ways, crystals of the
most opposite forms may be generated. This theory he ex-
tended to crystals of every kind; and he accounted for the
differences of their external figures, by varieties of their me-
chanical elements or minute molecules.

About the same period with Bergman, or immediately
afterwards, M. Romé de I'Isle pursued still farther the theory
of the structure of crystals. He reduced the study of crystal-
lography to principles more exact, and more consistent with
observation. He classed together, as much as he was able,
crystals of the same nature. From among the diffcrent forms
belonging to the same species, he sclected, for the primitive
form, one which appeared to him to be the most proper, on
account of its simplicity. Supposing this to be truncated in
different manners, he deduced the other forms, and established
a certain gradation, or series of passages, from the primitive
form to complicated figures, which on first view would scarcely
appear to have any connexion with it. To the descriptions
and figures of the primitive forms, he added the mechanical
measurement of the principal angles, and showed that these
angles are constantly the same in each varicty. It must be
acknowledged, however, that the primitive forms, assumed by
this philosopher, were entirely imaginary, and not the resuit
of any experimental analysis. His method was to frame an
hypothesis ; and then to examine its coincidence with actual
appearances. On his principles any form might have been
the primitive one, and any other have been deduced from it.

It was reserved for the sagacity of the Abbé Haiiy to unfold
the true theory of the structure of crystals, and to support it
both by experimental and mathematical evidence. By the
mechanical division of a complicated crystal, he first obtains
the simple form, and afterwards constructs, by the varied ac-
cumulation of the primitive figure, according to mathematical
synthesis, all the observed varieties of that species.

Every crystal may be divided by means of proper instrt-
ments; and, if split in certain directions, presents plane and
smooth surfaces. If split in' other directions, the fracture is
mugged, is the mere effect of violence, and is not guided by

D 2 )
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the natural joining of the crystal. This fact had been long
known to jewellers and lapidaries; and an accidental obser-
vation of it proved, to the Abbé Haiiy, the key of the whole
theory of crystallization. By the skilful division of a six-
sided prism of calcareous spar, he reduced it to a rhomb, pre-
cisely resembling that which is known under the name of Ice-
land crystal. Other forms of calcareous spar were subjected
to the same operation; and, however different at the outset,’
finally agreed in yielding, as the last product, a rhomboidal
solid. It was discovered also by Haiiy, that if we take a
crystal of another kind (the cubic fluor spar for instance), the
nucleus, obtained by its mechanical division, will have a dif-
ferent figure, viz. an octahedron. Other crystallized bodies
produce still different forms; which are not, however, very
numerous. Those which have hitherto been discovered, are
reducible to six; the parallclopipedon, which includes the
cube, the rhomb, and all the solids which are terminated by
six faces, parallel two and two; the tetrahedron; the octahe-
dron; the regular hexahedral prism; the dodecahedron with
equal and similar rhomboidal planes; and the dodecahedron
with triangular planes.

The solid of the primitive form, or nucleus of a crystal ob-
tained by mechanical division, may be subdivided in a direc-
tion parallel to its different faces. All the sections thus pro-
duced being similar, the resulting solids are precisely similar
in shape to the nucleus, and differ from it only in size, which
continucs to decreasc as the division is carried farther. “To
this division, however, there must be a limit, beyond which
we should come to particles so small, that they could no
longer be divided. At this term, therefore, we must stop: and
to these last particles, the result of an analysis of the primitive
nucleus, and similar to it in shape, Haiiy has given the name
of the integrunt molecule. 1If the division of the nucleus can
be carried on in other directions than parallel to its faces, the
integral molecule may then have a figure different from that
of the nucleus. The forms, however, of the integrant mole-
cule, which have hitherto been discovered, are only three; the
tetrahedron, the simplest of pyramids; the triangular prism,
the simplest of prisms; and the parallelopipedon, including
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the cube and rhomboid, the simplest of solids which have
their faces parallel two and two. 'With respect to octahedral
" crystals, there is a difficulty, whether the -octahedron, or
tetrahedron, is to be adopted as the primitive form; and,
whichsoever be chosen, since neither of them can fill space
without leaving vacuities, it is not easy to conceive any ar-
rangement, by which the particles will remain at rest. To
obviate this difficulty, Dr. Wollaston has suggested that, in
such instances, the elementary particles may be perfect
spheres ; and by the due application of spheres to each other,
he has shown, that a variety of crystalline forms may be pro-
duced ;* viz. the octahedron, the tetrahedron, and the acute
rhomboid. If other particles, having the same relative ar-
rangement, be supposed to have the shape of oblate spheroids;
the regular rhomboid will be the resulting figure; and if the
spheroids be oblong instead of oblate, they will generate prisms
of three or six sides. The cube, also, Dr. Wollaston has
shown, may be explained by the aggregation of spheroidical
particles.

A method of developing the structure of crystals, by a new
process, which appears greatly superior to that of mechanical
division, has been described by Mr. Daniel.+ It consists in
exposing any moderately soluble salt to the slow and regu-
lated action of a solvent. A shapeless mass of alum, for
instance, weighing about 1500 grains, being immersed in 15
ounce measures of water, and set by, in a quiet place, for
a period of three or four weeks, will be found to have
been more dissolved toward the upper than the lower part,
and to have assumed a pyramidal form. On further exami-
nation, the lower end of the mass will present the form of
octahedrons and sections of octahedrons, in high relief and
of various dimensions. They will be most distinct at its
lower extremity, becoming less so as they ascend.  This new
process of dissection admits of extensive application. Borax
in the course of six weeks, exhibits eight sided prisms with
various terminations ; and other salts may be made to unfold
their external structure by the slow agency of water. Car-

® Phil, Trans. 1818, p. 51. 4 Jour. of Scieace and the Arts, i. 24
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bonate of lime, carbonate of strontites, and carbonate of
barytes, give also distinct results, when acted upon by weak
acids; and even amorphous masses of those metals, which
have a tendency to assume a crystalline form, such as bisinuth,
antimony, and nickel, when exposed to very dilute nitric acid,
presented at the end of a few days distinct crystalline forms.
Large crystals of sulphuret of antimony, Mr. Faraday has
also found, admirably illustrate Mr. Daniel’s mode of display-
ing crystalline texture. 'When such a crystal is introduced
into a portion of fused sulphuret, it begins to melt down, but
not uniformly, for crystals are left more than half an inch long
projecting from it.* The results of these experiments, when
minutely traced and investigated; afford strong confirmation
to the theory, that the spheroidical is the true form of the ulti-
mate particles of crystallized bodies.

The primitive form, and that of the integral molecule hav-
ing been experimentally determined by the dissection of a
crystal, the next step is to discover the law, according to which
these molecules are arranged, in order to produce, by their
accumulation around the primitive figure, the great variety of
secondary forms. What is most important in the discoveries
of Haiiy, and what constitutes in fact the essence of his theory,
is the determination of these laws, and the precise measure~
ment of their action. He has shown that all the parts of a
secondary crystal, superadded to the primitive nucleus, con-
sist of lamine, which decrease gradually by the subtraction
of one or more layers of integrant molecules ; so that theory
is capable of determining the number of these ranges, and,
by a nccessary consequence, the exact form of the secondary
crystal.

By the devclopement of these laws of decrement, Haiiy
has shown how, from variations of the arrangement of the
integrant molecules, a great variety of sccondary figures may
be produced. Their explanation, however, ‘would involve a
minuteness of detail, altogether unsuitable to the purpose of
this work : and I refer, therefore, for a very perspicuous state-
ment of them, to the first and ninth volumes of the Philoso~
phical Magazine.

® Jour. of Science and the Arts, xi. 80¢.
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A popular view of the subject -of crystallography may be
found also in Mr. Larkin’s ¢ Introduction to Solid Geome=
try,” London, 1820; and models of crystals, very neatly and
accurately cut in wood, may be procured from the author of
that work, which will essentially facilitate the student’s pro-
gress. The use of the goniometer is quite necessary to the
accurate determination and description of the forms of crystals.
When great precision is not required, and the crystal is of
considerable size, the common goniometer will sufficiently ane
swer the purpose; but to obtain very correct admeasurements,
the reflecting gomiometer of Dr. Wollaston is alone worthy of
dependence. Both these instruments are described, and per-
spicuous directions given for their use, in a very useful little
volume published by Mr. William Phillips, under the title of
¢« An Elementary Introduction to the Knowledge of Mi-
neralogy,” and also in the first volume of ¢ Conversations of
Mineralogy,” where distinct and excellent engravings are
giveun of both instruments. . :

——
SECTION IL

Of Chemical Affinity, and the General Phenomena of Chemical
Action.

CuemicAL affinity, like the cohesive attraction, is effective
only at insensible distances: but it is distinguished from the
latter force, in being exerted between the particles or atoms of
bodies of different kinds. The result of its action is not &
mere aggregate, baving the same properties as’the separate
parts, and differing only by its greater quantity or mass, but
-a new compound, in which the properties of the components
have either entirely or partly disappeared, and in which new
qualities are also apparent. The combinations effected by
chemical affinity ave permanent, and are destroyed only by the
interference of a more powerful force, either of the same or of
a different kind.

As a general exemplification of chemical action, we may
examine that which .takes place between potash and suiphune
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acid. In their scparate state, each of these bodies is distin-
guished by striking peculiarities of taste, and by other quali-
ties. The alkali, on being added to blue vegetable infusions,
changes their colour to green; and the acid turns them red.
But if we add the one substance to the other, very cautiously
and in small quantities, examining the effect of each addition,
we shall at length attain a certain point, at which the liquid
-will possess neither acid nor alkaline qualities ; the taste will
be converted into a bitter onc ; and the mixture will produce
no effect on blue vegetable colours. Here then, the qualities
-of the constituent parts, or at least some of their most im-
portant ones, are destroyed by combination. 'When opposing
properties thus disappear, the bodies combined have been
‘said to safurate each other; and the precise term, at which
this takes place, has been called the point of saturation. It is
-advisable, however, to restrict this expression to weaker com-
binations, where there is no remarkable alteration of qualities,
as in cases of solution ; and to apply to those results of more
energetic affinities, which are attended with loss of properties,
the term neutralization.

At the same time that the properties of bodies disappecar on
combination, other new qualitics, both sensible and chemical,
are acquired; and the affinitics of the components for other
substances become in some cases increased, in others dimi-
nished in energy. Sulphur, for example, is destitute of taste,
smell, or action on vegetable colours; and oxygen gas is, in
these respects, equally inefficient. But the compound of sul-
phur and oxygen is intensely acid ; the minutest portion in-
stantly reddens blue vegetable infusions; and the acid is dis-
posed to enter into combination with a variety of bodies, for
which its components evinced no affinity.  Facts of this kind
sufficiently refute the opinion of the older chemists, that the
properties of compounds are infermediate between those of their
component parts; for, in instances like the foregoing, the
:compound has qualities, not a vestige of which can be traced
to either of its elements.

It is not, however, in all cases, that the change of properties
‘is s0 distinct and appreciable by the senses, as in the instances
‘which bave been just now described. In some examples of
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chemical union, the change is scarcely perceptible to the eye
- or the taste, when the chemist is nevertheless certain that com=
bination must have taken place. This occurs chiefly in the
mixture of saline solutions with each other, where a complete
exchange of principles ensues, without any evident change of
properties. Examples of this kind, cannot, however,*be un-
derstood, till the subject of complex affinity has been first elu-
cidated.

The existence of chemical affinity between any two bodies
is inferred, therefore, from their entering into chemical com-
bination; and that this has happened, a change of properties
may be considered as a sufficient proof, even though the
change may not be very obvious, and may require accurate
examination to be perceived at all.

The proof, which establishes the nature of chemical com-
pounds, is of two kinds, synthesis and analysis. Synthesis
cousists in effecting the chemical union of two or more bodies ;
and analysis in separating them from each other, and exhibit-
ing them in a separate state. 'When we have a compound of
two or more ingredients, which are themselves compounded
also, the separation of the compounds from each other may
be called the proximate analysis of the body ; and the farther
separation of these compounds into their most simple prin-
ciples, its ultimate analysis. Thus the proximate analysis of
sulphate of potash consists in resolving it into potash and sul-
phuric acid ; and its ultimate analysis is effected by decom-
posing the potash into potassium and oxygen, and the sul-
phuric acid into oxygen and sulphur.

When the analysis of any substance has been carried as far
as possible, we arrive at its most simple principles, or elements,
by which expression we are to understand, not a body that is
incapable of further decomposition, but only one which kas
not yet been decomposed. The progress of chemical science,
for several centuries past, has consisted in carrying still farther
the analysis of bodies, and in proving those to be compound-
ed, which had before been considered as elementary.

Beside the alteration of properties, which usually accom-
panies chemical action, there are certain other phenomens,
which are generally observed to attend it.
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1st. In almost every instance of chemical union, the spe-
cific gravity of the compound is greater than might have been
inferred from that of its components; and this is true both
of weaker and more energetic combinations. When equal
weights of water and sulphuric acid are made to combine, the
specific gravity of the resulting liquid is not the mean, but
considerably greater than the mean. The law extends also
to solids. But though general, it is not universal; for in a
very few instances, chiefly of aériform fluids, condensation
does not attend chemical union. And in the combination of
metals with each other the reverse even takes place, the com-
pound being, in some cases, specifically lighter than might
bave been expected, from the specific gravity of its elements,
and their proportion to each other.

2dly. When bodies combine chemically, it may be received
as a general fact, that their temperature changes. Equal
weights of oil of vitriol and water, both at the temperature of
50° of Fahr. are heated, by sudden mixture, to considerably
above 212°. In other examples, a contrary effect takes place,
and a diminished temperature, or, in other words, a produc-
tion of cold, is observed. This is all that it is at present ne-
cessary to state on the subject, which will be more fully con-
sidered when we come to treat of caloric.

8dly. The forms of lodies are often materially changed by
chemical combination. Two solids may, by their union, be-
come fluid ; or two fluids may become solid. Solids are also
often changed into aériform fluids; and, in many instances,
the union of two airs, or gases, is attended with their sudden
conversion into the solid state. By long exposure of quick-
silver to a moderate heat, we change it from a brilliant liquid
into a reddish scaly solid; and by heating this solid in a re-
tort, we obtain an aériform fluid, or gas, in considerable
quantity, and recover the quicksilver in its original form.

4thly. Change of colour is a frequent, but not universal
concomitant of chemical action. In some cases, brilliant co-
lours are destroyed, as when chlorine is made to act on solu=
tion of indigo. In other instances, two substances, which are
nearly colourless, form, by their union, a compound distin-
guished by beauty of colour, as when liquid potash is added
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to very dilute syrup of violets. Certain colours appear also
to belong essentially to chemical compounds, and to be cha-
racteristic of them. Thus 100 parts of quicksilver, and 4 of
oxygen, invariably give a black compound; aud the same
quantity, with 8 parts of oxygen, a red compound.

———

SECTION III.

Of the Proportions in which lodies combine ; and of the Atomic
Theory.

In the chemical combination of bodies with each other, a

few leading circumstances deserve to be remarked.
~ 1st. Some bodies unite in all proportions; for example,
water and sulphuric acid, or water and alcohol.

2dly. Other bodies combine in all proportions, as far as
a certain point, beyond which combination no longer takes
place. Thus water will take up successive portions of com-
mon salt, until at length it becomes incapable of dissolving
any more. In cases of this sort, as well as in those included
under the first head, combination is weak and easily destroyed,
and the qualities which belonged to the components in their
separate state continue to be apparent in the compound.

8dly. There are many examples in which bodies unite in
one proportion only; and in all such cases the proportion of
the elements of a compound must be uniform for the species.
Thus hydrogen and oxygen unite in no other proportions,
than those constituting water, which, by weight, are very
nearly 111 of the former to 884 of the latter, or 1 to 74. In
cases of this sort, the combination is generally energetic; and
the characteristic qualities of the components are no longer
observable in the compound.

4thly. Other bodies unite in several proportions: but these
proportions are definite, and, in the intermediate ones, no
combination ensues. Thus 100 parts by weight of charcoal
combine with 132} of oxygen, or with 265, but with no inter-
mediate quantity; 100 parts of manganese combine with 14
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of oxygen, or with 28, or with 42, or with 56, and with those
proportions only. ‘

Now it is remarkable, that when one body enters into com-
bination with another, in several different proportions, the
numbers indicating the greater proportions are exact simple
multiples of that denoting the smallest proportion. In other
words, ifthe smallest proportion in which B combines with A,
be denoted by 10, A may combine with twice 10 of B, or
with three times 10, and so on; but with no intermediate
quantities. There cannot be a more striking instance of this
law than that above mentioned, of the compounds of manga-
nese with oxygen; in which the oxygen of the three last com-
pounds may be observed to be a multiplication of that of the
first (14) by the numbers 2, 8, and 4. Examples, indeed, of
this kind have, of late, so much increased in number, that the
law of simnple multiples bids fair to become universal, with re-
spect at least to chemical compounds, the proportions of which
are definite.

Facts of this kind are not only important in themselves,
but also on account of the generalizations that have been de-
duced from them; for on them Mr. Dalton has founded what
may be termed the Atomic Theory of the chemical Constitution
of Bodies. 'Till this theory was proposed, we had no adequate
explanation of the uniformity of the proportions of chemical
compounds ; or of the nature of the cause which renders com-
bination, in other proportions, impossible. In this place I
shall offer only a brief illustration of the theory; for in the
course of the work I shall have occasion to apply it to the ex-
planation of a variety of phenomena.

Though we appear, when we effect the chemical union of
bodies, to operate on masses, yet it is consistent with the most
rational view of the constitution of bodies to believe, that it
is only between their wltimate particles, or atums, that combi-
nation takes place. By the term atoms, it has been already
stated, we are to understand the smallest parts of which bodies
arc composed. An_atom, thercfore, must be mechanically
indivisible, and of course a fraction of an atom cannot exist,
and is a contradiction in terms. Whether the atoms of dif-
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rent bodies be of the same size, or of different sizes, we have
no sufficient evidence. The probability is, that the atoms of
different bodies are of unequal sizes; but it cannot be deter-
mined whether their sizes bear any regular proportion to their
relative weights. 'We are equally ignorant of their shape ; but
it is probable, though not essential to the theory, that they are
spherical. This, however, requires a little qualification. The
atoms of all bodies probably consist of a solid corpuscle, form-
ing a nucleus, and of an atmosphere of heat, by which that
corpuscle is surrounded ; for absolute contact is never sup-
posed to take place between the atoms of bodies. The figure
of a simple atom may readily, therefore, be conceived to be
spherical. But in compound atoms. consisting of a single
central atom, surrounded by other atoms of a different kind,
it is obvious that the figure (contemplating the solid cor-
puscles only) cannot be spherical; yet if we include the at-
mosphere of heat, the figure of a compound atom may be
spherical, or some shape approaching to a sphere.

Taking for granted that combination takes place between
the atoms of bodies only, Mr. Dalton has deduced, from the
relative weights in which bodies unite, the reiative weights of
their ultimate particles, or atoms. When only one combi-
nation of any two elementary bodies exists, he assumes, un-
less the contrary can be proved, that its elements are united
atom to atom singly. Combinations of this sort he calls binary.
But if several compounds can be obtained from the same ele-
ments, they combine, he supposes, in proportions expressed
by some simple multiple of the number of atoms. The fol-
lowing table exhibits a view of some of these combinations :

1 atom of A + 1 atom of B = 1 atom of C, binary.

1 atom of A + 2 atoms of B = 1 atom of D, ternary.

2 atoms of A + 1 atom of B = 1 atom of E, ternary.

1 atom of A + 3 atoms of B = 1 atom of I, quaternary.
3 atoms of A + 1 atom of B = 1 atom of G, quaternary.

‘A different classification of atoms has been proposed by
Berzelius, viz. into, 1stly, elementary atoms; 2dly, compound
atoms. The compound atoms he divides again into three
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different species, namely, 1st, atoms formed of only two ele-
mentary substances united, or compound atoms of the first or-
der : 2dly, atoms composed of more than two elementary sub-
stances; and these, as they are only found in organic bodies,
or bodies obtained by the destruction of organic matter, he
calls organic atoms : 8dly, atoms formed by the union of two
or more compound atoms ; as for example, the salts. These
he calls compound atoms of the second order.

If elementary atoms of different kinds were of the same
size, the greatest number of the atoms of A that could be
combined with an atom of B would be 12; for this is the
greatest number of spherical bodies that can be arranged in
contact with a sphere of the same diameter. But this equality
of size, though adopted by Berzelius, is not necessary to the
hypothesis of Mr. Dalton; and is, indeed, supposed by him
not to exist.

As an illustration of the mode in which the weight of the
atoms of bodies is determined, let us suppose that any two
elementary substances, A and B, form a binary compound;
and that they have been proved experimentally to unite in the
proportion, by weight, of 5 of* the former to 4 of the latter;
then, since, according to the hypothesis, they unite particle
to particle, those numbers will express the relative weights of
their atoms. But besides combining atom to atom singly,
1 atom of A may combine with 2 of B, or with 8, 4, &c. Or
1 atom of B may unite with 2 of A, or with 8, 4, &c. When
such a series of compounds exists, the relative proportion of
their elements ought necessarily, on analysis, to be proved to be
50f Ato4of B; or5to (4 + 4 =)8; or5to(4 + 4+ 4 =)
12, &c.; or, contrariwise, 4 of Bto 5 of Ajor4 to (5 + 5 =)
10; or4to(5 + 5 +5 =) 15. Between these there ought
to be no intermediate compounds: and the existence of any
such (as 5 of A to 6 of B, or 4 of B to 7} of A) would, if
clearly established, militate against the hypothesis.

To verify these numbers, it may be proper to examine the
combinations of A and B with some third substance, for ex-
ample with C. Let us suppose that A and C form a binary
compound, in which analysis discovers 5 parts of A and 3 of C.
Then, if C and B are, also, capable of forming a binary com-
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pound, the relative proportion of its elements ought to be 4 of
B to 8 of C; for these numbers denote the relative weights of
their atoms. Now this is precisely the method, by which
Mr. Dalton has deduced the relative weights of oxygen, hy-
drogen, and nitrogen; the two first from the known compo-
sition of water, and the two last from the proportion of the
elements of ammonia. Extending the comparison to a va-
riety of other bodies, he has obtained a scale of the relative
weights of their atoms,

In several instances, additional evidence is acquired of the
accuracy of the weight, assigned to an element, by our ob-
taining the same number from the investigation of several of
its compounds. For example:

1. In water, the hydrogen is to the oxygen as 1to 8.
2. In olefiant gas, the hydrogen is to the carbon as 1 to 6.
~ 8. In carbonic oxide the oxygen is to the carbon as 8 to 6.

‘Whether, therefore, we determine the weight of the atom
of carbon, from the proportion in which it combines with
hydrogen, or with oxygen, we arrive at the same number 6;
an agreement which, as it occurs in various other instances,
ean scarcely be an accidental coincidence. In a similar man-
per, 8 is deducible, as representing the atom of oxygen, both
from the combination of that base with hydrogen and with
carbon; and 1 is inferred to be the relative weight of the
atom of hydrogen from the two principal compounds into
which it enters.

In selecting the body, which should be assumed as unity,
Mr. Dalton has been induced to fix on hydrogen, because it
is that body which unites with others in the smallest propor-
tion. Thus, in water, we have 1 of hydrogen by weight to
8 of oxygen ; in ammonia, 1 of hydrogen to 14 of nitrogen;
in carbureted hydrogen, 1 of hydrogen to 6 of carbon ; and
in sulphureted hydrogen, 1 of hydrogen to 16 of sulphur.
Taking for granted that all these bodies are binary compounds,
we have the following scale of numbers, expressive of the re-
lative weights of the atoms of their elements :
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Hydrogen ......ceeovvvniveennnss 1
Oxygen ..cocvvieroosscesscnncas 8
Nitrogen c..coveeiienninnsennnnnss 14
Carbon......oeoevveiervsnrennees 6
Sulphur .....cciiiiiiiiiieienl. 16

Drs. Wollaston and Thomson, and Professor Berzelius, on
the other hand, have assumed oxygen as the decimal unit,
(the first making it 10, the second 1, and the third 100,)
chiefly with a view to facilitate the estimation of its numerous
compounds with other bodies. This, perhaps, is to be re-
gretted, even though the change may be in some respects
eligible, because it is extremely desirable that chemical writers
should employ an universal standard of comparison for the
weights of the atoms of bodies. Itis easy, however, to reduce
their numbers to Mr. Dalton’s by the rule of proportion. Thus
as8 (Mr. Dalton’s number for oxygen, corrected by the latest ex-
periments) is to 1 (his number for hydrogen), so is10 (Dr. Wol-
lastgn’s number for oxygen) to 1.25 the number for hydrogen.

Sir H. Davy has assumed, with Mr. Dalton, the atom of
hydrogen as unity ; but that philosopher, and Berzelius also,
have modified the theory, by taking for granted that water is
a compound of one proportion (atom) of oxygen, and two pro-
portions (atoms) of hydrogen. This is founded on the fact,
that two measures of hydrogen gas and one of oxygen gas,
are necessary to form water; and on the supposition, that
equal measures of different gases contain equal numbers of
atoms. And as, in water, the hydrogen is to the oxygen by
weight as 1 to" 8, two atoms or volumes of hydrogen must, on
this hypothesis, weigh 1, and one atom or volume of oxygen 8,
or if we denote a single atom of hydrogen by 1, we must ex-~
press an atom of oxygen by 16. It is objectionable, however,
to this modification of the atomic theory, that it contradicts a
fundamental proposition of Mr. Dalton, the consistency of
which with mechanical principles he has fully shown ; namely,
that that compound of any two elements, which is with most
difficulty decomposed, must be presumed, unless the contrary
can be proved, to be a binary one.
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It is easy to determine, in the manner already explained, the
relative weights of the atoms of two elementary bcdies, which
unite only in one proportion. But when one body unites, in
different proportions, with another, it is necessary, in order to
ascertain the weight of its atom, that we should know the
smallest proportion in which the former combines with the
latter. Thus, if we have a body A; 100 parts of which by
weight combine with not less than 82 of oxygen, the relative
weight of its atom will be to that of oxygen as 100 to 32; or,
reducing these numbers to their lowest terms, as 25 to 8; and
the number 25 will, therefore, express the relative weight of
the atom of A. Bat if, in the progress of science, it should be
found, that 100 parts of A are capable of uniting with 16 parts
of oxygen, then the relative weight of the atom of A must be
doubled, for as 100 is to 16, so is 50 to 8. This example will
serve to explain the changes, that have been sometimes made,
in assigning the weights of the atoms of certain bodies ;
changes, which, it may be observed, always consist either in a
multiplication, or division, of the original weight, by some
simple number.

There are (it must be acknowledged) a few cases, in which
one body combines with another in different proportions; and.
yet the greater proportions are not multiples of the less, by -
any entire number. For example, we have two oxides of iron,
the first of which consists of 100 iron and about 30 oxygen;.
the second of 100 iron and about 45 oxygen. But the num-
bers 30 and 45 are to each other as 1to 1%. It will, however,
render these numbers (1 and 1}) consistent with the law of
simple multiples, if we multiply each of them by 2, which
will change them to 2 and 3; and if we suppose that there is
an oxide of iron (though it has not yet been obtained experi-
mentally), consisting of 100 iron and 15 oxygen; for the mul-
tiplication of this last number by 2 and 38, will then give us
the known oxides of iron.

In some cases, where we have the apparent anomaly of 1
atom of one substance, united with 14 of another, it has been
proposed, by Dr. Thomson,* to remove the difficulty, by
multiplying both numbers by 2; and by assuming that, in
such compounds, we have 2 atoms of the one combined with

* Thomson's Annals, v. 187.

VOL. I.
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8 atoms of the other. Such combinations, it is true, are ex-
ceptions to a law deduced by Berzelius; that, in all inorganic
compounds, one of the constituents is in the state of a single
atlom. But they are in no respect inconsistent with the views
of Mr. Dalton; and are, indeed, expressly admitted by him
to be compatible with this hypothesis, as well as confirmed
by experience.* Thus it will appear, in the sequel, that
some of the compounds of nitrogen with oxygen are consti-
tuted in this way.

Several objections have been proposed to the theory of Mr.,
Dalton; but, of these, I shall notice only the most important.

1. It has been contended, that we have no evidence, when
one combination only of two elements exists, that it must be
a binary one; and that we might equally well suppose it to be
a compound of two atoms of the one body, with one atom of
. the other. In answer to this objection, we may urge the pro-
bability that when two elementary bodies A and B unite, the
most energetic combination will be that in which one atom of
A is combined with one atom of B; for an additional atom of
B will introduce a new force, diminishing the attraction of
those elements for each other, namely, the mutual repulsion
of the atoms of B ; and this repulsion will be the greater, in
proportion as we increase the number of the atoms of B.

2dly. It has been said, that, when more than one compound
of two elements exist, we have no proof which of them is the
binary compound, and which the ternary; for example, that
we might suppose carbonic acid to be a compound of an atom
of charcoal and an atom of oxygen, and carbonic oxide to be
a compound of an atom of oxygen with two atoms of charcoal.
To this objection, however, it is a satisfactory answer, that
such a constitution of carbonic acid and carbonic oxide would
be directly contradictory of a law of chemical combination,
namely, that it is attended, in most cases, with an increase of
specific gravity. It would be absurd, therefore, to suppose
carbonic acid, which is the heavier body, to be only once com-
pounded, and carbonic oxide, which is the lighter, to be twice
compounded. Moreover, it is universally observed, that of
chemical compounds, the most simple are the most difficult to
be decomposed; and this being the case with carbenic oxide,

® Thomson's Annals, iii. 174.
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we may naturally suppose it to be more simple than carbenic
acid.
8dly. It has been remarked, that instead of supposing wa~
ter to consist of an atom of oxygen united with an atom of
hydrogen, and that the atom of the former is 74 times heavier
than that of the latter, we might, with equal probability, con-
clude that, in water, we have 7} times more atoms in number
of oxygen than of hydrogen. But this, if admitted, would
involve the absurdity, that in a mixture of hydrogen and
oxygen gases, so contrived that the ultimate atoms of each
should be in equal number, seven atoms of oxygen should
desert all the proximate atoms of hydrogen, in order to unite
with one at a distance, for which they must necessarily have a
less affinity. In this case, a less force must overcome a greater;
and, finally, only a small number of the atoms of hydrogen
would be engaged by the atoms of oxygen, the rest remaining
in a state of freedom.

It would be claiming too much, however, for the theory
of Mr. Dalton to assert that, in its present state, it is
to be considered as fully established in all its details. In
a variety of cases, as will appear in the progress of this
work, we stand in need of analyses sufficiently exact to
enable us to assign, with any confidence, the relative weights
in which bodies combine. It is probable also, that many
of these, now considered as well determined, will here-
after be essentially changed. The instances, in which the
theory agrees with the results of analysis, are already too
numerous to allow them to be considered as accidental coin-
cidences; and no phenomena have hitherto been shown to be
irreconcileable with the hypothesis. Its value and impor-
tance, if confirmed by the accession of new facts, will be
scarcely lesa felt as a guide to further investigations into the
constitution of bodies, than as a test of the accuracy of our pre-
sent knowledge ; and the universality of its application to che-
mical phenomena will be scarcely inferior to that of the law
of gravitation in explaining the facts of natural philosophy.*

® A perspicuous and able statement of the atomic theory, published by

Mr. Ewart, in the sixth volume of Thomson’s Annals, deserves the reader’s

perasal. Seealso Dr. M<Nevin's paper on the Atomic Theory, xvi, 195—283 .
R 2
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A modification of the law of definite proportions, so far as
respects-aériform bodies, has been proposed by Gay Lussac,
namely, that they combine in proportions determinable not
by weight but by volume, the ratios being 1 measure of A to
lofByorl to2, or 1to 3, &c. Water, for example, re-
sults from the union of 2 volumes of hydrogen with 1 volume
of oxygen; muriate of ammonia from 1 volume of muriatic
acid gas + 1 of ammonia; nitrous gas from 1 measure of
oxygen + 1 of nitrogen ; nitrous oxide from 1 oxygen + 2 ni-
trogen; nitrous acid from 2 oxygen + 1 nitrogen. In some
instances, as in that of water, this law is not inconsistent with
the atomic theory ; but in other instances it cannot be recon-
ciled with the relative weights assigned to the atoms of certain
elementary bodies. In nitrous gas, for example, which Mr.
Dalton conceives to be formed by the union of 1 atom of
oxygen with 1 atom of nitrogen, equal volumes of those gases
would give for the relative weights of oxygen and nitrogen,
numbers differing widely from those derived by other methods.
The two hypotheses of atoms and of volumes cannot, therefore,
both be true; and from some well ascertained exceptions to
the latter, it appears to me that the theoryof volumes will
scarcely be found tenable.

Before dismissing the consideration of the proportions im
which bodies combine, it will be proper to notice a few gene-
ral principles, which, though they are connected with the
atomic theory, have been derived from experience.

1. When we have ascertained the proportion in which any
two or more bodies A B C, &c. of one class neutralize another
body X of a different class, it will be found that the same re-
lative proportions of A B C, &c. will be required to neutralize
any other body of the same class as X. Thus, since 100 parts
of real sulphuric acid, and 68 (omitting fractions) of muriatic
acid neutralize 118 of potash, and sinee 100 of sulphuric acid
neutralize 71 of lime, we may infer that 68 of muriatic acid
will neutralize the same quantity (71) of lime. The great
importance of this law will readily be perceived, not only as it
enables us to anticipate, but also to correct, the results of
analysis.

2dly. If the quantities of two bodies, A and B, that are ne-
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cessary to saturate a given weight of a third body X, be re-
presented by ¢ and 7, these quantities may be called equiva-
{ents. Thus, in the example above cited, 100 parts of sul-
phuric acid and 68 of muriatic acid, are equivalents of each
other. A Talle of Equivalents, which will be found extremely
useful in various calculations, will be given in the Appendix.
By adapting a table of this sort to a moveable scale, on the
principle of Gunter’s sliding rule, Dr. Wollaston has lately
constructed an instrument, called the Logometric Scale of Che-
mical Equivalents, which is capable of solving, with great
facility, a number of problems, interesting both to the scien-~
tific and practical chemist.* Some applications of this in-
strument, to researches into the constitution of organic bodies,
have been pointed out by Dr. Prout. (Ann. of Phil. vi. 270.)

enep—

SECTION IV.
Of Elective Affinity.

Ax important law of affinity, which is thé basis of almost
all chemical theory, is, that one body has nét the same force
of affinity towards a number of others, but attracts them un-
equally. Thus A will combine with B in preference to C,
even when these two bodies are presented to it under equally
favourable circumstances. Or, when A is united with C, the
application of B will detach A from C, and we shall have a
new compound consisting of A and B, C being set at liberty.
Such cases are examples of what is termed in chemistry simple
decomposition, by which it is to be understood that a body acts
upon a compound of two ingredients, and unites with one of

*® This instrament may be had, with printed instructions for its use, of
Mr. Cary, Optician, Logdon; and its cost is so trifling, that I consider a
plate of it to be quite unnecessary. A common sliding rule will be found
a most useful accompaniment to it. This also, with a book of instructions
Yor its use, by Mr. Bevan, may be had of Mr. Cary. Facility in the use of
the common sliding rule will be found extremely uscful to the chemist, es-
pecially in all operations of arithmetic, in which proportion is concerned.
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its constituents, leaving the other at liberty. And as the
forces of affinity of one body to a number of others vary, this
body has been metaphorically represented as making an elec-
tion; and the affinity has becen called single elective affinity.
Thus if to the muriate of lime, consisting of lime and mu-
riatic acid, we add potash, the muriatic acid exerts a stronger
elective affinity for the potash than for the lime; and the
lime falls down in the state of a powder, or is precipitated. Of
facts of this kind a great variety have been comprehended in
the form of tables, the first idea of which seems to have oc-
curred nearly a century ago, to Geoffroy, a French chemist.
The substance, whose affinities are to be expressed, is placed
at the head of a column, and is separated from tne rest by a -
borizontal line. Beneath this line are arranged the bodies,
with which it is capable of combining, in the order of their
xespective forces of affinity; the substance which it attracts
amost strongly being placed nearest to it, and that, for which
it has the least affinity, at the bottom of the column. The
affinities of muriatic acid, for example, are exhibited by the
Jollowing series : —
MURIATIC ACID.

Barytes,

Potash,

Soda,

Lime,

Ammonia,

Magnesia,

&e. &e.

Simple decompositions may be expressed also by another

form, contrived by Bergman. Thus the following scheme il-
lustrates the decomposition of muriate of magnesia by potash :—

Muriate of Potash.

Muriate Muriatic acid. Potash.
of . Water at 60°.
Magnesia. Magnesia.

~
Magnesia.
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* The original compound (muriate of magnesia) is placed on
the outside and to the left of the verticle bracket. The in-
cluded space contains the original principles of the compound,
and also the body which is added to produce decomposition.
Above and below the horizontal lines are placed the new results
of their action. The point of the lower horizontal line being
turned downwards, denotes that the magnesia falls down or is
precipitated; and the upper line, being perfectly straight,
shows, that the muriate of potash remains in solution. If both
the bodies had remained in solution, they would both have
been placed above the upper line; or, if both had been pre-
cipitated, beuneath the lower one. If either one or both had
escaped in a volatile form, this would have been expressed by
placing the volatilized substance above the diagram, and turn-
ing upwards the middle of the upper horizontal line. But
since decompositions vary ander different circumstances, it is
necessary to denote, by the proper addition to the scheme,
that the bodies are dissolved in water of the temperature
of 60°. :

No chemical facts can appear, on first view, more simple or
intelligible, than those which are explained by the operation
of single elective affinity. It will be found, however, on a
more minute examination, that this force, abstractedly con-
sidered, is only one of several causes which are concerned in
chemical decompositions, and that its action is modified, and
sometimes even subverted, by counteracting forces.

e

SECTION V.

Of the Causes which modify the Action of Chemical Affinity.

Tue order of decomposition is not, as might be inferred
from the law of elective affinity, mvariable; but, in certain
cases, may even be reversed. Thus though A may sttract B
more strongly than either A or Bis attracted by C, yet, under
some circumstances, C may be employed to decompose par-
tially the compound A B, Again, if we mix together A B and
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C, using the two first in the proportions required to neutralize
each other, it will be found that A and B have not combined
to the exclusion of C, but that we have a compound of B with
A, and another of B with C, in proportions regulated by the
quantities of A and C, which bave been employed. Facts of
this kind have been long known to chemists. It had been as-
ccrtained, for example, before the time of Bergman, that sul-
phate of potash, a salt composed of sulphuric acid and potash,
is partly decompounded by nitric acid, although the nitric has
a weaker affinity than the sulphuric acid for that alkali. Ex-
amples of the same kind have since been multiplied by Ber-
thollet, who has asserted that in the following, as well as in
other cases, a substance possessing a weaker attraction, dis-
places another having a stronger, for a third body :*

1. Potash separates sulphuric acid from barytes.
2. Lime separates sulphuric acid from potash.
8. Potash separates oxalic acid from lime.

4. Nitric acid separates lime from oxalic acid.
5. Potash separates phosphoric acid from lime.
6. Potash separates carbonic acid from lime.

7. Soda separates sulphuric acid from potash.

These facts, and a variety of similar ones, are to be ex-
‘plained, according to the views of Berthollet, on the following
principles :

1. When two substances are opposed to each other with re-
spact to a third, as in the foregoing examples, they may be
-considered as antagonist forces ; and they share the third body
between them in proportion to the intensity of their action.
But this intensity, according to Berthollet, depends not only
on the energy of the affinities, but on the guantities of the two
bodies opposed to each other. Hence a larger quantity of
one of the substances may compensate a weaker affinity, and
the reverse. To the absolute weight of a body, multiplied by
the degree of its affinity, he has given the name -of mass, a

* In each of the examples given in the Table, the body, first inentioned,
decomposes a compound of the second and third, although its attraction for
he second is inferior to that of the third.
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term in some degree objectionable from the different meaning
which is affixed to it in mechanical philosophy. As an illustra-
tion, let us suppose (what is not strictly accurate in point of
fact) that the affinity of barytes for muriatic acid is twice as
strong as that of potash, or that these affinities are respectively
denoted by the numbers 4 and 2. In this case the same mass
will result from 4 parts of barytes as from 8 of potash; be-
cause the same product (16) is obtained in each instance, by
multiplying the number indicating the affinity into that de-
noting the quantity ; for 4 (the affinity of barytes) multiplied
by 4, (the quantity assumecd in this example) is equal to 16;
and 2 (the affinity of potash) multiplied by 8 (its quantity) is
also equal to 16. In this case, therefore, to divide equally a
portion of muriatic acid between barytes and potash, these
bodics should be employed in the proportion of 2 of the for-
mer to 4 of the latter.

The influence of quantity explains also the difficulty which
is observed in effecting, in any instance, the total decomposi-
tion of a compound of two principles by means of a third. The
immediate effect of a third body C, when added to a compound
A B, is to abstract from B a portion of the substance A ;
and consequently a portion of B is set at liberty, the attrac-
tion of which for A is opposed to that of the uncombined
part of C. The farther this decomposition is carried, the
greater will be the proportion of B, which is brought into an
uncombined state; and the more powerfully will it oppose any
farther tendency of C to detach the substance A. At a certain
point, the affinities of B and C for A will be exactly balanced,
and the decomposition will proceed no farther. In a few
cases, it is acknowledged by Berthollet, a third body separates
the whole of onc of the principles of a compound ; but this he
supposes to happen in consequence of the agency of other ex-
traneous forces, the nature of which remains to be pointed out.

2dly. Cohesion is a force, the influence of which over the
chemical union of bodies, has already been explained in a for-
mer section; and other illustrations of its interference will be
given, when we consider the subject of the limitations to che-
mical combination.

8dly. Insolubility is amother force, which essentially modifies
the exertion of affinity. It is to be considered, indeed, merely
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as the result of cohesion, with respect to the liquid in which
the effect takes place.

‘When a soluble substance and an insoluble one are pre-
sented, at the same time, to a third, for which they have
nearly an equal affinity, the soluble body is brought into the
sphere of action with great advantages over its antagonist. Its
cohesion at the outset is but little, and by solution is reduced
almost to nothing; while that of the insoluble body remains
the same. The whole of the soluble substance also exerts its
affinity at once; while a part only of the insoluble one can
oppose its force. Hence the soluble substance may prevail,
and may attach to itself the greatest proportion of the third
body, even though it has a weaker aftinity than the insoluble
one to the subject of combination.

Insolubility, however, under certain circumstances, is a
force which turns the balance in favour of the affinity of one
body when opposed to the affinity of another. For example,
if to the soluble compound, sulphate of soda, we add barytes,
the new compound, sulphate of barytcs, is precipitated the
instant it is formed: and being removed from the sphere of
action, the soda can exert no effect upon it by its greater
quantity or mass. For the same reason, when soda is added
to sulphate of barytes, the sulphate is protected from decom-
position both by its insolubility and by its cohesion.

These facts sufficiently prove that the order of precipitation,
which was formerly assumed as the basis of tables of elective
affinity, can no longer be considered as an accurate measure
of that force; and that the body, which is precipitated, may,
in some cases, be superior in affinity to the one which has
caused precipitation. In these cases, a trifling superiority in
affinity may be more than counterbalanced by the cohesive
force, which causes insolubility.

4thly. Great specific gravity is a force, which must concur
with insolubility or cohesion in originally impeding combina-
tion ; and when chemical nnion has taken place, it must come
in aid of affinity, by removing the new compound from the
sphere of action. It is scarcely necessary to enlarge on the
operation of a force, the nature of which must be so obvious.

Sthly. Elasticity. Cohesion, it has already been stated,
may prove an impediment to combination ; and on the other
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hand, it is possible that the particles of bodies may be sepa-
rated so widely, as to be removed out of the sphere of their
mutual attraction. Such appears to be the fact with regard
to a class of bodies called airs or gases. The bases of several
of these have powerful attractions for the bases of others, and
for various liquids, and yet they do not combine on simple
admixture, but strong mechanical pressure brings their par-
ticles sufficiently near, to be within the influence of their mu-
tual attraction, and combination immediately ensues.

Again if two bodies, one of which has an elastic and the
other a liquid form, be presented at the same time to a solid,
for which they have both an affinity, the solid will unite with
the liquid in preference to the gas. Or if we add to the com-
pound of an elastic substance with an inelastic one, a third
body also inelastic, the two latter combine to the exclusion of
the elastic body. For example, if to the compound of potash
and carbonic acid we add sulphuric acid, the latter acid, act-
ing both by its affinity and its quantity, disengages a portion
of carbonic acid. This, by its elasticity, is removed from the
sphere of action, and presents no obstacle to the farther ope-
ration of the sulphuric acid. Hence elastic bodies act only
by their affinity ; whereas liquids act both by their affinity
and quantity conjoined. And though the affinity of the li-
quid, abstractedly considered, may be inferior to the affinity
of the elastic body, yet, united with quantity, it prevails. In
the above instances, the whole of the elastic acid may be ex-
pelled by the fixed acid: whereas, as it has already been ob-
served, decomposition is incomplete, if the substance which is
liberated remain within the sphere of action.

6thly. Efflorescence is a circumstance which occasionally in-
fluences the exertion of affinity; bat this is only of very rare
occurrence. The simplest example of it is that of lime, and
muriate of soda. When a paste composed of these two sub-
stances with a great excess of lime, is exposed, in a moist
state, to the air, the lime, acting by its quantity, disengages
#oda from the common salt, which appears in a dry form, on
the outer surface of the paste, united with carbonic acid ab-
sorbed from the atmosphere. In this case the soda, which is
separated, being removed from contiguity with the interior
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part of the mass, presents no obstacle to the farther action of
the lime, and the decomposition is carried farther than it
would have been, had no such removal happened.

7thly. The influence of temperature over chemical affinity
is extremely extensive and important; but at present a very
gencral statement only of its effects is required. In some
cases an increased temperature acts in promoting, and at
others in impeding, chemical combination: and it materially
affects also the order of decompositions.

An increased temperature promotes chemical union by
diminishing or overcoming cohesion. Thus metals unite by
fusion, and several salts are more soluble in hot than in cold
water. 'Whenever heat is an obstacle to combination, it pro-
duces its effect by increasing elasticity. Hence water absorbs
a less proportion of ammonia at a high than at a low tempe-
rature. A reduction of the temperature of elastic bodies, by
lesscning their elasticity, facilitates their union with other sub-
stances. In certain cases, an increased temperature has the
combined effects of diminishing cohesion and increasing clas- -
ticity. When sulphur is exposed to oxygen gas, no combi-
pation ensues, until the sulphur is heated; and though the
elasticity of the ‘gas is thus increased, yet the diminution of
cohesion of the solid is more than proportionate, and che-
mical union ensues between the two bodies.

8thly. The electrical state of bodies has a most important
influence over their chemical union. This, however, is a
subject, of which it would be difficult to offer a general view,
and for its full development I refer to a subsequent chapter
on Electro-chemistry.

9thly. Mechanical pressure is another force, which has con-
siderable influence over chemicul affinity. With respect to
solid bodies, its ‘agency is not frequent; but we have unequi-
vocal examples of its operation in cases, where detonation is
produced by concussion. The effects of pressure are chiefly
manifested, in producing the combination of aériform bodies
either with solids, with liquids, or with each other; and in
preserving combinations, which have been already formed,
under circumstances tending to disunite them. Chalk, for
example, is a compound of lime and carbonic acid; and
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these bodies, by the simple application of an 'intense heat,
are separable from each other; but under strong pressure, a
heat may be applied sufficient to melt the chalk, without ex~
pelling the carbonic acid. It is this principle (of the in-
fluence of pressure in opposing chemical decomposition) that
is the foundation of Dr. Hutton's ingenious Theory of the
Earth.

Such are the most important circumstances, that modify
the exertion of chemical affinity. Of their influence, sufficient
illustrations have been given to prove, that in every case of
combination and decomposition, we are not to consider the
force of affinity abstractedly; but are to take into account
the agency of other powers, as cohesion, quantity, insolubility,
elasticity, efflorescence, and temperature. By the action of
these extraneous powers, Berthollet has endeavoured to ex-
plain certain facts which are not easily understood on any
other principle. Of these the most important are, Istly, the
establishment of proportions in chemical compounds; and
2dly, the modification produced in the affinities of bodies by
chemical union. .

1. Independently of these extrancous forces, Berthollet
imagines that there are no limits to combination, or that two
bodies, which are now susceptible of union only in one or in
few proportions, might, if these forces were annihilated, be
united in every proportion. The causes which he has as-
signed, as chiefly regulating proportion, are cohesion and
elasticity. To take one of the simplest cases, the proportion,
in which a salt can be combined with water, depends on the
balance between the chemical affinity of the bodies for each
other, and the cohesive attraction of the salt. In this case,
then, cohesion is the limiting power. As an example of the
influence of this force when more energetic affinities are ex-
erted, if we add to diluted sulphuric acid a solution of barytes,
a compound is formed, consisting of sulphuric acid and ba-
rytes, which, in consequence of its great insolubility or cohe-
sion, is instantly removed from contact with the redundant
acid, and with established proportions.

The agency of elasticity in limiting proportion, may be
exemplified by the combination of hydrogen and oxygen. If
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a mixture of the two gases be inflamed, the new compound,
water, is immediately separated from what is superfluous of
both ingredients, by its superior density. In other instances,
the bases of aeriform substances are combined in various
proportions, and in such examples, there are several terms
of greatest condensation, as in the case of oxygen and nitrogen.

2. Another important part of the theory of Berthollet is,
that the affinities of a compound are not newly acquired ; but
are merely the modified aflinities of its constituents, the action
of which, in their separate state, was counteracted by the
prevalence of opposing forces. By combination, these forces
are so far overcome, that the affinities of the constituents are
enabled to exert themselves.

The action of different affinities existing in one compound,
Berthollet terms resulting affinities, while the individual affi-
nities of the constituents he calls elementary affinities. Thus
nitric acid acts on potash by an affinity, which results from
those of oxygen and azote for potash. And as all affinity is
mutual, the term resulting affinity is applied, also, to that force,
with which a simple body acts on a compound : to the affinity,
for example, which any simple body may exert on nitric acid.
A simple body, indeed, may exert towards a compound both
an elementary and resulting affinity. If the elementary affi-
nity prevails, it will unite only with one of the principles of
the compound, as when a simple body, by its affinity for
oxygen, decomposes nitric acid, and liberates its nitrogen in
a separate form. If the resulting affinity be predominant, the
simple body will unite with the whole compound without
effecting any disunion of its elements.

From these views it may be inferred, that we are not, in any
case, to deny the existence of an affinity between two bodies,
merely because they do not combine when presented to each
other; for an affinity may exist, but may be suppressed by
the prevalence of opposing forces. According to the doctrine
of Berthollet, affinity is a force exerted by every body towards
every other; even though not made apparent by any effect.
On this principle, we are able to explain certain phenomena,
which are wholly unintelligible on any other, and especially
those which have been referred to disposing affinity. The
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action of sulphuret of potash, for example, on oxygen gas,
has been ascribed to the disposing affinity of potash for sul-
phuric acid. This, however, is ascribing an affinity to a com-
pound, before that compound has existence. It is much
more probable, that besides the diminished cohesion of the
sulphur, the affinity of potash for oxygen has some share in
producing the combination. On this principle the united
affinitics of the potash and sulpbur for oxygen (in other words
the resulting affinities of the sulphuret of potash) are ‘the
efficient causes of chemical union. This explanation, at least,
does not, like the theory of disposing effinities, involve an
absurdity.

The theory of Berthollet, however, which promised, on its
first development, to form a new era in chemical philosophy,
has lost much of its probability, by the subsequent progress of
thescience. Itis directly, indeed, at variance with the doctrine
of definite proportions, which every day gathers strength by
the accumulation of new and well-established facts. It is liable,
moreover, to the following objections.

1st. It has been shown by Professor Pfaff, of Kiell,* that,
in various cases, where two acids are brought into contact
with one base, the base unites with one acid, to the entire
exclusion of the other. When, for example, to a given
weight of lime, quantities of sulphuric and tartaric acids are
put, either of which would exactly neutralize the lime, the sul-
phuric acid unites with the lime, to the entire exclusion of the
tartaric. The same evidence of a superior affinity of the
sulphuric acid over that of the oxalic is obtained, by placing
those acids in contact with as much oxide of lead, as would
exactly saturate either of them. Again, comparing the action
of two bases on one acid, the same law is found to hold good :
for when potash and magnesia are mixed with just as much
sulphuric acid, as is required to neutralize either of them, the
potash seizes the whole of the acid, and no part of it unites
with the magnesia. Nor can these effects be explained by any
of those extraneous forces, which Berthollet supposes, in all
cases, to regulate chemical combination; or by any principle,
but a stronger affinity of sulphuric acid, than of tartaric or

* 77 Ano. de Chim. p. 259.
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oxalic acid, for the different bases; and of potash, than of
magnesia, for the same acid.

2dly. Some of the cases, before quoted from Berthollet, to
show the reciprocal displacement of two bodies by each other
from a third (it has been justly observed), are examples, not
of single elective affinity, in which three bodies only are con-
cerned; but of complex affinity, in which the attractions of
four bodies are brought into action. In the first case, for
example, there is reason to believe, that sulphuric acid is dis-
placed from barytes, not by pure potash, but by potash which
has absorbed carbonic acid from the atmosphere.

8dly. In other cases, the consideration of the affinities of
two bodies A and B, for a third C, is complicated with this
circumstance, that the neutral compound of A and B has an
affinity for a farther portion of one of its ingredients. If then
C be brought into contact with the compound A B, we may
have, acting at the same moment, the affinity of C for A, which
partly decomposes the compound A B; and the affinity of the
undecomposed part of A B, for that portion of B which is set
at liberty. For instance, when nitric acid acts on sulphate of
potash, some nitrate of potash is formed; and the sulphuric
acid, which is set at liberty, uniting with the undecomposed
sulphate of potash, composes a new salt, consisting of sulphate
of potash with an excess of sulphuric acid.

4thly. It is a strong objection to the theory of Berthollet
that, in some cases, decompositions happen, which, according
to his views, ought not to take place; and that in others, de-
compositions do not ensue, which the theory would have led
us to have anticipated.

5thly. The theory is objectionable, inasmuch as, in several
instances, properties are supposed to operate, before the bodies
exist, to which those properties are attributed. It is incon-
ceivable, for instance, that the cohesion, or insolubility, of
sulphate of barytcs, can have any share in producing the de-
composition of sulphate of potash by that earth; for the inso-
lubility of sulphate of barytes can have no agency, till that
compound is formed ; which is the very effect to be explained.

Notwithstanding these objections to the theory of Berthol-
let, when carried so far as has been done by its author, in the
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explanation of chemical phenomena, it must still be admitted
that the extraneous forces, pointed out by that acute philoso-
pher, have great influence in modifying the effects of chemical
affinity. But these forces are entitled only to be considered
as secondary causes ; and not as determining combinations or
decompositions, nor as regulating the proportions in which
bodies unite, independently of the superior force of chemical
affinity.

——

SECTION VI.
Of the Estimation of the Forces of Affinity.

Tue affinities of one body for a number of others are not
all of the same degree of force. This is all that the present
state of our knowledge authorizes us to affirm; for we are
ignorant how much the affinity of one body for another is
supetior to that of a third. The determination of the precise
forces of aflinity would be an important step in chemical phi-
losophy : for its phenomena would then be reduced to calcu-
lation ; and we should be enabled to anticipate the results of
experiment. That the force of chemical affinity must be pro-
digiously great, is evident from its effect in preserving the com-
bination of water with some bodies (the alkalies for instance)
when exposed to a violent heat notwithstanding its great ex-
pausive force, and though water is not essential to the consti-
tution of those bodies. ‘

The observed order of decomposition, it has already been
stated, does not enable us to assign the order of the forces of
affinity ; because, in all decompositions, other forces are con-
cerned. We are, therefore, obliged to seek some other method
of determining the problem. Of these several have been pro-
posed. ,

When the surface of one body is brought into contact with
another surface of the same kind, as when the smooth surfaces
of a divided leaden bullet are pressed togcther, they adhere
by the force of cohesion, their particles being all of the same
kind. But when the surfaces of different bodics are thus
brought into apparent contact, it is reasonable to suppose

VOL. I : ‘ F
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that their adhesion arises from chemical affinity, because their
particles are of different kinds. Guyton proposed, therefore, -
the comparative force, with which different surfaces adhere,
as a competent measure of chemical affinity. His experiments
were made on plates of different metals, of precisely the same
size and form, suspended by their centres from the arm of a
sensible balance. The lower surfaces of these plates were
successively brought into contact with mercury, which was
changed for each experiment, and the weight was obscrved,
which it was necessary to add to the opposite scale, in order
to detach the several metals. Those which required the largest
weight were inferred to have the greatest affinity; and it is
remarkable, that the order of affinities, as determined in this
way, correspond with the affinities as ascertained by other
methods. The following were the results :

Gold adhered to mercury with a forceof.... 416 grains.
Silver tovererincaciocerrarsnrcaneenoes 429
Tineoiieieiieieeiiiaiesnennaneranas.. 418

Lead .o veeereeranarssersarersosassoes 397
Bismuth ovrivieiieriiaeeeersisasienes 872

ZinC .oovveveontnnncatansrssnnscncenss 204
COpPEr cvvevssneonasoesscnoneresensees 142
Antimony v evvivveoanasecsnsansoceeess 126

L D D ¥

Cohalt......no.un........--.....-.. 8

This method, it must be obvious, is of too limited applica-
tion to be of much utility; for few bodies have the mechanical
conditions, which can enable us to subject them to such a test.
How, for example, could the affinities of acids for alkalies be
examined on this principle? It may be doubted, also, whe-
ther in the cascs to which it may be applied, it does not mea-
sure the facility of combination, rather than the actual force of
affinity.

"To determine the absolute forccs of affinity, which one body
excrts towards a number of others, Mr. Kirwan has proposed
the quantity of each which is required to produce neutraliza-
tion, in other words, its equivalent. This he has ascertained
by cxperiment in a great varicty of instances, a few of which
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are contained in the following tables; the numbers being
altered, to accommodate them to recent discoveries.

100 Parts of
SULPHURIC ACJID 100 Parts of
require for Neutralization POTASH require
f A' ) \ . .Jk . .
194 parts of barytes. 115 of nitric acid,
138 .... of strontites, 938  of carbonic acid.
118 .... of potash, 84.5 of sulphuric.
78.2 .... of soda. 58 of muriatic.

71 ..., of lime.
49.2 .... of magnesia,
43 ....of ammonia.

In judging of the affinities of the same acid for different
bases, Mr. Kirwan assumed that they are represented by the
numbers indicating the quantities of each base required for
neutralization. Thus, because 100 parts of sulphuric acid
neutralize 194 of barytes, and 118 of potash, the affinity of
the former is superior to that of the latter in the proportion of
194 t0118. So far the inference corresponds with the order
of decomposition; for barytes takes sulphuric acid from
potash. But if we examine the affinities of potash, as re-
presented in the second table, we shall find that, on this
principle, they are directly contradictory to fact. Thus the
affinity of sulphuric acid should be inferior to that of the car-
bonic; whereas it is well known that the former displaces the
latter from all its combinations. Mr. Kirwan was, therefore,
driven to the necessity of establishing a precisely opposite rule
in determining the affinities of different acids for the same base,
and of assuming that they are inversely proportionate to the
affinity of the saturating acid. Thus the affinity of carbonic
acid for potash would be represented by 845, and that of sul-
phuric acid by 93. This, however, involves a contradiction ;
since it is implied that a stronger affinity, in one instance, re-
quires a greater quantity of the saturating principle, as in the
relation of barytes and potash to sulphuric acid ; and that, in
the other, it requires a less quantity, as in the instance of the
sulphuric and carbonic acids with respect to potash.

Since neutralization is an effect of chemical affinity, which
must in all cases bear a proportion to its cause, it has been

F 2



68 CHEMICAL AFFINITY, &c. CHAP. II.

assumed by Berthollet, that thc substance which, in the
smallest quantity, neutralizes another, is the one posscssing
the strongest affinity. On this principle the affinities of sul-
phuric acid for different bases will be exactly the reverse of
the order established by Mr. Kirwan; and to that order,
which would have been assigned from observed decomposi-
tions. Thus ammonia will have a stronger affinity for sul-
phuric acid than any of the substances which are placed above
it in the table; though it is separated, by each of these, from
its union with that acid.

It is in the extraneous forces, which have been enumeratcd
as influencing chemical affinity, that weare to seek, according -
to Berthollet, for the explanation of this apparent anomaly,
and especially in the forces of cohesion and elasticity. The
elasticity of ammonia, for example, turns the balance in favour
of magnesia, lime, &c. There is an obvious difficulty, how-
ever, in the application of the theory. For as the elasticity
of ammonia is suppressed by its combination with sulphuric
acid, what, it may be asked, but a superior affinity for sul-
phuric acid, existing in the substances which stand above am-
monia in the table, can occasion the first commencement of
decomposition? The problem, therefore, of determining the
absolute forces of affinity can scarcely be admitted to be solved.
Even if it were, we should not be able to predict the order of
decomposition, unless the modifying forces of cohesion, elas-
ticity, &c. could be at the same time subjected to precise ad-
measurement. Until both these objects are accomplished, the
results of chemistry can in no case be obtained by calculation,
but the science must remain a collection of general principles,
derived from experiment and induction.

——
SECTION VIL
Of Complex Affinity.
UnpEr the more general name of complex: affinity, Berthol-

let includes that which has bitherto been considered as pro-
duced by the action of four affinities, and which has com-
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monly been denominated double elective affinity. It frequently
happens that the compound of two principles cannot be de-
stroyed either by a third or a fourth separately applied; but
if the third and fourth be combined, and placed in contact
with the former compound, a decomposition, or a change of
principles will ensue. Thus when lime water is added to a
solution of the sulphate of soda, no decomposition happens,
because the sulphuric acid attracts soda more strongly than it
attracts lime. If the muriatic acid be applied to the same
compound, still its principles remain undisturbed, because the
sulphuric acid attracts soda more strongly than the muriatic.
But if the lime and muriatic acid, previously combined, be
mixed with the sulphate of soda, a double decomposition is
effected. The lime, quitting the muriatic acid, unites with
the sulphuric; and the soda, being separated from the sul-
phuric acid, combines with the muriatic. These decompo-
sitions are rendered more intelligible by the following diagram,
contrived by Bergman.

Muriate of Soda

['Soda 115 Muriatic acid |

V‘ .
Sulphate . Muriate
of < 178 § { 104 p  of
Soda Lime
A
Sulphe acid 71 Lime b
Sulphatev of Lime

On the outside of the vertical brackets are placed the ori-
ginal compounds ; and above and below the diagram, the new
compounds. The upper line, being straight, indicates that
the muriate of soda remains in soluuou, and the middle of
the lower line, being directed downwards, that the sulphate of
lime is precipitated.

In all cases similar to the foregoing, Mr. Kirwan conceives
that we may trace the operation of two distinct series of affini-
ties. 'The affinities tending to preserve the original compounds
(which in the above example are those between sulpburic acid
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and soda, and between muriatic acid and lime), he terms the
quiescent affinities ; because they resist any change of composi-
tion. On the other hand the affinities, which tend to disunite
the original compounds and to produce new ones (such as
those between muriatic acid and soda, and between sulphuric
acid and lime), be terms divellent affinities. In order that an
effect may be produced, the divellent affinities must nccessarily
be superior to the quiescent. Now, assuming the numbers in
Mr. Kirwan’s tables to express accurately the forces of affini-
ties, the double exchange of principles, which happens in the
preceding instance, is readily explained. Thus the quiescent
affinities are

Those of lime to muriatic acid = 104
of soda to sulphuric acid = 78

182

The divellent affinities, opposed to these, consist of

The affinity of soda to muriatic acid = 115
lime to sulphuricacid = 71

—

186

The original compound, therefore, is preserved by a force
equivalent to 182, and the tendencies to produce new com-
pounds are represented by the number 186. The divellent
affinities are, therefore, predominant. :

The theory of quiescent and divellent affinities, however,
though highly attractive from its simplicity, and from the
facility with which it solves certain phenomena, is completely
defective in the explanation of others. For example, sulphate
of potash is decomposed by muriatc of barytes. Yet, esti-
mating in the above manner the quiescent and divellent affi-
nities, an exchange of principles ought not to cnsue. The
affinities tending to preserve the original compound, are those
of sulphuric acid for potash = 118, and of muriatic acid for
barytes = 285. The divellent affinities are that of muriatic
acid for potash = 174 + that of sulphuric acid for barytes
-= 194. The quiescent affinities then are 118 + 285 = 403,



SECT, VII, CHEMICAL AFFINITY, &c. 71

and the divellent 174 + 194 = 368. Thisleaves a balance of
35 in favour of the quiescent affinities; and yet decomposition
cnsues, when the two compounds are brought into contact.

It must be acknowledged that the numbers, assumed by Mr.
Kirwan do not correspond with the actual forces of affinity.
But even if they are taken according to the principle assumed
by Berthollet, they will not be found universally applicable.
The reason of this is, that the phenomena produced by com-
plex affinity, like those occasioned by simple affinity, are mas«
terially influenced by the extraneous forces of cohesion, quan-
_ tity, elasticity, temperature, &c. The effect of quantity is
shown by the fact, that if two salts be mixed together in cer-
tain proportions, decomposition will ensue, but not if mixed
in other proportions. Thus from the mingled solutions of
two parts of muriate of lime and one of nitrate of potash, we
obtain muriate of potash; but not from equal weights of the
two salts. Insolubility, or precipitation, has also a consider-
able influence on the result. When this occurs, the influence
of quantity is destroyed, as in the case of sulphate of potash .
and muriate of barytes. Elasticity, and an increased tempe-
rature (which operates by increasing elasticity);, and the re-
verse of this, or a greatly diminished temperature, have also a
powerful influence in promoting the action of complex affi-
nities. Thus of four principles, two of which are volatile
and two fixed, the two which are volatile will be most dis-
posed to unite together at a high temperature. The nature of
the fluid, in which salts are dissolved, has also an important
influence on their tendency to mutual decomposition.* Thus
changes take place in the midst of an alcobolic medium,
which do not happen to the same bodies dissolved in water.+
We have even instances, in which though a compound A B
decomposes another compound C D, A uniting with C, .and
B with D, yet (which could not have been expected @ priori)
the compound A C is reciprocally decomposcd by D B, and
the original compounds A B and C D are regenerate(.l.:t
Hence the phenomena of complex decomposition concur with

® Aun, de Chim. et Phys. iv. 366. 4+ Dr. Murray on Sea Water.
1 See the sect. on Sulphate of Barytes.
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those of a more simple kind, in proving that affinity is not an
uniform force, but is materially influenced by various modi-
fying circumstances; and that we cannot confidently anti-
cipate results, from comparing the numerical expressions of
quiescent and divellent affinities.

One great obstacle to the construction of tables, capable of
representing the forces of affinity, is the difficulty of ascer-
taining, with precision, the quantities of bodies required for
neutralization. Notwithstanding all the care employed by Mr.
Kirwan, considerable errors appear to have crept into the
results of his experiments. This will sufficiently appear, when
they are examined by a test, originally proposed by Guyton.
It must be obvious that if between two salts, which are mixed
together in solution, decomposition should ensue, and the

. mixture should afterwards be found ncutral, the quantity of
acid, which has quitted one of the bases, must have been
exactly equivalent to the saturation of the other base, also
deserted by its acid. If, for example, we mingle the muriate
of magnesia and sulphate of soda, the mixture continues neu-
tral; and hence it follows that the muriatic acid, which has
quitted the magnesia, must have been exactly equal to the
neutralization of the soda, deserted by the sulphuric acid.
But from a calculation, founded on the proportion of the in-
gredients of these salts, as established by Mr. Kirwan, it ap-
pears that the soda, detached from the sulphuric acid, is not
adequate to the saturation of the muriatic acid. The mix-
ture, therefore, ought to be acid; and since this is contrary
to fact, we may safely infer that there is an error in his esti-
mation of the ingredients composing these salts. No tables,
indeed, can be correct, unless they stand the test of this mode
of verification. Such a table has been calculated by Fischer
from the experiments of Richter; but even this table seems
in several respects to be of questionable accuracy. I have
thought it, however; entitled to a place among the tables in
the Appendix; and I shall annex, also, a more correct one,
the data of which are chiefly supplied by Dr. Wollaston’s
paper on Chemical Equivalents.*

® Phil, Trans, 1814.
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SECTION VIIL
Experimental Ilustrations of Chemical Affinity, Solution, &c,

Tor these experiments, a few wine glasses, or, in preference,
deep ale glasses, will be required; and a Florence flask for
performing the solutions.

1. Some lodies have no affinity for each other.—Qil and
water, mercury and water, or powdered chalk and water, when
shaken together in a vial, do not combine, the oil or water
always rising to the surfacc, and the mercury or chalk sinking
to the bottom. '

I1. Examples of chemical affinity, and its most simple effect,
viz. solution.—Sugar or common salt disappears or dissolves
in water; chalk in dilute muriatic acid.* Sugar and salt are,
therefore, said to be soluble in water, and chalk in muriatic
acid. The liquid, in which the solid disappears, is termed a
solvent or menstruum. Chalk or sand, on the contrary, when
mixed with water by agitation, always subsides again. Hence
they are said to be insolulle.

1. Influence of mechanical division in promoting the action
of chemical affinity, or in favouring solution.—Lumps of chalk
or marble dissolve much more slowly in dilutc muriatic acid,
than equal weights of the same bodies in powder. Muriate
of lime, or nitrate of ammonia, cast, after liquefaction by heat,
into the shape of a solid sphere, is very slowly dissolved; but
with great rapidity when in the state of a powder or of crystals.
When a lump of the Derbyshire fluate of lime is immersed in
concentrated sulphuric acid, scarcely any action of the two
substances on each other takes place; but if the stone be
fincly pulverized, and then mingled with the acid, a violent
action is manifested, by the copious escape of vapours of fluoric
acid. In the common arts of life, the rasping and grinding
of wood and other substances are familiar examples.

1V. Hot liquids, generally speaking, are more powerful sol-
vents than cold ones.—To four ounce-measures of water, at the
temperature of the atmosphere, add three ounces of sulphate

*® 1 omit, purposcly, the distinction between the solution and dissolution.
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of soda in powder. Only part of the salt will be dissolved,
even after being agitated some time. Apply heat, and the
whole of the salt will disappear. When the liquor cools, a
portion of salt will separate again in a regular form or in
crystals. This last appearance affords an instance of crys-
lallization.

To this law, however, there are several exceptions; for
many salts, among which is muriate of soda, or common salt,
are equally, or nearly equally, soluble in cold as in hot water.
(See the table of solubility of salts in water, in the Appendix.)
Hence, a hot, and saturated solution of muriate of soda docs
not, like the sulphate, deposit crystals on cooling. To obtain
crystals of the muriate, and of other salts which observe a si-
milar law as to solubility, it is necessary to evaporate a por-
tion of the water; and the salt will then be deposited, even
while the liquor remains hot. In general, the more slow the
cooling, or evaporation, of saline solutions, the larger and
more regular are the crystals.

V. A very minute division of bodies is effected by solution.—
Dissolve two grains of sulphate of iron in a quart of water,
and add a few drops of this solution to a wine-glassful of water,
into which a few drops of tincture of galls have been stirred.
The dilute infusion of galls will speedily assume a purplish
hue. This shows that every drop of the quart of water, in
which the sulphate of iron was dissolved, contains a notable
portion of the salt.

VI. Some bodies dissolve much more readily and copiously than
others.— Thus, an ounce measure of distilled water will dissolve
half its weight of sulphate of ammonia, one third its weight of
sulphate of soda, one sixteenth of sulphate of potash, and only
one five-hundredth its weight of sulphate of lime.

VII. Mechanical agitation facilitates solution.—Into a wine-
glassful of water, tinged blue with the infusion of litmus, let
fall a small lump of solid tartaric acid. The acid, if left at
rest, even during some hours, will only change to red that
portion of the infusion which is in immediate contact with it.
Stir the liquor, and the whole will immediately become red.

VIII. Bodies do not act on each other, unless either one or loth
be in a state of solution, or at least contuin water.—1. Mix some
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dry tartaric acid with dry bi-carbonate of soda, and grind
them together in a mortar. No combination will ensue till
water is added, which, acting the part of a solvent, promotes
the union of the acid and alkali, as appears from a violent
effervescence. It has been shown by Link,* that the water of
crystallization, existing in certain salts, acts as free water in
occasioning chemical action. Ior example, acetate of lead
and sulphate of copper, both in crystals, become green when
triturated together, a proof of the mutual decomposition of
those two salts, '

2. Spread thinly, on a piece of tinfoil, three or four inches
square, some dry nitrate of copper,+ and wrap it up. No ef-
fect will follow. Unfold the tinfoil, and having sprinkled the
nitrate of copper with the smallest possible quantity of water,
wrap the tinfoil up again as quickly as possible, pressing down
the edges closely. Considerable heat, attended with fumes,
will now be excited; and, if the experiment has been dex-
terously managed, even light will be evolved. This shows
that nitrate of copper has no action on tin, unless in a state
of solution.

I1X. Bodies, even when in a stale of solution, do not act on each
other at perceptible distances ; in other words, contiguity is es-
sential to the action of chemical affinity.—~Thus, when two
fluids of different specific gravities, and which have a strong
affinity for each other, are separated by a thin stratum of a
third, which exerts no remarkable action on either, no combi-
nation ensues between the uppermost and lowest stratum.
Into a glass jar, or deep ale glass, pour two ounce-mensures
of a solution of subcarbonate of potash, containing, in that
quantity, two drachms of common salt of tartar. Under this
introduce, very carefully, half an ounce-measure of water,
holding in solution a drachm of common salt; and again,
under both these, two ounce-measures of sulphuric acid, which
has been diluted with an equal weight of water, and allowed

* Thomson’s Annals, vii. 426.

+ To prepare nitrate of copper, dissolve the filings or turnings of that
metal in a mixtare of one part nitrous acid and three parts water; decant
_the liquor when it has ceased to emit fumtes: ahd evaporate it to dryness,
in a copper or carthen dish. The dry mase must be kept in a bottle,
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to become cool. The introduction of a second and third li-
quid beneath the first, is best effected, by filling, with the
liquid to be introduced, the dropping tube, fig. 15. pl. i.
which may be done by the action of the mouth. The finger
is then pressed on the upper orifice of the tube; and the lower
orifice, being brought to the bottom of the vessel containing
the liquid, the finger is withdrawn, and the liquid descends
from the tube, without mingling with the upper stratum.
‘When a solution of carbonate of potash is thus separated from
diluted sulphuric acid, for which it has a powerful affinity, by
the intervention of a thin stratum of brine, the two fluids will
remain distinet and inefficient on each other; but, on stirring
the mixture, a violent effervescence ensues, in consequence of
the action of the sulphuric acid on the potash.

X. Two lodies, having no affinity for each other, unite by the
intervention of a third.—Thus, the oil and water which, in Ex-
periment I., could not, by agitation, be brought into union,
unite immediately on adding a solution of caustic potash. The -
alkali, in this case, acts as an intermedium. The fact, indced,
admits of being explained by the supposition, that the oil and
alkali form, in the first instance, a compound which is soluble
in water. '

X1. Saluration and neulralization illustrated.—'W ater, after
having taken up as much common salt as it can dissolve, is
said to be safurated with salt. Muriatic acid, when it has
ceased to act any longer on lime, is said to be neutralized, as
is also the lime.

XII. The properties characterizing lodics, when separate, are
destroyed by chemical combination, and new properties appear in
the compound.—Thus, muriatic acid and lime, which, in a se-
parate state, have each a most corrosive taste, lose this entirely
when mutually saturated ; the compound is extremely soluble,
though lime itself is very difficult of solution ; the acid no lon-
ger reddens syrup of violets ; nor does the lime change it, ns
before, to green. The resulting compound, also, muriate of
lime, exhibits new properties. It has an intenscly bitter
taste; is susceptible of a crystallized form; and the crystals,
when mixed with snow or ice, gencrate a dcgree of cold suf-
ficient to freeze quicksilver.
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XIII. Single elective affivity illustraled—1. Add to the
combination of oil with alkali, formed in Experiment X., a
little diluted sulphuric acid. The acid will seize the alkali,
and set the oil at liberty, which will rise to the top. In this
instance, the affinity of alkali for acid is greater than that of
alkali for oil. 2. To a dilute solution of muriate of lime
(prepared in Experiment II.), add a little of the solution of
pure potash. The potash will seize the muriatic acid, and the
lime will fall down, or be precipitated.

XI1V. In every instance, in comparing the affinities of two
lodies for a third, a weaker affinily, in one of the two compared,
will be found to be compensated by increasing its quantity.—It is
not easy to offer clear and unequivocal examples of this law,
and such as the student may submit to the test of experiment.
The following, however, may illustrate the proposition suffi-
ciently: Mingle together, in a mortar, oue part of muriate of
soda (common salt) with half a part of red oxide of lead
(litharge, or red lead), and add sufficient water to form a thin
paste. The oxide of lead, on examining the mixtur¢ after
twenty-four hours, will be found not to have detached the mu-
riatic acid from the soda; for the strong taste of that alkali
will not be apparent. Increase the weight of the oxide of
Jead to three or four times that of the salt; and, after the
same interval, the mixture will exhibit, by its taste, marks of
uncombined soda. This proves, that the larger quantity of .
the oxide must have detached a considerable portion of muri-
atic acid from the soda, though the oxide has a weaker affinity
for that acid than the soda possesses. '

Another illustration of the same general principle has been
suggested by Berzelius. It is necessary to premise, that the
colonr of the compound of sulphuric acid with oxide of cop-
per is blue, and that of muriatic acid with the same oxide,
green. To a saturated solution of sulphate of copper in
water, add by degrees concentrated muriatic acid. Every
addition will render the colour of the liquid more distinctly
green, showing an increased production of muriate of copper;
the oxide of copper being divided between the sulphuric and
muriatic acids, in proportion to the quantity of each acid that
is present.
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XV. Double elective affinity exemplified.—In & watery solu-
tion of sulphate of zinc, immerse a thin sheet of lead : the lead
will remain unaltered, as also will the sulphate of zinc, be-
cause zinc attracts sulphuric acid more strongly than lead.
But let a solution of acetate of lead be mixed with one of
sulphatc of zinc; the lead will then go over to the sulphuric
acid, while the zinc passes to the acetic. The sulphate of lead
being insoluble, will fall down in the state of a white powder;
but the acetate of zinc will remain in solution. The changes
that occur in this experiment will be better understood from
the following scheme :

Acetate of Zinc

[ Zinc Acetic Acid |
Sulphate W Acetate
of < at 60° F o
Zinc Lea(
Sulph® Acid Lead

~
Sulphate of Lead

The vertical brackets include the original compounds, viz
sulphate of zinc, and acetate of lcad ; and the horizontal line
and bracket point out the new ones, viz. acetate of zinc and
sulphate of lead. By the upper horizontal line, it is denoted,
that the acetate of zinc remains in solution; and, by the point
of the lower bracket, being directed downwards, it is meant
to express, that the sulphate of lead falls down, or is preci-
pitated.
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CHAPTER IIIL
OF HEAT OR CALORIC.

———tl—

SECT. L.
General Olservations on Heat,

WHEN we apply the hand to a body which is hotter than
itself, we are sensible of a peculiar feeling, which we agree to
call the sensation of heat. At the same time we observe, in al- -
most all bodies that are placed in the same situation with the
hand, certain effects, the most remarkable of which is an en-
largement of their dimensions. These circumstances, with very
few exceptions, so constantly accompany each other, that we
can have little or no hesitation in referring them to one and
the same cause. Of the nature of this cause we have no sa-
tisfactory evidence ; and we are unable to demonstrate either
that it consists in any general quality of bodies, or that it re-
sides in a distinct and peculiar kind of matter. The opinion,
however, which best explains the phenomena, is that which
ascribes them to an extremely subtile fluid, of so refined a na-
ture, as to be capable of insinuating itself between the parti-
cles of the most dense and solid bodies. To this fluid, as well
as to the sensation which it excites, the term /eat was formerly
applied. But there was an obvious impropriety in confound-
ing, under one appellation, two things so distinct as a sensa-
tion and its cause; and the term caloric, first proposed by
Lavoisier, is now, therefore, generally adopted to denote the
cause of heat. Occasionally, however, in order to avoid too
frequent a repetition of the same word, the term heat is still
employed in a more extensive sense, to express not only the
sensation which it usually denotes, but also some of the modi-
fications of caloric.

Caloric, so far as its chemical agencies are concerned, may
be chiefly considered under two views—as an antagonist to
the cohesive attraction of bodies—and as concurring with, and
increasing elasticity. By removing the particles of any solid
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to a greater distance from each other, their cohesive attraction
is diminished; and one of the principal impediments to their
union with other bodies is overcome. On the other hand,
caloric may be infused into bodies in such quantity, as not
_ only to overcome cohesion, but to place their particles beyond
the sphere of chemical affinity. Thus, in the class-of sub-
stances called gases, the base or ponderable ingredient, whe-
ther solid or liquid, is dissolved in so much caloric, that, with
few exceptions, the bases of different gaseous bodies do not
unite by simple mixture of the gases themselves. DBut if, of
two gases, we employ either one or both in a state of great
condensation, or compress their particles near enough to
each other by any means, the gravitating matter of both unites,
and forms a new compound. Thus hydrogen and oxygen
gases remain together in a state of mixture, for any length of
time, without combining; but if we force their particles into
a state of contiguity, by sudden and violent mechanical pres-
sure, their bases unite and compose water. In many cases,
also, when two bodies are combined together, one of which is
fixed, and the other Lecomes elastic by union with caloric,
we are able, by its interposition alone, to effect their disunion.
Thus carbonate of lime gives up its carbonic acid by the mere
application of heat.

We may consider, then, all bodies in nature as subject to
the action of two opposite forces, the mutual attraction of their
particles on the one hand, and the repulsive power of caloric
on the other; and bodies cxist in the solid, liquid, or elastic
state, as onc or the other of these forces prevails. Water, by
losing caloric, has its cohesion so much increased, that it as-
sumcs the solid form of ice ; adding caloric, we diminish again
its cohesion, and render it fluid; and, finally, by a still farther
addition of caloric, we change it into vapour, and give it so
much elasticity, that it may be rendered capable of bursting
the strongest vessels. In many liquids, the tendency to elas-
ticity is even so great, that they pass at common temperatures,
to the gascous form, by the mere removal of the weight of the
atmosphere.

Caloric, like all other bodies, may exist in two different
states, in a state of frecdom, and in a state, either of combi-
nation or of something nearly resembling it. In the former
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state, it is capable of exciting the sensation of heat, and of
producing expansion in other bodies. To this modification
the terms free or uncombined caloric, or caloric of temperature,
have been applied. By the term temperature we are to un-
derstand the state of a body relatively to its power of exciting
the sensation of heat, and occasioning expansion; effects
which, in all probability, bear a proportion to the quantity of
free caloric in a given space, or in a given quantity of matter.
Thus what we call a high temperature may be ascribed to the
presence of ‘a large quantity of free caloric ; and a low tem-
perature to that of a small quantity. We are unacquainted,
however, with the extremes oftemperature; and may compare
it to a chain, of which a few of the middle links only are ex-
posed to our observation, while its extremities are far removed
from our view.

The degree of expansion produced by caloric, it will after-
wards appear, bears a sufficient proportion to its quantity, to
afford us a means of ascertaining the latter with tolerable ac-
curacy. In estimating temperature, indced, our senses are
extremely imperfect; for we compare our sensations of heat,
not with any fixed or uniform standard, but with those sen-
sations, of which we have had immediately previous expe~
ricnce. 'The same portion of water will feel warm to a hand
removed from contact with snow, and cold to another hand
which has becn heated before the fire. To convey, therefore,
any precise notion of temperature, we are obliged to describe
the degree of expansion produced in some one body, which
has been previously agreed upon as a standard of comparison.
The standard most commonly employed is a quantity of quick-
silver, contained in a glass ball, which terminates in a long
narrow tube. This instrument, called a thermometer, is of
the most important use in acquiring and recording our know-
ledge of the propertics and laws of caloric. The thermometer,
however, it must be obvious, is no otherwise a measure of the
quantity of caloric, than as it ascertains the amount of one of
its principal effects. In this respect, it stands in much the
same predicament as the hygrometers of Saussurc or Deluc,
when considercd as means of determining the moisture of the
atmosphere. These last instruments, it may be remembered,

are composed of some substance (such as a human hair, or a
YOL. I, G
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slip of whalebone) which is lengthened by a moist atmosphere
and contracted by a dry one; and in a degree proportionate
to the moisture or dryness. But all the information, which
hygrometers of this sort give us, is the degree of moisture be-
tween certain points that form the extremities of their scales ;
and they are quite incompetent to measure the absolute quan-
tity of watery vapour in the air. ,

In explaining those properties and laws of caloric, which
have become known to us by means of the thermometer, it
appears a sufficiently natural division of the subject to de-
scribe, 1stly, those effects which caloric produces, without
losing its properties of exciting the sensation of heat and oc-
casioning expansion : and, 2dly, those agencies, in which its
characteristic properties are destroyed, and in which it ceases
to be cognizable by our senses or by the thermometer.

The expansionN or piLaTaTION Of bodies, it will appear, is
an almost universal effect of an increase of temperature. Its
amount, however, is not the same in all bodies, but differs very
essentially. By the same increase of temperature, liquids ex-
pand more than solids, and acriform bodies much more than
cither. Nor is the same quantity of expansion effected in the
same solid or liquid, at all temperaturces, by adding similar
quantities of heat ; for, generally speaking, bodies expand by
cqual increments of caloric, more in high than in low tempe-
ratures. The explanation of this fact is, that the force op-
posing expansion (viz. cohesion) is diminished by the inter-
position of caloric between the particles of bodies : and, there-
fore, when equal quantitics of caloric are added in succession,
the last portions meet with less resistance to their expansive
force than the first. In gases, which arc destitute of cohesion,
equal increments of heat appear, on the contrary, to be at-
tended with precisely equal angmentations of bulk.

An important property of free caloric, the knowledge of
which has been acquired by means of the thermometer, is its
tendency to an cquilibrium. ‘Twenty or thirty different bodies,
for instance, all uncqually heated, soon arrive, when exposed
in a still atmosphere, at an equality of temperature.  When a
heated ball of iron is exposed to the open air, the caloric,
which is accumulated in it, flows out; and its temperature is
gradually reduced to that of the surrounding medium. This
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is owing to two distinct causes: the air, immediately sur-
rounding the ball, acquires part of the caloric which escapes;
and, having its bulk increased, is rendered specifically lighter,
and ascends. This is succeeded by a cooler and heavier por-
tion of air from above, which in its turn is expanded and
carries ofl a second quantity of caloric. Hence a considerable
part of the caloric, which is lost by a heated body, is conveyed
away by the ambient air; a property, of which advantage is
taken in the warming and ventilating of apartiments. But the
refrigeration cannot be wholly explained on this principle;
for it has been long known that heated bodies cool, though
with less celerity, under the exhausted recciver of an air pump,
and even in a Torricellian vacuum.

When the phenomena accompanying the cooling of bodies
are accurately examined, it is found that a part of the caloric,
which escapes, moves through the atmospherc with immea-
sureable velocity. In an experiment of M. Pictet, no percepti-
ble interval took place between the time at which caloric
quitted a heated body, and its
reception by a thermometer at
the distance of sixty-nine feet.
It appears also, from the expe-
riments of the same philosopher,
to move with equal ease in all
directions, and not to be at all
impeded by a strong current of
air meeting it transverscly.
Hence it follows that the pro-
pagation of caloric, in this state
of rapid movement, does not
depend on any agency of the
medium through which it passcs.
This was satisfactorily proved,
too, by Sir. H. Davy, who con-
trived by means of the appara-
tus, represented in the annexed
sketch, to effect the radiation of
heat in vacuo. Betwecen the
points of two wires, inclosed in

glasstubeswhich passed through
G2

C ]
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a brass plate, was placed a picce of charcoal, which was intense-
ly ignited by voltaic electricity, and the effect of radiation in
the focus of the lower concave mirror was ascertained by a de-
licate thermometer, first when the receiver was full of air, and
next when it was exhausted to +!5.  In the latter case, the cf-
fect of radiation was found to be three times greater than in
an atmosphere of common density. The same conclusions
flow, also, from the expenments of Petit and Dulong on the
rate of cooling of bodies in vacuo.

Like light, heat appears to be transmitted in parallel rays,
and it has, therefore, been called RapranT CaLoric. The com-
parative quantities of caloric lost by radiation and by conduction
may be approximated by observing what time it takes to cool,
through the eame number of degrees, in air and in vacuo.
By experiments of this kind, Dr. Franklin thought he had
ascertained that a body, which requires five minutes in
vacuo, will cool in air, through the same number of degrees,
in two minutes. Count Rumford’s experiments with a Tor-
ricellian vacuum give the proportions of 5 to 3. It will, per-
haps, not be very remote from the truth, if it be stated, in
general terms, that one half of the caloric, lost by a heated
body, escapes by radiation, and that the rest is carried off by
the ambient atmosphere.

The rate of cooling appears to bear a proportion to the ele-
vation of temperature of a body above that of the surrounding
medium. Hence in part it is, that a heated bedy, during re-
frigeration, loses unequal quantities of caloric in equal times.
The scries appears to be pretty nearly a geometrical one.
Thus, supposing the temperature of a body to be 1000 degrees
above the surrounding medium,

In the first minute it will lose -2 of its heat or 900°
Inthesccond.........ovuuu.. 5 ofthe remainder = 90
Inthethivd (... ...0iviiies 5 0f10 civisie. = 9

This law of refrigeration, originally laid down by Newton,
it is asserted by Dr. Delaroche, though nearly accurate at low
temperatures, i3 far from being so at high ones; and his ob-
jections have been fully conﬁxmcd by Pcnt and Dulong, who
have shown that the crror increnses as the temperature aug-
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ments, and at length becomes enormously great. (Annals of
Philosophy, vol. xiii.)

The movement of caloric by radiation occurs only in free
space, or through transparent media. It appears to be the
same through all the different varieties of aériform bodics;
though, as will afierwards appear, the gases differ materially
from each other in their conducting power. Caloric, also,
radiates from bodies at all temperatures, but the quantity
radiated bears some proportion to the excess of the tempera-
ture of the hot body above that of the surrounding medium.
Hence if we have any number of bodies at different tempe-
ratures in the vicinity of each other, they may all, agreeably
to the ingenious theory of M. Prevost, be considered both as
radiating and receiving caloric; but the hot ones will radiate
more than they receive, while the cold ones will receive more
than they radfate.

The process of radiation appears to be constantly going on
from the surface of the earth, and it is partly on this principle
that we are to explain why the heat which our planet is in-
cessantly receiving from the sun, does not accumulate to such
a degree as to render it a less fit habitation for man. The
period, when radiation from the surface of the globe is most
discoverable by its effects, seems to be during the night, es-
pecially when the sky is perfectly unclouded, for a covering of
clouds serves as a mantle to the earth, and prevents the free
escape of radiant heat. Under favourable circumstances, it
has been shown by Dr. Wells, that the temperature of the
ground, especially when its covering is formed of some sub-
stance that radiates freely, is several degrees below that of the
atmospheric stratum, a few feet above it. It is this diminished
temperature of the earth’s surface, that occasions the deposi-
tion of dew and hoar frost, which are always observed to be
most abundantly formed under a clear unclouded sky.

Caloric, besides radiating through transparent media, is ca-
pable, also, of passing through dense and opaque bodies,
though with prodigiously impaired velocity. Thus a long
bar of iron, heated at one end, requires considerable time to
become hot at the other. This property in bodics has been
called their coNpucTING POwER, and it exists, in different
bodies, in very different degrees. Itis not, however, found
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to bear a proportion to any other guality of bodics, such as
their densities, &ec. .

All the properties of caloric, which have been hitherto de-
scribed, belong to it when supposed to be in a free or uncom-
bined form’; for it continues to produce the sensation of heat
and to expand the mercury of the thermometer. In the in-
stances of its agency, also, that have been mentioned, no per-
manent change of form or of properties is effected in the bodies
which have imbibed caloric. A bar of iron, after being ex-
panded by heat, returns on cooling to the same state as before,
and exhibits all its former qualities. In certain cases, however,
caloric is absorbed by bodies, with the loss of its distinguish-
ing properties. It can then be nolonger discovered by our
senses or by the thermometer: and it produces important and
sometimes permanent changes in the bodies into which it
enters.

Those effects of caloric, in the production of which it loses
its distinguishing properties, may be classed under two general
beads.

1. Bodics, in passing from a denser to a rarer slate, generally
absorl caloric—Thus solids, during liquefaction, imbibe a
quantity of caloric, which ceases to be apparent to our senses
or to the thermometer; or, as it has been termed, lecomes
latent, 1In a similar manner, solids and liquids, daring their
conversion into vapours or gases, render latent a quantity of
caloric, which is essential to the elasticity of the new product.
In common language cold is, in such cases, said to be pro-
duced ; but by the production of cold we are to understand,
in philosophical language, nothing more than the passage of
caloric from a free to a latent form.

IL. Bolies, by an increase of density, mostly evolve or give out
caloric, which passes from a latent to a free state.—The simplest
illustration of this law is in’ the effect of hammering a piece of
metal, which may thus be intensely heated, while all that is per~
manently effected is an augmentation of its density. Liquids by
becoming solids, or gases by conversion into liquids, also, evolve
caloric, or produce an increase of temperature. A pound of
water condensed from steam, will render 100 pounds of
water at 50° warmer by 11°; whereas a pound of boiling water
will produce the same risc of temperature in no more than
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about 18 pounds. This is owing to the much greater quan-
tity of caloric, existing in a pound of steam, than in a pound
of boiling water, though steam and boiling water affect the
thermometer in precisely the same degree.

It is a question which has excited considerable interest
among philosophers, whether caloric, when thus absorbed
and rendered latent, enters into chemical combination, or is
merely united by the same kind of ties as that portion of ca-
loric that produces the temperature of bodies. Does ice, for
example, when changed into water, form a chemical union
with caloric, similar to that which exists between potash and
sulphuric acid? Such appears to have been the opinion of
Dr. Black, who, by the powers of an original and well-di-
rected genius, discovered, about the year 1760, the greater
number of those factsthat formed the groundwork of the theory
of latent heat. Thge resemblance, however, between chemical
union and the disappearance of caloric, which, on first view,
appears extremely striking, will be found, it must be confessed,
less close on a nearer examination. For caloric may be made
to quit those bodies, into which it has entered with a loss of
its peculiar properties, merely by reducing their temperature;
whereas chemical combinations in general cannot be destroy-
cd, except by the interference of more energetic affinities. In
opposition to the foregoing theory, it has been contended that
the absorption of caloric by bodies is a consequence of whut
has been called a change of their capacity. ‘T'hus ice, it is
supposcd, in becoming water, has its capacity for caloric in-
creased, and the absorption of caloric is a consequence of this
increased capacity. This theory, however, is deficient, inas-
much as it fails to explain what is the cause of that change of
form, which is assumed to account for the increase of capa-
city. Notwithstanding this obvious objection, I have retained
the term capacity to express, in the abstract, that power by
which bodies absorb and render latent different quantities of
caloric; or the property of requiring more or less caloric for
raising their temperature an equal number of degrees. The
absorption of caloric, then, will always be owing to an in-
crease, and its evolution to a decrease, of capacity. ‘The use
of these terms may be exemplified by a slight change of the
perspicuous language of Dr. Crawford. ¢ The capacity for
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containing caloric,”* he observcs, ¢ and the absolute caloric
contained, are distinguished as a force from the subject upon
which it operates. When we speak of the capacity, we mean
a power inherent in the heated body; when we speak of the
absolute caloric, we mean an unknown principle, which is re-
tained in the body by the possession of this power ; and when
we speak of the (emperature, we consider the unknown prin-
ciple as producing certain effects upon the thermometer.”

As the capacities of bodies determine their relative quan-
tities of caloric, it seems reasonable to conclude, that if we can
ascertain how much caloric a body absorbs or gives out in
changing its form, and in what proportion its capacity is at
the same time altered, we may deduce the absolule quantity of
heat which it contains. Now it will be afterwards shown that
the heat, evolved by water in freezing, is equal to 140°; and
the capacity of water has been stated to bear to that of ice the
proportion of 10 to 9. Water, then, in becoming ice, must
give out ';th of its whole caloric, and as this amounts to 140°,
ten times 140 (or 1400°) is the whole quantity of caloric in
water at the temperature of $2°; and deducting 140 from
1400, we have 1260° for the caloric contained in the ice itself.
This method of determining the problem scems, however, to
me, to be liable to several objections, which it would take up
too much room to state in this place, and which I have else-
where urged at considerable length.+ Nor does it appear
that any other mode of investigation, yet proposed, is capable
of giving us approximations to the truth that are more to be
relicd on ; for enormous differences as to the absolute zero, or
point of total privation of heat on the thermometric scale,
have resulted from the inquiries of different philosophers,
showing that we still want the data esscntial to such an inves-
tigation.

These gencral observations I have deemed it nccessary to
make, with a view of connecting together the propositions
respecting caloric, and the experiments illustrating them, that
form the subject of the following sections. The inquiry re-
specting heat is one which presents a boundless field for in-

* Dr. Crawford on Heat, p. 8.
+ Manchester Memoirs, v. ; or Phil. Mag.
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teresting speculation ; and it would have been easy to have
extended very considerably the discussion of its nature and
properties. But in this work, I have no farther object than
to lead the student, by easy steps, to a knowledge of what has
been actually determined by experiment, or strictly and legi-
timately deduced from it.

l——
SECTION 1I.

Tllustrations of the Effects of Free Caloric,

I. Caloric expands all bodies.—The expansion of liquids is
shown by that of the mercury of a thermomecter, or by im-
mersing in hot water a glass matrass (pl. i. fig. 4), filled, up
to a mark in the neck, with spirit of wine, tinged with any
colouring substance. The spirit expands immediately when
heated, and would overflow if not placed in a cooler situation.
The degree of expansion produced in different liquids, by
similar elevations of temperature, varies very considerably.
Thus, water expands much more than mercury, and alcohol
more than water. This difference of expansibility is even
sufficiently striking to appear in a remarkable degree, when
we immerse, in water heated to 150°, three equal glass vessels
of the shape of thermometer tubes, containing the one mer-
cury, the other water, and the third spirit of wine. The
spirit will begin to escape from the aperture of the vessel,
before the mercury has ascended far in the stem.* The cx-
pansion of aériform lodies is shown, by holding, near the fire,
a bladder half filled with air, the neck of which is closely tied,
so as to prevent the enclosed air from escaping. The bladder
will soon be fully distended, and may even be burst by con-
tinuing and increasing the heat. All aériform bodies when
deprived of moisture, and even condensible vapours, when not
in contact with the liquids from which they have been produced,
undergo the same expansion or contraction, at all tempera-
tures hitherto tricd, by similar additions or subtractions of

* See a table of the expansion of liquids in the Appendix.
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heat. This, for a single degree of Fahrenheit’s thermometer,
is .+ part of their bulk, between 32° and 212°, as first deter-
mined by Mr. Dalton, and afterwards confirmed by Gay
Lussac. At a cherry red heat (= about 1085° Fahr.) Sir H.
Davy found that a volume of air = 1 at 212° I'ahr., became
2.5 volumes. (On Flame, p. 68).

‘The expansion of solids may be made apparent by heating
a rod of iron, of such a length as to be included, when cold,
between two points, and the diameter of which is such, as
barely to allow it to pass through aniron ring. When heated,
it will have become sensibly longer; and it will be found in-
capable of passing through the ring. This property of metals
has been applied to the construction of an instrument for
measuring temperature, called a pyrometer, a neat and distinct
representation of which is given in the first volume of * Chc-
mical Conversations.” On the same principle, M. Bréguet
has constructed a very sensible metallic thermometer. (Ann. de
~ Chim. et Phys. v. 312). It consists of a slip of silver and
another of platina coiled into a spiral, one end of which is
fixed, while the other is connected with an index which
traverses a circular graduated plate. This instrument is ca-
pable not only of measuring, distinctly, variations of tempera-
ture too slight to be shown by a common thermometer, but
also of being affected by changes too transient to be perceived
even by an air thermometer. Mr. Daniell has, also, availed
himsclf of the same property of expansion, in constructing a
thermometer for measuring high degrees of heat. A bar of
platina is inclosed in a case made of the same ware as black
lead crucibles, and is fixed to it at one end, while the other is
left frec to move an index, by which means degrees of heat
above ignition admit of being accurately measured. (Jour. of
Science, xi. 309). V

The degree of expansion is not the same for all solids, and
even differs materially in substances of the same class. Thus,
the metals expand in the following order, the most expansible
being placed first; zinc, lead, tin, copper, bismuth, iron, stecl,
antimony, palladium, platina.* The experiments of Dr. Ure
(Phil. Trans. 1818), tend to show that equal degrees of expan-

—_— e~

¢ See the table in the Appendix.
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sion are produced in a bar of metal, by a succession of similar
increments of heat. Thus if the absolute elongation of a me-
tallic rod heated from 32° to 122°, be called 10, then its elon-
gation, by each of four successive intervals of 90° Fahr, was,
as nearly as possible, 10 also.

All bodies, after being heated, return again, on cooling,
precisely to their former dimensions.

Theexpansion of metals produces important effects in various
mechanical instruments, especially in clocks; for a pendulum
vibrating seconds will, by a change of tempcrature equal to
30° Fahr. alter its length abont ;4 part, which is sufficient to
change its rate of going eight seconds of time per day. To
obviate this inconvenience, various contrivances have been re-
sorted to, which are described in works on practical horology.

To the general law of the expansion of bodies by heat and
their contraction by cold, there are, however, several excep-
tions. Water by freezing is considerably increased in bulk;
salts in the act of crystallizing expand; and some of the
metals, as cast iron, bismuth, and antimony, have their dimen-
sions enlarged by congealing ; but mercury and other metals
follow the general law, and occupy less bulk when solid than
when fluid.

1. Construction of the tkermomeler founded on the principle
of expansion.—The thermometer is an instrument of so much
importance, that it may be expedient to explain the coustruc-
tion of the different kinds which are required in chemical re-
searches.

The instrument employed by Sanctorio, to whom the in-

vention of the thermometer is generally ascribed, was of a very
~ simple kind, and measured variations of temperature by the
variable expansion of a confined portion of air. To prepare
this instrument, a glass tube (pl. i. fig. 9) is to be provided,
eighteen inches long, open at one end, and blown into a ball
at the other. On applying a warm hand to the ball, the in-
cluded nir expands, and a portion is expelled through the
open end of the tube. In this state, the aperture is quickly
immersed in a cup filled with any coloured liquid, which
ascends into the tube, as the air in the ball contracts by cooling.
The instrument is now prepared.  An increase of temperature
forces the liquor down the tube; and, on the contrary, the
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application of cold causes its ascent. These effects may be
exhibited alternately by applying the hand to the ball, and
then blowing on it with a pair of bellows. By the application
of a graduated scale, the amount of the expansion may be
measured.

The ball of the above instrument, it must be obvious, cannot
Le conveniently applied to measure the temperature of liquids.
For adapting it to this purpose, a slight variation may be
made in its construction, as represented fig. 8, a. To prepare
this instrument, a small spherical glass vessel is to be about
one 6th or one 4th filled with any coloured liquid. The tube,
open at both ends, is then to be cemented into the neck, with
its lower aperture beneath the surface of the fluid. The ex-
pansion of the included air drives the liquid up the stem, to
which we may affix a graduated scale, corresponding with that
of a common mercurial thermometer. Other modifications
bave also been made by different philesophers. One of the
most useful and simple forms is represented fig. 8, . It con-~
sists merely of a tube of very small bore, from 9 to 12 inches
long, at one end of which is blown a ball, from half an inch
to an inch in diameter, which is afterwards blackened by paint,
or by the smoke of a candle. A small column of coloured
liquid, about an inch in length, is then introduced, by a ma-
nipulation similar to that already described. To fit the instru-
ment for use, this column ought to be stationary, about the
middle of the tube, at the common temperature of the at-
mosphere. The slightest variation of tempcrature occasions
the movement of the coloured liquid; and a scale of equal
parts measures the amount of the effect.

An insuperable objection, however, to the air thermometer,
as thus constructed, is, that it is affected, not only by changes
of temperature, but by variations of atmospheric pressure. Its
utility consists in the great amount of the expansion of air,
which, by a given elevation of temperature, is increased in
bulk above twenty times more than mercury. Hence it is
adapted to detect minute changes, which the mercurial ther-
mometer would scarcely discover; and its expansions being
uniform for equal additions of heat, it is better adapted than
any liquid for becoming, when properly applied, an accurate
measure of temperature.
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An important modification of the air thermometer has been
invented by Mr. Leslie, and employed by him, with great
advantage, in his interesting rescarches respecting heat.  To
this instrument he has given the name of the Differential
Thermometer. Its coustruction is as follows: ¢ Two glass
tubes of unequal length, each terminating in a hollow ball,
and having their bores somewhat widened at the other ends (a
small portion of sulpburic acid, tinged with carmine, being
introduced into the ball of the longer tube), are joined toge-
ther by the flame of a blow-pipe, and afterwards bent nearly
into the shape of the letter U (see fig. 7), the one flexure
being made just below the joining, where the small cavity
facilitates the adjustment of the instrument. This, by a little
dexterity, is performed, by forcing, with the heat of the hand,
a few minute globules of air from the one cavity into the other.
The balls are blown as equal as the eye can judge, and from
four 10ths to seven 10ths of an inch diameter. The tubes are
such as are drawn for thermometers, only with wider bores;
that of the short one, to which the scale is affixed, must have
an exact calibre of a 50th, or a 6Oth, of an inch. The bore
of the long tube need not be so regular, but should be visibly
larger, as the coloured liquid will then move quicker under
any impression. Each leg of the instrument is from three to
six inches in height, and the balls are from two to four inches
apart.

“ A moment’s attention to the construction of this instru-
ment will satisfy us, that it is affected only by the difference of
heat in the corresponding balls; and is calculated to measure
such difference with peculiar nicety. As long as both balls
are of the same temperature, whatever this may be, the air
contained in both will have the same elasticity, and, conse-
quently, the intercluded coloured liquor, being pressed equally
in opposite directions, must remain stationary. But if, for
instance, the ball which holds a portion of the liquor be
warmer than the other, the superior elasticity of the confined
air will drive the liquid forwards, and make it rise, in the
opposite branch, above the zero, to an elevation proportional
to the excess of clasticity, or of heat”” The amount of the
cffect is ascertained by a graduated scale, the interval betwecn
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freezing and boiling being distinguished into 100 equal de-
grees. This instrument, it must be obvious, cannot be ap-
plied to measure variations in the temperature of the sur-
rounding atmosphere, for the rcason already assigned. It is
peculiarly adapted to ascertain the difference of the temper-
atures of two contiguous spots in the same atmosphere ; for
example, to determine the heat in the focus of a reflector.

A differential thermometer has been contrived by Dr.
Howard, resembling that of Mr. Leslie in its general form,
but in which the degree of heat is measured by the expansive
force of the vapour of cther or spirit of wine in vacuo. Directions
for constructing it are given in the 8th volume of the Quarter-
ly Journal of Science, p. 219. It is intended to be applied to
the same purposes as that of Mr. Leslie, but is more sensible
to changes of temperature, and the movement of the fluid
(ether tinged by a drop of tincture of cochineal), follows in-
stantaneously the application of the heating cause, whereas in
the air thermometer some time is required before the effect
takes place.

Thermometers, filled with spirit of wine (a liquid which has
not been congealed by any degree of cold hitherto produced),
are best adapted to the measurement of very low tempaeratures,
at which mercury would freeze. The amount of the expan-
sion of alcohol, also, which excecds that of mercury above
eight times, fits it for ascertaining very slight variations of
temperature. But it cannot be applied to measure high de-
grees of heat; because the conversion of the spirit into vapour
would burst the instrument.

. The fluid, best adapted for filling thermometers, is mercury,
which, though it expands less in amount than air, or alcohol,
still undergoes this change to a sufficient degree ; and, in con-
sequence of its difficult conversion into vapour, may be ap-
plied to the admeasurement of more elevated temperatures.
As a considerable saving of expense will accrue to the experi-
mentalist, who is able to construct mercurial thermometers,
I shall offer some rules for this purpose. In general, however,
I should dcem it preferable merely to superintend their con-
struction, and to be satisfied, by actual inspection, that the
necessary accuracy is observed; because much time must be
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unavoidably lost, in acquiring the manual skill which is essen-
tial to construct them neatly.

Thermometer tubes may be had at the glass-house, and of
various philosophical instrument makers. In purchasing them,
those should be rejected that are not hermetically sealed at
both ends; because the smallest condensation of moisture,
which must take place when air is freely admitted within the
tube, is injurious to the accuracy of the instrument. A small
bottle of elastic gum should be provided, in the side of which
a brass yalve is fixed, or a piece of brass perforated by a
small hole, to be occasionally stopped by the finger. A blow-
pipe is also an essential part of the apparatus; and, in addi-
tion to one of the ordinary kind, it will be found uscful to
have one which is supplied with air by a pair of double bel-
lows, worked by the foot.

Before proceeding to the construction of the thermometer,
it is necessary to ascertain, that the tube is of equal diameter
in different parts. This is done by breaking off both of the
sealed ends, immersing one of them an inch or two deep in
clean and dry mercury, and then closing the other end with
the finger. On withdrawing the tube from the mercury, a
small column of that fluid remains in it, the length of which
is to be examined, by laying-the tube horizontally on a gra-
duated ruler.* By inclining the tube, this column may be
gradually moved through its whole lcngth; and if the tube
be of uniform bore, it will measure the same in every part.
Such a degree of perfection, however, is scarcely ever to be
observed throughout tubes of considerable length; but, in
gencral, a portion of the tube will be found pertfect, of suffi-
cient length for a thermometer, and this part is to be
broken off.

On one end of the tube let the neck of the clastic bottle be
firmly tied ; and let the other end be heated by the flame of
the blow-pipe, till the glass softens. The softened part must
then be pressed, by a clean piece of metal, into the form of a

* If the tube be of an extremely small bore, the mercury will not enter,
and must be drawn in by the action of the clastic botile, and not by the
mouth.
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rounded button; and to this the flame of the lamp must be
steadily applied, till it acquires a white heat, and scems about
to cnter into fusion. To prevent its falling on one side, the
tube, during this time, must be constantly turned round by
the hand. When the heated part appears perfectly soft, re-
move it quickly from the lamp, and, holding the tube verti-
cally, with the elastic bottle uppermost, press this last gently
with the hand. The glass will be blown into a small ball, but
not into one sufficiently thin for the purpose. To this the
flame of the lamp must again be applied, turning it quickly
round ; and, on a second or third repetition of the process
of blowing, the ball will be completely formed. The propor-
tion of the size of the ball to the bore of the tube can only
be learned by some experience.

To fill the ball, which has been thus formed, with mercury,
the air must first be expelled by holding it over the flame of
an Argand’s lamp, and then quickly immersing the open end
of the tube in very clean and dry quicksilver. As the ball
cools, the mercury will ascend, and will partly fill it. Let a
paper funnel be tied firmly over the open end of the tube;
into this pour a small portion of quicksilver, and apply the
heat of the lamp to the ball. Any remaining portion of air
will thus be expelled ; and if the heat be raised so as to boil
the mercury, the ball and stem will be filled with mercurial
vapour, the condensation of which, on removing the ball
from the lamp, will occasion a pretty complete vacuum. Into
this vacuum, quicksilver will descend from the paper cone;
and the instrument will be completely filled. But for the pur-
pose of a thermometer, it is necessary that the mercury should
rise only to a certain height of the stem; and a few drops
may, thercfore, be expelled by cautiously applying the heat
of the lamp. To cstimate whether the proper quantity of
quicksilver has been left in the instrument, immerse the ball
first in ice-cold water, and then in the mouth. The space
between these two points will comprise about 64°, or rather
more than one third of the whole space between the freezing
and boiling points of water. If the empty part of the tube ex-
ceeds, in length, about three times the portion thus filled by
the expanded quicksilver, we may proceer! (when an instru-
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ment is wanted with a scale including only from 32° to 212°)
to seal it hermetically, which is done as follows: The part to
be sealed is first heated with the blow-pipe, and drawn out
to a fine capillary tube ; the bulb is then heated, till a few par-
ticles of quicksilver have fallen from the top of the tube: at
this moment, the flame of another candle is directed, by the
blow-pipe, on the capillary part of the tube, the candle is
withdrawn from the ball, and the tube is sealed, at the instant
when the mercury begins to descend. If this operation has
been skilfully performed, so as to leave no air in the tube, the
whole of the tube should be filled with quicksilver on holding
the instrument with the ball uppermost.

To have very large degrees, the ball must bear a consider-
able proportion to the tube; but this extent of scale cannot
be obtained without sacrificing, in some measure, the sensibi-
lity of the instrument.* The whole of the process of construct-
ing thermometers neatly and accurately is connected with the
possession of manual skill, which practice only can confer;
and it is scarcely possible, without the most tedious minute-
ness, to describe all the necessary precautions and manipula-
tions. These will readily suggest themselves to a person who
carries the above instructions into effect.

In graduating thermometers, the first step consists in taking
the two fixed points. The freezing point is ascertained, by
immersing, in thawing snow or ice, the ball and part of the
stem ; 5o that the mercury, when stationary, shall barely ap-
pear above the surface. At this place let a mark be made
with a file. In taking the boiling point, considerable caution
is required ; and, for reasons which will afterwards be stated,
attention must be paid to the state of the barometer, the
height of which, at the time, should be precisely 29.8. A
tin vessel is to be provided, (for, according to Gay Lussac,+
one of glass leads to erroneous results,) four or five inches
ionger than the thermometer, and furnished with a cover, in

* Directions for constructing thermometers of great sensibility are .givcn
by the Chevalier Landriani, in the 7th volume of the Journal of Science,
p- 183. ,

182 An. de Ch. 174, and 7 An. de Ch. et Phys. 307.

YOL. I, H
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which are two holes. Through one of these, the thermometer
stem must be passed (the bulb being within the vessel,) so that
the part, at which the boiling point is expectcd, may be just
in sight. The other hole may be left open; and the cover
being fixed in its place, the vessel, containing a few inches of
water at the bottom, is to be set on the fire. The thermo-
meter will presently be wholly surrounded by stcam; and
when the mercury becomes stationary in the stem, its place
must be marked. The scale of Fahrenheit is formed by trans-
ferring the intermediate space to paper by a pair of compasscs,
and dividing it into 180° the lowest being called 32°, and the
highest 212°. The scale of other countries, however, differs
considerably ; but these variations do not prevent the com-
parison of observations with different instruments, when the
freezing and boiling points of water are agreed upon as fixed
data. In the appendix, rules will be given for converting the
degrees of other scales to that of Fahrenheit.

111. The dilatations and contractions of the fluid in the mer-
curial thermometer, are nearly proportional to the quantities of
caloric, which are communicaled to the same homogencous bodies,
or separated from them, so long as they retain the same

orm. S

Thus a quantity of caloric, required to raise a body 20° in
temperature, by the mercurial thermometer, is nearly double
that which is required to raise it 10°. Hence there appears
to be a pretty accurate proportion between the increments or
decrements of heat, and the increments or decrcments of
expansion in the mercury of a thermometer.  On this prin-
ciple, if equal quantities of hot and ecld water be mixed to-
gether, and a thermometer be immersed in the hot water, and
also in the cold, previously to the mixture, the instrument
should point, after the mixture, to the arithmetical mean, or
to half the difference of the separate heats, added to the less
or subtracted from the greater. This will be proved to be
actually the fact, by the following experiment.  Mix a pound
of water at 172° with a pound at 82°. Half the excess of the
caloric of the hot water will pass to the colder portion; that
is, the hot water will be cooled 70° and the cold will receive
70° of temperature; therefore 172—70, or 92 + 70 = 102,
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will give the heat of the mixture. To attain the arithmetical
mean exactly, several precautions must be observed.*

The experiments of De Luc, however, have shown, that
the ratio of expansion does not, strictly, keep pace with the
actual increments of temperature; and that the amount of
the expansion increases with the temperature. Thus if a
given quaatity of mercury, in being heated from 32 to 122°,
the first half of the scale, be expanded 14 parts, in being
raised from 122 to 212° the higher half, it will be expanded
15 parts. :

From the inquiries of Mr. Dalton, it appears to follow,
that the irregularity of the cxpansion of mercury is even con-
siderably greater than has becn stated by De Luc. By the
common mercurial thermometer, we cannot ascertain the true
rate of expansion in quicksilver ; for it must be obvious that
the enlarged capacity of the glass ball, in which it is contain-
ed, must considerably affcct the result. - If the capacity of the
ball remained unaltercd, we should then be able to determine
the actual rate of expansion; but by an increase of tempera-
ture its capacity is enlarged, and space is thus found, within
the ball, for the expansion of that mercury, which would other-
wise be driven into the tube. By knowing the rate of expan-
sion in glass itself, we can correct this error: but a small
mistake in this datum will lead us considerably wrong as to
the true expansion of quicksilver. The rcal expansion of
mercury in glass is greater than the apparent, by the expan-
sion of the glass itsclf.

Making due correction for this circumstance, Mr. Dalton
has been led to conclude from his experiments, that notwith-
standing the apparent diversities of cxpansion in different
fluids, they all actually expand according to the same law;
viz. that the quantily of expansion is as the square of the tem-
perature from their respective freezing points, or from their
points of greatest density. If then a thermometer be con-
structed, with degrees corresponding to this law, they will be
found to differ very considerably from those of the common
mercurial thermometer, in which the space between freezing

* Sce Crawford on Animal Ieat, p. 95, &c. .
H 2
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and boiling is divided into 180 equal parts. In the Appendix
will Le found a table showing the correspondence between
the old scale and the new one constructed on Mr. Dalton’s
principle. ,

The view which has been taken by Mr. Dalton of the ther-
mometer, has drawn the attention of Dr. Ure,* and of M. M.
Petit and Dulong,t to the same subject. The former con-
cludes from his experiments, that taking three thermometric
intervals from 82° Faht. upwards, each of 180° mercury
has actually an increasing rate of expansion, and that 60 parts
at 572° are expanded as much by the same power of caloric,
as 61 parts at $92° and 62 parts at 212°. But this small
difference, he observes, is compensated by the lessening quan-
tity of quicksilver in the bulb of a thermometer at high tem-
peratures, in consequence of which the mercurial thermometer
becomes a true measurer of sensible heat. Petit and Dulong,
also, satisfied themselves that the expansibility of mercury
slowly increases as the temperature augments. From 32° to
212° it is scarcely appreciable, and corresponds with the
expansion of air, which they take for granted to be perfectly
equable. The following Table exhibits the dilatation of mer-
cury for a degree centigrade at the various temperatures (all
centigrade) indicated in the first column of the table, and
measured by an air thermometer.

Temperature. Expansion of Temp. indicated
Mercury. by the dilatations
of the mercury sup=
posed uniform.

0% ceeeveess 0 ciiieeees. 0.00
J00 toveiennes 355G eeecesaoss 100,00
200 civeriecre TR cesecesess 204.61
800 ciuiiivnnne 55555 ceveseeees 814,15

Comparing the numbers in the first and last columns, it

* Phil. Trans. 1818. + Annals of Philos. vol. xiii.

3 To convert centigrade degrees into those of Fahr. double them, then
deduct one tenth, and add the constant number 32. Thus 18° centigrade
x 2 = 306, from which ,} subtracted leaves 32.4, and to this adding 32, we
have G4.4, Fahr,
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appears that up to 100° the mercurial and air thermometers
give the same indications; in the second interval, the excess
of the former over the latter is 4.61° and in the last interval
it increases to 14.15°

The boiling point of mercury, according to these philoso~
phers, is 680° Fahr, or, making the due correction for the
expansion of glass, 662° of Fahr. scale. The experimental
result of Mr. Crighton of Glasgow, was 656°.

IV. Uncombined caloric has a tendency to an equilibrium.—
Any number of different bodies at various temperatures, if
placed under similar circumstances of exposure, all acquire a
common temperature, Thus, if in an atmosphere at 60°, we
place iron filings heated to redness, boiling water, water at
32° and various other bodies of different temperatures, they
will soon affect the thermometer in the same degree. The
same equalization of temperature is attained, though less
quickly, when a heated body is placed in the vacuum of an
air-pump. The rate of cooling in air is to that in vacuo, the
temperatures being equal, nearly as five to two.

I1. Motion of Free Caloric.—1. Its Radiation.—2. Its Passage
through Solids and Fluids.

Caloric escapes from bodies in two different modes.—Part of
it finds its way through space, independently of other matter,
and with immeasurable velocity. In this state it has been
called radiant heat, or radiant caloric.

Rap1aNT caLoric exhibits several mterestmg properties.

1. Its reflection. (a) Those surfaces, that reflect light .most
perfectly, are not equally adapted to the reflection-of caloric.
Thus, a glass mirror, which reflects light with great effect
when held before a blazing fire, scarcely returns any heat, and
the mirror itself becomes warm. On the contrary, a polished
plate of tin, or a silver spoon, when similarly placed, reflects,
to the hand, a very sensible degree of warmth ; and the metal
itself remains cool. Metals, therefore, are much better re-
flectors of caloric than glass; and they possess this property,
exactly according to their degree of polish.

(b) Caloric is reflected according to the same law that re-
gulates the reflection of light, This is proved by an interest-
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ing experiment of M. Pictet; the means of repeating which
may be attained at a moderate expense. Provide two reflec-
tors of planished tin (¢ and 0, fig. 45), which may be 12 inches
diameter, and segments of a sphere of nine inches radius.
Parabolic mirrors are still better adapted to the purpose; but
their construction is less easy. Each of these must be fur-
nished, on its convex side, with the means of supporting it in
a perpendicular position on a proper stand. Place the
mirrors opposite to each other on a table, at the distance
of from six to 12 feet. Or they may be placed in a ho-
rizontal position, as represented in the wood cut given at
page 83, an arrangement in some respects more convenient.
In the focus of one, let the ball of an air thermometer, ¢, or
(which is still better) one of the balls of a differcntial ther-
mometer, be situated; and in that of the other, suspend a
ball of iron, about four ounces in weight, and heated below
ignition, or a small matrass of hot water, d ; having previously
interposed a screen before the thermometer. Immediately on
withdrawing the screen, the depression of the column of
liquid, in the air thermometer, evinces an increase of tem-
perature in the instrument. In this experiment,” the caloric
flows first from the heated ball to the nearest reflector; from
this it is transmitted, in parallel rays, to the surface of the
second reflector, by which it is collected into a focus on the
instrument. This is precisely the course that is followed by
radiant light ; for if the flame of a taper be substituted for the
iron ball, the image of the candle will appear precisely on that
spot (a sheet of paper being presented for its reception) where
the rays of caloric were before concentrated.

() When a glass vessel, filled with ice or snow, is substi-
tuted for the heated ball, the course of the coloured liquid in
the thermometer will e precisely in the opposite direction;
for its ascent will show, that the air in the ball is cooled by this
arrangement. "This experiment, which appears, at first view,
to indicate the reflection of cold, presents, in fact, only the
reflection of heat in an opposite direction; the ball of the
thermometer being, in this instance, the hotter body. ¢ And
since heat emanates from bodics in quantities ‘greater as their
temperature is higher, the introduction of a cold body into
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the focus of one mirror, necessarily diminishes the tempera-
ture of a thermometer in the focus of the other, in the same
manner as a black body placed in the focus of the one would
diminish the quantity of light in the focus of the other.” *

(d) In Mr. Leslie’s “ Enquiry into the Nature, &c. of
Heat,” a variety of important experiments are detailed, which
show the influence of covering the reflectors .with various sub-
stances, or of mechanically changing the nature of their sur-
faces, on their power of returning caloric.

2. Caloric is refracted, also, according to the same law that
regulates the refraction of light. This interesting discovery
we owe to Dr. Herschell, whose experiments and apparatus,
however, cannot be understood without the assistance of a
plate. For this reason, I refer to his paper in the 90th vol.
of the Philosophical Transactions, or in the 7th vol. of the
Philosophical Magazine.

8. The nature of the surfuce of bodies has an important in-
fluence over their power of radiating caloric.

To exhibit this influence experimentally, let a canister of
planished block tin, forming a cube of six or eight inches, be
provided, having an orifice at the middle of its upper side,
from half an inch to an inch diameter, and the same in height.
This orifice is intended to receive a cap having a small hole,
through which a thermometer is inserted, so that its bulb may’
reach the centre of the canister. Let one side of the canister
be covered with black paint; destroy the polish of another
side, by scratching it with sand-paper; tarnish a third with
quicksilver; and leave the fourth bright. Then fill the vessel
with boiling water. The radiation of caloric from the black-
ened side is so much more abundant than from the others, as
to be even scnsible to the hand. Place it before a reflector
(fig. 45), in licu of the heated iron ball already described.
The thermometer, in the focus of the second reflector, will
indicate the highest temperature, or most copious radiation of
caloric, when the blackened side is presented to the reflector;
less when the tarnished or scratched side is turned towards it;
and least of all from the polished side.

* Davy’s Chem. Philos. p. 206.
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These varieties in the radiating power of different surfaces,
are attended, as might be expected, with corresponding va-
riations in the rafe of cooling. 1f water in a tin vessel, all of
whose sides are polished, cools through a given number of de-
grees in cighty-one minutes, it will descend through the same
number in seventy-two minutes, if the surface be tarnished
with quicksilver. Water, also, enclosed in a clean and po-
lished tin ball, cools about twicc more slowly than water in
the same ball covered with oiled paper. Blackening the sur~
face with paint, or even a thin coat of varnish, on the same
principle, accelerates greatly the rate of cooling. These facts
teach us, that vessels, in which fluids are to be long kept hot
should have their surfaces brightly polished; and they ex-
plain among other things, the superiority of metallic tea-pots
over those of earthen ware.

5. Radiant caloric is alsorbed with different facility by dif-
ferent surfaces. This is only stating, in other terms, that sur-
faces are endowed with various powers of reflecting caloric;
since the power of absorbing caloric is precisely opposite to
that of reflecting it. Hence the best reflectors of heat will
absorb the least. It may be proper, however, to offer some
illustrations of the principle under this form.

(a) Expose the bulb of a sensible thermometer to the direct
rays of the sun. On a hot summer’s day it will probably rise,
in this climate, to 106°.* Cover it with Indian ink, and
again expose it in a similar manner. During the evapora-
tion of the moisture it will fall; but as soon as the coating
becomes dry, it will ascend to 118° or upwards, of Fahrenheit,
or 10° higher than when uncovered with the pigment. This
cannot be explained, by supposing that the black coating is
gifted with the power of retaining caloric, and preventing its
escape; because from experiments already related, it appears,
that a similar coating accelerates the cooling of a body to which
it is applied.

(0) Colour has considerable influence over the absorption
of caloric. This is shown by the following very simple expe-
riment of Dr. Franklin,

* Watson’s Essays. v. 193.
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On a winter’s day when the ground is covered with snow,
take four pieces of woollen cloth, of equal dimensions but of
different colours, viz. black, blue, brown, and white, and lay
them on the surface of the snow, in the immediate neighbour-
hood of each other. In afew hours, the black cloth will have
sunk considerably below the surface; the blue almost as much ;
the brown evidently less; and the white will remain precisely
in its former situation. Thus it appears, that the sun’s rays
are absorbed by the dark coloured cloth, and excite such a
durable heat, as to melt the snow underncath ; but they have
not the power of penetrating the white. Hence the prefer~
ence, generally given to dark coloured cloths during the win-
ter season, and to light coloured ones in summer, appears to
be founded on reason.

(¢) This experiment has been varied by Sir H. Davy, in a
manner which may be repeated at any season of the year,
Take six similar pieccs of sheet copper, each about an inch
square, and colour the one white, another yellow, a third red,
the fourth green, the fifth blue, and the sixth black. On the
centre of one side of each piece, put a small portion of a mix-
ture of oil and wax, or cerate, which melts at about 76°.
Then expose their coloured surfaces, under precisely equal
circumstances, to the direct rays of the sun. The cerate on
the black plate will begin to melt perceptibly before the red;
the blue next; then the green and the red; and, lastly, the
yellow. The white will scarcely be affected, when the black
is in complete fusion.

Caloric passes, also, but much more slowly, through solid
and liquid bodies, which are then termed conpucroRrs of
caloric.

1. Solid bodies convey heat in all directions, upwards,
downwards, and laterally ; as may be shown, by heating the
middle of an iron rod, and holding it in different directions.

2. Some bodies conduct caloric much more quickly than
others. Coat two rods, of equal length and thickness, the
one of glass, the other of iron, with wax, at one end of each
only; and then apply heat to the uncoated ends. The wax
will be melted vastly sooner from the end of the iron rod, than
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from the glass one; which shows, that iron conducts heat
more quickly than glass.

Even the different metals possess very different powers of
conducting caloric. An approximation to the degree in which
they possess this property, may be attained by the following
method, originally employed by Dr, Ingenhouz. Procure se-
veral solid cylinders, or rods, of.the same size and shape, but
of different metals. They may be six inches long, and onc
4th of an inch in diameter. Coat them, within about an inch
of one end, with bees-wax, by dipping them into this sub-
stance when melted, and allowing the covering to congeal.
Let an iron heater be provided, in which small holes have
been drilled, that exactly receive the clean ends of the cylin-
ders. After heating it below ignition, insert the cylinders in
their places. The conducting power may be estimated by the
length of wax coating melted from each in a given time. Ac-
cording to the experiments of Dr. Ingenhouz, the metals may
be arranged in the following order: Silver possesses the high-
est conducting power; next gold ; then copper and tin, which
are nearly equal; and, below these platina, iron, steel, and
lead, which are greatly inferior to the rest.

It is chiefly owing to the different conducting powers of
bodies, that they affect us, when we touch them, with different
sensations of cold. Thus, if we apply the hand in succession
to a number of bodies (as a piece of wood, another of marble,
&c.), they appear cold in very different degrees. And as this
sensation is occasioned by the passage of caloric out of the
hand into the body which it touches, that body will feel the
coldest, which carries away heat the most quickly; or which,
in other words, is the best conductor. For the same reason,
of two bodies which are heated to the same degree, and both
considerably above the hand, the best conductor is the hottest
to the touch. Thus the money in our pockets often feels hotter
than the clothes which contain it. :

8. Liquid and acriform bodies convey heat on a different
principle from that observed in solids, viz. by an actual change
in the situation of their particles. That portion of the fluid,
which is nearest to the source of heat, is expanded, and be-
coming specifically lighter, ascends, and is replaced by a
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colder portion from above. This, in its turn, becomes heated
and dilated, and gives way to a second colder portion ; and
thus the process goes on, as long as the fluid is capable of im-
bibing heat.

(a) Take a glass tube, eight or ten inches long, and about
an inch in diameter. Pour into the bottom part, for about the
depth of an-inch, a little water tinged with litmus, and then
fill up the tube with common water, pouring on the latter ex-
tremely gently, so as to keep the two strata quite distinct. If
the upper part of the tube be first heated, the coloured liquor
will remnain at the bottom; bat if the tube be afterwards heated
at the bottom, the infusion will ascend, and will tinge the
whole mass of fluid.

(0) Into a cylindrical glass jar, four inches diameter, and
12 or 14 deep, let a circular piece of ice be fitted 3% inches
thick, and of rather less diameter than the jar. Or water may
be poured into the jar to the depth of 81 inches, and allowed
to congeal by exposure to a freczing atmosphere, or by sur-
rounding it with a mixture of snow and salt. The ice is to
be secured in its place by two slips of wood, crossing ench
other like two diameters of a circle, set at right angles to each
other. Pour, over the cake of ice, water of 82° temperature,
to the depth of two inches; and on its surface let there float a
shallow circular wooden box, perforated with holes. From
the cock of a tea-urn, filled with boiling water, and raised so
that its spout may be above the top of the jar, suspend a num-
ber of moistened threads, the lower ends of which must rest
on the surface of the box. By this arrangement, when the
cock is turned, the hot water will trickle down the threads,
and will have its fall considerably broken. It will then spread
over the surface of the box, and pass through the perforated
holes to the cold water beneath, over which it will float with-
out mixing with it. Let the jar be thus completely filled with
hot water. The ice will remain unmelted for several hours at
the bottom of the vessel.

(¢) Fill a similar jar with hot water; and, having provided
a cake of ice, of equal size with the former one, let it be placed
on the surface of the water. In about three minutes, the
whole will be melted. Both these experiments are more
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striking, if the water, used for forming the cakes of ice, be
previously coloured with litmus; for, in the latter experi-
ment, the descending currents of cold water are thus made
apparent.

(d) These experiments may be varied, by freezing, in the
bottomn of a tube one inch wide, a portion of water, about two
inches in depth. Then fill the tube with water of the com-
mon temperature, and hold it inclined over an Argand’s lamp,
so that the upper portion only of the tube may be heated.
‘When thus disposed, the water may be made to boil violently
at the surface, and yet the ice will not be melted. But if the
experiment be reversed, and (the ice floating on the surface)
heat be applied to the bottom of the tube, the ice wnll be li-
quefied in a few seconds.

(e) Substituting water of the temperature of 41° for the boil-
ing water used in experiment (c), Count Rumford found, that,
in a given time, a much greater quantity of ice was melted
by the cooler water. This appears, on first view, rather pa-
radoxical. The fact, however, is explained by a remarkable
property of water, viz. that when cooled below 40° it ceases
to contract, and experiences, on the contrary, an enlargement
of bulk. Water, therefore, at 40° (at the bottom of which is
a mass of ice at 32°), is cooled by contact with the ice, and
is expanded at the same moment. It therefore ascends, and
is replaced by a heavier and warmer portion from above.

It is in consequence of the same property that the surface
of a deep lake is sometimes covered with ice, even when the
water below is only cooled to 40°; for the superficial water is
specifically lighter than the warmer water beneath it, and re-
tains its place, till it is changed into ice. This property of
water is one of the most remarkable exceptions to the law,
that bodies are expanded by an increase, and contracted by
a diminution, of temperature.

From these facts, Count Rumford concluded, that water is
a perfect non-conductor of caloric, and that it propagates ca-
loric in one direction only, viz. upwards, in consequence of the
motions which it occasions among the particles of the fluid.
The Count inferred also, that if these motions could be sus-
pended, caloric would cease to pass through water ; and, with
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the view of deciding this question, he made the following ex-
periments, which admit of being casily repeated. A cylin-
drical tin vessel must previously be provided, two inches in
diameter, and 2% inches deep, having a moveable cover, per-
forated with a small aperture, for transmitting the stem of a
thermometer, which is to be inscrted so that its bulb may oc-
cupy the centre of the vessel.

(f) Fill this vessel with water of the temperature of the
atmosphere; let the cover be put in its place; and let the whole
apparatus, except the scale of the thermometer, be immersed
in water, which is to be kept boiling over a lamp. Observe
how long a time is required to raise the water from its tem-
perature at the outset to 180° and remove it from its situa-
tion. Note, also, how long it takes to return to its former
temperature,

(&) Repeat the experiment, having previously dissolved in
the water 200 grains of common starch. The thermometer
will now require about half as long again to arrive at the same
temperature. A similar retardation, and to a greater amount,
is produced by the mixture of eider-down, cotton-wool, and
various other substances, which are not chemically soluble in
water, and which can diminish its conducting power in no
other way than by obstructing the motion of its particles.

This inference, however, respecting the complete non-con-
ducting power of water, has bLeen set aside by the subsequent
inquiries of Dr. Thomson and Dr. Murray, especially by a
most decisive experiment of the latter. To establish the con-
ducting power of water, it was justly deemed indispensable,
that caloric should be proved to be propagated through that
fluid downwards. This, on actual trial, it appeared to be;
bat it was objected, that the sides of the containing vessel
might be the conductor. To obviate this objection, Dr.
Murray contrived to congeal water into the form of a jar, ca-
pable of holding liquids. This was scparately filled with lin-
seed oil and with mercury. At a proper distance below the
surface, the bulb of a thermometer was placed; and on the
surface of the liquid rested a flat iron vessel, containing boil-
ing water. Under these circumstances, the thermometer in-
variably rose; and though it ascended only a very few de-
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grees, yet it must be recollected, that the cooling power of the
sides of the vessel would effectually prevent any considerable
elevation of temperature. This experiment, in conjunction
with others, decisively proves that water is a conductor,
though a slow or imperfect one, of caloric.

el

SECTION III.

Caloric the Cause of Liquidity.

ALMosT every solid is capable of passing to the fluid state on
the application of a sufficient degree of heat, which is not the
same for all solids, but differs for each. In many solids the
transition to the liquid form is sudden, while others pass
through various stages of liquidity, before they become com-
pletely fluid. The metals arc examples of the first, and wax
or tallow of the second kind of liquefaction. In the former
it is more easy to determine what has been called the fusing
or melting point, which is constant in the same solid. When
the natural form of a body is that of a liquid, and it only
occasionally assumes the solid form, we call the temperature
at which it is solidified the freczing or congealing point ; and
this is also constant in the same liquid, but different in va-
rious liquids, as will more clearly appear from the following
examples.

I. The temperature of melting snow, or of thawing ice, is
uniformly the same at all times, and in all places.—This may
be ascertaincd by the thermometer, which will always, when
immersed in liquefying ice or snow, point to 32° of Fahren-
heit, whatsoever may be the height of the barometer, or the
elevation, above the sea, of the place where the experiment
is made.* :

11. The sensille heat, ortemperature of ice, is not changed ly
liquefaction.—A thermometer in pounded ice stands at 82°,
and at the very same point in the water which results from
the liquefaction of ice.

* Shuckburgh, Philosophical Transactions, Ixix.



SECT. IIl. CALORIC THE CAUSE OF LIQUIDITY, 111

IIL. Yet ice, during liquefaction, must absorl much caloric.—
Expose a pound of water at 32° and a pound of ice at 32° in
a room, the temperature of which is several degrees above the
freezing point, and uniformly the same during the experi-
ment. ‘The water will arrive at the temperature of the room,
several hours before the ice is melted ; and the ice, when first
melted, will have, as before its liquefaction, the temperature
of 32°. Yet the ice must, during the whole of this time,
have been imbibing caloric, because (according to Experi-
ment 1V. § 2.) a colder body can never be in contact with a
warmer one, without receiving caloric from it. The caloric,
therefore, which has entered the ice, but is not to be found in
it by the thermometer, is said to have lecome latent. As it is
the cause of the liquefaction of the ice, it is sometimes called
caloric of fiuidity.

1V. The quantity of caloric that enters into a pound of ice,
and becomes latent, during liqucfaction, may be learned by cx-
riment.—To a pound of water, at 172° add a pound of ice
at 32°.  The temperature will not be the arithmetical mean
(202°), but much below it, viz. 32°. All the excess of caloric
in the hot water has therefore disappeared. From 172° take
32°; the remainder, 140°% shows the quantity of caloric that
enters into a pound of ice during liquefaction; that is, as
much caloric is absorbed by a pound of ice, during its con-

“version into water, as would raisc a pound of water from 82°
to 172°

It is from the property of its uniformly absorbing the same
guantity of caloric for conversion into water, that icc has been

.ingeniously applied, by Lavoisier and Laplace, to the admea-
surement of the heat, evolved in certain operations. Let us
suppose the body (from which the caloric, evolved cither by
simple cooling or combustion, is to be measured) to be inclosed
in a hollow sphere of ice, with an opening at the bottom.
~When thus placed, the heat which is given out will be all
employed in melting the ice; and will produce this effect in
direct proportion to its quantity. Hence the quantity of ice,
which is converted into water, will be an accurate measure of
the caloric, that is separated from the body submitted to ex-
periment. In this way, Luvoisier ascertained that equal
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weights of different combustible bodies melt, by burning, very
different weights of ice. The apparatus which he employed
for this purpose, he has called the calorimeter. Its construc-
tion can scarcely be understood without the plate, which ac-
companics the description in his ¢ Elements of Chemistry;”
and I consider it unnecessary to copy it into this work, be-
causc the instrument is liable to several causes of inaccuracy.

V. The heat rendered latent by the fusion of various bodies is
not a constant quantity, but varies for each individual body.
This is shown by the following results of the experiments of
the two Drs. Irvine.

Caloric of Do. reduced to the
fluidity. sp. heat of water.

Sulphur ....... 148.68° Fahr........ 27.14
Spermaceti..... 145

Lead. .....c... 162 esesesesssssess 0.6
Bees-wax ...... 175

Zinc ...oo00v0e 493 siiieiiiiienees 483
Tin.oeeeieeees 500 suveansennasess 98,

Bismuth ...0000 550 suvieieeeneness 23.25

VI. Other examples of the absorption of caloric, during the
liquefaction of bodies, are furnished by the mixture of snow
and nitric acid, or of snow and common salt, both of which,
in common language, produce intense cold.

1. Dilute a portion of nitric acid with an equal weight of
water : and, when the mixture has cooled, add to it a quan-
tity of light fresh-fallen snow. On immersing the thermo-
meter in the mixture, a very considerable reduction of tem-
perature will be observed. This is owing to the absorption,
and intimate fixation, of the free caloric of the mixture, by
the liquefying snow.

2. Mix quickly together equal weights of fresh-fallen snow
at 32° and of common salt cooled, by exposure to a freezing
atmosphere, down to 32°. The two solid bodies, on admix-
ture, will rapidly liquefy ; and the thermometer will sink $2°,
or to 0; or, according to Sir C. Blagden, to 4° lower.* To
understand this experiment, it must be recollected, that the

* Philosophical Transactions, Ixxrviii. 281.
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snow and salt, though at the freezing temperature of water,
bave each a comsiderable portion of uncombined calorie.
Now salt has a strong affinity for water ; but the union cannot
take place while the water continues solid. In order, there-
fore, to act on the salt, the snow absorbs all the free calorie
required for its liquefaction; and during this change, the free
caloric, both of the snow and of the salt, amounting to 32%
becomes Jatent, and is concealed in the solution. ‘This solu-
tion remains in a liquid state at 0, or 4° below 0 of Fahren.
heit; but if a greater degree of cold be applied to it, the salt
separates in a concrete form.

3. Most neutral salts, also, during solution in water absorb
much ealorie; and the cold, thus generated, is so intense as
to freeze water, and even to congenl mercury. The former
experiment, however (viz. the congelation of water), may
easily be repeated on a summer’s day. Add to 82 drachms
of water, 11 drachms of muriate of ammonia, 10 of nitrate
of potash, and 16 of sulphate of soda, all finely powdered.
The salts may be dissolved separately, in the order set down.
A thermometer, put into the solution, will show, that the
cold produced is at or below freezing; and a little water, in
* a thin glass tube, being immersed in the solution, will be
frozen in a few minutes. Various other freczing mixtures are
described in Mr. Walker’s papers in the Philosophical Trans-
actions for 1787, 88, 89, 95, and 1801, Of these the table,
given in the Appendix, for which I am indebted to the
obliging communication of the author, contains an arranged
abstract. '

4. Crystallized muriate of lime, when mixed with snow,
produces a most intense degree of cold. This property was
discovered some years ago by M. Lovitz, of St. Petersburgy
and has been since applied, in this country, to the congela-
tion of mercury on a very extensive scale. ‘The proportions
which answer best, are about equal weights of the salt finely
powdered, and of fresh-fullen and light snow. Qn mixing
these together, and immersing a thermometer in the mixture,
the mercury sinks with great rapidity. For measuring exactly
the cold produced, a spirit-thermometer, graduated to 50°
below 0 of Fahrenheit, or still lower, should be employed.

YOL. I. I
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A few pounds of the salt are sufficient to congeal a large
mass of mercury. By means of 13 pounds of the muriate,
and an equal weight of snow, Messrs. Pepys and Allen froze
56 pounds of quicksilver into a solid mass. The mixture of
the whole quantity of salt and snow, however, was not made
- at once, but part was expended in cooling the materials them-
selves.

On a small scale it may be sufficient to employ two or three
pounds of the salt. Let a few ounces of mercury, in a very

- thin glass retort, be immersed, first in a mixture of one pound
of each; and, when this has ceased to act, let another similar
mixture be prepared. The second will never fail to congeal

- the quicksilver. The salt thus expended may be again eva-
porated, and crystallized for future experiments.

-In plate iv. fig. 42, a very simple and cheap apparatus is
represented, which I have generally employed to freeze mer-
cury. The dimensions will be given in the description of the
plates.*

The reader, who wishes for farther particulars respecting
these experiments, is referred to the Philosophical Magazine,
iii, 76.

VIL. On the conlrary, liquids, in becoming solid, evolve or
give out caloric, or, in common language, produce heat.

1. Water, if kept perfectly free from agitation, may be
cooled down several degrecs below 32°; but, on shaking it, it
immediately congeals, and the temperature rises to 32°.

2. Exposc to the atmosphere, when at a temperature below
freezing (for example, at 25° of Fahrenheit), two equal quan-
tities of water, in one only of which about a fourth of its
weight of common salt has been dissolved. The saline solu-
tion will be gradually cooled, without freezing, to 4°. The
pure water will progressively descend to 32° and will there
remain stationary a considerable time before it congeals. Yet
while thus stationary, it cannot be doubted, that the pure
water is yielding caloric to the atmosphere, equally with the
saline solution ; for it is impossible that a warmer body can
be surrounded by a cooler one, without imparting caloric to

* Scve Appendix.
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the latter. The reason of this equable temperature is well
explained by Dr. Crawford. (On Heat, p. 80.) Water, he
observes, during freezing, is acted upon by two opposite
powers: it is deprived of caloric by exposure to a medium,
whose temperature is below 82°; and it is supplied with ca-
loric, by the evolution of that principle from itself, viz. of
that portion which constituted its fluidity. As these powers
are exactly equal, the temperature of the water must remain
unchanged, till the caloric of fluidity is all evolved.

8. The evolution of caloric, during the congelation of
water, is well illustrated by the following experiment of Dr.
Crawford :—Into a round tin vessel put a pound of powdered
ice; surround this by a mixture of snow and salt in a larger
vessel ; and stir the ice in the inner one, till its temperature
is reduced to + 4° of Fahrenheit. To the ice thus cooled,
add a pound of water at 32°. One 5th of this will be frozen;
and the temperature of the ice will rise from 4° to 82°. In
this instance, the caloric, evolved by the congelation of one
5th of a pound of water, raises the temperature of a pound
of ice 28°.

4. If we dissolve sulphate of soda in water, in the propor-
tion of one part to five, and surround the solution by a freez-
ing mixture, it cools gradually down to 31°. The salt, at
this point, begins to be deposited, and stops the cooling en-
tircly. This evolution of caloric, during the separation of
a salt, is exactly the reverse of what happens during its so-
lution.*

5. To a saturated solution of sulphate of potash in water,
or of any salt that is insoluble in alcohol, add an equal mea-
sure of alcohol. The alcohol, attracting the water more
strongly than the salt retains it, precipitates the salt, and
considerable heat is produced.

* Blagden, Philosophical Transactions, Ixxviii. 290.

12
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SECTION IV.

Caloric the Cause of Vapour.

L. Every liquid, when of the same degree of chemical purity,
and under equal circumstances of atmospheric pressure, has one
peculiar point of temperalure, at which it invariably boils.—
Thus, pure water always boils at 212°, alcohol of sp. gr. 0.818
at 178°, and ether at 96°, Fahr.; and, when once brought to
the boiling point, no liquid can be made hotter, however long
the application of heat be continued. The boiling point of
water may be readily ascertained, by immersing a thermo-
meter in water boiling, in a metallic vessel, over the fire. As
there is some danger in applying heat directly to a vessel con-
taining either cther or alcohol, the ebullition of these fluids
may best be shown, by immersing the vessel containing them
in water, the temperature of which may be gradually raised.
The appearance of boiling is owing to the formation of vapour
at the bottom of the vessel, and its escape through the heated
fluid above it. That the steam, which escapes, is actually
formed at the bottom, and not at the top of the water, may
be seen by boiling some water in a Florence flask, or other
transparent vessel, over an Argand’s lamp. The bubbles of
vapour will all ascend from the bottom of the vessel. A few
exceptious to the fixity of the boiling point of liquids, arising
chiefly from the material of which the containing vessel is
made, have been stated by Gay Lussac.*

1. Steam has exactly the same temperature as boiling water.
—Let a tin vessel be previded, having two holes in its cover,
one of whichh is just large enough to admit the stem of a
thermometer. Fill it partly with water, and let the bulb of
the thermometer be an inch or two above the surface of the
water, leaving the other aperture open for the escape of
vapour. When the water boils, the thermometer, surrounded
by stearu, will rise to 212°, which is precisely the temperature

* Ann. de Chim. et Phys. vii. 307, or Journ. of Science, v. 361.
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of the water beneath; yet water, placed on a fire, continues to
receive heat, very abundantly, even when boiling hot; and
as this heat is not appreciable by the thermometer, it must
exist in the steam, in a latent state.

IIL Perfectly formed steam is complelely invisible.—We may
satisfy ourselves of this by boiling strongly a small quantity
of water in a flask ; for perfect transparency will exist in the
upper part of the vessel. It is only when it begins to be con-
densed, that steam becomes visible. 'We have a proof also of
the same fact in the thick fogs which are produced by a sudden
transition from warm to cold weather ; the vapour, which was
imperceptible at the higher temperature, being oondensed and
rendered visible by the lower.

The perfect transparency of steam, and also two othel' im-
portant propemes on which depends its use as & movmg
power, viz. its elasticity and its con-
densibility by a reduced temperature, =
are beautifully shown by a little ap-
paratus coutrived by Dr. Wollaston,
of which a sketch is annexed. It
consists of a glass tube about 6
inches long and £ inch bore, as cylin-
drical as possible, and blown out a
litle at the lower end. It has a
wooden handle, to which is attached
a brass clip embracing the tube ; and
within is a piston, which, as well as
its rod, is perforated, as shown by the
dotted lines. = This canal may be I U
occasionally opened or closed by a ‘e o
screw at the top; and the piston rod
is kept in the axis of the cylinder by being passed 4.hrough a
piece of cork fixed at the top of the tube. When the instru-
ment is used, a little water is put into the bottom; the piston
is then introduced with its aperture left open; and the water
is heated over a spirit lamp. The common air is thus expel-
led from the tube, and when this may be supposed to be ef-
fected, the aperture in the rod is closed by the screw. Op ap-

[risoagiac
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plying heat, steam is produced, which drives the piston up-
wards. On immersing the bulb in water, or allowing it to
cool spontaneously, a vacuum is produced in the tube, and the
piston is forced downwards by the weight of the atmosphere.
These appearances may be alternately produced by repeatedly
heating ‘and cooling the water in the ball of the instrument.
In the original steam engine, the vapour was condensed in the
cylinder, as it is in the glass tube; but in the engine as im-
proved by Mr. Watt, the steam is pumped into a separate
vessel, and there condensed ; by which the loss of heat, occa-
sioned by cooling the cylinder every time, is avoided.

IV. The boiling point of the same fluid varies, under different
degrees of atmospheric pressure.—Thus water, which has been
removed from the fire, and has ceased to boil, has its ebullition
renewed when it is placed under a receiver, the air of which
is quickly exhausted by an air pump. Alcohol and ether,
confined under an exhausted receiver, boil violently at the
temperature of the atmosphere. In general, liquids boil in
vacuo, with about 124° less of heat, than are required under
a mean pressure of the atmosphere ;* water, therefore, in a
vacuum must boil at 88°% and alcohol at 49° Fahr., Even
the ordinary variations in the weight of the air, as measured
by the barometer, are sufficient to make a difference in the
boiling point of water of several degrees between the two
extremes,t as shown in the following table.

Height of Boiling point | Height of Boiling point

Barometer. of water. Barometer. of water.
26 cesesesses 204.91° 29 sieeeneses 210.19°
26.5 coeeasnees 205.79 295 ceerenenes 211.07
27 '.........206.67 30 0..".'...212
27‘5.‘..'..'.’207.55 80‘5'....'.'.'212-88
28 ceeieseess 208.43 8l siiiieeess 218.76
28.5.'........209.31

On ascending considerable heights, as to the tops of moun-

® Black's Lectures, i. 151.

+ Sir G. Shuckburgh, in Philosophical Transacuons, Ixxix. 375, and
Gen. Roy in ditto, Ixvii. 687.



SECT.- 1V. CALORIC THE. CAUSE OF VAPOUR. 119.

tains, the boiling point of water gradually falls on the scale of
the thermometer. Thus on the summit of Mont Blanc, water
was found by Saussure to boil at 187° Fahrenheit. On this
fact is founded the use of the thermometer in the measurement
of heights, which though originally suggested by Fahrenheit,
bas only lately been. made conveniently practicable, in con-
sequence of the invention of a thermometer, adapted to the
purpose, by the Rev. Mr. Wollaston.* Without entering
into minute details, it would not be possible to give a clear
iden of the instrument. It may be sufficient to state that each
degree about the boiling point is made to occupy a space, that
admits of being distinctly divided into 1000 parts. And as
each degree of Fahrenheit is equivalent to 0.589 of an inch of
the barometer, which indicates an elevation of 530 feet, it
follows that one thousandth part of a degree will be equiva-
lent to a difference in height of about six inches. In fact, the
height of a common table produces a manifest difference in
the boiling point of water, as ascertained by this sensible in-
strument.

The influence of a diminished pressure in facilitating ebulli-
tion may, also, be illustrated by the following very simple ex-
periment :— Place, over a lamp, a Florence flask, about three
fourths filled with water; let it boil briskly during a few
minutes; and, immediately on removing it from the lamp,
cork it tightly, and suddenly invert it. The water will now
cease to boil ; but, on cooling the convex part of the flask by
a stream of cold water, the boiling will be renewed. Apply-
ing boiling water from the spout of a tea-kettle to the same
part of the flask, the water will again cease to boil. This
renewal of the ebullition, by the application of cold (an ap-
parent paradox), is owing to the formation of an imperfect
vacuum over the hot water, by the condensation of steam ;
and the suspension of boiling, on re-applying the heat, to
the renewed pressure on the surface of the hot water, occa-
sioned by the formation of fresh steam.

From these facts, it may be inferred, thet the particles of

» Phil. Trans. 1817, p. 184.
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caloric are mutually repulsive, and that they communicate
this repulsive tendency to other bodies in which caloric is
contained. This repulsive power tends to change solids into
fluids, and liquids into sériform bodies, and is chiefly counter-
atted by the pressure of the atmosphere.

Were this counterscting cause removed, many bodies,
which at present have a liquid form, would ceuse to be such,
and would be changed into a gaseous state. Precisely the
same effect, therefore, results from the prevalence of either of
these forces. Add to certain liquids a quaatity of calorig, in
other words, place them in a high temperature, and they imme-
diately assume an aériform state: or, their temperature re-
swmining the same, diminish the weight of the atmosphere;
and the caloric, which they naturally contain, exerts its repul-
sive tendency with equal effect, and they are in like manner
converted into gases. These facts are best shown by the fol-
Jowing experiments on ether:

1. Ether, at the temperature of 96°, exists in the state of a
gas. This may be shown by filling a jar with water a few
degrees above this temperature, and inverting it in a vessel of
the same. Then introduce a little ether, by means of a smail
glass tube closed at one end. The ether will rise to the top
of the jar, and, in its ascent, will be changed into gus, filling
the whole jar with a transparent, invisible, elastic fluid. On
permitting the water to cool, the ethereal gas is condensed, and
the inverted jar again becomes filled with water.

2. Ether is changed into gas by diminishing the weight of
the atmosphere. Into a glass tube, about six inches long, and
half an inch in diameter, put a tea-spoonful of ether, and fill
up the tube with water; then, pressing the thumb on the open
end of the tube, place it, inverted, in a jar of water, Let the
whole be set under the receiver of an air pump, and the air
exhausted. The ether will be changed into gas, which will
expel the water entirely from the tube. On re-admitting the
air into the receiver, the gas is again condensed into a liquid
form.

It is evidently unnecessary that a liquid should boil in vacuo,
in order to be converted iato vapour; for all liquids have in
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fact, at every temaperature, a tendency to assume the state of
gas, and several, which exhibit, at the common temperature’
of the atmosphere, no appearance of ebullition, are never-
theless convertible into vapour, at that temperature, under an
exhausted receiver. The quantity of vapour produced én vacuo,
varies with the space, the temperature, and the nature of the
liquid. 1st, It is proportional to the space, for a double space
gives occasion to the formation of a double quantity of vapour;
and if a given volume of vapour be mechanically compressed
into half its bulk, one half will be re-converted into water.
2dly, It increases with the temperature, but in a greater pro-
portion.  8dly, It is different for different liquids; and it may
be obeerved that liquids, which enter most easily into cbul-
lition, are generally, though with some exceptions, those
which at a given temperature afford the densest vapour. Thus
the vapour of ether is more dense than that of water. The
caloric required to produce this sort of evaporation, which
may be called spontaneous, in order to distinguish it from
that produved by obvious sources of heat, is supplied in the

first instance by the liquid itself, the temperature of which is
obeerved to fall, and is regained by contact with surrounding
bodies.

Spontaneous evaporation goes on, also, from the surface of
liquids exposed to the atmosphere, and a quantity of vapour
is produced which, from the same liquid, is determined by
the pressure and the temperature. Ifto a given volume of dry
atmospheric air confined over mercury, we ndmit a small
quantity of water, the volume of the air "is increased by the
admixture of aqueous vapour. Substituting at the same tem-
perature and pressure, any other gas for atmospheric air, an
expansion is produced to precisely the same amount; and it is
remarkable that the quantity and force of vapour, in a given
volume of air or of gas of extreme moisture, is precisely the
same as in Toricellian vacuum of like volume.* These facts
show, as will afterwards more fully appear, that spontaneous
evaporation is entirely independent of any affinity of air for
water, and is to be explained by the general laws regulating
the production and force of vapour.

¢ Dalton’s New System, pr 183

-
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V. On the contrary, by considerally increasing the pressure,
water may be heated to alove 400° Fahrenheil, without leing
changed into vapour.—This experiment requires, for its per-:
formance, a strong iron vessel, called a Papin’s digestor, a
plate of which may be seen in Gren’s Chemistry. That the
boiling point of water, and the temperature of steam, are raised
by an increased pressure, may be equally well shown, however,
by means of the small boiler, represented plate v. fig. 46,
which will be found extremely useful in experiments on this-
subject. Its precise size, and directions for its construction,
will be given in the Description of the Plates.

On the cock ¢ may be screwed, occasionally, a valve, loaded
in the proportion of 14 pounds to the square inch ; or a guage
adapted to show the density of the steam, by the diminution
of bulk in a confined portion of air, which will occupy a bulk
inversely proportionate to the compressing force (fig. 46, f.)
The boiler being rather more than half filled with water, and
the perforated cap d being screwed into its place, the ball of
the thermometer will be an inch or more above the surface
of the water, and will indicate its temperature, as well as
that of the steam, both being, necessarily, in all cases, pre-
cisely the same. Allowing the steam to escape through the
cock ¢, before affixing the valve, the temperature of the steam,
under a mean atmospheric pressure, will be 212°. When an
additional atmosphere is added by the weighted valve, it will
rise to 250° ; by a valve twice as heavy as the first, or loaded
in the proportion of 42 pounds to the square inch (= three
atmospheres), the temperature of the steam will be raised to
more than 270°. This is as far as it is safe to carry the ex-
periment.

An apparatus adapted to the same purposes, has been
contrived, also, by Dr. Marcet, and may be procured from
the makers of philosophical instruments in London. It
consists of two hemispheres (see the figure), generally of
brass, which are fixed together by flanches and screws.
At the upper part are three openings, into one of which
a cock may be screwed; into the other a thermometer
graduated to 250° or upwards; and into the central one
is fixed a long glass tube open at both ends, and reach-
ing to within about one-eighth of an inch of the bottom of the
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boiler.
to fill the tube is first put
into the vessel, and over this
a quantity of water sufficient
to occupy about half its ca-
pacity is poured, and the
cock being shut, the heat of
a spirit lamp with three or
four wicks is applied. With
this boiler precisely the same
experiments may be made
as with that which I have
already described, the only
difference being in its form,
and in the guage for mea-
suring the force of the steam
which is generated ; for this,
by its pressure, drives the
mercury up the tube, and
by the height of the column
exhibits, in a more striking
manner, the correspondence
between the elasticity of the
steam and its temperature.
The elasticity of the va-
pour of water from 82° to
212° Fahr. had been expe-
rimentally determined by
Mr. Dalton, who, from his
results, had calculated its
force at temperatures above
the ordinary boiling point.
It was still, however, desira-
ble to ascertain, by actual
experiment, the elastic force
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When the apparatus is used, mercury sufficient

-

of vapour above 212°, and this has been attempted by Professor

Robison, Mr. Southern, and Dr. Ure.

Mr. Southern’s expe-

riments were made many years ago, but were not published
till very lately, in Dr. Brewster’s edition of Prof. Robison’s
Works. The following table expresses the elasticity o
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aqueous vapour according to his experiments, under one, two,
four, and eight atmospheres.
Pressure in Inches Temperature

Atmospheres. of Mercury. ahr.
l e0 0000 0% 0000 00 29.8 @0 000 000 0000 e 2120

2 s000 00 0b e 5906 s00000 000000 250-3
4 00000000 e 00 119‘2 e00v e veer s 293-4'
8 0000000 0 238-4 2000000008 0 34‘806

Dr. Ure’s experiments were published in the Philosophical
Transactions for 1818, and their general results are contained
in a table, which will be found in the Appendix. Betwcen
82° and 212°, an almost exact coincidence may be observed
between the experiments of Dalton and of Ure; but this ceases
above the boiling point of water; for there Mr. Dalton’s
numbers were calculated on the presumption that the same
law of progression obtains in the higher as in the lower
ranges, which does not appear to be correctly the fact.

Dr. Ure has examined, also, the elastic forces of the vapours
of alcohol, ether, oil of turpentine, and naphtha, and has ex-
hibited the results in the form of atable. To the experiments -
on ether it has however been objected by Mr. Dalton, that
they were made on that fluid in an impure state, as is evident
from its boiling point, which Dr. Ure states at 104° or 105°;
whereas the point, at which pure ether boils under the pres-
sure of the atmosphere, is 96° Fahr. Mr., Dalton has, there-
fore, from his own experiments, constructed a fresh table,
which will also be found in the Appendix.

V1. The density of steam is nearly if not accurately propor-
tional to its elasticily ; at least this may be affirmed of it within
the limits of Mr. Southern’s experiments, which extended to
steam formed under a pressure of 120 inches of mercury, or
of four atmospheres. Thus steam of elasticity = 40 inches
of mercury required 1.430 cubic inches of water to form each
cubic foot of steam ; vapour of 80 inches required 2.940 cubic
inches of water; and vapour =120 inches force required for each
cubic foot 4.279 cubic inches of water. The elasticities, therefore,
and the quantities of water, in these experiments, have the
same common multiple; in other words, steam of double,
triple, &e. elastic force contains, in an equal volume, twice,
thrice, &c. the weight of water.
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VII. The latent heat of the vapours of fluids, though constant
Jor vapour of the same kind, and of a given elasticity, differs in
different vapours.

The latent heat of the vapours of different liquids has been
investigated, so far as I know, only by Dr. Ure. His method
was to distil off a known quantity of each liquid, and to ob-
serve the temperature gained by the water employed to con-
dense its vapour. Irom the results, he has constructed the
following Table. (Phil. Trans. 1818.)

General Talle of latent Heat of Vapours.

Vapour of water at its boiling poist +.eeeevees 967°
alcohol (sp. gr. 0.825)...ciaaerenes M2
sulph. ether (boiling point 184°).... 802.379
petroleum ....coee00ecencscecsae 177.87
oil of turpentine (do. about 310°) . .. 177.87
nitric acid (sp. gr.1.494, boiled at 165°) 531.99
liquid ammonia (sp. gr. 0.978)...... 837.28
vinegar (sp. gr, 1.007) ............ 875.00
VIII. The absorption of caloric, during evaporation, shown ly
experiment.—Moisten a thermometer with alcohol, or with
ether, and expose it to the air, repeating these operations
alternately. The mercury of the thermometer will sink at
each exposure, because the volatile liquor, during the evapo- -
ration, robs it of its heat. In this way (especially with the aid
of an apparatus described by Mr. Cavallo, in the Philosophi-
cal Transactions, 1781, p. 509), water may be frozen in a
thin and small glass ball, by means of ether. The same effect
may be obtained, also, by immersing a tube, containing water
at the bottom, in a glass of ether, which is to be placed under
the receiver of an air pump ; or the ether may be allowed to
float on the surface of the water. During the exhaustion of
the vessel, the ether will evaporate rapidly; and, robbing the
water of heat, will completely freeze it; thus exhibiting
the singular spectacle of two fluids in contact with each other,
one of which is in the act of boiling, and the other of freezing,
at the same moment.
By a little modification of the experiment, mercury itself,
which requires for congelation a temperature of almost 40°
below 0 of I ahrenhelt, may be frozen, as was first shown by
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Dr. Marcet.* A conical receiver, open at the top, is placed
on the plate of an air pump, and a small tube, with a cylin-
drical bulb at its lower end, is suspended within the receiver,
_through the aperture, by means of
a brass plate, perforated in its cen-
tre, and fitting the receiver air
tight, when laid upon its open neck.
The tube passes through this plate,
‘to which it is fitted by a leather
adjustment, or simply by a cork
secured with sealing wax. The
bulb is then wrapped up in a little
cotton wool, or, what is better, in a
small bag of fine fleecy hosiery; in
which a small spirit thermometer,
graduated below 40° Fahr., may
also be included ; and, after being
dipped into sulphuret of carbon
or ether,t the apparatus is quickly
placed under the receiver, which is
exhausted as rapidly as possible. In two or three minutes the
temperature sinks to about 45° below 0, at which moment the
quicksilver in the stem suddenly descends with great rapidity.
If it be desired to exhibit the mercury in a solid state, com-
mon tubes may be used, which have originally becn about an
inch diameter, but have been flattcned by pressure, when
softened by the blow-pipe. The experiment succeeds, when
the temperature of the room is as high as 4+ 40° Fahrenheit.
IX. The fixation of caloric in wuter, by its conversion into
steam, may be shown by the following experiments:—1. Let a
pound of water at 212° and eight pounds of iron filings at
800° be suddenly mixed together. A large quantity of vapour
will be instantly generated; and the temperature of the mix-
ture will be only 212°; but that of the vapour produced is
also not more than 212°; and the steam must therefore con-
tain, in a latent or combined form, all the caloric which raised

* 34 Nich. Journal, 119.
1 -In exhausting a vessel containing either of these fluids, the valves of
the air pump must be metallic. :



SECT. 1V. CALORIC THE CAUSE OF VAPOUR. 127

the temperature of eight pounds of iron filings from 212° to
300°.

2. When a quantity of water is heated several degrees above
the boiling point in a close vessel, and a cock is then suddenly
opened, the steam rushes out with prodigious noise and vio-
lence, and the heat of the water is reduced in three or four
seconds to the boiling temperature. The water, however, con-
stituting the steam which has escaped, amounts to only a very
trifling quantity, and yet it has been sufficient to carry off the
whole excess of heat from the water in the digester.

8. The quantity of caloric, ‘which becomes latent during
the formation of steam, may be approximated, by repeating
the following experiment of Dr. Black : He placed two cylin-
drical flat-bottomed vessels of tin, five inches in diameter, and
containing a small quantity of water at 50°% on a red hot iron
plate, of the kind used in kitchens. In four minutes the water
began to boil, and in twenty minutes the whole was boiled
away. In four minutes, therefore, the water received 162°
of temperature, or 404° in each minute. If we suppose,
therefore, that the heat continues to enter the water at the
same rate, during the whole ebullition, we must conclude that
40.1° x 20 = 810° have entered the water, and are.contained
in the vapour.

It has been found by cxperiment that 75 pounds of New-
castle coal, or 100 pounds of coal of medium quality, applied
in the best manner, are required for the vaporization of 12
cubic feet, or about 892 wine gallons, of water. A pound of
coal, on the average, may be considered as equivalent to con-
vert a gallon of water into vapour. Wood charcoal, by com-
bustion, is capable of melting 94 times its weight of ice, and
of evaporating 13 times its weight of water, previously at 82°
Fahrenbeit. Peat of the best quality, when properly applied,
evaporates 10 times its weight of water, but, as commonly
used, only 4 or 5 times. Even with the assistance of heated
air, only six times its weight can be evaporated, though
Curaudau pretends to have evaporated 25 times its weight.*
From cvidence given before the House of Commons on the
Gas Light Bill, 173 pounds of good London coke appear to

® 79 An. Ch. 86.
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be capable of raising from 66 to 70 pounds of water into
vapour, or about 4 times their weight.*

X. Water, by conversion into steam, has its bulk prodigiously
enlarged, viz accarding to Mr. Walt's experiments, about 1800
times, or, according to Gay Lussac, enly 1698 times.—A cubic
inch of water (or 252 grains) occupies, therefore, when con-
verted into steam, of temperature 212° and force equal to 30
inches of mercury, the space of nearly a cubic foot. The spe-
cific gravity of aqueous vapour under the ordinary pressure of
the air, is to that of perfectly dry air, taking Gay Lussac’s data,
as 10 to 16, or 0.62349 to 1. The specific gravity which it
ought to have from theory is 0.620, for this should result fraom
condensing into one volume two volumes of hydrogen gas, sp.gr.
0.0688, and one volume of oxygen gas, sp. gr. 0.1025. The
experimental result of Gay Lussac was obtained by comparing
air and steam at the common temperature of 212° Fahr.4+ But
as all gases and vapours are expanded or contracted to the
same amount by equal variations of tcmperature, it must be
obvious that the same relation will continue between air and
aqueous vapour at all other degrees of heat, provided both are
subjected to a common temperature and pressure.

X1. On the contrary, vapours, during their conversion into a
liquid form, evolve, or give out, much caloric—The heat given
out, by the condensation of steam, is rendered apparent by
the following experiment. Mix 100 gallons of water at 50°
with 1 gallon of water at 212°; the temperature of the water
will be raised about 14°. Condense by a common still-tub,
1 gallon of water, from the state of steam, by 100 gallons of
water, at the temperature of 80°. The water will be raised
11°.  Hence, 1 gallon of water, condensed from steam, raises
the temperature of 100 gallons of cold water 91° more than
1 gallon of boiling water; and, by an easy calculation, it
appears that the caloric imparted to the 100 gallons of cold
water by 8 pounds of steam, if it could be condensed in 1 gal-
lon of water, would raise it to 950°1 The quantity of ice,
which is melted by steam of ordinary density, is invariably 7.4
times the weight of the steam.

* Sce also Count Rumford’s Researches on the Heat developed in Com-
bustion.  Phil. Mag. xli. xlii. and xliii.
+ Aonn. de Chim. et de Phys. ii. 135. 3 Black’s Lectures, i. 169.
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For exhibiting the latent heat of steam, by means of a small
apparatus, which may be placed on a table, and with the as-
sistance only of a lamp, the boiler already described (fig. 46)
will be found extremely well adapted. The right angled pipe
e must be screwed, however, into its place, and must be made
to terminate at the bottom of a jar, containing a known quan-
tity of water of a given temperature. This conducting pipe
and the jar should be wrapped round with a few folds of
flannel. The apparatus being thus disposed, let the water in
the boiler be heated by an Argand’s lamp, with double con-
centric wicks, till steam issues in considerable quantity through
the cock ¢, which is then to be closed. The steam will now
pass through the right angled pipe into the water contained
in the jar, which will condense the steam, and will have its
temperature very considerably raised. Ascertain the augmen=
tation of temperature and weight; and the result will show,
how much a given weight of water has had its temperature
raised by a cerfain weight of condensed steam. To another
quantity of water, equal in weight and temperature to that
contained in the jar at the outset of the experiment, add a
quantity of water at 212°, equal in weight to the condensed
steam; it will be found, on comparison of the two resulting
temperatures, that a given weight of steam has produced, by
its condensation, a much greater elevation of temperature,
than the same quantity of boiling water. This will be better
understood by the following example, taken from actual ex-
periment :

Into eight ounces of water, at 50° Fahrenheit, contained
in the glass jar, f, fig. 46, steam was passed from the boiler,
till the temperature of the water in the jar rose to 178°. On
weighing the water, it was found to have gained 8! drachms;
that is, precisely 8% drachms of steam had been condensed,
and had imparted its heat to the water.—To facilitate the ex-
planation of this experiment, it is necessary to premise the
following remarks.

To measure the whole quantities of caloric contained in dif-
ferent bodies, is a problem in chemistry which has not yet
been solved. But the quantities of caloric, added to, or sub«
tracted from, different bodies (setting out from a given tem-

VOL. I K
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perature) may, in many cases, be measurcd and compared
with considerable accuracy. Thus, if, as has been already
stated, two pounds of water at 120° be mixed with two pounds
at 60°, half the excess of caloric in the hot water will pass to
the colder portion; that is, the hot water will be cooled 30°,
.and the cold will receive 30° of temperature; and if the ex-
periment be conducted with proper precautions, 90° the
arithmetical mean of the temperature of the separate parts,
will be the temperature of the mixture. If three pounds of
water at 100° be mixed with one pound at 60° we shall have
the same quantity of heat as before, viz. four pounds at 90°.
Hence if the quantity of water be multiplied by the tempe-
rature, the product will be a comparative measure of the quan-
tity of caloric which the water contains, exceeding the zero
of the thermometer employed.

Thus in the Jast exampie,

8 x 100 = 300 = the caloric above zero in the first portion.
1 x 60 60 = the caloric above zero in the second do.

The sum, 360 = the caloric above zero in the mixture.
Dividing 360 by 4, the whole quantity of water, we obtain
90°, the temperature of the mixture.

This method of computation may be conveniently applied
to a variety of cascs. Thus, in the foregoing experiment, 8%
drachms of steam at 212° added to 64 drachms of water at
50°, produced 72} drachms of water at 173°. Now,

721 x 178 = 125421 = whole heat of the mixture.
64 x 50 = 8200 = {llcat of 64 drachms, one of the
component parts.
heat of 8! drachms, the other
component part.

9342 =

Thercfore 9342} divided by 8 = 1099, should have been
the temperature of the latter portion (viz. 8% drachms,) had
none of its heat been latent: aud 1099 — 212 = 887 gives
the latent heat of the steam. This result does not differ more
than might be expected, owing to the unavoidable inaccuracies
of the experiment, from Mr. Watt's determination, which
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states the latent heat of steam at 900°, or from that to 950°.%
Lavoisier, with the aid of the calorimeter, makes it 1000°, or
a little more;+ Mr. Southern, 945; and Dr. Ure, 967.

XIIL. The same weight of steam contains, whatever may be ils
densily, the same quantily of caloric ; its latent heat being in-
creased, in proportion as its sensible heat is diminished ; and the
reverse—This principle, though scarcely admitting of illus-
tration by any easy experiment, is one of considerable impors
tance; and an ignorance of it has been the occasion of many
fruitless attempts to improve the economy of fuel in the steam
engine. The fact, so far as respects steam of lower density
than that of 30 inches of mercury, was long ago determined
experimentally by Mr. Watt.f As the boiling point of liquids
is known to be considerably reduced by a diminished pres-
sure, it seemed reasonable to suppose that, under these cir-
cumstances, steam might be obtained from them with a less
expenditure of fuel. Water, Mr. Watt found, might easily
be distilled in vacuo when at the temperature of only 70°
Fabrenheit. But, by condensing steam formed at this tem-
perature, and observing the quantity of heat which it com-
municated to a given weight of water, he determined that
its latent heat, instead of being only 955° was between 1200°
and 1300°.

The same principle may be explained also by the following
illustration, which was suggested to me by Mr. Ewart. Let
us suppose that in a cylinder, furnished with a piston, we have
a certain quantity of steam, and that it is suddenly compressed,
by a stroke of the piston, into half its bulk. None of the
steam will in this case be condensed; but it will acquire
double elasticity, and its temperature will be considerably in-
creased. Now if we cither suppose the cylinder incapable of
transmitting heat, or take the moment instantly following the
compression before any heat has had time to cscape, it must
be evident that the sensible and latent heat of the steam, taken
together before compression, are precisely equal to the sen-
sible and latent heat taken together of the denser steam. But
in the dense steam, the scnsible heat is increased, and the
latent heat proportionally diminished. The explanation of

v

* Black’s Lectures, i. 174. 4 Ibid, i. 175. 1 Ibid. i, 190.
K 2
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this fact will be furnished by a principle to be hereafter ex-
plained, viz. that the capacities of elastic fluids for caloric are
uniformly diminished by increasing their density.

Direct experiments to ascertain the latent heat of steam,
formed under higher pressures that that df the atmosphere,
have been made by Mr. Southern, of Soho, and by Mr.
Sharpe, of Manchester.* Those of the latter were first pub-
lished ; but were subsequent in point of time to the experi-
ments of Mr. Southern, which, though only lately made pub-
lie,t were instituted many years ago. They consisted in as-
certaining the augmentation of weight and increase of tem-
perature, gained by a given quantity of water, from the
condensation of known volumes of aqueous vapour of different
densities. The results presented slight differences in the la-
tent heat of steam of different densities, but of so small an
amount as to arise probably from unavoidable sources of
error. The following table exhibits the principal results ob-
tained by Mr. Southern.

Temperature Elasticity of ditto Latent
of Steams. in inches of Mercury. Heat.
-229 eesd oo os o s 4‘0 se0 0000000 00 00 94‘20

270 ees st 80 6 000000000 9420
295 tieviinirennens 120 ciiieiiiiiaaa. 950°

The experiments of Mr. Sharpe, and also a recent series
by Clement and Desormes, (of which an abstract is given in

the Appendix to Thenard’s Traité de Chimie, vol. iv. p. 262,
Sme. edition,) establish the same general law. This law is of
great importance in practice, since it shows that no essential
saving of fuel can be reasonably expected from using, as a
moving power, steam formed under high pressures. . On the
contrary, it seems probable that the higher the temperature of
the water in the boiler, the greater will be the loss of heat by
the escape of hot air through the chimney. Nevertheless,
there are certain cases in which high pressure steam may
be advantageously applied to various manufacturing processes,
as a means of communicating heat, when the temperature is
required to exceed 212° Fahrenheit.

A remarkable fact has been observed respecting steam of

* Manchester Society’s Memoirs.  Vol. 2, New Series,
+ Brewster's Edition of Prof. Robison’s Works.
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great elasticity; viz. that when allowed to escape suddenly
from a cock or small aperture in the boiler, the hand may be
held close to the place at which it issues, without being
scalded by it; and even the water of the boiler itself does not
scald under these circumstances. Both the issuing steam and
water must, necessarily, therefore, be considerably under the
temperature of 212°, and are, in fact, found to be so by the
thermometer. This is probably owing to the sudden rare-
faction of the issuing steam in the first case, or sudden pro-

- duction of steam of great rarity in the second ; for this rare-
faction, or sudden production of steam, instantly renders latent
a large quantity of heat, and prevents it from producing those
effects, which are due only to caloric of temperature. There
is still, however, some difficulty, in conceiving, why highly
compressed steam, on being allowed to escape from an orifice,
shiould fall lelow 212°, since that is the temperature which is
due to it under the mean pressure of the atmosphere.

XIII. The evaporation of water is carried on much more ra-
pidly under a diminished pressure, especially if the vapour,
which is formed, le condensed as soon as it is produced, so as to
mainlain the vacuum.

On this principle depends Mr. Leslie’s new and ingenious
mode of freezing water, in an atmosphere of any common
temperature, by producing a rapid evaporation from the sur-
face of the water itself. The water to be congealed is con-
tained in a shallow vessel, which is supported above another
vessel, containing strong sulphuric acid, or dry muriate of
lime ; or even dried garden mould or parched oatmeal. Any
substance, indeed, that powerfully attracts moisture, may be
applied to this purpose. The whole is covered by the re-
ceiver of an air pump, which is rapidly exhausted; and as
soon as this js effected, crystals of ice begin to shoot in the wa-
ter, and a considerable quantity of air makes its escape, after
which the whole of the water becomes golid, The rarefaction
required is to about 100 times; but to support congelation,
after it has taken place, 20 or even 10 times are sufficient. The
sulphuric acid becomes very warm; and it is remarkable, that.
if the vacuum be kept up, the ice itself evaporates. In five or six
days, ice of an inch in thickness will entirely disappear. Theacid
continues to act, till it has absorbed an equal volume of water.
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An elegant manner of making the
experiment is to cover the vessel of
water with a plate of metal or glass
fixed to the end of a sliding wire,
which must pass through the neck
of the receiver, and be, at the same
time, air tight, and capable of being
drawn upwards. (See the annexed
figure.) When the receiver is ex-
hausted, the water will continue fluid,
till the cover is removed, when, in
less than five minutes, needle shaped
crystals of ice will shoot through it,
and the whole will soon become
frozen.

In this interesting process, if it were not for the sulphuric
acid, an atmosphere of aqueous vapour would fill the receiver;
and, pressing on the surface of the water, would prevent the
further production of vapour. But the steam which rises,
being condensed the moment it is formed, the evaporation
goes on very rapidly, and bas no limits but the quantity of
the water, and the diminished concentration of the acid.*

It is on the same principle, that the instrument invented by
Dr. Wollaston, and termed by him the Cryophorus or Frost-
bearer, is founded. It may be formed by taking a glass tube,
having an internal diameter of about ith of an inch, the tubs
being bent to a right angle at the distance of half an inch °
from each ball, thus:

One of these balls should be about half filled with water, and
the other.should be as perfect a vacuum as can readily be ob-
tained, the mode of effecting which is well known to those
accustomed to blow glass. One of the balls is made to ter-

¢ The most complete account of this new mode of freezing is to be
found in the Supplement, uow publishing, to the Encycl. Brit. Art. CoLp
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minate in a capillary tube; and when the water in the other
ball has been boiled over a lamp a considerable time, till all
the air is expelled, the capillary extremity, through which the
steam is still issuing with violence, is held in the flame of the
lamp, till the force of the vapour is so far reduced, that the
heat of the flame has power to seal it hermetically.

When an instrument of this kind is well prepared, if the
empty ball be immersed in a mixture of snow and salt, the
water in the other ball, though at the distance of two or three
fect, will be frozen solid in the course
of a very few minutes. The experi-
ment may be rendered even more strik-
ing, if performed according to Dr.
Marcet’s modification of it: the empty
ball, covered with a little moist flannel,
is to be suspended, in the manner
shown by the annexed sketch, within a
Teceiver, over a shallow vessel of strong
sulphuric acid, and the receiver is then
to be exhausted. In both cases, the
vapour present in the empty ball is condensed by the common
operation of cold; and the vacuum, produced by this con-
densation, gives opportunity for afresh quantity to arise from
the opposite ball, with a proportional reduction of the tem~
perature of its contents.

The large quantity of caloric, latent in steam, renders its
application extremely useful for practical purposes. Thus,
water may be heated, at a considerable distance from the
source of heat, by lengthening the conducting pipe e, fig. 46.
‘This furnishes us with a commodious method of warming the
water of baths, which, in certain cases of disease, it is of im-
portance to have near the patient’s bed-room ; for the boiler,
in which the water is heated, may thus be placed on the
ground-floor, or in the cellar of a house ; and the steam con-
veyed by pipes into an upper apartment. Steam may also be
applied to the purpose of heating or evaporating water, by a
modification of the apparatus. Fig. 46, g. represents the
apparatus for boiling water by the condensation of steam,
without adding to its quantityj a circumstance occasionally of
considerable importance. The steam is received between the

\



186 GASES, CHAP, 111.

vessel, which contains the water to be heated, and an exterior
case; it imparts its caloric to the water, through the substance
of the vessel ; is thus condensed, and returns to the boiler by
the perpendicular pipe. An alteration of the form of the
vessel adupts it to evaporation (fig. 46, 4). This method of
evaporation is admirably suited to the concentration of liquids,
that are decomposed, or injured, by a higher temperature
than that of boiling water, such as medicinal extracts; to the
drying of precipitates, &c. In the employment of either of
these vessels, it is expedient to surround it with some slow
conductor of heat. On a small scale, a few folds of woollen
cloth are sufficient; and, when the vessel is constructed of a
large size for practical use, this purpose is served by the brick-
work in which it is placed.

et

SECTION V.

Caloric the Cause of permanrently elastic Fluidity.—General
Properties of Gases.

From the facts which have been detailed in the last section,
it appears that in vapours, strictly so called, such as the steam
of water, caloric is retained with but little force; for it quits
the water when the vapour is merely exposed to a lower tem-
perature. But, in permanently elastic fluids, caloric is held
very forcibly, and no diminution of temperature, that has
ever yet been effected, can separate it from some of them.
Thus the air of our atmosphere, in the most intense artificial
or natural cold, still continues in the aériform state. Hence
is derived one character of gases, viz. that they remain aéri-
form under almost all variations of pressure and temperature,
and in this class are also included those acrial bodies, which,
being immediately condensed by contact with water, require
confinement over mercury. The following experiment will
show, that the caloric contained in gases, is chemically com-
bined ; or atleast that it is inappreciable by the thermometer.

Into a small retort (plate ii. fig. 26, 1) put an ounce or two
of well dried common salt, and about half its weight of sulphu-
ric acid. Ry this process, a great quantity of gas is produced,
which might be received and collected over mercury. But,
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to serve the purpose of this experiment, let it pass through a
glass balloon, ¢, having three openings, into one of which the
neck of the retort passes, while, from the other, a tube e pro-
ceeds, which ends in a vessel of water, f, of the temperature
of the atmosphere. Before closing the apparatus, let a ther-
mometer, d, be included in the balloon, to show the tempera-
ture of the gas. It will be found that the mercury, in this
thermometer, will rise only a few degrees, whereas the water,
in the vessel which receives the bent tube, will soon become
boiling hot. In this instance, caloric flows from the lamp to
* the muriatic acid, and converts it into gas; but the heat, thus
expended, is not indicated by the thermometer. * The caloric,
however, is again evolved, when the gas is condensed by water.
In this experiment, we trace caloric into a latent state, and
again into the state of free or uncombined caloric.
A considerable part of the caloric, which exists in gases in:
a latent state, may be rendered sensible by rapid mechanical
compression. Thus if air be suddenly compressed in the ball
of an air-gun, the quantity of caloric liberated by the first
stroke of the piston, is suflicient to setfire to a piece of the
tinder called amudon.* A flash of light is said, also, to be
perceptible at the moment of condensation. This fact has
been applied to the construction of a portable instrument for
lighting a candle. It consists of a common syringe, concealed
in a walking stick. At the lower extremity, the syringe is
furnished with a cap, which receives the substance intended to
be fired, and which is attached to the instrument by a male and
female screw. The rapid depression of the piston condenses
the air, and evolves sufficient heat to set the tinder on fire.t
‘When, on the contrary, air is suddenly rarefied to many
times its volume, its temperature falls sufficiently to sink a
very sensible thermometer 50° of Fahr., its sensible heat pas-
sing in this case instantly into a latent form. (See Gay Lus-
- sac, Ann. de Chim. et de Phys. ix. 805.)
For demonstrating the influence of variations of atmosphe-
ric pressure on the formation of gases, better experiments

* Philosophical Magazine, xiv. 303, and x}. 424 t Ibid, xxxi. 130.



138 . GASES. CHAP. III.

cannot be devised than those of Lavoisier.* But as some
students, who have the use of an air-pump, may not possess
the apparatus described by Lavoisier (the glass bell and sliding
wire), it may be proper to point out an easier mode of show-
ing the same fact. This proof is furnished by the experiment
already described, in which sulphuric ether is made to assume
alternately an aériform and liquid state, by removing and
restoring the pressure of the atmosphere.

Gases, when once formed, undergo a considerable change
of bulk by variations of external pressure. The general law,
which has been established on this subject is, that the volume
of gases is inversely as the compressing force. If, for example,
we have a quantity of gas occupying 60 cubic inches, under
the common pressure of the atmosphere, it will fill the space
of only 30 cubic inches, or one half, under a double pressure;
of 20 inches, or one 3d, under a triple pressure; of 15
inches, or one 4th, under four times the pressure; and so on.
When the pressure is sudden, heat is cvolved from all gases,
and it appears, from Gay Lussac’s experiments, that different
gases, when equally compressed, give out different quantitics
of heat, bearing probably a proportion to their specific heats.

The law of the dilatability of gases by heat has already been
stated to be an enlargement of about ;14th part of their bulk
for each degree of I'ahrenheit’s scale, between the freezing
and boiling points of water. At a temperature capable of
rendering glass luminous (probably about 1035° Fahr.), 1 vo-
lume becomes about 2.5.+

When a body heated to a certain point is placed in differ-
ent gases, under circumstances otherwise similar, it is found
to cool with very different velocities; in other words, the
power of elastic fluids to conduct heat differs for different gases.
Mr. Dalton has given a serics of experiments on this subject,
and Sir H. Davy, having raised the same thermometer to the
same temperature, 160° Fahr., exposed it to equal volumes
(21 cubic inches) of the following gases at 52° Fahr.

# See his Elements, chap. 1.
t Davy, Phil. Trans. 1817. p. 54,
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The times for cooling down to 106° were for

Min. See.
Atmospheric air . cvoviveeeess 2,000 0
Hydrogen.. ..oovevivieeie 00000 45
Olefiant gas v.oevvevevecesea oo 15
Coalgas .....vvvvveeneeen 0....55
Azote...iieviiiiiiiinineenaliel. 30
Oxygen ....oivvivennnneenes Lo 47
Nitrous Oxide ..............2....30
Carbonic Acid ...vvvveiieeec 2000045
Chlorine ....vcvviivieneens 80us 6

It appears from this Table, that the powers of elastic
fluids to abstract or conduct away heat from solid surfaces, is
in some inverse ratio to their density. The nature of the
surface of the hot body, it has been shown by Dulong and
Petit, does not affect the conducting power of gaseous bodics;
. but the state of the gases themselves, as to moisture or dry-
ness, has a considerable influence ; for moist gases, as is shown
by Count Rumford’s experiments, conduct heat much more
rapidly than dry ones.

Before dismissing the consideration of the gases in general,
there are a few properties, which it may be proper to notice,
with the view of comparing the degree in which they belong
to different individuals of the class.

I. The exact specific gravity of the different gases is a most
important element, in calculating the proportion of the ingre-
dients of compounds, into which they enter. Nothing, indecd,
can show the importance of this object more strikingly, than
the fact, that on the precise specific gravities of hydrogen
and oxygen gases, depend the whole series of numbers, which
are used to express the weights of the atoms of bodies on the
Daltonian theory. The following Table exhibits the specific
gravities of the most important of this class of bodies.
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TABLE OF THE SPECIFIC GRAVITY OF GASES*
Barometer 80. Thermometer 60°,

specitie et | putporiu
Naurs or Gases. gravity. inches, es.
. Grains.
Atmospheric air ,...000veeuuune...| 1.0000 | 80.50 [Shuckburgh,
Ditto eeeueeerevreerennnsacnssss.| 10000 | 80.199 |Brande,
SiupLE GAsFs,
OXYEON.eurerarrrrrennnseernses] 11088 | 83,82 (Allen and Pepys.
Difto...e.uue...  eeeeeeanieesss] 11111 | 33,888 | Thomson,
Ditto « vvuereronessnrennnsannss.| 11020 | 38.629 |Berzelius and Dulong.
Chlorine .......... vereeeenenees.| 2:5082 | 16.500 |Davy,
Ditto, «evueenernns ererenariannen 2.5000 | 176.250 |Thomson,
Todine (VAPOUT) . ,..vuviene. vonnen 8.678 |244.679 |Gay Lussae.
Hydrogen.....oocvvivnnnnannnnn. 0.0694 | 2.116 |Thomson.,
DO creervseres s oeeeos 0.0688 | 2.098 |Berzeliusand Dulong.
Nltrogen. .. 09722 | 29,652 |Thomsou.
Ditto . eees ..| 0.9760 | 29.768 Berzehus and Dulong.
Carbon (Yapour). ...... v.u.....| 0.422 | 12.870 |Gay Lussac,
Sulphar (ditt0).\,.....ecevvusen...| 11111 [ 33.888 (Thomson.
Phosphorus (ditt0)................| 0-8338 | 25.416 |Ditto.
ComprouNo COMBUSTIBLE.

Ammonia .....uoeviieeieeanaea,.| 0.5960 | 18.18 |Allen and Pepys.
Ditto .oeivirinrenreinaernenes.a.| 0.5981 | 18.08 (Thomsan,
Ditto ..evvunnnn.... eeeeeenenns ..] 0.5912 | 18.03 |Berzcliusand Dulong.
Carbareted hydrogen ............. 0.5555 | 16.944 |Thomsen.
Ditto ....ouvenns cevrersess.] 0.5590 | 17.049 |Berzelius and Dulong.
Bi-carbureted ditto- (oleﬁnnt) 0.9722 | 99.652 |Thomson,
Ditto veeeeerrrrereieanseancaass..| 0.9804 | 29.90 |Berzeliusand Dnlon‘.
Phosphureted hydrogen ceeseees.] 09722 | 29,652 [Thomson.
Biphosphureted ditto (hydro—phost) 0.9653 | 29.441 |Ditto.
Sulphureted hydrogen ............| }.1805 | 86.007 (Ditto.
Sulphuret of carhon .....ec.......| 2.6447 | 80.663 |Ditto.
Arsenureted hydrogen ceriesneess.| 0.5290 | 16.130 |Tromsdorfr.
Cyitnogen .....cceveveesennnsn..,| 1.8055 | 65060 (Gay Lussac.
Ditto . euieiiieeiiiiieiienaans 1.8188 | 55.478 |Berzelivs and Dulong.
Ether mlphuric (vnpour) 2.5808 | 78.714 Berzelins and Dulong.
——- muriatic (dit10) ......0s....| 2.2100 | 67,679 |Thomson.

hydriodic (ditto)............| 54750 |166.957 |Ditto.
——- chloric (ditta) .. ...........| 3.4750 | 105.257 |Ditte.
Alcohol (ditto) ......v0.s ...| 1.6004 | 48.812 |Berzeliusand Dulong.
Turpentine, oil of (ditto). ........| 5.0130 | 152.896 |Thomson,

OxrpEs.

AQueous vapour......eeeeeeoses..| 0.6285 | 19.016 |Gay Lussac.
Nitrous oxide coovvvreereesersns.| 15217 | 46.607 |Thomson.
Ditto ......... ceessssascssesesoeeel 15278 | 46,682 |Berzelius and Dulong.

'* Gay Lussac's Table, which is more copious, but in which the num-
bers are not reduced to a mean of the barometer and therinometer, is copied
into Thomson’s Annals, ix. 16.; a Table by Professor Meinecke of Halle
is inserted in the Journal of Science, &c. iii. 415.
rate paper on this subject is printed in the 16th volume of Annals of Phi-
losophy ; and Berzelius and Dulong’s in the 15th volume of Anunales de

Chim. et de Physique.

Dr. Thomson's elabo-
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Table of Gases continged.

. Wt, of
s .
Nawes oF Gases. I!):Cil‘ﬁc 100 cub. Authorities.
gravity. inches.
Oxides continued. Grains,
Nitric oxide.......... creeessesee.| 10416 | 31.770 Thomson,
Ditto ......c.cecevininniinnnn. .. 1.0010 | 30.530 Berzelinsand Dulong.

Carbonic oxide . tecesereiasascee..| 0.9722 | 29,652 Thomson.
Ditto ....ceveeeinniieiiiana.] 09727 | 20.667 |Berzelius and Dulong.

Actps.

Carboiic vovvecnenanss
Ditto ...... [ T TR
Chloracarbonic (Phosgene
Chlarecyanic (vapour).
Fluoberic. .. ..
Fluo-silicic......
Hydriodic
Hydro-cyanic (vapour).
Muriatic. ...

1.5217 | 46.597 |Thomson.

«+| 1.5240 | 46.481 |Berzelius and Dulong.
.| 3.4722 | 105.902 |Thomson.

..| 2.1520 | 65.636 |Ditto.
£.3709 | 72.312 |Ditto,

.| 8.5135 |108.002 |Ditto.

. | 4.3750 | 133.434 |Ditto.

....| 0.9368 | 28.572 |Ditto.
veeees 12847 | 39.183 |Ditto.

.1 2.4250 | 73.96 Sir H. Davy.
. | 2.2222 | 61.7177 'Thomson.
Snlphuric (vapour)................ 1 27717 | 84.698 |Ditto.

II. All solid bodies, that possess a certain degreé of porosity,
are capable of absorbing gases. 'This was first observed in char-
coal, the power of which to condense different gases will be
fully described in the section on that substance. It has been
found, also, by Saussure, jun. to belong to a stone called
meerschaum, to adhesive slate, asbestos, rock cork, and other
minerals; and to raw silk and wool. The following general
principles are deducible from the experiments of Saussure.*

1. It is necessary to deprive the solid of the air which it
naturally contains. When of a nature not to be injured by
heat, this is most effectually done by igniting the solid, and
quenching it under mercury, where it is to be kept, till ad-
mitted to a given volume of the gas to be absorbed. Solids
that are decomposable by heat may be deprived, though less
effectually, of air, by placing them under a receiver, which
must then be exhausted by the air-pump.

8. The same solid absorbs different quantities of different
gases. Charcoal for instance condenses 90 times its bulk of
ammoniacal gas, and not quite twice its bulk of hydrogen.

3. Solids, chemically the same, absorb different quantities

of the same gas, according to their state of mechanical aggre-

* Thomson's Annals, vi. 241. -
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gation. Thus the dense charcoal of box-wood absorbed 71
volumes of air, while a light charcoal, prepared from cork,
did not absorb a sensible quantity.

4. Differentsolids absorb different quantities of the same
gas; the quantity of carbonic acid absorbed by charcoal being
about seven times greater than that absorbed by meerschaum.

5. When the solid exerts no chemical action on the gas,
the absorption is terminated in 24 or 86 hours.

6. The effect of moistening the solid is to retard the absorp-
tion and to diminish its amount : and when a gas has actually
been absorbed, it is again driven out unchanged, partly by
water of the ordinary temperature, and entircly by exposure
to a boiling heat.

7. During the absoption of a gas by a solid, the tempera-
ture of the latter rises several degrees, and bears a proportion
to the absorbability of the gas, and the rapidity with which it
is condensed.

8. Solids condense a greater number of volumes of the more
absorbable gases, under a rare than under a dense atmosphere;
but if the absorption be reckoned by weight, it is most consi-
derable under the latter state. ‘

9. When a solid saturated with any one gas is introduced
into an atmosphere of any other gas, a portion of the first is
expelled, and a part of the second takes its place,

1. Gases are absorbed by liquids. On this subject the fol-
lowing geueral principles may be laid down.

1. The same liquid absorbs different quantities of different
gases. Thus water takes up its own bulk of carbonic acid,
and not one fiftieth of its bulk of hydrogen gas.

2. Different liquids absorb diffcrent quantities of the same
gas. Alcohol, for instance, absorbs almost twice as much car-
bonic acid, as is taken up by an equal volume of water.

3. The absorption is promoted by first frecing the liquid
from air, either by long continued boiling in a vessel with a
narrow neck, or by the air-pump. It requires, also, brisk
and long continued agitation, cspecially with the less absorb-
able gases.

4. It docs not appear that the gases are absorbed by all
liquids in the same order. Ior example, of four gases, naphtha
absorbs most olefiant gas; oil of lavender most nitrous oxide:
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olive oil most carbonic acid; and solution of muriate of potash
most carbonic oxide. )

5. The viscidity of liquids, though it does not much influ-
ence the amount absorbed, occasions a longer time to be spent
in effecting the absorption. On the other hand, the amount
of any gas which is absorbed by water, is diminished by first
dissolving in the water any saline substance.

6. In general the lightest liquids possess the greatest power
of absorbing gases ; whereas, when there is no evident chemi-
cal action, the heaviest gases are absorbed most copiously and
rapidly by the same liquid.

7. The temperature of a liquid is raised by the absorption
of a gas, in proportion to the amount and the rapidity of the
absorption.

8. In all liquids the quantities of gases absorbed are directly
as the pressure. For example, a liquid, which absorbs its
own bulk of gas under the pressure of the atmosphere, will
still absorb its own bulk of the same gas under double, triple,
&c. pressure; but its own bulk of gas, twice compressed, is
cqual to double its bulk of gas ordinarily compressed, and so
on. The proofs of this law, I have given at length in the
Philosophical Transactions for 1803.

9. When water, or probably any other liquid, is agitated
with a limited quantity of any mixture of two gascs, it does
not absorb one gas to the exclusion of -the other, but absorbs
a portion of both. .In this case, the density of each gas in the
water or liquid has a constant relation to that without, for the
same gas. 'Thus in carbonic acid gas, the density is the same
within and without the water; in olefiant gas and phosphuret-
ed hydrogen, the density within is 1-8th of that without ; in
oxygen and carbureted hydrogen, &c. the density within is
1-27th of that without; in azote and hydrogen, it is about 1-50th,
according to Dalton, though he originally stated itto be 1-G4th,
under the impression that the distances of the particles within
were always some multiple of those without. This concise
enunciation of the general law, deduced by Mr. Dalton
from his experimental enquiries, will be better understood by
the illustrations contained in a paper published in the Annals
of Philosophy, vii. 216, where the reader will find a formula for
ascertaining the quantities of mixed guses absorbed by water.
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The principle, on which gases are absorbed and retained by
liquids, is still a subject of controversy. By Berthollet, Thom-
son, Saussure, and the generality of chemists, it is ascribed, in
all cases, to the exertion of a chemical affinity between the gas
and the liquid ; but it is contended by Mr. Dalton and myself
that the effect in most cases is chiefly, if not wholly, mechani-
cal. The discussion would lead me into details of too great a
length : and I refer, therefore, for a statement of the argu-
ment, to two papers which I have published in the 8th and
9th volumes of Nicholson’s Journal; to Mr. Dalton’s New
System of Chemical Philosophy ; and to his essay, in the 7th
volume of Dr. Thomson’s Annals, which contains a reply to
the objections, advanced against the mechanical theory by
Saussure, in the 6th volume of the same work.

IV. The velocities, with which different gases, when con-
densed artificially by the same degree of pressure, escape
through a capillary tube, has been shown by Mr. Faraday to
vary very considerably.* The following table exhibits the com-
parative times required by some of the gases to escape from a
vessel in which they were all equally compressed at the outset,
tilltheirdnsity arrived at an atimosphere and a quarter.

Carbonic acid required..........., 156.5 minutes.
Olefiant gas cveeevevevrenrnsences 1855
Common air «.veeeevsvsserecass. 128

Coal gas...oeveerseessseasnnees, 100
Hydrogen vovovveevnreeinseessss 57

These differences cease to exist at low pressures; for equal
volumes of hydrogen and olefiant gases passed through the
same tube, at equal low pressures, in almost the same time.
Through small needle holes, hydrogen gas, pressed by a small
column of mercury, escaped about three times more quickly
than olefiant gas. Increasing the pressure, the same propor-
tions were obscrved ; and also, though not to the same de-
gree, when the gases were expelled through slits cut by a
penknife. Both glass and metal tubes produced the effect,
and it was heightened as the gas was made to pass more slowly

* Journal of Science, &¢, iii. 354. vii. 106,
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through the tube, and this whether the increased time were
caused by diminished pressure, increased length of tube, or
diminished diameter. The specific gravity of the gases seems
to have no influence, for carbonic acid, olefiant, and oxygen
gases, under the same pressure and other equal circumstances,
required respectively 4’ 6”, 3’ 8”, and 5’ 45”, for the escape
of the same quantity of gas, numbers, as will be seen from
the foregoing Table of Specific Gravity of Gases, bearing
no proportion to their relative weights. What is singular in
these results is, that the ratio for the same gas varies with
the pressure, and that this variation differs in different gases.
Thus the one which passes with the greatest facility at low
pressures, passes with the least at high pressures.

This investigation has been pursued and extended by M.
Girard. (An.de Chim. etde Phys.xvi. 129.) He was permit-
ted to use for his experiments the gazometer and pipes belong—
ing to one of the gas lighting establishments at Paris. The
gases operated upon were common air, and carbureted hy-
drogen, which, when allowed to escape at different distances
from the gazometer, through equal apertures in a three inch
pipe, and under the same pressure, gave the following results:

The distances being +.....0... 1288, 3758, 6228
The quantities of carb. hyd. were 1281, 710, 541
Ditto of common air...... 902, 541, 894

The escape of carbureted hydrogen, therefore, considerably
exceeded that of common air, but not in proportion to its in-
ferior specific gravity, which is not much more than half that
of the atmosphere, while the excess in the escape of the
lighter gas is far from being double that of the heavier.
Similar results were obtained when the gases were expelled
through tubes of 7 lines in diameter, or through an aperture
in the side of the gazometer, the lighter gas being discharged
in both cases the most abundantly. In the latter case, each
gas escaped 11 times faster, than when it had to traverse a
tube of the same diameter as the hole, and 127 metres 1o
length. In all cases, equal quantities of gas, in any one expe~
riment, escaped in equal times.

These phenomena of the movement of gases through pipes,

VOL. I. L
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M. Girard shows, are exactly the same as those of the linear
movement of incompressible fluids; and he draws several
conclusions, which are important to those practically en-
gaged in operations that require the transmission of gases
through long tubes; for which, however, I must refer the rea-
der to the memoir itself.

V. The colour of the electric sgark, when transmitted through
different gases, has been observed by De Grotthus* to be as
follows : .

In atmospheric aiv of double density, the spark was more
brilliant, but not coloured.

In hydrogen gas..vovvevevienevena. . purple.
— phosphureted hydrogen ........... red.
—— AMMONHA + .uvvvueiarereanseees.. Ted
— dry carbonic acid gas............. violet.
— OXYECN ZAS.uvuieneernivennansas. ditto.
~— QQUEOUS VAPOUL ¢4 vvvvrerennsassss OTANGC
— vapour of ether

® e 00 08 000 0 tO 08 0 ]‘I r .
— ditto of alcohol} celadon green

The general inference from his experiments is, that the
intensity of electric light is always in a dircct proportion to
the density of the gas, and in the inverse proportion to the
conducting power of the gas for electricity.

V1. The comparative soniferous properties of the gases have
been determined by Messrs. Kerby and Merrick ; but as these
belong rather to mechanical than to chemical science, I shall
content mysclf with referring to the account of them in the
27th and %3d volumes of Nicholson’s Journal, and in the 45th
volume of the Philosophical Magazine.

—a—

SECTION VI.
Specific Caloric.

EguaL weights of the same body, at the same temperature,
contain the same quantities of caloric. But equal weights of

* 82 An. de Chim. 34.
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different bodies, at the same temperature, contain unequal
quantities of caloric. The quantity of caloric, which one
body contains, compared with that contained in another, is
called its specific caloric ; and the power or property, which
enables bodies to retain different quantities of caloric, has been
called capacity for caloric. The term specific heat has been
employed also to denote the quantity of caloric which a body
requires, in order to be heated a single degree, or through a
certain number of degrees, relatively to that required by any
other body to produce the same change. The method of de-
termining the specific caloric of different bodies, is as follows:

It has already been observed, that equal weights of the
same body, at different temperatures, give, on admixture, the
arithmetical mean. Thus, the temperature of a pint of hot
water and a pint of cold, is, after mixture, very nearly half
way between that of the two extremes. But this is not the
case, when equal quantities of different bodies, at different
temperatures, are employed.

(a) Ifa pint of quicksilver at 100° Fahrenheit, be mixed
with a pint of water at 40°, the resulting temperature will not
be 70° (the arithmetical mean), but only 60°. Here the quick-
silver loses 40° of heat, which neverthelcss raise the tempera-
ture of the water only 20°: in other words, a larger quantity
of caloric is required to raise the temperature of a pint of wa-
ter, than that of a pint of mercury, through the same num-
ber of degrees. Hence it is inferred, that water has a greater
capacity for caloric than is inherent in quicksilver.

() The experiment may be reversed, by heating the water
to a greater degree than the quicksilver. If the water be at
100° and the mercury at 40° the resulting temperature will
be nearly 80°; because' the pint of hot water contains more
caloric, than is necessary to raise the quicksilver to the arith-
metical mean.

(¢) Lastly, if we take two measures of quicksilver to one of
water, it is of no consequence which is the hotter; for the re~
sulting temperature is always the mean between the two ex-
tremes ; for example, 70, if the extremes be 100° and 40°.
Here, it is manifest, that the same quantity of caloric, which
makes one measure of water warmer by 80°% is sufficient for

L 2
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making two meusures of quicksilver warmer by the same num-
ber. Quicksilver has, therefore, a less capacity than water
for caloric, in the proportion, when equal measures are taken,
of one to two.

If, instead of equal bulks of quicksilver and water, we had
taken equal weights, the disparity between the specific caloric
of the mercury and water would have been still greater. Thus
a pound of water at 100° mixed with a pound of mercury at
40°, gives a temperature of 971° or 271° above the arithmeti-
cal mean. In this experiment, the water, being cooled from
100° to 97.1°, has lost a quantity of caloric reducing its tempe-
rature only 2.°; but this caloric, communicated to the pound
of mercury, has occasioned, in its temperature, a rise of no less
than 573°. Therefore, a quantity of caloric, necessary to
raise the temperature of'a pound of water 2.°, is sufficient to
raise that of a pound of mercury 574°; or, by the rule of pro-
portion, the caloric, which raises the temperature of a pound
of water 1°, will raise that of a pound of quicksilver about

8°.  Hence it is inferred, that the quantity of caloric con-
tained in water, is to that contained in the same weight of
quicksilver as 23° to 1°.  On, stating the caloric of water at
1°, that of quicksilver will be ;. part of 1°, or 0.0435.*

In a similar manner may the specific heats of other bodies
be ascertained. If a pound of water at 100° and the same
weight of oil at 50°% be mixed, the resulting tempcrature is
not 75°% (the mean) but 83.°; the water, therefore, has lost
only 162°, while the oil has gained 331°. Or if equal weights
of water at 50°, and oil at 100°, be mixed, the resulting tem-
perature is 661° so that the oil has given out 33:° and the
water has increased only 162°. (Dr. Thomson’s Chemistry,
vol.i.) Hence the heat, which raises a given weight of water
1°, will raise the same weight of oil 2°; and as the specific
heats are inversely as the changes of temperature, the specific
heat of water may be called 1, and that of oil 0.5.

In some instances, it is not possible intimately to mix toge-
ther the bodies under examination. When the specific heat

* The above numbers, which differ from those commonly stated, are
given on the authority of Mr. Dalton.



SECT. VI. SPECIFIC CALORIC, 149

of a solid mass of metal is to be ascertained, it may be heated
throughout to a certain degree, and then surrounded by
water of 32° observing the increase of temperature which is
gained by the water, and calculating the specific heat in the
same manner as before. This was the method of Wilcke;
but Lavoisier and Laplace substituted ice for water, placing, by
means of an apparatus called the Calorimeter, the heated
body in the centre of a quantity of ice, and determining the
caloric evolved, by the quantity of ice meclted in each in-
stance.

When this comparison is extended to a great variety of bo-
dies, they will be found to differ very considerably in their ca-
pacities for caloric.  The results ¢f numerous experiments of
this kind are comprised in a table of specific caloric.*

The capacities of bodies for caloric influence, considerably,
the rate at which they are heated and cooled. In general,
those bodies are most slowly heated, and cool most slowly,
which have the greatest capacities for heat.t Thus, if water
and quicksilver be sct, in similar quantities, and at equal dis-
tances before the fire, the quicksilver will be much more ra-
pidly heated than the water ; and, on removal from the fire, it
will cool with proportionally greater quickness than the water.
By ascertaining then the comparative rates of cooling, we may
determine, with tolerable exactness, the specific caloric of
bodies.

It has been doubted whether the specific heats of bodies
are permanent so long as they rctain their form; in other
words, whether a quantity of heat, which raiscs a body
through a certain number of degrees at any one temperature,
will raise it through an equal number of degrees at other tem-
peratures. This subject, to which Mr. Dalton had formerly
turned his attention,{ has been lately investigated more com-
pletely by Petit and Dulong.§ They heated the body to be
tried to the required temperatures, and ascertained what
number of degrees of heat it communicated to a certain quan-
tity of water. Repeating these trials at various points of the
thermometric scale, they found that the specific heats of bodies

# See the Appendix. 4 See Martine, on Heat, page 74.
New System, voi. i. p. 53. § Aonals of Philosophy, xiii.
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are greater at high than at low temperatures.
specific heat of iron was found to e as follows :

Centigrade.

teees 080 850% cieinieninnnn

CHAP. IIl.

Thus the

Specific heat,
From 0 to 100°%...v0eereennenseceeess 0.1098
veeee 010 200°%. iiiiiiiiiiannennennss 01150
veeee 010 300°% .. iiiiiiiiireeianaaas 01218
cerennees 01255

The same law was found to extend to various other bodies,
as is shown by the following Table :

Sp. heats between Sp. heats between

0° aud 100° cent.

Mercury.oveeeneen.. 0035
Zinc ...iiivienen.. 00927
Antimony .......... 0.0507
Silver cvvveeiieenes 00557
Copper cvvveeveeens. 0.0949
Platinum ........... 0.0355
Glass vvvvuevnnia.. 01770

ee s s s 00 e

D R I )

ee e s e s 0

0° and 300° cent.

0.0350
0.1015
0.0549
0.0611
0.1013

cvesessses 0.0355
cessesaese 0.1900
Another important law, deduced by Petit and Dulong,
from their researches on heat is, that the atoms of all simple
lodies have precisely the same specific heat. This
from the following Table, the third column of which ex-
presses diffcrences so small, that they may reasonably be im-
puted to unavoidable inaccuracies in the method of deter-
mining the true weights of the atoms.

will appear

Sp. heats

of water being

, that

Wyght. of the
atoms, that of

‘Productofthe
weight of the
atom by the

1. oxyg. being l‘,Sp. heat.
Bismuth....ccovveeeveee..d 0.0288 | 13.300 i 0.3830
Lead «vvvvveenernnennnenss 00293 | 12.950 | 0.3794
Gold...ovvevvrrnnnnnnnnn..| 00298 | 12430 ' 0.3704
Platinum ............000... 0.0314 | 11.160 ' 0.8740
T eeerienneeneaneene.s 00514 | 7.850 | 0.8779
Silver.......ceviiienniinn.| 00557 | 6,750 | 0.8759
ZInc....ciieitiiiinnnee..s 0.0927 4.030 ;| 0.3736
Tellurium ....v000vvveee...| 0.0912 4.030 I 0.5675
Copper.....coovvvvencsns.. 0.0949 8.957 | 0.8755
Nickel ....co0vvveveeena..| 0.1085 3.690 | 0.3819
Iron .. .vivieveeneeenend 07100 8.392 | 0.8731
Cobalt .........cccovono.. .| 01498 2.460 | 0.3685
Sulphur...................| 0.1188 | 2.011 | 0.3780
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The determination of the specific heat of gases is a difficult
and important problem, which has successively employed the
labour and ingenuity of Crawford, Lavoisier and De la Place,
Leslie, Gay Lussac, Dalton, Delaroche and Berard, and Cle-
ment and Desormes. The details of the experiments of
Delaroche and Berard are given in the 85th volume of the
Annales de Chimie, preceded by an historical review of the
labours of their predecessors. The following Table contains
the general results :

TABLE OF THE SPECIFIC HEATS OF SOME GASES:

Na'ks oF Gasks. Under equal | Under cqual | Specdific

volumes, weights, gravities,
Atmosphericair ............ 1.0000 | 1.0000 | 1.0000
Hydrogen gas...... ceveessas 0.9033 |12.340 0.0732
Oxygengas....ovvvereenns.| 09765 | 0.8848 | 1.1086
Nitrogen gas..... vevsee.nsd 1.0000 | 1.0318 | 0.9691

Nitrous oxide ...vcveveee...| 1.8503 | 0.8878 | 1.5209
Olefiant gas..o..ovvvver ool 1.5530 | 1.5763 | 0.9885
Carbonic oxide.............| 1.0340 | 1.0805 | 0.9569
Carbonicacid .............. 1.2583 | 0.8280 | 1.5196

Taking water as unity, the specific heats of the gases are
as follow : '

Talle of the Specfiic Heuts of the Guses, waler being taken
as unily.
Water ..cvcvevecersancesssss 1.0000
Atmospheric air .....c.0000000. 0.2669
Hydrogen gas ..........ecc0uv.. 3.2036
Carbonicacid .. ..eveveeeene. .. 0.2210
Oxygen......coc.t cesaresees 0.2861
AZOte..vvvrevenneennc-casasss 02754
Protoxide of azote.....e0000c.. 0.2369
Olefiant gas. «.oeveneesoosnesos 0.4207
Oxide of carbon .............. 0.2884
Steam of water ...oveveeseoesa. 0.8470

After having thus determined the specific heats of the gases,
MM. de la Roche and Berard ascertained that the spe-
cific heat of any one gas, considered with respect to its volume,
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augments with its density, but in a proportion less than the

increase of density.

On this subject, M. M. Clement and

Desormes have given the following results :

Under the
pressure of Sp. heat.
in. of mer.

Atmospheric air...... 89.6
Ditto.seeracesreesss 29.84
Ditto.ceeveeerneoess 1492
Ditto..ceverercnnnes 744
Ditto.svvereienieees 874
Azotic gas c.eeeeeees 29.84
Oxygen eseeeceeeoss 29.84
Hydrogen..oovee.o.. 29.84

esesesscsces 1.215
esseesessess 1.000
seeene eeeees 0.693
cesseerscaass 0.540
teseeseneses 0.836G8
cresssesssss 1000
ceesssascees 1.000
cevessrceses 0.66%4
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CHAPTER 1V.
OF LIGHT.

THe laws of light, so far as they relate to the phenomena of
its movement, and to the sense of vision, constitute the science
of oprics; and are the objects, therefore, not of Chemistry,
but of Natural Philosophy. It may be proper, however, by
a brief statement of its physical properties, to recal them to the
memory of the reader.

1. Thelight of the sun moves with the velocity of 200,000
miles in a second of time, in consequence of which it passes
through the whole distance between the sun and the earth in
about eight minutes. )

2dly. While it continues to move through a transparent
medium of uniform density, its motion is in perfectly straight.
lines, but in passing obliquely out of one medium into another,
it undergoes a change of direction. If the new medium be
denser than the old, the ray of light is bent or refracted nearer
to the perpendicular; but in passing out of a denser into a
rarer medium it is refracted from the perpendicular; and
there is a constant proportion between the sine of the angle of
incidence and that of refraction. Transparent media, also,
not only cause a change of the direction of a ray, but decom-
pose it into its constituent parts, an effect which has been
called dispersion.

8. In general the amount of refraction is proportional to
the density of a body, but inflammable substances cause a
greater refraction than might have been inferred from their
densities, and the refractive power of the same inflammable
substance bears a proportion to its perfection, insomuch that
this property may be used as a test of its purity. Thus Dr.
‘Wollaston found that genuine oil of cloves has a refractive
power of 1.585, while that of an inferior quality did not ex-
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ceed 1.498. The powers of the gases to refract light are ex-

hibited in the following table by MM. Biot and Arago, from

which it appears that the combustible gases surpass the others

in this property, and that hydrogen gas exceeds them all.

Talle of the Refructing Powers of different Gases. (Therm.
. 82° Fuhr. Bar. 30 in.)

Atmospheric air ........ 00000000 1.00000
Carbonicacid...........ccvvvee.. 1.00476
Azoticgas ovoivvies cevvianiaie. 1.03108
Muriatic acid gas ...c.ovvvieea .. 1.19625
Oxygen gas....ocvvieeenneneiaes. 186161
Carbureted hydrogen ............ 2.09270
Ammonia .....oiiiiiiiieee ... 216851
Hydrogen gas..oooovvivveiiieanes 661436

4. When a ray of light arrives at the common surface of
two media, and, instead of passing from the one into the othier,
is turned back into the first, this turning back is called re-
Slection.  'The angles of incidence and reflection are, in this
case, always equal, whatever may be the obliquity of the in-
cident ray.

5. All objects scen by reflection or refraction appear in that
place or direction from whence the rays were last reflected
or refracted to the cye,

6. There are certain bodies (Iccland spar for example)
which exhibit a double image of any object that is viewed
through them, or are said to r¢fract doully. 1In this case, onc
portion of the light is refracted according to the common law,
the other undergoes an extraordinary refraction, in a planc
parallel to the diagonal which joins the two obtuse angles of
the crystal. If the ray, which has thus suffered double re-
fraction, be made to fall on another crystal placed parallel to
the first, no new division of the rays will happen; but if the
second crystal be placed in a transverse direction, that part of
the ray, which before suffered ordinary refraction, will
now undergo extraordinary refraction; and that which un-



CHAP. 1V. LIGHT. 155

derwent cxtraordinary refraction will now suffer ordinary
refraction.

7. A ray of light, falling upon a polished surface of glass
at an angle of 85° 25%, is reflected in a straight line at the
same angle. . But if a second plate of glass be so placed that
the reflected ray will fall upon it likewise at an angle of 35° 25/,
and if the second plate be slowly turned round its axis, without
varying the angle which it makes with the ray that falls upon
ity a curious phenomena is obscrved. If the planes of reflce-
tion be parallel to each other, the ray of light is reflected from
the second glass in the same manner as from the first. But if
the second glass be turned round a quadrant of a circle, so as to
make the planes of reflection perpendicular to each other, the
whole of the ray will pass through the second glass, and none
of it will be reflected. When the seccnd glass is turned round
another quadrant of a circle, so as to make the reflecting
planes again parallel, the ray will be reflected by the second
glass as at first; but when turned round three quadrants, the
whole light will be again transmitted, and none of it reflected.
Under certain circumstances, therefore, light can penetrate
through glass when in one position, but not in another. In
the latter case, it has been termed by Malus polarised light, on
the supposition that the light has been bent into another po-
sition, as the needle is by a magnet.* For a popular state-
ment of the discoveries of Malus, the reader is referred to the

2d vol. of Nicholson’s Journal, p. 344; for those of Dr.
Brewster to the Phil. Trans. for 1813 and following years;
and for the experiments of Biot and Arago to the Y4th vol.
of Annales de Chimie, or to the Traité de Physique of the
former philosopher.

Light is capable of producing also important chemical ef-
fects, and of entering into various chemical combinations. Its
action is, for the most part, exerted in de-oxidizing bodies;
and facts of this kind cannot be perfectly understood, until two
important classes of bodies have been described, viz. those o
oxides and of acids, In this place, therefore, I shall state only

* Thomson's Chemistry, i. 16.
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afew of its least complicated effects ; and shall trace its agency
on individual bodics, as they become the objects of experiment
in the sequel.

I. Light, in the statc in which it reaches the organ of vision,
it is well known, is not a simple body, but’is capable of being
divided, Ly the prism, into seven primary rays or colours,
viz. red, orange, yellow, green, blue, indigo, and violet. These
‘are refrangible in the above order, the red being least refran-
gible, and the violct most so. The image formed by the dif-
ferent rays, thus separated, constitutes the soLAR sPECTRUM.
If it be divided into 300 parts, the red will occupy 45 of these
parts, the orange 27, the ycllow 48, the green 60, the indigo
40, and the violet 50. Dr. Wollaston found, however, that
when a beam of light only -:;th of an inch broad is reccived
by the eye, at the distance of ten feet, through a clear prism
of flint glass, only four colours are seen, viz. red, yellowish
green, blue, and violet. The different coloured rays, being
collected by a lens into a focus, again produce uncoloured
light.

II. Heat and lurht are not present, in corrcsponding de-
grees, in dlﬂ'ercnt parts of the solar spectrum. With respect
to the illuminating power of each colour, Dr. Herschell found
that the red rays are far from having it in an eminent degree.
The orange possess more of it than the red; and the yellow
rays illuminate objects still more perfectly. The maximum of
illumination lies in the brightest ycllow or palest green. The
green itsclf is nearly equally bright with the yellow; but from
the full decp green the illuminating power decreases very
sensibly. That of the bluc is nearly on a par with that of
the red; the indigo has much less than the blue, and the
violet is very deﬁclent.*

II1. The heating power of the rays follow a different order.
—If the bulb of a very scnsible air thermometer be moved in
succession, through the differently coloured rays, it will be
found to indicate the greatest heat in the red rays; next in
the green; and so on, in a diminishing progression, to the

¢ Philosophical Transactions, 1800, page 267.
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violet. The precise effects of the different rays, determined
by Dr. Herschell’s experiments, are as follows :

The thermometer rose

AN
In the blue, in 3 minutes from 55° to 5(;"
~——— green, in 8 54 to 58
yellow, ing ——— 56 to62
full red, in2, —— 56 to72
— confines of red, in 21 ——— 58 to 731

IV. When the thermometer is removed entirely out of the
confines of the red rays, but with its ball still in the line of the
spectrum, it rises even higher than in the red rays; and con-
tinues to rise, till removed half an inch beyond the extremity
of the red rays. In thissituation, quite out of the visible light,
the thermometer rose in 2 minutes from 61 to 79. The ball
of the thermometer, employed for this purpose, should be ex-
tremely small,* and should be blackened with Indian ink.
An air thermometer is better adapted than a mercurial one,
to exhibit the minute change of temperature that ensues.
These INVISIBLE HEAT-MAKING RAYS may be reflected by the
mirror, and refracted by the lens, exactly in the same manner
as the rays of light.

A fact has been ascertained by Dr. Delaroche, which seems
to point out a close connection between heat and light, and a
gradual passage of the one into the other. The rays of invi-
sible heat pass through glass with difficulty, at a temperature
below that of boiling water, but they traverse it with a facility
always increasing with the temperature, as it approaches the
point when bodies become luminous. From these experi-
ments it would appear that the modification, whatever it be,
which must be impressed on the invisible rays, to render them
capable of penetrating through glass, makes them approach
more and more to the state in which they must be, when they
enter the eye, and occasion the sensation of vision.

* Excellent thermometers for this purpose, and others requiring great
sensibility, are made by Mr. Crichton, of Glasgow, and Mr. Cary, of
Loundon.



158 LIGHT. CHAP. 1V,

The experiments of Dr. Herschell, already confirmed by
Sir H. Englefield and other philosophers, were found correct
in the main, when repeated by Mr. Berard,* who observed
the same progressive heating power in the rays from the
violet to the red. But he found the greatest heating power
in the red extremity of the spectrum, and not beyond it. He
fixed it at the point, where the bulb of the thermometer was
still entirely covered by the red ray; and the thermometer
sunk progressively, in proportion as the distance of its bulb
from the red ray increased. Eutirely out of the visible spec-
trum, where Herschell fixed the maximum of heat, its ele-
vation above the ambient air was only one-fifth of what it had
been in the red ray itself. The reflection of invisible radiant
heat, Mr. Berard found, follows preciscly the same law as that
of light, and that the rays of heat are capable of polarization
equally with those of lwht.

V. Beyond the con{mcs of the spectrum on the other side,
viz. a little beyond the violet ray, the thermometer is not af-
fected ; but in this place it is remarkable, that there are also
invisible rays of a different kind, which exert all the chemical
effects of the rays of light, and with even greater cnergy.
Onc of the chemical properties of licht, it will hereafter be
stated, is, that it speedily changes, from white to black, the
fresh-precipitated muriate of silver.t  This effect is produced
most rapidly by the dircct light of the sun; and the rays, as
separated by the prism, have this property in various degrecs.
The blue rays, for example, cffect a change of the muriate of
silver in 15 seconds, which the red require 20 minutes to ac-
complish; and, gencrally speaking, the power diminishes as
we recede from the violet extremity. But entirely out of the
spectrum, and beyond the violet rays, the effect is still pro-
duced. Hence it appears, that the solar beams consist of
three distinct kinds of rays; of those that excite heat, and
promote oxidation; of illuminating rays; and of pE-oxipiz-
ING OR HYDROGENATING RAYS. It has lately, also, been as-
serted by Morrichini, that the violct rays have a magnetising
power, and are capable of reversing the poles of a necdle al-

¢ Thomson’s Annals, ii. 163. 1 See chap. ix. sect. 35.
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ready magnetic.* A striking illustration of the different
power of the various kinds of rays is furnished, by their effect
on phosphorus. In the rays beyond the red extremity, phos-
phorus is heated, smokes, and emits white fumes; but these
are presently suppressed, on exposing it to the de-oxidizing
rays, which lie beyond the violet extremity.

¢« I found,” says Sir H. Davy,+ ¢ that a mixture of chlorine
and hydrogen acted more rapidly upon each other, combin-
ing without explosion, when exposed to the red rays, than
when placed in the violet rays; but that solution of chlorine
in water became solution of muriatic acid most rapidly, when
placed in the most relrangible rays of the spectrum. Puce-
coloured oxide of lead, when moistened, gradualiy gained a
tint of red in the least refrangible rays, and at last became
black, but was not affected in the most refrangible rays; and
the same change was produced by exposing it to a current of
hydrogen gas. 'The oxide of mercury, procured by a solu-
tion of potash and calomel, exposed to the spectrum, was not
changed in the most refrangible rays, but became red in the
least refrangible ones, which must have depended on its ab-
sorbing oxygen, The violet rays produced, upon moistened
red oxide of mercury, the same effects as hydrogen gas.”

The experiments of Berardf.confirm those of Ritter and
Wollaston. To show the disproportion between the cnergies
of the different rays, he concentrated, by means of a lens, all
that part of the spectrum, which extends from the green to
the extreme violet; and, by another lens, all that portion,
which extends from the green to tlie extremity of the red. In
the focus of this last half, though intenscly bright to the eyes,
muriate of silver remained above two hours unaltered ; but in
that of the former half, though much less bright, it was black-
ened in less than six minutes.

VI. There is an exception, however, as stated by Dr. Wol-

¢ Ann.de Chim. et Phys. iii. 323 ; Jour. of Science, v. 138 ; and Thom-
son’s Annals, xii. 1.

4 El of Chem. Phil. p. 211.

1 Thomson's Annals, ii. 165, and xvi. 6; also Brewster’s Ed. Journal,
i. 239; and Silliman’s American Journal, i, 89.
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laston, to the de-oxidizing power of the rays above-mentioned.
The substance, termed gum-guaiacum, has the property, when
exposed to the light, of being changed from a yellowish co-
lour to green; and this effect he has ascertained to be con-
nected with the absorption of oxygen. Now in the most re-
frangible rays, which would fall beyond the violet extremity,
he found that this substance became green, and was again
changed to yellow by the least refrangible. This is precisely
the reverse of what happens to muriate of silver, which is
blackened, or de-oxidized, by the most refrangible; and has
its colour restored, or is again oxygenized, in the least re-
frangible rays.

VII. Certain bodies have the property of absorbing the rays
of light in their totality ; of retaining them for some time;
and of again evolving them unchanged, and unaccompanied -
by sensible heat. Thus, in an experiment of Du Fay, a dia-
mond exposed to the sun, and immediately covered with
black wax, shone in the dark, on removing the wax, at the
expiration of several months. Bodies, gifted with this pro-
perty, are called soLArR PHospHORI. Such are Canton’s,
Baldwin’s, Homberg’s, and the Bolognian phosphori, which
will be described hereafter. 'To the same class-belong seve-
ral natural bodies, which retain light, and give it out un-
changed. Thus snow is a natural solar phosphorus. So also
is, occasionally, the sca when agitated; putrid fish have a
similar property; and the glow-worm belongs to the same
class. These phenomena are independent of every thing like .
combustion; for artificial phosphori, after exposure to the
sun’s rays, shine in the dark, or_when placed in the vacuum of
an air-pump, or under water, &c. where no air is present to
effect combustion.

VIIL. From solar phosphori, the extrication of light is
facilitated by the application of an elevated temperature ; and,
after having ceased to shine at the ordinary temperature, they
again emit light when exposed to an increase of heat. Several
bodies, which do not otherwise give out light, evolve it, or
become phosphorescent, when heated. Thus, powdered fluate
of lime becomes luminous, when thrown on an iron plate
raised to a temperature rather above that of boiling water;
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and one of its varieties, known to mineralogists under the
name of chlorophane, gives out abundantly an emerald green
light by the mere heat of the hand; and after being exposed
to the sun, or even to a candle, coutinues to shine in a dark
place for some time.* The yolk of an egg, when dried, be-
comes luminous, on being heated; and so also does tallow
during liquefaction. To exhibit the last mentioned fact, it is
merely necessary to place a lump of tallow on a coal, heated
below ignition, making the experiment in a dark room.

IX. Attrition, also, cvolves light. 'Thus, two picces of
common bonnet cane, rubbed strongly against each other in
the dark, emit a faint light. "Two pieces of borax or of quartz
have the same property much more remarkably.

X. Light is disengaged in various cases of chemical com-
bination. Wlhenever combustion is a part of the phenomena,
this is well known to happen; but light is evolved, also, in
other instances, where nothing like combustion goes forward.
Thus, fresh prepared pure magnesia, added suddenly to highly
concentrated sulphuric acid, exhibits a red heat.

XI. For measuring the relative intensities of light from
various sources, an instrument has been contrived, called the
PHOTOMETER. That of Count Rumford, described in the
84th volume of the Philosophical Transactions, being founded
on optical principles, docs not fall strictly. within.the province
of this work. It is oonstructed on the principle, that the
power of a burning body, to illuminate any defined space, is
directly as the intensity of the light, and inversely as the
square of the distance. If two unequal lights shine on the
same surface at equal obliquities, and an opaque body be inter-
posed between each of them and the illuminated surface, the
two shadows must differ in intensity or blackness; for the
shadow formed by intercepting the greater light will be illu-
minated by the lesser light only; and, reversely, the other
shadow will be illuminated by the greater light; that is, the
stronger light will be attended with the decper shadow. But
it is easy, by removing the stronger light to a greater distance,
to render the shadow, which it produces, not decper than that

. * Thomson's Apnals, ix. 17.
VOL. I. M
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of the smaller, or of precisely the same intensity. This
equalization being effected, the quantity of light emitted by
each lamp, or candle, will be as the square of the distance of
the burning body from the white surface.

The photometer of Mr. Leslie is founded on a different
principle, viz. that light, in proportion to its absorption, pro-
duces heat. The degree of heat produced, and consequently
of light absorbed, is measured by the expansion of a confined
portion of air. A minute description of the ingenious instru-
ment contrived by Mr. Leslie with this view, may be seen in
his work on Heat, or in the 8d vol. of Nicholson’s 4to. Jour-
nal. In its construction, it bears a considerable resemblance
to the differential thermomcter, already described, and re-
presented platc i. fig. 7. As both the balls of the latter
instrument, however, are transparent, no change ensues in
the situation of the coloured liquid when it is exposed to the
variations of light. But, in the photometer, one of the balls
is rendered opaque, either by tinging the glass, or by covering
it with a pigment; and hence this ball, absorbing the incident
- light which passes freely through the transparent one, the air
included in it becomes warmer than that of the other ball,
and, by its great elasticity, forces the liquid up the opposite
leg of the instrument. A graduated scale measures the amount
of the effect; and a glass covering defends the photometer
from being influenced by the temperature of the atmosphere.

Mr. Brande has ascertained that by substituting ether, as
in Dr. Howard’s modification of the differential thermometer,
the sensibility of the photometer is greatly increased, and that
it becomes most delicately susceptible of the impression of
light. An instrument of this sort he found fully adequate to
determine the comparative illuminating powers of different

gases, which cannot be done when the photometer is filled
with air.*

¢ Journal of Science, viii. 220.
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CHAPTER V.

ON THE CHEMICAL AGENCIES OF COMMON AND
GALVANIC ELECTBICITY. )

TaaT branch of natural science which comprehends the
phenomena of Galvanism, and the general principles under
which they are arranged, is only of recent origin. It was not
till the yecar 1791, that Galvani, an Italian philosopher, being
engaged in a course of experiments on animal irritability,
observed accidentally the contractions, which are excited i
the limbs of frogs, by applying a conductor of electricity be-
tween a nerve and a muscle. The theory, which he framed
to account for this phenomenon, was, that the different parts
of an animal are in opposite states of electricity, and that the
effect of the metal is mercly to restore the equilibrium. The
analogy, however, was afterwards shown to be without foun-
dation, by Volta, who excited similar contractions by making
a connection between two parts of a nerve, between two mus-
cles, or between two parts of the same muscle; but to produce
the effect, two different metals were found to be essential.
Hence he was led to infer that, by the contact of different
metals, a small quantity of electricity is excited: and to the
agency of this clectricity, first upon the nerves, and through
their mediation on the muscles, he ascribed the phenomena
in guestion.

Several years elapsed, during which the action of galvanic
electricity on the animal body, and the discussion of its cause,
occupied the attention of philosophers. Early in 1800, the
subject took a new turn, in consequence of the discovery by
Sigror Volta of the Galvanic Pile;* a discovery which has
furnished us with new and important instruments of analysis,
capable, if any such there are, of leading to a knowledge of
the true elements of bodies. From this period, discoveries
have multiplied with a rapidity, and to an extent, which sur-

* Philosophical Transactions, 1800; or Philosophical Magazine, vii cen.
P <
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pass any thing beforc known in the history of science ; and the
facts are now become so numerous, that an arrangement and
classification of them seem to be preferable to an historical
detail in the order of time. The method, which sppears to
me best calculated to give a distinct view of the subject, is to
describe,

I. The construction of galvanic apparatus, and the circum-
stances essential to the excitement of this modification of elec-
tricity :

IL. The facts, which establish its identity with the electri-
city excited by ordinary processes :

III. The agency of the electric or galvanic fluid in pro-
ducing chemical changes :

IV. The theory, by which these changes, in the present
state of our knowledge, are best explained :

V. The hypotheses, which have been framed to account for
the origin of the electricity, excited by galvanic arrangements :
And

VI. I shall offer a very general view of the phenomena of
electro-magnetic motion, which, with the principles deducible
from them, promise to throw light on some of the most in-
teresting, but obscure operations of nature.

—————
SECTION I.
Of the construction of Galvanic Arrangements.

For the excitation of ordinary electricity, it is well known
that a class of substances are required, called electrics, by the
friction of which the electric fluid is accumulated, and from
which it may be collected by a different class of bodies termed
non-electrics or conductors,. When friction, for example, is
applied to the glass cylinder or plate of an electrical machine,
that part of the glass, which is in contact with the rubber, at-
tracts the electric fluid from it, as well as from all other con-
ducting bodies, with which the rubber is connected. The
8lass, regaining instantly its natural state, repels the electric
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fluid, which is received by the prime conductor, placed for
that purpose.  All then that is effected, by the action of the
machine, is a disturbance of the natural quantity of electricity
in bodies, or a transfer of it from some to others, in conse-
quence of which, while the latter acquire a redundance, the
former become proportionally deficient in their quantity of
electricity.

The conditions necessary to the excitement of galvanic elec~
tricity are altogether different; for the class of bodies, termed
electrics, have now no longer any share in the phenomena. All
that is required is the simple contact of different conducting
bodies with each other; and it has even been found by Des-
saignes that two discs of the same metal, heated to different
temperatures, give sufficient electricity to excite contractiuns
in the legs of a frog, prepared for the purpose. Conductors
of electricity have been divided into perfect and imperfect, the
former comprehending the metals, plumbago and charcoal,
the mineral acids, and saline solutions; the latter, or imperfect,
including water, alcohol and ether, sulphur, oils, resins, me-
tallic oxides, and compounds of chlorine.

The least complicated galvanic arrangement is termed a
SIMPLE GALVANIC CIRCLE. It consists of three conductors,
two of which must be of the one class, and one of the other
class. In the following Tables, constructed by Sir H. Davy,
some different simple circles are arranged in the order of their
powers, the most energetic occupying the highest place.

Talble of some Electrical Arrangements, whick by combination
JSorm Voltaic Batteries, composed of two Conductors and one
imperfect Conductor. '

Zinc,

Iron, Each of these is the po- | Solutions of nitric acid,_
Tin, sitive pole to all the of muriatic acid,
Lead, metals below it, and of sulphuric acid,
Copper, negative with respect of sal ammoniac,
Silver, to the metals above it of nitre,

Gold, in the column. of other neutral
Platina, salts.

Charcoal.
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Talble of some Electrical Arrangements consisting of one perfect
Conductor and two imperfect Conductors.

Copper,
Silver, Nitric acid,
Solution of sulphur and potash, Lead, Sulphuric acid,
of potash, Tin, Muriatic acid,
of soda. Zinc, Any solutions
Other Metals, containing acid.
Charcoal.

In explanation of these Tables, Sir H. Davy observes, that
in all cases when the fluid menstrua afford oxygen, those
metals, which have the strongest attraction for oxygen, are
those which form the positive pole. But when the fluid men-
strua afford sulphur to the metals, the metal which, under
the existing circumstances, has the stongest attraction for
sulphur, determines the positive pole. Thus, in a series of
<copper and iron plates, introduced into a porcelain trough,
the cells of which are filled with water or with acid solutions,
the iron is positive and the copper negative; but when the
cells are filled with solution of sulphuret of potash, the copper
is positive and the iron negative. When one metai only is
concerned, the surface opposite the acid is negative, and that
in contact with solution of alkali and sulphur, or of alkali, is
positive.* : ‘

The powers of simple galvanic circles are but feeble; but
they may be made sufficiently apparent by the following expe-
riments.

1. When a piece of zinc is laid upon the tongue, and a
Ppiece of silver under it, no scnsation is-excited, so long as the
metals are kept apart; but, on bringing them into contact, a
metallic taste is distinctly perceived. In this case we have an
example of the arrangcment of two perfect conductors (the
metals) with one imperfect one (the tongue, or rather the
fluids which it contains). The metallic taste arises, in all
probability, from the excitement of a small quantity of elec-

tricity by the contact of the metals, and its action on the
nerves of the tongue.

* ELl of Chem. Phil. p. 148.
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2. A piece of zinc, immersed under water which is freely
exposed to the atmosphere, oxidizes very slowly; but when
placed in the same situation, in contact with a piece of silver,
its oxidation is much more rapid. By immersing iron and
silver (also in contact with each other) under diluted muriatic
acid, the action of the acid upon the iron is considerably
increased; and hydrogen gas is evolved from the water, not
only where it is in contact with the iron, but where it touches
the silver. These facts explain, why, in the sheathing of
ships, it is nccessary to use bolts of the same metal which
forms the plates; for if two different metals be employed, they
both oxidate or rust very speedily, in consequence of their
forming, with the water of the ocean, a simple galvanic circle.

Of compound Galvanic Circles or Batteries.

Galvanic batteries are formed by multiplying those arrange-
ments, which compose simple circles. Thus it plates of zinc
and of silver, and picces of woollen cloth of the same size as
the plates and moistened with water, be piled upon each other
(fig. 77. pl. ix), in the order of zing, silver, cloth; zing, silver,
cloth; and so on, for twenty or more repetitions, we obtain
a galvanic battery ; termed, from its discoverer, the Pile of
Polta. 'The power of such a combination is sufficient to give
a smart shock, as may be felt by grasping in the bands, which
should be previously moistened, two metallic rods, and touch-
ing with these the upper and lower extremities of the pile.
The shock may be rencwed at pleasure; until, after a few
hours, the activity of the pile begins to abate, and finally
ceases altogether.

The metals, composing a galvanic battery, may be more
convenicntly arranged in the form of a trough, a happy inven-
tion of Mr. Cruikshank. In a long and narrow wooden
trough, made of baked wood, grooves arc cut, opposite to

“and at the distance of between J and $ of an inch from each
other; and into these are let down, and secured by cement,
square plates of zinc and copper, previously united together
by soldering. (See figs. 87 and 78.) The space, therefore,
between each pair of plates, forms a cell for the purpose of
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containing the liquid, by which the combination is to be made
active. 'The advantage of this contrivance, over the pile, is
partly that it is much more easily put in order; but, besides
this, it is a more eflicient instrument. When constructed in
the way which has been described, it affords an example of a
galvanic combination of the first kind, formed by two perfect
and one imperfect conductor. But it admits of being modi-
fied, by cementing, into the grooves, plates of onc metal only,
and filling the celis, alternately, with two different liquids, as
diluted nitric acid and solution of sulphuret of potash. In
this case, we have a battery of the second order, formed by the
repetition of one perfect ar.d two imperfect conductors.  For
all purposcs of experiment, the first kind of arrangement is
universally preferred.

Another modification of the apparatus, which may be called
the Chain of Cups, was proposed by Volta at the same time
that he communicated his invention of the Pile; and, from
the experiments of Mr. Children,® it appears to be a very
useful and powerful one. It consists of a row of glasses
(see fig. 75), such as wine glasses or small tumblers, for the
purpose of containing any fluid that may be selected. Into
each of these glasses is plunged a plate of zinc and another of
copper, each not less than an inch square, which are not to
touch cach other.  The plates of different cups are connected
by metallic wires or arcs, in such a manner that the zinc of
the first cup communicates with the copper of the second;
the zinc of the second with the copper of the third; and so
on through the whole row. The shock is felt on dipping the
fingers of one hand into the fluid of the first cup, and those
of the other hand into the last of the serics. The superiority
of this arrangement consists in both surfaces of each metallic
plate being exposed to the action of the liquid; whereas, by
soldering the plates together, one of the surfaces of each is
protected from the liquid, and contributes nothing to the
effect. The common trough has lately been made to com-
bine this advantage, by dividing it into cells, not by plates of
metal, but by partitions of glass. Into each of these cells

® Philosophical Transactions, 1809, p. 32.
P P
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filled with the proper liquid, a plate of each metal is intro-
duced, but not so as to touch each other. A communication
is then made, by a metallic arc, between the zinc plate of each
cell and the copper one of the next, precisely as in the chain
of cups. More lately the troughs themselves have been made
of earthen ware, and the partitions of the same material ; the
apparatus being completed, in other respects, in the manner
already dcscribed. The plates, also, are now so suspended
that when not in use, they may all be hifted out of the cells at
once® And it has been recently ascertained that the power
of a battery is increased at least one half by placing in each
cell one zinc and two copper plates, so that each surface of
zinc may be opposcd to a surface of copper.t

The size of the plates has been varicd from one or two
inches to several feet. The large battery, described by Mr.
Children in the Philosophical Transactions for 1815, con-
sisted of plates each six feet by two feet cight inches, cqual to
32 square feet; and the cells were capable of containing about
945 gallons of liquid. TFor ordinary purposes, plates of two
inches square are sufficient; but for the dccomposition of
several bodies, not less than 100 pairs of plates, each four
inches square, arc required.t The enlargement of the size
of the troughs, so as to contain this number, would be ex-
tremely inconvenient; and we may therefore combine the
power of several troughs, Ly uniting the zinc end of the one
with the copper end of the other, by the intcrvention of a
metallic wire, or by an arc of silver or zinc.

A convenient and powerful galvanic battery has been con-
structed by Dr. Hare of Philadelphia, of zinc and eopper
sheets formed into coils. - The zinc sheets were about nine
inches by six; the copper fourteen by six; more of the latter
metal being necessary, as, in every coil, it was made to com-
mence within the zine, and completely to surround it without.

* See Pepys in Journal of Science, &ec. i. 193.

4 Phil. Trans. 1815.

3 Some uscful information respecting the number and size of plates,
adapted to different purposes, is given by Mr. Singer in Nicholson’s Jour-
nal, xxiv, 174.
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The sheets were coiled so as not to leave between them an in-
terstice wider than a quarter of an inch. Each coil was in
diameter about two inches and a half; their number amounted
to 80 ; and by means of a lever they were made all to descend
together into 80 glass jars, 2 inches and 3-4ths diameter in-
side, and eight inches high, duly placed to receive them. The
effects of this apparatus, in producing ignition, appear to have
been very striking, especially at the moment of immersion,
when Dr. Hare found the effect to be by much the most power-
ful.* An apparatus of 80 coils produced a vivid ignition in
charcoal ; and when the points of the charcoal were drawn
three-fourths of an inch apart from each other, a most bril-
liant arc of flame extended between them.

It may be sufficient to add, in general terms, that every
combination, which is capable of forming a simple galvanic
circle, may, by sufficient repetition, be made to compose a
battery. The combinations, also, which are most active in
simple circles, are observed to be more efficient. in compound
ones. The foregoing tables of Sir H. Davy express, there-
fore, the powers of compound as well as of simple arrange-
ments.

To construct a battery of the first order, it is essential that
a fluid be employed, which exerts a chemical action upon one
of the metals. Pure water, entirely deprived of air, appears
to be inefficient. In gengral, indeced, the galvanic effect is,
within certain limits, proportional to the rapidity with wlrich
the more oxidable metal is acted upon by the intervening
fluid. Spring water was found sufficient, in Mr. Children’s
immense battery, to produce the ignition of platina wire. The
Afluid generally used is nitric acid, diluted with 20 or 30 times
its weight of water. Mr. Children recommends a mixture of
three parts fuming nitrous acid, 'and one sulphuric, diluted
with thirty parts of water. Directions, also, respecting the
best kind and density of acids, for producing galvanic clectri-
city, are given by Mr. Singer. From his experiments it ap-
pears, that acid of different densities is required for different
purposes. The best wire melting charge is formed with ten

* Silliman’s Journal, iii. 105.
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gallons of water, five pounds of nitric acid, and half a pound
of muriatic acid.

The power of the apparatus has been found to be increased,
when insulated by non-conductors; and when surrounded by
an atmosphere of oxygen gas; not sufficiently, however, to
make it necessary to resort to either of these expedients in
ordinary cases. Oxygen gas disappears in this process, wherr
carried on under a receiver; and, ufter all the oxygen is ab-
sorbed, the effect ceases, and is renewed by introducing a fresh
portion. A battery, also, which has ceased to be efficient,
has its activity renewed by emptying the cells of their liquor,
and uncovering the platcs.  When the cells are filled with
diluted nitric acid, the apparatus continues active, even under
‘the exhausted recciver of an air-pump, or in an atmosphere
of carbonic acid or nitrogen gases. But if the cells be filled
with water only, all action is suspended, by placing it under
any of these circumstances. Hence it appears that the oxida-
tion of one or both of the metals, composing the trough, is
essential to the excitement of galvanic electricity.

The electric column may be classed among galvanic arrange-
ments. It was originally contrived by M. de Luc, who formed
it of discs of Dutch gilt paper, alternated with similar discs
of laminated zinc. Thcse were piled on each other in a dry
state, and the instrument, instcad of being soon exhausted,
like the pile with humid substances, was found to continue
active for some years.®* A similar pile may be formed by
laying a mixture of very finely powdered zinc with common
glue and a little sugar, by means of a brush, on the back of
Dutch gilt paper; and, when dry, cutting it into discs, which
are to be piled on each othert. Zamboni of Verona has con-
structed a pile of slips of silver paper, on the unsilvered side
of which is spread a layer of black oxide of manganesc and
honey. These papers are piled on each other to the number
of 2000 ; then covered externally with a coating of shell lac;
and enclosed in a hollow brass cylinder. Two of these piles
are placed at the distance of four or five inches from each
other; and between them is suspended on a pivot a light me-

* Nicholson’s Journal, vol. xxvi. + Phil. Mag. xlvii. 265.
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tallic needle, which is attracted alternately to the one pile
and the other, so that it moves between them like a pendulum.
“This instrument has been applied to the measurement of time,
by causing it to give motion to the pendulum of a clock.*

i —

SECTION II.
On the mutual Relation of Electricity and Galvanism,

Is the influence, it may now be inquired, which is called
into action in a way so different from that employed for the
excitation of ordinary eclectricity, identical with it or of a dif-
ferent kind? This question will be decided by examining
whether any of those phenomena, which are occasioned by
the agency of the electric fluid, are produced also by that of
galvanism ; and we shall find the following striking resem-
blances :

1. The sensation, produced by the galvanic shock, is ex-
tremely similar to that which is excited by the discharge of a
Leyden jar. Both influences, also, are propagated through a
number of persons, without any perceptible interval of time.

2. Those bodies, which are conductors of electricity, are
also conductors of the galvanic fluid, as the metals, charcoal,
and a variety of liquids. Again, it is not transmitted by glass,
sulphur, and the whole class of electrics, which do not con-
vey ordinary electricity. Among liquids, those only are con-
ductors of electricity and galvanism, which contain oxygen as
one of their elements.+

8. The galvanic fluid passes through air and certain other
non-conductors, in the form of sparks; accompanied with a
snap or report; and, like the electric fluid, it may be made
to inflame gun-powder, phosphorus, and mixtures of' hydro-
gen and oxygen gases. It has been found, also, by Mr. Chil-
dren, that in the Voltaic apparatus there is, what is called in
electricity, a striking distance. 'With a power of 1250 pairs
of four inch plates, he found this distance to be one 50th of

¢ Phil. Mag. xlv. 261. and Aon. de Ch. et de Phys. xi. 190.
t Cruickshaok, in Nicholson's 4to. Journal, iv. 258.
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an inch, the thickness of a plate of air, through which the
galvanic discharge is able to pass in the form of a spark.
Increasing the number of plates, the striking distance will be
greater ; and the reverse when it is diminished. It is also
increased by rarefying the air, through which the spark is
transmitted.

4. The Voltaic apparatus is capable of communicating a
charge to a Leyden jar, or even to a battery. If the zinc end
of a pile (whether it be uppermost or the contrary) be made to
communicate with the inside of a jar, it is charged positively.
If circumstances be reversed, and the copper end be similarly
connected, the jar is charged negatively.* The shocks do
not differ from those of a jar or battery, charged to the same
intensity by a common electrical machine.

5. Galvanism, even when excited by a single galvanic circle
only (such as a piece of zinc, a similar one of copper, and a
piece of cloth moistened with a solution of muriate of am-
monia), distinctly affects the gold leaf of the condensing elec~
trometer. If the zinc end be uppermost, and be connected
directly with the instrument, the electricity indicated is posi-
tive; it the pin of the electrometer touch the copper, the
eleziricity is negative. A pile consisting of sixty combina-
tions produces the effect still more remarkably.+

6. The chemical changes produced by galvanic and com-
mon electricity, so far as they have hitherto been examined,
are precisely similar. These will form the subject of the fol-
lowing section.

——O——

SECTION III.

On the Chemical Agencies of Electricity and Galvanism.

THE effects of the electric or galvanic fluids, in producing
chemical decomposition, cannot be described, without intro-

* Cuthbertson’s Practical Electricity and Galvanism, p. 261 ; Volta, in
Nicholson’s Journal, 8vo. i. 140 ; Van Marum, in Philosophical Magazine,
xii. 162; Singer, p. 126. .

+ Nicholson, 8vo. i. 139, and ii. 261 ; Cuthbertson, p. 26+4; and Singer
P- 317 ; where the cautions necessary to the success of this delicate experi-

ment ase pecticularly described.
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ducing to the reader the names of several substances, with
which, in the present state of his knowledge, he may be sup-
posed to be unacquainted. This difficulty is unavoidable; for
it is impossible to explain the general laws of electro-chemical
action, without a variety of particular instances. In general,
however, it will be found that a minute acquaintance with the
bodies, which are brought in illustration, is by no means
essential ; and that it is sufficient to consider them abstractedly
as composed of two ingredients, which are in opposite elec-
trical states, and are subject to the laws of electrical attraction
and repulsion.

The most simple chemical effect, produced alike by the
agency of electricity and galvanism, is the ignition and fusion
of metals. When a piece of watch-pendulum wire is placed
in the circuit of a common electrical battery, containing not
less than three or four square feet of coating, at the moment
of the discharge the wire becomes red-hot; but continucs so
only for a few seconds ; no longer, indeed, than if it had been
ignited in any other way.* The same effect may be produced
by making a piece of wire the medium of communication be-
tween the opposite extremities of a galvanic trough; but, in
this case, the heat continues sensibly longer, than when it
is excited by an electrical explosion. Indeed a platina wire
may be kept ignited in vacuo, for an unlimited time, by Vol-
taic electricity. Water, surrounding a wire so placed, may
be made to boil briskly.

By means of his large battery, Mr. Children not only
ignited wire of considerable thickness; but a bar of platina,
ath of an inch square and 2} inches long, was ignited, and
even fused at one end. The facility of being ignited in the
different metals appeared to be inversely proportional to their
power of conducting heat. Thus platina, which has the lowest
conducting power, was most casily ignited; and silver, which
conducts heat better than any other metal, was ignited with
greater difficulty than any of the rest.

It does not appear, however, that a very powerful combi-
nation is required to produce ignition, if the wire be made of

* On the quantity of coated surface required for igniting different lengths
€ wire, the reader may consult V{r. Tuthbertson’s b ook, p. 161, &c.
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proportionately small diameter. Dr. Wollaston has ascer-
tained that a wire ;55 of an inch in diameter may be ignited
by a single zinc plate only one inch square, provided each of
its surfaces be opposed to a surface of copper or some other
metal. The liquor which he employed was a mixture of one
measure of sulphuric acid with 50 measures of water. Any
farther diminution in the diameter of the wire he found to be
unfavourable to the effect, in consequence of the increase of
the cooling power of the atmosphere.*

When the power of an electrical battery is increased, me-
tallic wires, by transmitting the discharge through them, may
be melted and dispersed in the form of smoke, or of an im-
palpable powder lighter than air. The galvanic discharge,
also, is capable of fusing metallic wires; but being less violent,
it does mnot scatter their particles to a distance. Even wire
formed of the most infusible of the metals, platina, acquires
a white heat, and melts into globules.

With a still more powerful electrical battery (one for ex-
ample containing about 18 square feet) metallic wires are not
only melted, but undergo absolute comlustion. Lead and tin
wire emit a yellow light, and copper and silver a green one.
If the experiment be made on wire confined in a glass receiver,
which contains a measured quantity of air, the bulk of the air,
and its proportion of oxygen, are both found to be dimi-
nished.+ The metals are converted into oxides of different
colours; lead, tin, and zinc, into white oxides; platina, gold,
silver, and copper, into oxides of a dark colour. The experi-
ment may be pleasingly varied by passing the discharge
through wires, stretched over panes of glass or sheets of paper,
at a small distance from their surface. The metallic oxide
which is produced is forcibly driven into the glass or paper;
and produces beautiful figures, varying in colour with the
metal employed.f It appears, also, from Mr. Singer’s ex-
periments, that the oxides of some of the compound metals,

* Thomson's Annals, vi. 209. 1+ Cuthbertson, p. 199.
1 Cuthbertson, p. 226; and Wilkinson's Elements of Galvanism, in th
9th plate of which these appearances are represented.



176 ELECTRO-CHEMISTRY. CHAP. V.

when thus treated,” (brass wire for instance) are exhibited in a
completely separate state.

The combustion of metals may be effected, also, by galvanic
electricity ; but for this purpose the form of very thin lcaves
is prefcrable to that of wire. The plates, composing the gal-
vanic trough, should, for this purpose, be not less than four
inches square, the larger, indeed, the better; and several
troughs should be joined together, so as to form an aggregate
of not less than 100 or 150 pairs of plates. The galvanic in-
fluence is to be conveyed by wires brought from cach extremity
of the arrangement, and placed in contact with the opposite
surfaces of the leaf. For the protection of the fingers, the
wires should be inclosed in glass tubes.  WE n thus exposed,
the metals burn, or rather deflagrate, with great brilliancy.

Gold emits a very vivid white light, inclining a little to blue,
and lcaves an oxide, whose colour verges towards that of ma-
hogany. Copper presents similar phenomens.

The flame of silver is a vivid green, somewhat like that of
a pale emerald, and the light is more intense than that of
gold. Lead gives a vivid light of a dilute bluish purple.
Tin a light similar to that of gold ; and zinc a bluish white
flame fringed with red.* In all these cases, provided the
power be sufficiently strong, the deflagration is kept up, for
some time, without intermission,

But a much more remarkable action is exerted by the elec
tric and galvanic fluids, in disuniting the elements of several
combinations. One of the first discoveries of the chemical
agency of the pile -was its power of decomposing water. Two
pieces of any metallic wire are thrust through separate corks,
which are fitted into the open ends of a glass tube in such a
way, that the extremities of the wires, when the corks are in
their places, may not be in contact, but may be at the distance
from cach other of about a quarter of an inch (see fig. 77, a).
If the parts of the wire, which project from without the tube,
be made to communicate, the one with the zinc or positive

* Philosnphical Magazine, xi. 284, and xv. 06,



SECT. 111, RLECTRO-CHEMISTRY. 77

end, and the other with the copper or negative end, of a gal-
vanic battery, a remarkable appearance takes place. The wire,
conneeted with the rinc or positive end of the pile or trough,
where it is in eontact with the water, if of an oxidable metal,
is rapidly oxidized ; while from the negative wire a stream of
small bubbles of gas arises. But if the wires employed be of
a metal which is not susceptible of oxidation, such as gold
or platina, gas is then extricated from both wires, and, by a
simple contrivance, may be separately collected. The appa~
ratus for this purpose is shown by fig. 76, where the wires p
and n, instead of being introduced into a straight tube, are
inclosed in a syphon, and terminate before they reach the end,
in which a sma.. hole is to be ground. When a stream of
galvanic electricity is made to act upon water thus confined,
oxygen gas is found, at the close of the experiment, in the leg
connected with the positive end of the battery, and hydrogen
gas in that connected with the negative end; and in the pro-
portions which, by their union, compose water. At an early
period of the inquiry, it was found, however, by Mr. Cruick~
shank, that the water surrounding the positive wire became
'impregtmled with a little acid ; and that around the negative
‘wire with a little alkali. If instead of water we employ a
metallic solution, the metal is revived round the negative
wire m, and no hydrogen gas is liberated.

» . The gases constituting water, it was afterwards discovered
by Sir H. Davy, may be separately produced from two quan-
tities of water, not immediately in contact with each other.

The fact is of peculiar importance, from its resemblance to
other more recent ones, which have led that distingunished
philosopher to the discovery of the general laws of electro-
chemical action. Two glass tubes (p and n, pl. ix. fig. 79),
about one third of an inch diameter and four inches long,
having each a piece of gold wire sealed hermetically into one
‘end and the other end open, were filled with distilled water,
and placed inverted in separate glasses filled, also, with that
fluid. The two glasses, a and J, were made to communicate,
“either by dipping the fingers of the right hand into one glass,
and those of the left into the other, or by interposing fresh
animal muscle, or a living vegetable, or even moistened thread,

VOL. I. N



178 BLECTRO-CREMISTRY, CHAP. V.

as shown at c. The gold wires, projecting from the sealed
ends of these tubes, were then connected, the one with the
positive, the other with the negative end of the trough. Gas
was immediately evolved from both wires. At the close of the
experiment, in the tube p oxygen gas was found; in the nega-
tive tube # hydrogen. The proportions by measure were, as
nearly as possible, those which result from the decomposition
of water, viz. two of hydrogen to one of oxygen gas.* Now
if these gases arose, as they necessarily must, from the decom-
position of the same portion of water, that portion of water
must have been contained either in the tube p or in the tube n.
In the former case, the hydrogen gas, found after the process
in », must have passed invisibly from p to »; through the in-
termediate substance ¢. Or, if the water was decomposed in
n, then the reverse process must have happened with respect
to the oxygen; and it must have been transmitted, in a like
imperceptible manner, from n to p. Facts of this kind, evinc-
ing the transference of the elements of a combination, to a
considerable distance, through intervening substances, and in
a form that escapes the cognizance of our senses, however
astonishing, it will appear from the sequel, are sufficiently nu-
merous and well established. It appears, also, from the ex-
periments of Mr. Porrett, that water may be forced, contrary
to its gravity, through the compact substance of a bladder,
from the positive to the negative wire of a galvanic battery,
composed of plates only 1} inch square.t

Different chemical compounds require, for the disunion of
their elements, galvanic arrangements of various powers and
intensities. The decomposition of water is easily effected by
a series of fifty pairs of plates, each one or two inches square.
But for those. which remain to be described, instruments of
much greater power are necessary.

The apparatus, employed in the masterly experiments of
Sir H. Davy, which have laid the groundwork of this new
science, was extremely simple. In cases, where liquid sub-
stances were operated upon, he employed occasionally the
agate cups p and 7, fig. 80, each of which was capable of

® N'cholson’s Journal, 4to. iv. 276.  + Thomson's Aunpals, viii. 74
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holding about sixty grains of water. They were connected
together, as shown in the figure at a, by the fibres of a pecu-
liar flexible mineral called amianthus; and into each was in-
serted a platina wire, the bent extremity of which is seen, in
each figure, projecting above the cup. When the vessels
were in actual use, the wire of p was connected with the zinc
or positive end of a powcerful galvanic scries; and that of »,
with the copper or negative extremity. For the agate cups
two hollow gold cones were occasionally substituted (p and n,
fiz. 81,) the wire projecting from p being connected with the
positive, and that from z with the negative end of a trough
or series of troughs. Solid bodies were submitted to the
galvanic influence, cither by immersing small pieces of them
in the gold cones; or, at other times, by making the cups
themselves of the substance intended to be decomposed. Or
if it was desirable to preserve them from contact with water,
they were laid on a small insulated dish of platina, with the
inferior surface of which, immediately under the substance
used, a wire from one end of the battery was connected, while
the substance itself was made to communicate by another wire,
with the opposite extremity of the apparatus.

When the gold cones were both filled with a solution of
sulphate of potash (a salt composcd of potash and sulphuric
acid,) after exposure, during a sufficient time, to a powerful
galvanic arrangement, pure potash was found in the negative
cone n, and sulphuric acid in the positive cone p. The de-
composition was quite complete; for the liquid in # contained
no acid, and that in p no alkali.

The experiment was repeated with several other neutral
salts ;* and with the invariable result, that the acid collected
in the positive cone, and the alkali in the negative one.
Strong solutions, or those in which the salt bore a considerable
proportion to the water, were more rapidly acted upon than
weak ones. Metallic salts were, also, decomposed. The
acid appeared, as before, in the positive cone, and the metal

* Minute directions for exhibiting the transfer of acid and alkali, by
means of a power not exceeding thirty pairs of two inch plates, are-given
by Mr. Singer. (Nicholson’s Journal, xxiv.178.)

N 2
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was deposited, sometimes with a little oxide, in the negative
one. :

Salts, which are either insoluble, or very sparingly soluble,
in water, had their elements disunited in the following man-
ner. Cups were constructed of them, precisely resembling the
gold cones, which, as the salts were hard and compact in their
texture, was casily effected. These, after being filled with
water, were connected, by platina wires, with the opposite
ends of a galvanic battery, the vessels themselves communi-
cating, as before, by means of moistened amianthus. At the
conclusion of the experiment, sulphuric acid (when the cups
were made of sulphate of lime) was found in the positive cup,
and lime water in the ncgative one. Sulphate of strontites,
fluate of lime, and sulphate of barytes, were decomposed,
though less easily, by the same expedient. In all these cases
the acid element was found at the positive side, and the earthy
one at the negative side, of the arrangement.

These facts evidently point out a transference of the ele-
ments of combinations from one electrified vessel or surface
to another differently electrified. But the principle is made
much more apparent by a little variation of the experiment.
Thus, if solution of sulphate of potash be electrified in the
positive cone p, water alone being contained in », after a suffi-
cient continuance of the electrical action p will be found to
contain diluted sulphuric acid; and the potash will he dis-
;overcd in the water of n. The alkali must necessarily, there-
fore, have passed, in an imperceptible form, along the con-
necting amianthus from the vessel p to the vessel n.  Reversing
the experiment, and filling n with solution of sulphate of pot-
ash, the alkali remains in- this cone, and the acid is transferred
to the opposite side p. In one experiment, in which nitrate
of silver was placed in the positive cup, and purc water in the
negative one, the whole of the connecting amianthus was co«
vered with revived silver.

In the farther prosecution of the inquiry, Sir H. Davy
succeeded in discovering a still more extraordinary series of
facts. When an intermediate vessel (i, fig. 82) was placed
between the positive and negative cups p and n, and was con=
nected with both of them by moistened amianthus, it was
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found that acids may actually be made to pass from # to p,
through the intermediate solution in i, without combining
with it.  Thus, solution of sulphate of potash being put into
the negative cup , solution of pure ammonia into i, and pure
water into p, in half an hour sulphuric acid was found in the
water of the positive cup, though to have reached thisit must
have been transferred from  through the intermediate solution
of ammonia. Muriatic acid, also, from muriate of soda, and
nitric acid from nitrate of potash, were transferred from the
negative to the positive side through an interposed solution of
alkali. And contrariwise, alkalies and metallic oxides were
transmitted from the positive to the negative snde, through
mtervemng solutions of acids.

It is necessary, however, that the solution, contained in
the intermediate vessel i, should not be capable of forming an
insoluble compound with the substance intended to be trans-
mitted through it. Thus sulphuric acid, in its passage from
sulphate of potash in the negative cup through the vessel i
containing a solution of pure barytes, is detained by the
barytes, and falls down in the state of an insoluble compound
with that earth.

Bodies, the composition of whlch is considerably more
complicated, are, also, decomposed by galvanic electricity.
Thus from certain minerals, containing acid and alkaline
matter in only very minute proportion, these ingredients are
separately developed. Basalt, for example (a kind of stone
which, in 100 grains, contains only 8% .grains of soda and
half a grain of muriatic acid), gave, at the end of ten hours,
evident traces of alkali round the negative, and of acid round
the positive wire, A slip of glass, also, negatively electrified
in one of the gold cones, had soda detached from it, and sus-
tained a loss of weight.

It may now be understood, why, by the agency of gal-
vanism on water, alkali appears at the negative and acid at the
positive wire. The fact was, for some time, not a little per-
plexing to Sir H. Davy; ‘till, at length, he ascertained that
all water, however carefully distilled, contains neutral salts in
a state of solution. From these impurities, the alkaline and
acid elements are separated,. agreeably to a iaw, which has
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already been explained. In the same way, also, the muriatic
acid and alkali are accounted for, which some chemists have
" obtained by galvanizing what was before considered as pure
water; a fact which has been urged in proof of the synthe-
tical production of both those bodies. Absolutely pure wa-
ter, it has been demonstrated by Sir H. Davy, yields nothing
but hydrogen and oxygen gases.

All the effects of galvanic arrangements, in producing
chemical decompositions, it has been found, may be obtained
by ordinary electricity. Its adaptation to this purpose was
first successfully attempted by Dr. Wollaston.* The appa-
ratus, which he employed, was similar to that alrendy repre-
sented (fig. 77, a), excepting that the wires, instead of being
exposed to the fluid contained in the tube, throughout their
whole length, were covered with wax, and the points only
were laid bare. Or (which was found to answer still better)
the wires were inclosed in capillary glass tubes, which were
sealed attheir extremities, and then ground away, till the
points alone were exposed. The conducting wires, thus ar-
ranged, were then introduced into a tube, or other vessel con-
taining the liquid to be operated on, and were connected,
the one with the positive, the other with the negative, con-
ductor of an electrical machine, disposed for positive and ne-
gative electricity.+ When solution of sulphate of copper was
thus electrized, the metal was revived round the negative pole.
On reversing the apparatus, the copper was re-dissolved, and
appeared again at the other wire, now rendered negative

When gold wires, from ,!; to 5% of an inch in dia-
meter, thus inclosed, were made to transmit electricity, a
succession of sparks afforded a current of gas from water.
‘When a solution of gold in nitro-muriatic acid was passed
through a capillary tube; the tube then heated to drive off
the acid ; and afterwards melted and drawn out, it was found
that the mere current of electricity, without sparks, evolved
gas from water.

¢ Philosophical Transactions, 1801.
t See Cuthbertson's Practical Electricity.
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Sir H. Davy has since proved that by a similar apparatus,
solution of sulphate of potash is decomposed, potash appear--
ing at the negative, and sulphuric acid at the positive pole.*

s
SECTION 1V.

Theory of the Changes produced by Galvanic Electricity.

A racr of considerable importance, in explaining the phe-
nomena that form the subject of the last section, was discovered
several years ago by Mr. Bennett, and has since been con-
firmed by the experiments of Volta and Davy. Different
bodies, it is found, acquire, when brought into contact either
by their whole surfaces or by a single point, different states
with respect to their quantities of electricity., The best me-
thod of performing the experiment is to take two discs or
plates, the one of copper, the other of zinc, each about four
inches diameter, and furnished with an insulating glass han-
dle; to apply them for an instant to each other by their flat
faces; and afterwards, to bring them separately into contact
with the insulated plate of the condensing electrometer. The
instrument indicates, by the divergence of its gold leaves, the
kind of electricity acquired by each cf the plates, which in the
zinc plate is shown to be positive, and in the copper plate
negative.t

It had been established, also, by Sir H. Davy, in 1801,

that when a galvanic arrangement of the sccond kind is con-
* structed, by alternating metallic plates with strata of different
fluids, alkaline solutions always receive electricity from the
the metal, and acids on the contrary transmit it {0 the metal.
When an arrangement, for example, is made of water, tin,
and solution of potash, the current of electricity is from the
tin to the alkali. But, in an arrangement of nitric acid, tin,
and water, the circulation of clectricity. is from the acid to

® Philosophical Transactions, 1806.
4 Volta, in Nicholson’s Journal, 8vo. i. 136, Wilkinson, ii. 40, 50,
131. Cummn, 9670
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the tin, [fthen the alkali, after having aequired electricity
from the metal, could be suddenly separated from the combi.
nation, there can he no doubt that it would be found in a.
positive state. For the contrary reason, the acid, having
given electricity to the metal, must, if it could be detached,
be found negative.

Still more satisfactory evidence has been since obtained of

the electrical state of the acids and alkalies, by examining
what kind of electricity they impart to an insulated metallic
plate. Various dry acids, being touched on an extensive
surface by a plate of copper insulated by a glass handle, the
copper was found after contact to have become positively elec-
trified, and the acld negatively. On the contrary, making the
experiments with dry earths in a similar manner, the metal
became negative. The alkalies gave less distinct results, owing
to their attraction for moisture. Bodies, moreover, possessing
opposite electrical energies towards one and the same body,
are found to possess them with regard to each other. Thus
when lime and oxalic acid were brought into contact, the
earth was found to be positive, and the acid negative. Sulphur
appears to be in the positive state. Oxygen, judging from
those compounds in which it is loosely combined, is negative;
and hydrogen, by the same test, positive.
"~ Now, if the common laws of electrical attraction and re-
pulsion operate, as there is every reason to believe they must,
among bodics so constituted, it will follow that hydrogen, the
alkalies, metals, and oxides, being pasitively electrified, will
be repelled by surfaces which are in the same state of electri-
city as themselves, and will be attracted by surfaces that are
negatively electrified. And, contrariwise, oxygen, and the
acids (in consequence of the oxygen they contain), being in a
negative state, will be attracted by positive surfaces and re-
pelled by negative ones.

To apply this theory to the simplest possible case, the de-
composition of water, the hydrogen of this compound, being
itself positively electrified, is repelled by the positive wire
and attracted by the negative one; while, on the contrary,
oxygen, being negative, is repelled by the negative wire, and
attracted by the positive one. The flame of a candle, which
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consists chiefly of ignited charcoal, when placed between a
positive and negative surfice, hends towards the latter; but.
the flame of phospharus, consisting chiefly of acid matter,
when similarly placed, takes a djrection towards the pasitive
surface, In the case of neutral salts, the negative acid is
attracted by the posmve wire; and the posmvely electnﬁed',
alkali by the negative wire, :

- Thus then a power has been discovered, superior in its.

energy to chemical affinity, and capable either of counteract-
ing it, or of modifying it according to circumstances.  The
chemical attraction between two bodies may be destroyed, by
giving one of them an electrical state opposite to its natural
one; or the tendency to union may be increased, by exalting:
the natural electrical energies.
. All bodies, indeed, that combine chemically, so far as they
have hitherto been. examined, have been found to possess
opposite states of electricity. Thus copper and zinc are in
opposite states to each other; so are gold and mercury; sul-
phur and metals, acids and glkalies. By bringing two bodies
into the same electrical state, which were before capable of
union, we destroy their tendency to combination. Thus
zinc or iron, when negatively electrified, will not unite with
oxygen. Even after combination, it is thought by Sir H,
Davy not improbable, that bodies may still retain their_necu~
liar states of electricity. 1f oxygen prevail, in any com-
pound, over the combustible or positive base, the compound
is negative, as in certain metallic oxides. But the combustible
ingredient may be in such proportion, as to prodominate,
and to give to the compound a positive energy. When pre-
cise neutralization is attained, bodies that had before exhibited
electrical effects are deprived of this property.

It is an interesting question, but one which can scarcely be
determined in the present stateof the science, whether the power
of electrical attraction and repulsion be identical, as Sir H.
Davy has suggested, with chemical affinity; or whether it
may not rather be cousidered, like caloric, as a distinct force,
which only modifies that of chemical attraction. On the for-
mer hypothesis, two bodies, which are naturally in opposite
electrical states, may have these states sufficiently exalted, to
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give them an attractive force superior to the cohesive affinity
opposed to their union; and a combination will take place,
which will be more or less energetic, as the opposed forces are
more or less equally balanced. Again, when two bodies, re-
pellent of each other, act upon a third with different degrees
of the same electrical energy, the combination will be deter-
mined by the degree. Or, if bodies, having different degrees
of the same electrical energy with respect to a third, have like-
wise different energies with respect to each other, there may
be such a balance of attracting and repelling forces as to pro-
duce a triple compound.

This hypothesis, it is remarked by Sir H. Davy, agrees ex-
tremely well with the influence of mass, which has been so
well illustrated by Berthollet; for many particles, acting
feebly, may be equal in effect to fewer acting more powerfully.
Nor is it at all contradictory to the observed influence of caloric
over chemical union; for an increase of temperature, while it
gives greater freedom of motion to the particles of bodies,
exalts all their electrical energies. This Sir H. Davy ascer-
tained with respect to an insulated plate of copper and another
of sulphur, when heated below 212° Fahr.; and at a still
higher temperature these hodies, as is well known, combine
with the cxtrication of heat and light, the usual accompani-
ments of intense chemical action.

On the supposition that electricity is a force, which only
modifies the action of chemical affinity, we may regard it, when
it promotes combination, as producing this effect by counter-
acting cohesive attraction. When it impedes combinations,
or destroys those which are already formed, it probably acts
as a force co-operating with. elasticity.

i
SECTION V.
Theory of the Action of the Galvanic Pile.

Two theories have been framed to account for the pheno~
mena of the Galvanic Pile, and of all similar arrangements.
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The first, originating with Volta, was snggested by the fact
which may be considered, indeed, as fundamental to it—that
electricity is excited by the mere contact of different metals.
When a plate of copper and another of zinc are made to-
touch by their flat surfaces, as was stated in the last section,
the zinc, after separation, exhibits positive electricity, and the
copper negative. It is natural, therefore, to conclude that a
certain quantity of electricity has moved from the copper to
the zinc. -On trying other metals, Volta found that similar
phenomena take place; and by a series of experiments he
was led to arrange their powers in the following order, it
being understood that the first gives up its electricity to the
second ; the second to the third; the third to the fourth, and
80 on.

Silver.
Copper.
Iron.
Tin.
Lead.
Zinc.

The metals, then, have been denominated by Volta, from
this property, motors of electricity; and the process, which
takes place, electro-molion, a term since sanctioned by the
adoption of it by Sir H. Davy.

It is on this transference of electricity from one body to an-
other by simple contact, that Volta explains the action of the
instrument discovered by himself, and of all similar arrange-
ments. The interposed fluids, on his hypothesis, have no
effect as chemical agents in producing the phenomena, and
act entirely as conductors of electricity. Without disputing,
however, the accuracy or value of the facts which suggested
his theory, it is sufficient for its refutation that it is irrecon-
cileable with other phenomena; and especially with the obser-
vation, that the chemical agency of the liquids, on the more
oxidizable metal of galvanic arrangements, is essential to their
sustained activity. It has been proved, indeed, that the phe-
nomena begin and terminate with the oxidation ; and that the
energy of the pile bears a pretty accurate proportion to the
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rapidity of the process, Hence it seems, on first view, an
obvious inference, that the oxidation of the metal is the pri~
mary cause of the evolution of electricity in galvanic arrange-
ments, It has been proved, however, that it is not ne-
cessary to the excitement of electricity, that the amalgam
should be oxidated ; for the machine continues to act, when
inclosed in hydrogen gas or carbonic acid; and the electric
column of M. de Luc is composed of dry substances. Even
in this instrument, the oxidation of the metals appears to be
essential to its activity, for when the column is hermetically
confined in a given portion of air, the phenomena cease in
time, in consequence of the loss of its oxygen.

* But though the chemical agency of the fluids which are
employed is now admitted, on all hands, to be essential to the
excitement of thiskind of electricity, yet it is by no means uni-
versally agreed that we are to consider it as the first in the
order of phenomena. It has been suggested by Sir H. Davy,
as a correction of the theory of Volta, that the electro-motion,
occasioned by the contact of metals, is the primary cause of
the chemical changes; and that these changes are in no other
way cfficient, than as they restore the electric equilibrium.
To explain this, let us suppose thatin any three pairs of plates
of a galvanic trough the zinc plates z 1, z 2, z 3 (fig. 78), are
in the state of positive, and the copper plates ¢ 1,¢ 2, ¢ 8, in
that of negative electricity. The liquid, in any cell after the
first, will be in contact, on the one side, with positively clec-
trified zinc, and on the other with ncgatively electrified cop-
per. And if the elements composing the fluid be themselves
in different states of electricity, the negatively electrified ele-
ment will be attracted by the zinc, and the positively electrified
element by the copper. Thus when solution of muriate of
soda in water is the fluid, the oxygen and the acid will pass
to the zinc or positive plate, and the alkali to the copper
one; while the hydrogen, having no affinity for copper,
escapes. The electric equilibrium will be restored, but only
for a moment ; for, as the interposed fluid is but a very imper-
fect conductor of electricity, the zinc and copper plates will,
by their electromotive power, again assume their states of op=
posite_electricity ; and these changes will go on, as_long ag
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any muriate of soda remains undecomposed. In a Voltaic ar<
rangement, therefore, the electrical energies of the metals with
respect to each other, or to the substances dissolved in water,
are the causes disturbing the equilibriming and the chemlcal
changes are the causes that restore it.

No theory of the galvanic pile, however, can be considered
as complete, that does not account for the accumulation of
electricity at the zinc end of the apparatus. On the theory
that the oxidation of the zinc is the source of the evolved clec-
tricity, the fact has been ingeniously explained by Dr. Bos-
tock. He takes it for granted that the electric fluid lias an
affinity for hydrogen ; and supposes that the electricity, evolved
at the surfoce of the first zinc plate, is carried, united to
hydrogen, through the fluid of the cell to the opposite copper
plate. Here the hydrogen and electricity separate; the
former flies off in the state of gns, and the latter passes
onwards to the next zinc plate. Being in some degree accu-
mulated in this plate, it is disengaged by the action of the
fluid in a more concentrated state than before. And in the
samc manner, by multiplying the number of pairs, it may be
made to exist, in the zinc end of the pile, in any assignable
degree of intensity.

On this theory, the electricity evolved is actually generated
by the chemical action of the interposed fluids on every zine
plate of the series; and its accumulation is the aggregate of
what is thus evolved. The concentration, which takes place
at the zinc end of the arrangement, admits, however, of being
explained by the hypothesis of Volta, especially as modified
by Sir H. Davy. Taking the first cell as an example, the
fluid interposed between the positive zinc plate = 1, fig. 78,
and negative copper place ¢ 2, being itself a conductor of
electricity, must in time produce an equilibrium between these
two plates ; but this can only be done by the passage of a cer-
tain quantity of electricity across the fluid. The absolute
quantity of electricity will, therefore, be diminished in the
first pair, and increased in the second. In like manner, the
second zinc plate will give up part of its electricity to the
third copper plate, and the second pair of plates will be de-
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prived of part of its electricity. The electricity, thus lost by
the second pair, it will regain from the first pair of plates.
By multiplying, in this way, the number of plates, every suc-
cessive pair, as we advance in the series, has a tendency to
diminish the quantity of electricity in the first, and to bave
its own state of electricity proportionally exalted.

‘When a communication is made between two extremities of
a series, for example between z* or its contiguous cell, and
¢', the opposite clectricities tend to an equilibrium. The
third pair gives up a share of its electricity to the first; and
the intermediate pair, being placed between equal forces, re-
mains in equilibrio. Hence, in every galvanic arrangement,
there is a pair of plates at the centre, which is in its natu-
ral state of electricity. The effect of such a communica-
tion must necessarily be to reduce the pile to a state of inac-
tivity, if there did not still exist some cause sufficient to de-
stroy the equilibrium. On the hypothesis of Volta, this can
be nothing else than the property of electro-motion in the
metals, which originally produced its disturbance.

Such are the hypotheses that have been framed to explain
the phenomena of the Voltaic pile. In the present state of
the science, neither of them is cntitled to be received as alto-
gether satisfactory; and I have stated them rather with the
view of exciting them of satisfying inquiry.* On the theory
of galvanic electricity, it only remaius to point out its differ~
ence from the electricity developed by ordinary processes ; and
to explain the different effects, which are produced by varying
the size of the plates in galvanic arrangements.

Though the identity of common and galvanic electricity
appears to be sufficiently established, yet in some of their phc-
nomena, which have already been described, there is a con-

¢ The reader, who wishes to pursue the subject, may consult an cssay
by the author, in Nicholson’s Journal, xxxv. 259 ; M, De Luc's papers,
xxxii. 271, and xxxvi. 97; Mr. Singer on the Electrical Column, xxxvi.
378, and his work on Galvanic Electricity ; Dr. Bostock’s Essay in Thom-
son's Annals, iii. 32; Sir H. Davy’s chapter on Electrical Attraction and
Repulsion, in his Elements of Chem. Philos. p. 125; and the Ist. vol. of
Gay Lussac and Thenard’s Recherches.
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siderable difference. To explain these, it was long ago sug-
gested by Mr. Nicholson,* that the electricity, excited by the
common machine, is developed in much smaller quantity, but
in a higher state of concentration or intensity than the elec-
tricity of galvanism. Hence, its velocity is much more rapid;
and hence it readily passes through plates of air and other
non-conductors, that are scarcely permeable by galvanic elec-
tricity. By virtue of the same property it disperses the metals
in the form of smoke; while the utmost effect of a Voltaic
arrangement is to melt them into globules. By doubling the
quantity of galvanic electricity, also, we ignite only a double
length of metallic wire, and the ignition is more permanent;
but the intensity of common electricity is such, that by
doubling its quantity we ignite four times the length of wire,
and the effect is little more than momentary.+

The comparative quantities of electricity evolved by the
common machine and by a Voltaic apparatus, have been made
a subject of calculation by Mr. Nicholson. A pile consisting
of 100 half crowns, with the same number of pieces of zinc,
produced, he found, 200 times more electricity than could be
obtained, in an equal time, from a 24 inch plate machine in
constant action. Van Marum has, also, observed that a single
contact of a Leyden jar or battery with a Voltaic pile charges
it to the same degree, as six contacts with the prime conductor
of a powerful machine.

It might naturally be expected that a proportion would be
observed between the quantity of surface composing galvanic
arrangements, and their power of action; and such, with
some limitation, is the fact. With plates of the same size,
the effect, generally speaking, is proportional to the number.
But by enlarging the size, without increasing the number,
neither the shock nor the power of decomposing water and
other imperfect conductors, is proportionally increased. A
remarkable proof of this is, that Mr. Children’s great battery
of 20 double plates, 4 feet by 2, had no more effect on the
human body, or in decomposing water, than a battery con-

¢ Sce his Journal, 4to. iv. 244. 1 Cuthbertson, p. 278,
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taining the same number of small plaies. On the contrary,
to obtain a great increase of effect in the combustion of metals,
it is necessary to enlarge considerably the size of the plates,
Thus 100 plates of four inches square produce, i this way,
an incompurably greater effect, than the same surface divided
into four times the number.

The effect of multiplying the number of plates, it has
already been observed, is, that we obtain electricity of a highet
intensity, and it was supposed by Volta* that the proportion
is, a8 neatly as can be judged, an arithmetical one. If, for
example, we have a certain intensity with 20 pairs, it should
be doubled by 40, trebled by 60, and so on. It has been
shown, however, by Sir H. Davy,t that by incrensing the
number of plates, the quantities of gas, evolved from water,
were nearly as the squares of the numbers. By a sufficient
increase, the most astonishing effects may be produced. Thus
the combination belonging to the Royal Institution, which
contains 2000 double plates, each having a surface of 32 square
inches, when in action, melts platinum, as easily as wax is
melted by a candle, and fuses quartz, the sapphire, lime, and
magnesia. By enlarging the size, without increasing the num-
ber, it has also been shown that we gain, not in intensity,
which remains exactly the same, but in quantity. Now, for
the combustion of metals, what we principally want is a large
quantity of electricity ; for as they are perfect conductors, it
finds a ready passage through them even when of low inten-
sity. On the contrary, to find its way through fluids and other
imperfect conductors, it must be evolved in a high state of
concentration. The facts, therefore, accord sufficiently well
with the explanation, to entitle it to be received as a probable
hypothesis. '

¢ Nicholson's Journal, 8vo. i. 139.
+ Elements of Chem. Philos. p. i55.
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SECTION VI.
Of Electro-Magnetic Phenomena.

AvL the effects of galvanic arrangements, that have hitherto
been described, are produced in bodies when interposed be-
tween the extremities of conductors proceeding from the po-
sitive and negative poles; in other words, so placed that the
galvanic current is imperfectly continued through the body
intended to be acted upoun. It was not known that the electric
current, passing uninterruptedly through a wire connecting the
tyo ends-of a galvanic battery, is capable of being manifested
by any effect, till Professor Oersted, of Copenhagen, in the
winter of 1819, discovered an uncquivocal test of its passage in
its effect on the magnetic needle. The opposite poles of a bat-
tery of sufficient magnitude, in full action, were joined by a
metallic wire, which, for shortness, he calls the uniting con-
ductor, or uniting wire. 'This wire was either placed hori-
zontally, (see pl. iv. fig. 87.) or bent in any other direction
required by the nature of the experiment. When the wire
was placed horizontally over, and parallel to a magnetic
needle properly suspended, and at a distance not exceeding
three quarters of an inch, the needle was moved, and the end
of it next to the negative pole of the battery turned westwards.
The circumstances of the experiment remaining in every res-
pect the same, except that the uniting wire was placed undex
the needle instead of over it, the declination of the needle was
in an opposite direction ; for the pole next the negative end
of the battery now turned eastwards. Again, when the con-
necting wire and meedle were situated in the same horizontal
plane, no declination took place, either to the east or west,
but an inclination, or vertical dip of the needle was observed.
‘When the uniting wire was west of the needle, the pole nest.
to the negative end of the battery was depressed; when the,
wire was to tne east, the same pole was elevated.
~ When the uniting wire was situated perpendicularly to the
plane of the magnetic meridian, the needle, whether above

VOL. I. 0
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or below the wire, remained at rest, unless the pole were very -
near the wire. In that case, the pole was elevated, if the ne-
gative electricity entered from the west side; and depressed, if
from the east. M. Von Buch has since, however, shown that
this state of rest does not continue in two of the four positions
of the wire, provided a sufficient galvamc power be employed
in the experxment. (Ann. of Phil. N.§. ii. 285.)

‘When the uniting wire was perpendlcularly opposite to the
north pole of the suspended needle, and the upper extremity
of the wire connected with the negatwe end of the battery, the
pole, when brought near the wire, moved towards the east.
But when the wire was opposite to a point between the pole
and the middle of the needle, the pole moved westwards.
‘When the upper end of the wire was made to receive positive
electricity, the phenomena were reversed.

The amount of these effects diminished with the decreasing
power of the battery, and with the distance of the needle from
the unmiting wire. This wire, it was found, may consist of
almost any metal; nor does it lose its effect though interrupt-
ed by a column of water, provided the column does not ex-
tend to several inches in length. It is remarkable, also, con-
trary to what is observed in any other effect of electricity or
galvanism, that the influence of the uniting wire passes to the
needle through plates of glass, metal, or wood, the disc of an
electrophorus, or a stone-ware vessel of water ; nor does the
sudden interposition of any of these bodies destroy or sensibly
diminish the effect. On ncedles of brass, glass, or gum lac,
no effect whatever is produced.

The common electrometer indicates the tension or intensity
of electricity ; but, till the discovery of M. Oersted, we had
no instrument to show the direction of its current. The
effect on the needle depends, indeed, entirely on the current.
So long as this current is interrupted, no effect is produced
on the needle; but the moment it is restored, the north pole
of the needle is turncd to the left of the observer, supposing
him to have his face dirccted towards that pole. This may be
more briefly expressed by saying, that the north pole is carried
to the left of the current which acts upon the needle. We



SECT, VI. OF ERLECTRO-MAGNETIC PHENOMENA. 196

thus acquire a galvanometer, capable of pointing out the direc-
tion of the electric current under all circumstances.

By an instrminent nicely constructed on this principle, M.
Ampére ascertained that the current in the voltaic battery it-
self, from the negative to the positive extremity, has the same
influence on the needle, as that current, which, in the uniting
wire, goes on the contrary from the positive to the negative
pole. This is best shown by two ncedles, the one placed upon
the pile, the other above or under the conductor. In each,
the north pole of the needle will be seen turned to the left of
the current near which it is placed: the two needles are both
carried to the same side, and are nearly parallel, when one is
above the pile, and the other beneath the conductor.

‘When two rectilinear portions of two conducting wires,
joining the extremities of two voltaic piles, are so disposed
that the one is fixed and the other suspended so as to be
moveable, the latter will approach the former if the carrents
be in the same sense, and will be repclled when the currents
are in opposite directions. In common electrical attractions
and repulsions, electricities of the same name are mutually
repulsive, and opposite electricitics attract each other. But
in the attractions and repulsions of electric currents, it is pres
cisely the reverse, the repulsion taking place only when the
wires are so situated that the currents are in opposite direc-
tions. The attractions and repulsions of these currents, un-
like the mutual action of bodies electrized in the common
way, takes place equally in vacuo as in air.

‘The discovery of M. Oersted was limited to the action of
the electric current on needles previously magnetized. But
it was afterwards, and about the same time, ascertained both
by Sir H. Davy and M. Arago, that magnetism may be de-
veloped, in steel not previously possessing it, by being placed
in the electric current, and may even be excited in the unit-
ing wire itself. Both philosophers ascertained, independently
of each other, that the uniting wire, becoming a magnet, at-
tracts iron filings, and collects sufficient to acquire the diame-
ter of a common quill. The moment the connexion is broken,
all the filings drop off;* and the attraction diminishes also

* M. Arago afterwards determined that the wire retains its magnetism
for a few instants after the connexion is broken, but that it soon ceases.

o 2
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with the decaying energy of the pile. Filings of brass or
copper, or wood shavings, are not attracted at all.

The communication of magnetic properties to a steel needle
was effected, by Sir H. Davy and M. Arago, in different ways.
The former observed that steel needles, placed upon the con-
necting wire, became magnetic; those parallel to the wire
acted like the wire itself; those placed across it each acquired
two poles. Such as were placed under the wire, the positive
end of the battery being east, had north poles on the south of
the wire, and south poles to the north. The needles alove
were in the opposite direction, and this was constantly the
case, whatever might be the inclination of the needle to the
wire. On breaking the connexion, the steel needles, placed
across the uniting wire, retained their magnetism, while those
placed parallel to it lost it at the moment of disunion. Con-
tact with the uniting wire was not found necessary, for the
offect was produced though thick glass intervened. Increas-
ing the size of the plates of the battery increased the magnetic
effect of the connecting wires; thus the wire uniting the poles
of a battery of 60 pairs of plates did not take up half so much
filings, as' when the battery was arranged so as to form 30
pairs of twice the size.

Similar effects were produced in Sir H. Davy’s experi-
ments by the electricity excited by a common machine. A
battery of 17 square feet, discharged through a silver wire
1-20th of an inch diameter, rendered bars of steel, two inches
long and from 1-10th to 1-20th thick, so magnetic as to lift
up pieces of steel wire and needles; and the effect was com-
mugicated to needles at the distance of five inches from the
wire, even with the intervention of water or of thick plates of
glass or metal. Various other important facts respecting the
communication of magnetism are described in the paper of
the same author, published in the Philosophical Transactions
for 1821, all tending to establish the conclusion that magne-
tism is produced whenever concentrated electricity is passed
through space.

On the suggestion of M. Ampére, M. Arago communicated
magnetism to the needle in a different manner. A copper
wire, by being rolled round a solid rod, was twisted into a
spiral so as to form a heliz. It was easy, by passing the wire
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round the rod, in one direction or the other, to form a dex-
trorsal helix, proceeding from the right hand towards the left,
as in the tendrils of many plants; or a sinistrorsal, or left helix,
proceeding downwards from the left hand to the right above
the axis. Into the cavity of a spiral thus formed, connecting
the two poles of a battery, a steel needle wrapped in paper
was introduced ; and in order to exclude all influence of the
magnetism of the earth, the conchoidal part of the wire was
kept constantly perpendicular to the magnetic meridian. In
a few minutes the needle had acquired a sufficiently strong
dose of magnetism ; and the position of the north and south
poles exactly agreed with Mr. Ampére’s notion, that the
electric current traverses the connecting wire in a direc-
tion from the zinc extremity of the pile to the copper ex-
tremity.

In another experiment, using one copper wire, two symme-
trical spirals were formed, each nearly two inches long, and
separated by a rectilinear piece of the same metal, the spirals
of the two being turned in contrary senses. Within each of
these spirals a needle, properly guarded, was included, and the
connexion made between the two ends of a galvanic battery.
The result was that both the needles were magnetized, but in
exactly opposite senses. When a right helix had been used,
that end of the needle, which had been placed towards the
negative pole of the battery, pointed to the north, and the other
end to the south; but with a left helix, that end of the
needle which had been nearest the positive pole of the battery
pointed north, and the other end south. In one case, when
the connecting wire had been twisted into three consecutive
helices, the middle one being different from the other two, a
single piece of steel wire, sufficiently long to pass through all
three, being inclosed in a glass tube, was placed within them.
On being removed, it was found to have acquired six poles:
first a north pole, a little further on a south pole, then an-
other south pole, a north pole, another north pole, and at the
further end a south pole.

The electricity of a common machine, it was afterwards as-
certained by the Chev. Yelin, when passed along a helix,
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either in simple clectrical sparks, or discharges from a battery,
has .the effect of rendering an included needle magnetic.
In varying these experiments, M. Bockman ascertained that
no modification of the effect was produced by altering the
diameter of the helix from half an inch to 18 inches. With
a helix of 34 inches diameter, and a coated surface of 300
square inches, much less magnetism was, however, imparted ;
and with onc of 84 inches it was scarcely perceptible. It was
found that a ncedle outside of the helix was magnetized as
much as one within; that after being once fully magnetised, &
continuation of the discharges diminished its power; and that
five jars, cach of 300 square inches, did not produce, by re-
peated discharges, much more effect than one of them.

Any wire, through which a current of electricity is passing,
has a tendency to revolve round a magnetic pole, in a plane
perpendicular to the current; and that without any reference
to the axis of the magnet, the pole of which is used. Alsoa
magnctic pole has a tendency to revolve round such a wire.

Suppose the wire perpendicular, its upper end positive, or
attached to the positive pole of a voltaic battery, and its lower
cnd negative; and let the centre of a watch dial represent the
magnctic pole : ifit be a north pole, the wire will rotate round
it in the direction that the watch hands move; if it be a
south pole, the motion will be in the opposite direction. From
these two, the motions which would take place if the wire were
inverted, or the pole changed or made to move, may be rea-
dily ascertained, since the relation now pointed out remains
constant,

The apparatus in the
sketch is the ingenious in-
vention of Mr. Faraday,
and is intended to illus-
trate these motions. The
central pillar supports a
piece of thick copper
wire, which, on the one
side, dips into the mer-
cury contained in a small
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glass cup, a. To a pin at the bottom of this cup a small cy-
lindrical magnet is attached by a piece of thread, so that one
pole shall rise a little above the surface of the mercury, and be
at liberty to move round the wire. The bottom of the cup is
perforated, and has a copper pin passing through it, which,
touching the mercury in the inside, is also in contact with the
wire that proceeds outwards on that side the instrument. Om
the other side of the instrument, 2, the thick copper wire, soon
after turning down, terminates, but a thinner piece of wire
forms a communication between it and the mercury in the
cup beneath. As freedom of motion is required in this wire,
it i3 made to communicate with the former by a ball and
socket joint, the ball being held in_the socket by a piece of
thread ; or else the ends are bent into hooks, and the one then
hooked on to the other. As good metallic contact is required,
the parts should be amalgamated, and a small drop of mer-
cury placed between them, and the lower ends of the wire
should also be amalgamated. Beneath the hanging wire a
small circular magnet is fixed in the socket of the cup, /, so
that one of its poles is a little above the mercury. As in the
former cup, a metallic connexion is made through the bottom
from the mercury to the external wire.

If now the poles of a battery be connected with the hori-
zontal external wires cc, the current of electricity will be
through the mercury and the horizontal wire on the pillar
which connects them, and it will now be found that the
moveable part of the wire will rotate round the magnetic
pole in the one cup, &, and the magnetic pole round the fixed
wire in the other cup, 4, in the direction before men-
tioned.

By using a delicate apparatus, the maguetic pole of the
earth may be made to put the wire in motion. The rotatiom
then takes place round a line parallel to the dipping needle:
hence the rotating wire must always be- inclined, so that the
solid it describes in revolving, if a cone, and not a mere
circle, should include a line parallel to the dip which pusses

through its apex.
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Another ingenious contrivance for illustrating the rotatory
motion of the wire round the pole of a magnet, has been in-
vented by M. Ampeére, and has the advantage of comprising
within itself the voltaic combination which is employed. It
consists of a cylinder of copper about 2 inches high, and 13
internal diameter, within which is a smaller cylinder about
1 inch diameter. (See the wood cut.) The two cylinders
are fixed together by a bottom, having a hole in its centre
the size of the smaller cylinder, leaving a circular cell which
may be filled with acid. A piece of strong copper wire is
fastened across the top of the inner cylinder, and from the
middle of it rises at a right angle a piece of copper wire, sup~
porting a very small metal cup containing a few globules
of mercury. A cylinder of zinc, open at each end, and about
1} inch diameter, completes the voltaic combination. To the
latter cylinder a wire, bent like an inverted U, is soldered at
opposite sides ; and in the bend of this wire a metallic peint
is fixed, which, when fixed in the little cup of mercury, sus-
pends the zin