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PR EFACE.

Tuovcu the following™ pages are chiefly in-
tended for the use of students, it is trusted
that the proficient will find them a useful com-
pendium of Chemistry.

The arrangement of the materials differs
from that sanctioned by our best elementary
writers, but it has been adopted 1n consequence
of some years’ experience of its advantages in
teaching the principles of the science.

In the first chapter the leading facts con-
nected with the general laws of chemical
changes are discussed under the separate
heads of Attraction, Heat, and Electricity.
The second chapter relates to the properties
of radiant matter, and its influence upon the
composition of bodies. In the third and fourth
chapters I have detailed the sources and pro-
perties of the simple supporters of combustion,
and of the elementary acidifiable substances,
and their mutual combinations. 'The fifth
chapter contains an account of the metals, and



x1i PREFACE.

of their compounds with the bodies previously
described, and with each other: some direc-
tions are also interspersed for the analysis of
mineral substances, but I have in general pre-
ferred a reference to authorities, to any attempt
at detailed instructions upon this head, by
which the student cannot profit, and which are
of little use to the practical operator, whose
knowledge must be the result of experience.
The sixth and seventh chapters are assigned to
vegetable and animal products, and the con-
cluding chapter contains the heads of geo-
logical inquiry.

In the Appendix will be found a table,
chiefly useful as presenting a synoptic view
of most of the simple and compound bodies,
with their representative or equivalent numbers ;
these may easily be transferred to a logometric
scale, as recommended by Dr. Wollaston, who
has thus furnished the laboratory with one of
its most useful implements.

The above materials have chiefly been drawn
from the notes that I have employed in my
different courses of lectures, and these are
partly original, and partly compiled from
various sources ; although therefore I have in
most instances scrupulously referred to the
authorities quoted, it is possible that this may
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have been sometimes omitted, and for such
omissions, I now beg to apologize.

The systematic and elementary works that I
have chiefly relied on for assistance, are the
systems of Dr. Thomas Thomson, of Dr. John
Murray, and of M. Thenard ; and the Elements
of Sir Humphry Davy, and of Dr. William
Henry. The Chemical Dictionary of Messrs.
Aikin, I have also often consulted with much
advantage, especially in relation to the Che-
mistry of the Arts.

Much of this work has been written in the
Laboratory, where the results of experiments
have been immediately transferred to its pages ;
and where I have uniformly received the active
and able assistance of Mr. M. Faraday, whose
accuracy and skill as an operator have proved
of essential service in all my proceedings.

A view of the interior of the Laboratory of
the Royal Institution forms the Frontispiece to
this volume ; T have selected it for description
on account of 1its completeness and conve-
nience ; it comprises all that can be re-
quired in the pursuit of experimental chemistry,
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and by enlarging or diminishing the plan, it
may be well adapted to any public or private
establishment,

The following description of the ground
plan (Plate L) will serve to explain its general
arrangement.

A s a part appropriated to an audience. B
is the body of the Laboratory.

a The entrance.

b An open chimney for the reception of
moveable furnaces.

¢ A wind furnace. (Plate III.)

d A reverberatory and assay furnace.

e A stove with a sunk flue, for warming the
Laboratory.

£ a table.

g A sand furnace. (Plate III.)

This has lately been transferred to the
place of the centre table p, and commu-
nicates by a descending flue with the same
chimney.

h A sink with a plentiful supply of water.

i A table with cupboards below it.

k A furnace for the production of gas from
coal, §c. |

[ A cast-iron steam boiler for the abundant
supply of hot water, and of steam when re-

quired.
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m A recess lighted from above, containing
a bellows-blowpipe, and communicating with
three flues nnn, for the reception of the
chimneys of portable furnaces. The gas puri-
fiers also stand in this recess.

o A forge furnace placed in a similar recess,
with flues for occasional purposes.

p p p Tables with drawers.

g A gasometer from which tubes issue for
the supply of the Laboratory, and of the lec-
ture room, with coal gas.

r A small store room and cellar for fuel, &c.

s s Recesses for apparatus.

t Doorway leading to an apartment for
apparatus, §c.

Plate 1I1. contains a representation of the
most useful furnaces of the Laboratory.

Fig. 1. A sand furnace; a the larger bath ;
b the smaller one, which may occasionally
be removed for the purpose of employing
the fire-place for crucibles, or of inserting the
boiler of a still.

Fig. 2. Section of the wind-furnace ; ¢ Plate 1.
ais a flue communicating with the exterior of
the building, for the admission of cold air to
the fire-place; & the ash-hole; ¢ ¢ two grates,
the upper ef which may be removed when a
deep fire-place is wanted ; d an aperture which
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may be closed by a moveable fire-brick ; e the
chimney ; f a register.

Fig. 5. Knight's portable furnace, made of
wrought iron, and lined with fire-brick. It is
convenient for a variety of operations, con-
ducted upon a small scale; « is a door
for the passage of the neck of a retort when
distillation 1s performing in the open fire, as
seen in the wood-cut at page 132; b is an
aperture to which there is a corresponding one
on the opposite side for the admission of a
tube to pass through the furnace, as shewn at

page 93. T
. Fig. 4. A portable assay-fumace a 1s, the
mufﬂe represented in Fig. 5 S

{104t

Fig. 6, 7, and 8, are evapﬂratmg basins ;
'9, a Platinum crucible and cover ; 10, 11, Hes-
sian crucibles; 12, 13, 14, 15, the principal
varieties of tongs useful in the Laboratory.
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(CHEMISTRY cannot be said to have existed, as a
science, previous to the commencement of the
seventeenth century; for although we find, in the
writings of the earlier alchemists, many curious and
important facts and discoveries, these remained
useless and unapplied, so long as the minds of men
were exclusively directed to the transmutation of
the metals, and the fabrication of an universal elixir.
Although, therefore, it may often be amusing, and
sometimes profitable, to revert to the crude specula-
tions and waking dreams of the voluminous writers
upon these subjects who were eminent in the
fourteenth and two successive centuries, the time of
the student will be more profitably occupied in
tracing the labours of those, who, discarding vision-
ary hypotheses, proceeded to the investigation of

truth ; and who were led on, not by the vague glim-
b
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mering of speculative notions, but by the steady
day-light of real philosophy.

Itis, I think, among our own countrymen that we
discover the fathers of chemical philosophy : for
Bacon, Boyle, Hooke, and Newton, present unequi-
vocal claims to that distinctive title. As induction
from experiment is exclusively the basis of chemical
science, little progress could be made in it till the
futility of the ancient philosophical systems had
been shewn, and their influence annihilated ; tﬂl the
true end of science was rightly defined, and the road
to it rendered straight and passable ; till the neces-
sity of well-digested experiment had been esta-
blished, which first procures the light, then shews
the way by its means.”

It may seem trite to quote Lord Bacon; but, as
experience is constantly shewing the neglect of the
invaluable doctrines inculcated in his works; and as
students, especially, are too apt to throw off the
burthen and responsibility of thinking for them-
selves, by adopting the notions of others, without
either weighing their merit or appreciating their
correctness, and often only because they are new, 1
shall beg leave to call their attention to one of the

many relevant passages of this author.
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< He who would come duly prepared, and fitted
to the business of interpretation, must neither be
a follower of novelty, custom, nor antiquity; nor
indulge himself in a liberty of contradicting; nor
servilely follow authority. He must neither be
hasty in affirming, nor loose and sceptical in doubt-
ing ; but raise up particulars to the places assigned
them by their degree of evidence and proof. His
hope must encourage him to labour, and not to rest;
he must not judge of things by their uncommon
nature, their difficulty, or their high character; but
by their just weight and use. He must, in his own
particular, carry on his view with concealment, and
yet have a due regard for posterity. He must
prudently observe the first entrance of errors into
truths, and of truths into errors, without despising or
admiring any thing. He must understand his own
talents and abilities, or the advantages of his own
nature. He must comply with the nature of others.
He must, as with one eye, survey the natures of
things, and have the other turned towards human
uses. He must distinctly understand the mixed
nature of words; which is extremely capable both
of prejudicing and assisting. He must lay it down
to himself, that the art of discovering will grow up,

b2
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and improve, along with discoveries themselves.
He must not be vain either in delivering or conceal-
ing the knowledge he has acquired ; but ingenuous
and prudent, and communicate his inventions with-
out pride or: ill-nature: and this in a strong and
lively,manner, well defended against the injuries of
time, -and fit for the propagation of knowledge,
without oceasioning errors; and, which is the prin-
cipal thing of all, it must be such as may select and
choose for itself a prepared and suitable reader®.”

The following observations from the same source,
will bring me back to my subject :

“ And again; if any one should condescend to
regard such things as are accounted rather curious
than useful; and take a thorough view of the works
of the alchemists, or the followers of natural magic ;
he might, perhaps, be at a difficulty which he should
withhold, his tears, or his laughter. For the alche-
mist goes on with an eternal hope; and where his
matters succeed not, lays the blame upon his own
errors ; and accuses himself as not having sufficiently
understood either the terms of his art, or his author:
whence he either hearkens out for traditions and auri-

* Prefatory Aphorisms of the Novum Organum Scientiarum.
No. XI.
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cular whispers; or else fancies he made some mistake
as to the exact quantity of the ingredients; or nicety
of the experiment ; and thus repeats the operation
without end. And if, in the mean time, among all
the chances of experiments, he throws any which
appear either new or useful, he feeds his mind with
these as so many earnests; boasts and extols them
above measure ; and conceives great hopes of what
is behind. ' It must, indeed, be allowed that the
alchemists have made many discoveries, and obliged
mankind with useful inventions; but they are well
represented in that fable of the old man, who left
an estate to his children, (buried somewhere or other,
he told them, in his vineyard ;) which they, therefore,
fell to dig for with great diligence ; whereby, though
they found no gold in substance, yet they received
a better vintage for their labour.”

“ But such asapply to natural magic, and explain
every thing by sympathies and antipathies, have; by
supine and ' indolent conjectures, placed strange
virtues and operations in things; and if, atoany
time, they have produced works, they are rather
suited to admiration and strangeness, than to frait

and advantage*.”

* Novum Organum. Secﬂun.V.
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The Honourable Robert Boyle*, who was born in
the year in which Lord Bacon died, wrote upon many
subjects, and among them upon chemistry, such as
it was in his time. The perusal of his chemical
works, however, impresses us rather with the bene-
volence and excellent moral character of the author,
than with his skill or sagacity as an experimental
philosopher. Yet Newton thought very highly of
his philosophical attainments; and, with such evi-
dence in his favour, it seems presumptuous to
question their value.

Mr. Boyle’s name is closely connected with the
foundation and early proceedings of the Royal
Society, a body from which the chief lights of
British science have directly emanated, and which
received its charter on the 15th of July, 1662, from
the hands of Charles II+4. Of this society he was
chosen President in the year 1680, but, in conse-
quence of some peculiarity in his notions respecting
the administration of oaths, he declined taking those
required upon the occasion, and, consequently,
never ascended the chair; upon this account the
celebrated Sir Christopher Wren was his substitute.

# Bornin Ireland, 1627 ; died 1691.
+ Thomson's History of the Royal Society.
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The name of Robert Hooke * stands pre-eminent
among the founders of modern chemical science ;
and, although his moral character is not of so amiable
a description, he certainly went before his patron
and contemporary, Boyle, as a theoretical and
experimental philosopher. His contributions to
science are of various degrees of merit ; but it is his
theory of combustion that principally fixes the atten-
tion of the chemical reader. Of this process the
phenomena are so striking and peculiar, as to have
excited the notice of philosophers in all ages.
Fire was regarded, by the earliest chemists, as a
principle resident in all forms of matter, and capable,
under certain circumstances, of being separated or
rendered evident. This notion, which, under various
modifications, forms the basis of all their hypotheses,
was first formally combated with experimental
weapons, by John Reyf, a physician of Perigord.
In 1629, Brun, an apothecary of Bergerac, having
melted two pounds six ounces of tin, found the whole

was converted into a calx, weighing seven ounces

* Born in the Isle of Wight, 1635 ; died in London, 1702.

t Essays de Jean Rey, Docteur en Médécine, sur la Recherche de la
Cause pour laquelle U Estain et le Plomb, augmentent de poids quand
on les calcine. Panis, 1777,
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more than the tin employed ; a fact at variance with
the separation of fire. Upon this he consulted Rey,
who, in 1630, published a tract upon the subjeet,
in- which he refers the increase of weight to the
absorption and solidification of air.

Hooke, m his Micrographia, published in 1664,
has sketched a beautiful theory of combustion, in
which be dwells chiefly upon the influence and neces-
sity of air to'the process, and refers the power of
supporting combustion to a principle existing in
saltpetre. * The following are the principal passages
relating to this subject:

“ From' the experiment of charring of coals
(whereby we  see that, notwithstanding the great
heat, and the duration of it, the solid parts of the
wood: remain, whilest they are preserved from the:
free raccess of the air undissipated,) we may learn
that which has not, that I know of, been published
or hinted, nay, not so much as thought of, by any;
and that, in short, is this.

¢ First, That the air in which we live, move, and
breathe, and which encompasses very many, and
cherishes most bodies it encompasses ; that this air
is the menstruum, or universal dissolvent, of all
sulphureous bodies.

“ Secondly, That this actionit performs not, till the
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body be first sufficiently heated, as we find requisite
also to the dissolution of many other bodies by se-
veral other menstruums.

¢ Thirdly, That this action of dissolution produces
or generates a very great heat, and that which we
call fire ; and this is common also to many dissolu-
tions of other bodies, made by menstruums, of which
I could give multitudes of instances.

¢ Fourthly, That this action 1s performed with so
great a violence, and does so minutely act, and
rapidly agitate the smallest parts of the combustible
matter, that it produces, in the diaphanous medium
of the air, the action, or pulse of light ; which what
it1s, I have elsewhere already shewn. ,

‘¢ Fifthly, That the dissolution of sulphureous
bodies is made by a substance inherent, and mixt
with the air, that is like, if not the very same, with
that which 1s fixt m saltpetre, which, by multitudes
of experiments that may be made with saltpetre,
will, I think, most evidently be demonstrated.”

In the Lampas, published in 1677, he has some-
what extended these views and their applications,
and has offered suggestions respecting the nature of

flame, which are equally creditable to the acumen
of his genius.
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In 1674, John Mayow’s* Zracts were published
at Oxford. In these he adopts the views previously
divulged by Hooke, but extends and embellishes
them. He contends that there exists in the atmos-
phere a spirit necessary to life and fire, identical
with that pent up in saltpetre; that when metals
are burned they absorb it, and therefore increase in
weight ; that a similar change may be effected in
them by nitric acid; that the same principle is also
an acidifying principle, and concerned in converting
sulphur into an acid ; that it is necessary to the
vegetation of plants, and respiration of animals, as
well as combustion. Mayow’s writings abound in
these and similar anticipations of modern discove-
ries; and, although he may be supposed to have
borrowed his notion of the nitro-aérial spirit from
Hooke, his claims to originality upon other equally
important topics, must always remain indisputable.

Newton, to whom all science lies under deep obli-
gation, made two capital contributions to chemistry.
He subverted the ancient doctrines concerning the
cause of chemical affinity ; and, instead of referring
the tendency which bcdies have to combine to pe-

* Born in Cornwall, 1645 ; died in Londen, 1697.
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culiar forms and attributes of their atoms, he refer-
red it simply to attractions belonging to their ultimate
particles. His queries upon this subject attached

to the book on Optics, are so explicit and distinet,
as to be creditable even to the sagacity of Newton.

To him we are also indebted for the discovery of a
mode of graduating thermometers, so as to render
them correspondent with each other; thus was that
real utility conferred upon the instrument, by which
philosophers were afterwards enabled to carry on
their researches in a very difficult department of
chemistry with remarkable facility and precision.
It is a question to whom the invention of the ther-
mometer is due ; perhaps it 1s most justly given to
Santorio, of Padua *; it was, however, considerably
improved by the academicians del Cimento, who, in
the year 1651, united themselves into a body under
the patronage of the Grand Duke of Tuscany. To
this active and zealous association of experimentalists
we owe the curious and important discovery of the
expansion of water previous to its freezing (p. 24);
they were also the first who observed the reflection
of cold (p. 66.)

* Born, 1561, at Capo d'lstria ; died, 1636, at Venice,
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In 1666, the Royal Academy of Sciences was in-
stituted at Paris, under the protection of Louis XIV. ;
in its annals the names of Homberg, Geoffroy, and
the two Lemerys, soon became celebrated for their
various discoveries and improvements in chemis-
try. Homberg *, under the auspices of the Regent
Duke of Orleans, was an active and successful ex-
perimentalist. He discovered the boracic acid,
which he prepared under the name of sedative
salt (244.) He was also the discoverer of pyro-
phorus (689.)

Geoffroy deserves mention as an active and scien-
tific contributor to pharmaceutical chemistry; he
was also, I believe, the first compiler of the Paris
Pkaﬁ*macapmia.

In 1674, the elder Lemery acquired considerable
fame as a teacher and an author. In his lectures he
brought the science to the level of ordinary under-
standings, and in his writings the leading doctrines
of the chemistry of his day are perspicuously and
unaffectedly set forth. |

It now may be right to revert to the hy-
pothesis respecting the cause and phennmena of
combustion, which, as has already been shewn

* Born at Batavia, imJava; 1652 died, at Pansy 1715.
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engaged the attention of the earlier chemists, and
was philﬂsnph—icnlly discuésed' by Rey, Hooke,
.an'd Mayow.

-. Beccher *, who wrote in 1669, referred the changes
which natural substances undergo, to the mutual
éé‘éncies of a few elementary principles, and insists
upﬁn the powers of art as adequate to the perform-
é,lnce of the various operations of nature. In his
Physica Subterranea, and Fdipus Chemicus, these
notions are set forth, and they are certainly very
extraordinary productions. Much of his time was
spent in visiting mines, and examining mineral
bodies. He allowed the existence of five elemen-
tary substances; water, air, and a vitrifiable, an
inflammable, and a mercurial earth; he considers
acids as derived from the union of earth and water;
stones, as produced by the combinations of two
earths; and metals by the union of the three earths
in variable proportions. Beccher also added to the
instruments of chemical research, and simplified
many of the very complex operations then prevalent
in the laboratory. As a practical chemist, he is
perfectly intelligible, but his theories are involved
in so much contradiction and mystery, that it

* Born at Spires, in 1625 ; died in England, 1685.
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is barely possible to understand the ends he
aims at.

He was succeeded by Ernest Stahl #, whose name,
as coupled with the once prevailing and generally,
received phlogistic theory, is familiar to chemists.
Stahl’s doctrines are ably and perspicuously set
forth in his Fundamenta Chemie, published at Nu-
remberg in 1723. He refers combustion to the se-
paration of a highly subtile and elastic matter, which,
under certain circumstances, is thrown into violent
agitation, and then constitutes flame, or fire, This
principle he terms phlogiston.  He asserts that,
when substances are burned, they throw off phlogis-
ton ; and that by its addition to the residuary matter,
the original substance is reproduced; and endea-
vours to demonstrate this assertion by reference to
the combustion of sulphur, and some of the metals.
When antimony, for instance, is exposed to the
open fire, it burns, and is converted into a white
earth-like matter ; it consists, therefore, of earth and
phlogiston; when this earth 1s heated with char-
coal, which abounds in phlogiston, antimony is re-

generated.
It may here be observed, that the necessity of

* Born in Franconia, 1660 ; died at Berlin, 1734.
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air to combustion, and the increase of weight sus
tained by the combustible, are entirely overlooked ;
and that, although this hypothesis was universally
received and promulgated, under the name of the
Stahlian, or Phlogistic Theory, it was, in fact, a
mere revival of the erroneous surmises of the alche-
mical writers, and amply disproved by the expe-
riments and arguments of Rey, Hooke, and Mayow,
as above quoted.

The last writers of this period, whose names 1
shall here record, are Hermann Boerhaave*, and
Dr. Stephen Halest. The former was a clear,
and often eloquent writer, but his experimental
investigations were not erowned with much success.

Hales, on the contrary, was a diligent and acute
inquirer ; his researches into the physiology of vege-
tation, and his ““ Specimen of an Attempt to analyze the
Air, by Chymio-Statical Experiments,” are deserving
of perusal, in consequence of the ingenuity in the
contrivance of experiments and apparatus which
they display, as well as for the justness of some of
his conclusions. He may be regarded as the founder
of that department of chemistry which relates to

* Born near Leyden, 1668 ; died, 1738.
t Born in Kent, 1677 ; died at Teddington, 1761.
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acriform bodies, and which was so ardently and
successfully prosecuted soon after he retired from
the field.

The discoveries of Dr. Joseph Black * come next
in order; and, whether with reference to their
immediate importance, or indirect influence upon
other branches of chemistry, may be considered as
forming an erain the science. His first experiments
refer to the cause of causticity in the earths and
alcalis. It was long known that chalk, which is
a mild insipid substance, after having been heated
red-hot, became converted into quicklime, which is
caustic and acrid; but the cause of this change,
though it had been looked for by Macquer and
others, remained unknown: it was generally re-
ferred to the absorption of fire. Black’s attention
was drawn to this subject by the discovery of mﬁg—
nesia, which, in 1720, was first distinguished from
lime by the celebrated Hoffmannf, who also obtained
it from sea-water.

Dr. Black’s researches led him to ascertain the
existence of a peculiar aériform matter in the mild
earths and alcalis, which was driven off by heat

* Born in France, 1728 ; died at Edinburgh, 1799.
+ Born at Halle, in Saxony, 1660; died, 1742.
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and expelled by acids, and which he called fived air.
In 1764, Dr. Macbride*, of Dublin, ascertained many
other interesting matters relating to fixed air, and
completely verified and established the views of his
predecessor. In 1765, Dr. Brownrigg also threw out
some curious hints upon the same subject: ina com-
munication to the Royal Society, printed in the
Transactions for that year, he remarks, ‘ that a more
intimate acquaintance with those noxious airs in
minés, called damps, might lead to a discovery of
that subtile principle of mineral waters, known by
the name of their spiri¢ ; that the mephitic exhala.
‘tions termed choak-damp, he had found to be a fluid
‘permanently elastic; and that, from various expe-
riments, he had reason to conclude that it entered
the waters of Pyrmont, Spa, and others, imparting
to them that pungent taste, whence they are called
‘acidule, and likewise that volatile principle in which
their virtues chiefly depend;” and in 1769 ¥,
Mr. Lane remarked the solubility of iron in water
impregnated with fixed air.

Thus was it shewn, that one and the same prin-

* Macbride's E.rprﬂmmtaf Essays, 1764. This author also im-

proved the art of tapning. - He was bom in 1726, and died inf 1778.
T Phil. Trassg®! bab  0OB3 yaoens T

c
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ciple renders the caustic alcalis mild, forms the
choak-damp of mines, communicates briskness to
mineral waters, and renders them capal:;le of dis-
solving a portion of iron.

But the inquiries which have generally been
considered as the main foundation of Dr. Black’s
scientific eminence, are those relating to the opera-
tion of heat in changing the state of bodies, as in
converting solids into liquids, and liquids into va-
pours. The leading points of this investigation are
amply detailed in the text, and an attentive con-
sideration of the various difficulties it presented, of
the simple means by which he overcame them, and
of its intimate bearings upon a series of previously
unexplained and ill understood appearances, gives
it the stamp of a masterpiece of experimental phi-
losophy.

The history of pneumatic chemistry next leads
us to speak of the composition of the atmosphere,
the first step to which was the discovery of nitrogen,
made by Dr. Rutherford in 1772. He had found
that when animals were confined in a portion of
atmospheric air, they produced fixed, or mephitic
air : this being removed by a caustic alcaline lix-
ivium, he found the remainder to consist, in part, of
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an air which extinguished flame and destroyed life,
though it did not, like fixed air, occasion a precipi-
tate in lime-water.

The existence of two aériform fluids, differing
from common air, namely fixed or mephitic air, and
nitrogen or azote, had now been established by Black
and Rutherford : and various persons were engaged
in prosecuting inquiries into this new branch of
science, and slowly adding to our information upon
it, when Dr. Priestley * entered this field of research,
and with surprising rapidity gathered an abundant
crop of curious and important discoveries. His
attachment to chemistry seems to have been formed
at Leeds, about 1768, where his attention was di-
rected to the doctrine of air, in consequence of
residing near a brewery, in which he used to amuse
himself with experiments on the fixed air produced
by fermentation. ““When I removed from that
house,” says he (Memoirs of His Own Life, p. 60,) <1
was under the necessity of making the fixed air for
myself; and one experiment leading to another, as
I have distinctly and faithfully noted in my various
publications on the subject, I by degrees contrived

* Born at Fieldhead, near Leeds, 1733 ; died in Pennsylvania,
1504.

c 9
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a convenient apparatus for the purpose, and of the
cheapest kind.” -~ Dr. Priestley’s first publication on
this subject was in 1772, and related to the impreg-
nation of water with fixed air; and in 1773, his Ob-
servations on Different Kinds of Air were read before
the Royal Society. In this paper, which is crowded
with new facts, he makes known the important
mfluence of growing vegetables upon the purity of
the atmosphere. Mayow and Hales had perhaps
anticipated the discovery of nitrous gas, but its ap-
plication to eudiometry was the sole invention of
Priestley.
" The importance of these researches now justly
attracted the consideration of the council of the
Royal Society, and in 1773 he was presented with
Sir Godfrey Cuplef‘s medal, as a mark of the high
opinion which that learned body entertained of
them. Sir John Pringle, who was then President,
delivered, on this occasion, an elaborate discourse
on the different kinds of air, in which, alluding to
the purification of a tainted atmosphere by vege-
tables, he thus expresses himself :

“ From these discoveries we are assured that no
vegetable grows in vain, but that, from the oak of
the forest to the grass of the field, every individual
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plant is serviceable to mankind ; if not always dis-
tinguished by some private virtue, yet making a
part of the whole which cleanses and purifies our
atmosphere. In this the fragrant rose and deadly
nightshade co-operate ; nor is the herbage, nor the
woods that flourish in the most remote and un-
peopled regions, unprofitable to us, nor we to them,
considering how constantly the winds convey to
them our vitiated air, for our relief and for their
nourishment. And if ever these salutary gales rise
to storms and hurricanes, let us still trace and revere
the ways of a beneficent Being, who, not fortuitously,
but with design, not in wrath, but in mercy, thus
shakes the water and the air together, to bury in
the deep those putrid and pestilential efluvia, which
the vegetables on the face of the earth had been
insufficient to consume.”

Dr. Priestley entertained the idea that all facti-
tious airs were noxious and unrespirable, and sub-
sequent investigations have shewn that he was
nearly correct. He also had remarked that they
generally extinguished flame. In the year 1774,
however, he disproved this opinion by the capital
discovery of oxygen gas, which he procured from
red precipitate and red lead. ** What surprised me
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more than I can well express,” he says, “ was, that
a candle burned in this air with a remarkably vi-
gorous flame, very much like that enlarged flame
with which a candle burns in nitrous air, exposed to
iron, or liver of sulphur; but as I had got nothing
like this remarkable appearance from any kind of
air, besides this peculiar modification of nitrous air,
and I knew no nitrous acid was used in the prepara-
tion of mercurius caleinatus, I was utterly at a loss
how to account forit*.” Priestley called this, dephlo-
gisticated air, and to azote he gave the name of
phlogisticated air, imagining that the former was
deprived of, and the latter saturated with, phlogis-
ton. Besides oxygen, Dr. Priestley discovered se-
veral other gases, and he was the first who collected
ammonia, and sulphurcus, and muriatic acid, over
ciuicksilver. |

In 1779, Bergman{ published his ““ Opuscula,” at
Upsal, consisting of a collection of communications
to various learned bodies, part of which have been
translated into English, under the name of “ Phy-
sical and Chemical Essays.” Bergman was one of

* Experiments and Observations on Different Kinds of Aw.  Vol. 1L,

p. 107.
+ Born in Sweden, 1735 ; died, 1784.
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the first who prosecuted analytical chemistry with
success ; in his researches he entirely divested
himself of every hypothetical consideration, and
directed his undisturbed attention to the discovery
of truth ; his favourite motto was,

* Quod verum—curo et rogo, et omnis in hoe sum.”

This principle he instilled into his very eminent
pupil, Scheele*, to whom chemistry is doubly in-
debted ; he was not only an original discoverer, but
a sagacious theorist, as every one must readily allow
who has perused his  Chemical Observations and

*

Eaxperiments on Air and Fire,” and his numerous
dissertations on insulated chemical subjects, He
was the discoverer of baryta; of the existence of
nitrogen in ammonia; of the method of obtaining
citric and tartaric acids; and of chlorine; he ob-
tained oxygen and nitrogen independent of any
knowledge of the prior researches of Priestley and
Rutherford ; and in his Essays on Prussian Blue, on
Milk, on the Acid Matter of Fruits, and on Ether,
has shewn superior skill as an analyst, and great
invention as an experimental chemist.

From the numerous inquiries of Priestley and

Scheele, we turn to the important investigations of

* Born at Stralsund, 1742 ; died, 1786.
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their contemporary, Cavendish*, a “philosopher
whose contributions to science have justly exalted
his name to a high rank among the distinguished
men of Britain, and who attained his eminence not
so much from the number of his discoveries, as from
their intrinsic value and unimpeachable accuracy.
His experiments were subjected to numerous repe-
titions, and his opinions to the strictest examination,
before he ventured to present them to the public
eye, and as such they have remained unshaken and
unimpaired, amidst the various revolutions which
new and improved methods of investigation have
lately brought upon chemistry. He furnishes a
useful example to those who aim at distinction by
the number, rather than the merit, of their contri-

butions to science ; who are led by novelty rather:
than truth; and who are continuallyobliged to retrace
their steps, in consequence of the thoughtless haste

of their proceedings.

Hydrogen, in its pure state, was first examined

by Mr. Cavendish, and its properties deseribed with
a precision which at that time was peculiarly his
own. In 1784, he gave a paper to the Royal Seciety,
describing the results of the combustion of hydrogen

* Born'in London, 1731 ; 'died, 1810.

P Y T
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with atmospheric air, and with oxygen, in which he
shews that pure water is the only product, provided
proper precautions be taken to ensure the purity of
the gases, and the exclusion of foreign matters. In
1785, he proved, in a second communication, pub-
lished in the Philosophical Transactions, that nitrie
acid consists of oxygen and azote, or, as it has since
been termed, in consequence of this discovery,
nitrogen. Thus, independent of their indirect influ-
ence and collateral importance, two great steps
chemistry were made by Mr. Cavendish; the dis-
covery of the composition of water, and of nitric
acid.

While the eminent persons whose discoveries have
now been briefly recited, were thus actively em-
ployed in extending the boundaries of chemical
science, it was receiving a most important accession
of new facts from the celebrated, but unfortunate,
Lavoisier®, a man whose active diligence tended to
his success as an experimentalist, and whose dis-
cerning genius enabled him to employ to the utmost
advantage, that which was discovered by his asso-
clates and contemporaries.

Lavoisier's principal contributions to chemistry

* Born'in 1743 ; died, 1704.
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will be found in his investigations respecting the
nature of fixed air, which he proved to consist of
charcoal and oxygen ; and, by demonstrating the
similarity of the results of the combustion of the
diamond and charcoal, he shewed the identity of
those apparently dissimilar bodies. In the year
1775, he collected the scattered and contradictory
results of the numerous experiments that had been
made respecting the nature of the atmosphere, and
by new and severe investigation, proved the correct-
ness of some, and the futility of others; he shewed
it to consist of about eight parts, by measure, of
oxygen gas, and forty-two of nitrogen; and found
that a candle burned, and an animal breathed,
in such an artificial mixture, precisely as in common
air.

Lavoisier’s fame has usually been erected upon
his views of the phenomena of combustion, which
he combined into what was termed the Antiphlogistic
Theory ; he asserted, that oxygen was necessarily
present in every case of combustion, and referred
the evolution of heat and light to the solidification
of that gas ; and he imagined that acidity could not
exist without the presence of the same element

but these assumptions were not original, and sub-
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sequent inquiries have amply demonstrated their
insufficiency and incorrectness.

The statical accuracy which Lavoisier introduced
into chemical inquiry, the many original discoveries
and inventions which he made, the zeal which he
displayed in his philosophical pursuits, and the
liberality with which he assisted and patronised those
followers of science whom fortune had less favoured
than himself, afford ample materials for those who
would write a panegyric upon this eminent person.

Connected with the labours of Lavoisier is the
celebrated reform of chemical nomenclature effected
by him and his associates, among the most eminent
of whom we may enumerate Guyton Morveau®*, and
Fourcroy+. The difficulties of such a task may be
well imagined, and they were encountered with con-
siderable address ; and, it must be confessed, that,
while it particularly tended to the dissemination of
the antiphlogistic doctrines, it facilitated the general
acquisition of the science; the ludicrous terms of
the alchemists were rejected, and names founded
upon the nature of compound bodies, and upon the
leading qualities of elementary substances, became

* Bornat Dijon, 1737 ; died, 1815.
 Born at Paris, 1755 ; died, 1809,
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their more sensible substitutes. Had chemistry re-
mained stationary, or nearly so, the French nomen-
clature, if not unobjectionable, would, at least, have
been efficient: but, independent of those imper-
fections evinced by a reference to the philoso-
phical principles of language, the plan was quite
unsuitable to a branch of knowledge so eminently
and rapidly progressive. The consequence is, that
many of the terms, once unexceptionable, are now
become, not merely objectionable, but absurd, and
are only retained in consequence of the very serious
inconvenience to which innovation necessarily tends.
I have consequently, in the following pages, checked
myself whenever 1 felt inclined to change old and
accepted terms for those of more recent coinage;
and, in the selection of pames necessarily new, 1|
have preferred such as are most analogous to those
previously in use, being convinced that a partial
reform would be useless; and a radical one, mis-
chievous. For these reasons I have declined the
adoption of Sir Humphry Davy’s principles of no-
menclature, to whose subjoined opinion, however,
upon this subject I entirely subscribe *.

““ Simplicity and precision ought to be the cha-

* Elements of Chemical Philosophy, pp. 46, 47.

— T
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racteristics of a scientific nomenclature ; words
should signify things, or the analogies of things, and
not opinions. If all the elements were certainly
known, the principle adopted by Lavoisier would
have possessed an admirable application ; but a sub-
stance in one age supposed to be simple, in another
is proved to be compound ; and vice versd. A the-
oretical nomenclature is liable to continued altera-
tions ; oxygenated muriatic acid 1s as improper a name
as dephlogisticated marine acid. Every school believes
itself in the right; and if every school assumes to
itself the liberty of altering the names of chemical
substances, in consequence of new ideas of their
composition or decomposition, there can be mno
permanency in the language of the science; it must
always be confused and uncertain. Bodies which
are similar to each other should always be classed
together; and there is a presumption that their
composition is analogous. Metals, earths, alcalies,
are appropriate names for the bodies they represent,
and independent of all speculative views; whereas,
oxides, sulphurets, and muriates, are terms founded
upon opinions of the composition of bodies, some of
which have been already found erroneous, The

least dangerous mode of giving a systematic form
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to a language, seems to be, to signify the analogies
of substances by some common sign affixed to the
beginning, or the termination of the word. Thus,
as the metals have been distinguished by a termina-
tion In wm, as awurum, so their calciform, or oxidated
state, might have been denoted by a termination
in @, as aura; and no progress, however great, in
the science, could render it necessary that such a
mode of appellation should be changed. Moreover,
the principle of a cnmpﬂaité nomenclature must
always be very limited. It is scarcely possible to
represent bodies consisting of five or six elements
in this way, and yet it is in such difficult cases
that a name implying a chemical truth would be
most useful.”

To those who will cast an eye upon chemical
science, as left by Lavoisier, and upon its present
improved state, I need offer no remarks upon its ex-
traordinary and rapid advancement, upon the unre-
mittingindustry and penetrating research with which
it has been lately pursued, nor upon the genius that
has been displayed in its fertile and fascinating
fields. The above sketch has been limited and suc-
cinct, in consequence of the bulk which this volume

has acquired ; but the student who wishes further
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details will find them in the sources I have quoted,
and in a more extended view, which I have else-
where published *.

The discoveries of contemporaries are, I hope,
accurately enumerated in their proper places; in
these prefatory remarks I have, for obvious reasons,
declined even their enumeration; to do justice to
their merits, and set forth in due terms their re-
spective claims to the gratitude of their country and
the respect of mankind, is a task to which many
circumstances render me inadequate; one among
them I am proud to acknowledge, which is the
intimacy, {riendship, or acquaintance, of the prin-
cipal individuals alluded to.

* Dissertation, prefixed to the Supplement of the Encyclopedia

Britannica.







MANUAL OF CHEMISTRY.

CHAPTER L

Of the Powers and Properties of Matter, and of the general
Laws of chemical Changes.

1. CHEMISTRY takes cognizance of all changesin the
constitution of matter, whether effected by heaf; mixture, or
other means. Its general range, therefore, is so extensive,
and the individual cases, requiring explanation, so numerous,
that Arrangement is of the first consequence to its successful
study; and, in the present state of our knowledge, it will be
found most convenient to begin with the discussions relating
to the general powers or properties of matter, and afterwards
to proceed to the examination of individual substances, and
to the phenomena which they offer when presented to each
other under circumstances favourable to the exertion of their
mutual chemical agencies.

2. The powers and properties of matter, connected with
chemical changes, may be considered under the heads of

1. Attraction. ;

2. Heat.

3. Electricity.
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SectrioNn I. ATTRACTION.

3. ATTRACTION may be regarded as acting at sensible and
at insensible distances. In the former case, it is called gravi-
tation. It is the power by which substances are propelled
towards the earth ; it exists in all known forms of matter, and
acts directly as the mass, and inversely as the square of the
distance: And, when restrained by inertia, it preserves the
planetary bodies in their orbits, presides over their move-
ments, and tends to confer upon the system of the universe

that consummate harmony which the genius of Newton has

unveiled.

4. Attraction 1s also exerted at insensible distances, and
among the minutest atoms of matter. It thus preserves the
form and modifies the texture of solids, gives a spherical
figure to fluids, and influences the mechanical characters of
bodies; and, when it operates upon dissimilar particles, it
produces their union, giving rise to new and infinitely varied
productions.

5. The results of attraction, as relating to the forms of
matter, are influenced by the circumstances under which it has
taken place. Sometimes the particles are, as it were, indis-
criminately. collected; in other cases they are beautifully
arranged, giving rise to regular and determinate figures. In
this case, bodies of the same composition invariably affect the
same form; hence we are often enabled to infer the composi-
tion of a substance from accurate inspection of its external or
mechanical characters. _

6. The regular polyhedral solids thus resulting from the
influence of attraction upon certain kinds of matter, are usually
called crystals, and the bodies are said to be susceptible of
crystallization.

7. To enable the particles of bodies to assume that regular
form which crystals exhibit, it is obvious, that they must have
freedom of motion; and, accordingly, the first step towards
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obtaining a body n its erystalline form, is to confer upon it
either the liquid or aériform state. The former is usually
~ effected by solution in water; the latter by exposure to heat.
When common salt is dissolved in water, its particles may be
regarded as disposed at regular distances throughout the fluid ;
and if the guantity of water be considerable, the particles will
be too far asunder to exert reciprocal attraction; in other
words, they will be more powerfully attracted by the water
than by each other, If we now slowly get nd of a portion of
the water by evaporation, the saline particles will gradually
approach each other, and they will aggregate according to
certain laws, producing a regular solid of a cubic form.

8. The regularity of this figure will be influenced by the
rapidity of the evaporation; if the process be slowly con-
ducted, the particles unite with great regularity; if hurried,
the crystals are irregular and confused. In common cases,
the evaporation may be continued till a pellicle forms upon the
surface of the solution, which indicates, that the attraction of
the saline particles for each other, is becoming superior to their
attraction for the water. The formation, therefore, of a
superficial pellicle 1s the common criterion of the fitness of a
solution for crystallization ; but where the object is to obtain
very regular and very large crystals, the evaporation must be
much slower, and carried to much less extent; even sponta-
neous evaporation, or that which takes place at common tem-
peratures, must be resorted to.

0. There are certain bodies which may be dissolved or
liquefied by heat, and during slow cooling, may be made to
crystallize. This is the case with many of the metals, and
with sulphur. Some other substances, when heated, readily
assume the state of vapour, and, during condensation, present
“regular crystalline forms, such as iodine, benzoic acid,
camphor, &ec.

10. The hardness, brilliancy, and transparency of crystals, often

E 2
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depend upon their containing water, which sometimes exists in
them in large quantities. Thus, sulphate of soda, in the state
of crystals, contains more than half its weight. This is called
water of crystallization. Some salts part with it by simple
exposure to a dry air, when they are said to effloresce; but
there are other salts which defiguéace, or attract water from
the atmosphere.

11. Crystallization is accelerated, by introducing into the
solution a nucleus, or solid body, upon which the process
begins ; and manufacturers often avail themselves of this cir-
cumstance. Thus we see sugar-candy crystallized upon
strings, and verdigris upon sticks. There are cases in which
it is particularly advantageous to put a few crystals of the dis-
solved salt into the solution, which soon cause a crop of fresh
crystals; and in some instances, if there be two salts in solu-
tion, that will most readily separate, of which the crystals have
been introduced.

12. A strong saline solution, excluded from the air, will
frequently crystallize the instant that air is admitted,—a cir-
cumstance referred to atmospheric pressure. In other cases,
agitation produces the same effect. These phenomena seem
connected with the doctrine of latent heat.

18. The presence of light also influences the process of
crystallization. Thus we see the crystals collected in camphor
bottles in druggists’ windows always most copious upon the
surface exposed to light; and if we set a solution of nitre in a
room which has the light admitted only through a small hole
in the window-shutter, crystals will form most abundantly
upon the side of the basin expused to the aperture through
which thg light enters. '

14. We may now proceed to examine the structure of cry-
stallized bodies, upon which'the Theories of Crystallization’
are founded. This inquiry exposes a connecting link between
Chemical and Mechanical properties of bodies.

It is commonly observed, that crystallized bodies affect one
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form in preference to others. The fluor spar of Derbyshire
crystallizes in cubes: so does common salt. Nitre assumes
the form of a six-sided prism, and sulphate of magnesia that of
a four-sided prism. These forms are liable to vary. Fluor
spar and salt crystallize sometimes in the form of octoedra,
and there are so many forms of carbonate of lime, that it 1s
difficult to select that which most commonly occurs.

Romé de Lisle referred these variations of form to certain
truncations of an invariable primitive nucleus; and Gahn after-
wards observed, that when a piece of calcareous spar was
carefully broken, all its particles were of a rhomboidal figure.
"This induced Bergman to suspect the existence of a primitive
nucleus in all crystallized bodies®. When Haiiyt entered this
field of inquiry, he not only corroborated the opinions of
Bergman, and submitted former hypotheses to experimental
proof, but traced with much success the laws of crystallization,
and pointed out the modes of transition from primitive to
secondary figures.

Those who are in the habit of cutting and polishing certain
gems, have long known that they only afford smooth surfaces
when broken in one direction; and that in others the fracture
1s irregular and uneven. This is the case with crystallized
bodies in general. If we attempt
to split a cube of fluor spar with

the blade of a knife, assisted by a AP
hammer, we shall find that it will A .

only yield kindly in the direction of {i
the solid augles; and pursuing the y
division in these directions, an octo-
edron will be the resulting figure,
as in this diagram,

In splitting a six-sided crystal of calcareous spar, we find
that, of the six edges of the superior base, three alternate

* Physical and Chemical Essays. Vol. 11, p. 1.
t Traité de Mineralogie. Paris, 1801,
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edges only will yield to the blow: those, for instance, marked

a, b, ¢; and the division will take place in a plane inclined
at an angle of 45°, The three intermediate edges resist this
division. But in dissecting the inferior base of the crystal, the
intermediate edges will alone yield, namely, a, b, c¢. If we
continue this dissection in the same directions, we shall at

length obtain the obtuse rhomboid, " b
which 1s seen in this diagram in its LAl sk “
relative situation to the including prism. | ': / \

We thus then arrive at the primi- pisl
tive form of the calcareous spar, and
from whatever secondary form it has %: g :;}%
been obtained, it 1s always a rhomboid, S
having obtuse angles of 105°5. But 6;%,
an obtuse rhomboid is also the primi-

tive form of other bodies, as of pearl l

- : LB f=7
spar, iron spar, and tourmalin. DBut e Ay
here the inclination of the surface @ L

points out a difference. Thus the primitive angle of pearl
spar is 106° &, of iron spar 107°%, and of tourmalin 118° 10",
15. These instances show the necessity of being provided with
instruments for mea-
suring the angles of
crystals with nice
accuracy ; they are
termed goniometers.
The simplestofthese
instruments consists
of a protractor or I‘E} ;:E:

5

[
I
I

semi-circular scale of =)

degrees, A A, and a C
small pair of com-

passes or nippers, ‘
B B B B, destined to B y
receive the crystal.

#* Wollaston. Phil, Trans. 1812,
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The centre of the pair of compasses i1s made moveable like
those of the common proportional compasses, so as to permit the
legs B B, and B C B, to be considerably lengthened or short-
ened, when the two pieces are applied to each other. The
fixed leg B B, is represented as beneath the moveable one
B C B, or radius, measuring 90 degrees, and the lower end
of the centre pin, which could not be shown in the wood cut,
is made to fit the hole or centre in the protractor precisely
at the same time that the stud or projecting piece of brass,
being admitted mto the long perforation a of the leg B B, the
piece becomes steadily attached to the protractor or semi-circle,
as 1s seen n the Figure,

T'he application of this instrument is obvious. The crystal
to be measured 1s applied between the compasses, which being
thus set, are applied to the protractor, and the value of the
angle may be read off at the fiducial edge of the leg B C B.

The reflective goniometer, invented by Dr. Wollaston *, is
the most useful of these mstruments. It enables us to deter-
mine the angles even of minute crystals with great accuracy; a
ray of light reflected from the surface of the crystal being em-
ployed as radius, nstead of the surface itself,

16. In following the method above described, Haiiy obtained
six primitive forms.

1. The cube, parallelopipedon, &c. BE=

2. The tetraedron.

® Phil. Tranz. 1809,
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3. The octoédron.

4. The hexangular prism.

5. The rhombic dodecaédron.

6. The dodecaédron with trian-
gular faces.

These primitive forms, by further mechanical analysis, may
be reduced to three integral elements.
1. The parallelopiped, or simplest solid, having six surfaces,
parallel two and two.
T

1.ﬂ.!
2. The triangular, or simplest prism, bounded
by five surfaces. L

i
flim

3. The tetraédron, or simplest pyramid, bounded by four
surfaces. |
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17. The secondary forms are supposed to arise from decre-
ments of particles taking place on different edges and angles of
the primitive forms. Thus a cube, having a series of decreas-
g layers of cubic particles upon each of its six faces, will
become a dodecaédron, if the decrement be upon the edges;
but an octoédron, if upon the angles; and by irregular, inter-
mediate, and mixed decrements, an infinite variety of secondary
forms would ensue, as the annexed figures shew.
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10 CRYSTALLIZATION.

18. But in crystallography we meet withappearances which
Haiiy’s theory but imperfectly explains. A slice of fluor
spar, for instance, obtained by making two successive and
parallel sections, may be divided into acute rhomboids;
but these are not the primitive form of the spar, because
by the removal of a tetraédron from each
extremity of the rhomboid an octoédron
15 obtained. 'Thus, as the whole mass
of fluor may be divided into tetraédra
and octoédra, it becomes a question
which of these forms is to be called pri-
mitive, especially as neither of them can

fill space without leaving vacuities, nor
can they produce any arrangement suffi-
ciently stable to form the basis of a permanent crystal.

19. To obviate this incongruity, Dr. Wollaston * has
very ingeniously proposed to consider the primitive par-
ticles as spheres, which, by mutual attraction, have assumed
that arrangement which brings them as near as possible to each
other, When a number of similar
balls are pressed together in the same
plane, they form equilateral triangles
with each other; and if balls so placed
were cemented together and afterwards broken asunder, the
straight lines in which they would be disposed to separate,
would form angles of 60° with each other. A sin-
gle ball, placed any where on this stratum, would
touch three of the lower balls, and the planes
touching their surfaces would then include a regu-
lar tetragédron. A square of four balls, with a
single ball resting upon the centre of each sur-
face, would form an octo€dron, and upon apply-
g two other balls at opposite sides of this octo

* Phil. Trans, 1813.
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¢dron, the group will represent the acute rhom-
boid. Thus the difficulty of the primitive form
of fluor, above alluded to, is done away, by
assuming a sphere as the ultimate molecula. By
oblate and oblong spheroids other forms may be
obtained.

20. The subject of crystallization has more lately engaged
the attention of Mr. J. F. Daniell ¥, and his researches have
produced some singular confirmations of Dr. Wollaston’s hypo-
thesis. 1f an amorphous piece of alum be immersed in water,
and left quietly to dissolve, at the end of about three weeks we
shall observe that it has been unequally acted upon by the
fluid: the mass will present the forms of octoédra, and sec-
tions of octoédra, as it were carved or stamped upon its surface,

as seen in these figures :

"This appearance is produced
when the attraction of the
water for the solid is nearly
counterbalanced by its me-
chanical texture. The crys-
tals produced by this species
of dissection, are highly cu-
rious from their modifica-
tions and relative positions,
as the same group presents
the primitive form as well as
its truncations and decre-
ments. Other salts yield
other figures, and by more
complicated chemical action, J==
as of acids upon carbonate F§ =<
of lime, the metals, &c.,

* Duarterly Jowrnal of Science and the Arts, Vol. 1.
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analogous results are obtained. Here, then, instead of dividing
a crystal by mechanical force, its structure is gradually de-
veloped by the process of solution. In these cases two cireum-
stances are particularly remarkable : the crystals are different ;
* and their forms vary with the different faces of the original
mass. In one direction we observe octoédra and sections of
octoédra; in another, parallelograms of every dimension,
modified with certain determinate intersections.

If, in either of these positions, we turn the mass upon its
axis, the same figures will be perceived at every quadrant of a
circle; and, if we suppose the planes continued, they will
mutually intersect each other, and various geometrical solids
will be constructed. In this way, alum alone furnishes octo-
€drons, tetraédrons, cubes, four and eight-sided prisms either
with plain or pyramidal terminations, and rhombic parallelo-
pipedons. It is evident, then, that no theory of crystallization
can be admitted, which is not founded upon such a disposition
of constituent particles, as may furnish all these modifications,
by mere abstraction of certain individuals from the congeries,
without altering the original relative position of those which
remain; and these conditions may be fulfilled by such an
arrangement of spherical particles, as would arise from the
combination of an indefinite number of balls endued with
mutual attraction, and no other geometrical solid is adequate
to the purpose; and where bodies afford crystals differing
from the octoédral series, an analogous explanation is fur-
nished, by supposing their constituent particles to consist of
oblate spheroids, whose axes bear different proportions to each
other in different substances. Hence we may also conclude, that
the internal structure of all crystals of the same body is alike,
however the external shapes differ. In corroboration of the
above hypothesis, we may remark, that the hexaédron 1s, of all
geometrical figures, that which includes the greatest capacity
under the least surface. If, therefore, the ultimate particles of

e ik et
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crystalline bodies be spheres or spheroids, the greatest possible
number in the least space will be included in this form. It is
probable that the exterior shape of every crystal 1s determined
by the nucleus first formed by a certain definite number of par-
ticles, which, by the power of mutual attraction, overcome
the resistance of the medium in which they were suspended,
or from which they were separated. This number may vary
with the solvent, or othér contingent circumstances. Four
spherical particles, thus united, would balance each other in
a tetraédral group, six in an octoédral group, and each would
present particular points of attraction to which all subsequent
deposits would be directed. Now, let us imagine two nuclei
formed in the same solution, whose axes run in contrary direc-
tions ; their increase will consequently be in contrary directions,
and each will attract a particular system of particles from the
surrounding medium.  If these two systems should cross each
other in their course, a greater number will be brought within
the sphere of mutual reaction at the point of junction, and
they ought to arrange themselves in the least possible compass.
The facts here answer to the theory. If we select any crystals,
having others crossing them nearly at right angles, and sepa-
rate them, the points of junction invariably present an hexagdral
arrangement.

21. In connexion with chemistry, the theory of crystalliza-
tion opens a new avenue to thescience, and frequently enables
us to ascertain directly, that which independent of such aids,
could only be arrived at by an indirect and circuitous route.
We frequently read the chemical nature of substances in their
mechanical forms. To the mineralogist, an intimate acquaint-
ance with the crystalline forms and modifications of natural
bodies 1s essentially requisite. Indeed, the theory of crystal-
lization may be considered as one of the great supports of that
useful branch of natural history, and it is to the indefatigable
exertions of Haily that much of its present perfection is to be
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referred.  In the arts, the process of crystallization is turned
to very valuable account, in the separation and purification of
a variety of substances.

22. We have hitherto considered Attraction as disposing
the particles of bodies to adhere, so as to form masses or
aggregates, and, in many instances, to arrange themselves
according to peculiar laws, and to assume regular geometrical
figures. We are now to regard tl=8 power as operating upon
dissimilar particles, as presiding over the composition of
bodies, and as producing their chemical varieties. This is
Coemican ATTRACTION or AFFINITY.

23. If, into a glass vessel, exhausted of air, be introduced
some sulphur, and copper filings, and heat be applied so as
to melt the former, it will presently combine with the latter.
We observe, as the results of this attraction between the
sulphur and copper, 1. That the substance produced has not
the intermediate properties of its elements, but thatit presents
new characters. 2. That much heat and light are evolved
during the mutual action. 3. That sulphur and copper will
unite in certain proportions only.

In liquids and gases, similar changes of properties may be
exhibited, and, in many cases, a change of form or state
results, Thus the combination of aériform bodies produces
a solid, as when muriatic and ammoniacal gases produce the
solid salt called muriate of ammonia. Solids also produce
liquids, as is shewn by triturating crystals of Glauber’s salt
with nitrate of ammonia ; and liquids produce gases, as when
one part of nitric acid 1s mixed with two of alcohol.

04. In some cases of chemical combination, the result-
ing compound differs but little from its component parts,
and their leading characters are still obvious in it. This is
often remarked in the mixture of different gaseous bodies,
and in solutions of different substances in water and other fluids.

In other cases, the properties of the compound differ essen-
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CHEMICAL AFFINITY. 15

tially from those of its component parts, and a series of new
bodies, possessed of distinct and peculiar characters, are pro-
duced. Such operations are not confined to art. Nature
presents them on an extended scale; and, n connexion with
the functions of life, renders them subservient to the most
exalted purposes.

25. The new chemical powers, therefore, that bodies
acquire in consequence of combination, are often extremely
remarkable, and can only be learmed by experiment. It fre-
quently happens that inert bodies produce mert compounds,
and that active substances remain active when combined; but
the reverse often occurs. Thus oxygen, sulphur, and water,
in themselves tasteless and comparatively inert, produce oil of
vitriol when chemically combined; and potash, which is a
powerful caustic, when combined with oil of vitriol forms a
salt possessed of little activity. The colours, and specific
gravity and temperature of bodies are also commonly altered by
chemical action. Thus the blue infusion obtained by mace-
rating violets in warm water is rendered red by acids, green by
alcalis, and its colour is wholly destroyed by chlorine.  When
equal parts of oil of vitriol and water are mixed, the resulting
liquid has a specific gravity much above the mean; the tem-
perature is also much increased ; and ignition frequently at-
tends chemical action. (23.)

26. As chemical action tukes place among the ultimate or
constituent elements of bodies, it must obviously be opposed
by the cohesion of their particles, and chemical attraction is
often prevented by mechanical aggregation. A piece of the
metal antimony, put into the gas called chlorine, is only
slowly and superficially acted upon; but if the mechanical
aggregation be previously diminished, by reducing the metal
to powder, it in that state rapidly unites with the gas, and
burns the instant that it is introduced.



16 CHEMICAL AFFINITY.

27. Heat increases the chemical energies of bodies. [ts
effects are sometimes only referable to the diminution of adhe-
sion by expansion, but in other cases are peculiar and compli-

cated, as will be shown under the sections on HEa1 and EvLgc-

THICITY.

28, Different bodies are possessed of different attractive
powers, and if several be brought together, those which have the
strongest mutual affinities enter first into union. Thus, if nitric
acid be poured upon a mixture of lime and magnesia, it dis-
solves the former in preference to the latter earth. The know-
ledge of this fact enables us to separate bodies when united,
or to perform the process of decomposition, Thus, if I add an
aqueous solution of lime to a solution of magnesia in nitric
acid, the latter earth is thrown down or precipitated, and the
lime occupies its place in the acid.

29. Decomposition is effected under a variety of circum-

stances, and by many methods; but it is commonly described
by chemists as SimpLe and ComPLEX, or SINGLE and
DovusLe.

In cases of simple attraction or affinity, one body separates
another from its combination with a third. Thus, when
potash is added to a solution of sulphate of zinc (composed of
sulphuric acid and oxide of zinc), the oxide of zinc 1s separated,
and sulphate of potash is produced. .

In cases of double decomposition, two new compounds are
produced ; as when a solution of nitrate of baryta is mixed
with solution of sulphate of soda, the results are a precipitate
of sulphate of baryta, and a solution of nitrate of soda.

These cases of double decomposition are sometimes con-
veniently illustrated by diagrams which may either be con-
structed so as merely to shew the result of the change, or
where required, they may also exhibit the composition of the
acting bodies. In the case just alluded to, the substances
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CHEMICAL AFFINITY. 17

. before mixture are shewn by parallel lines, and after mixture
. by diagonal lines.

Nitric Acid. Baryta,

Sulphuric Acid Soda.

Or a more complete view of the change is given in the fol-
| lowing diagram, where the bodies before mixture are placed
1upon the outside of the perpendicular lines; their component
|| parts are shewn within them, and the new results on the out-
1 side of the horizontal lines.

Nitrate of Soda.
Nitric
Acitl Soda.
|| Nitrate of Sulphate
Baryta. of guda
Sulphuric
Baryta. cid.

Sulphate of Baryta

30. It is obvious, from the uniform results of chemical
3 ction, that affinity must be governed by certain definite laws,

C
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by which its results are determined, and upon which its uni-
formity depends. Attention was first called to this subject by
Mr. Higgins in 1789. He conceived that chemical attraction
only prevailed between the ultimate particles of simple ele-
mentary matter, and between compound atoms ; and, inapply-
ing this idea to chemical theory, he expressed by numbers the
relative forces of attraction subsisting between the different
kinds of ultimate particles and atoms of matter.

These views were subsequently extended and improved by
Mr. Dalton, and have since engaged the attention of some
most eminent chemical philosophers ; among whom we may
enumerate Gay Lussac and Berzelius, Davy, Wollaston, and
Thomson.

The atomic doctrine, or theory of definite proportionals, has
been much blended with hypothetical views ; but it will be
most satisfactorily and usefully considered as an independent
collection of facts.

When bodies unite so as to form one compound only, that
compound, under whatever circumstances it is produced,
whether by nature or art, always contains the same relative
proportions of its components ; and where two bodies unite in
more than one proportion, the second, third, &e., proportions
are multiples or divisors of the first. This law is well exhi-
bited in the combinations of gaseous bodies. These are seen
to unite in simple ratios of volume. Water is composed of
hydrogen and oxygen, and | part by weight of the former gas,
unites to 7,5 of the latter. The specific gravity of hydrogen,
compared with that of oxygen, is as i
1to 15: tis obvious, therefore, that i 7, 5.
one volume of hydrogen unites to half Oxygen. |
a volume of oxygen, and that the com- §
position of water wii be represented Hydrogen.
by weight and volume thus:

Murmuc acid gas consists of 1 part by weight ofhydmgen, |
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and 33,5 by weight of chlorine. The
relative specific gravities of these gases 1. 3 3, 3.
are as 1 to 33,5. Itis obvious, there-
fore, that they combine in equal vo-
lumes, and that muriatic acid gas may
be thus represented.

Carbonic acid unites to potash in two proportions, and
forms two definite compounds. In the one, 70 parts of potash
are combined with 50 of carbonic acid; in the other, 70 of
potash are united to 60 of carbome acid.

Lead combines with oxygen in three proportions; the first
compound consists of 100 lead + 8 oxygen, the second of
100 + 12, the third of 100 + 16.

Bodies are always obedient to these laws of union ; and, in
whatever way they are produced, their component parts exist

Hydrogen.| Chlorine.

m the same relative proportions.
- 31. This observation applies to all cases of energetic che-
mical combination, in which the qualities of the component
parts are no longer to be detected in the compound ; for in
some instances bodies may be said to unite in all proportions,
as water and alcohol, &c. Other bodies combine in all pro-
| portions up to a certain point only, and beyond that, combi-
1 nation no longer ensues. Thus water will take up successive
| portions of common salt, until at length it refuses to take up
imore, or 18 saturated ; and this always occurs when the water
' has dissolved a definite weight of the salt.
82. The term neutralization is applied to cases in which
I bodies mutually disguise each other’s properties, as is especially
rexemplified in the union of acids with alcalis; as of sulphuric
racid, for instance, with solution of potash. The acid reddens
violet juice, and 1s sour. The potash converts the blue to
igreen, and is acrid.  If the acid solution be gradually added
[to the alcaline, we shall find that at a certain point the taste
'will neither be acid nor acrid, but slightly saline and bitter,
imor will there be any effect produced upon the vegetable blue.

c 2



20 CHEMICAL AFFINITY.

Thus the acid is neutralized by the alcali, and the compound
has been termed a neutral salt.

33. When we have ascertained the proportion in which any
two or more bodies of one class, A. B. C., neutralize another
body X of a different class, it will be found that the same
relative proportion of A. B, C. &e., will be required to neu-
tralize any other body of the same class as X. Thus since
100 parts of sulphuric acid, and G8 (omitting fractions) of
muriatic acid, neutralize 118 of potash, and since 100 of
sulphuric acid neutralize 71 of lime, we may infer that 68 of
muriatic acid will also neutralize 71 of lime.

34. If the quantities of two bodies A and B, that are neces-
sary to saturate a given weight of a third body, be represented
by g and r, these quantities may be called equivalents. Thus
m the above example (53), 100 parts of sulphuric acid and (8
of muriatic acid, are equivalents of each other. A column
of equivalent numbers, of great use in chemical calculations,
will be found in the tables inserted in another part of this
work. By adapting a table of this sort to a moveable scale,
on the principle of Gunter’s sliding rule, Dr. Wollaston has
constructed a logometric scale of chemical equivalents, which
is capable of solving with great facility, many problems of
chemistry. (Phil. "T'rans. 1814.)

35. By prosecuting chemical analysis, we arrive at a certain
number of principles or elements, that is, of bodies which
have not hitherto been decomposed.

The nature of compound bodies i1s demonstrated by two
kinds of proof—synthesis and analysis. Synthesis consists in
effecting the chemical union of two or more bodies, which
by analysis are again separated from each other. The term |
provimate analysis has been applied to the separation of two
bodies which are themselves compounded ; and ultimate amr-:
lysis to the farther separation of these compounds into their
components. The composition of blue vitriol is synthetically
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analytically, by separating these proximate elements from each
other. But the sulphuric acid consists of sulphur and oxygen;
and oxide of copper consists of copper and oxygen. Con-
sequently, we should say that the wifimate component parts of
blue vitriol are copper, sulphur, and oxygen.

SectioNn II. HEAT.

36. HEAT may be considered as a power opposed to attrac-
tion, for it tends to separate the particles of bodies; and
whenever a body is heated, 1t 1s also expanded. Expansion is
the most obvious and familiar effect of heat; and it takes
place, though i different degrees, in all forms of matter.
Solids are the least expansible,—liquids expand more readily
than solids,—and gases or aénform bodies more than liquids,
When a body has been expanded by heat, it regains its former
dimensions when cooled to its former temperature.

37. Different bodies expand differently when equally heated.
The metals are the most expansible solids; but among them,
zinc expands more than iron, and iron more than platinum.

The following Table shews the relative expansibility of
some of the metals, when thzir temperature is raised from the
freezing to the boiling point of water,

-'_Tempemturﬂ. Platinum. Steel. Iron.
3e" 120000 120000 120000
212° 120104 120147 120151

Temperature.|  Copper. Brass. Tin.
3e° 120000 120000 120000
212° 120204 120230 120290

Temperature. Lead. Zinc.

Jg° 120000 120000
21¢° 120345 120360
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38. Liquids differ also in their relative expansibilities:
ether is more expansible than spirit of wine, and spirit more
than water, and water more than mercury. ‘Those liquids are
generally most expansible which boil at the lowest temperature.

The t.‘nlluwing Table shews the rate of expansion of several
liquids :

Temp. |Mercury. U‘Eﬁfd rﬂi:] éﬁ' ﬁléj]:i? Water. T{::-lpgi;l Alcohol.
32° 1100000100000, — — —_— — N1

40 |100081| — | 90752| 99514 — — |100539
50 100188 — |1 100000(100023{100000{101105
60 100304 — {100279[100486|100091|100460{101688
70 (100406 — |100558|100990(100197/100993|102281
80 (100508 — |100806|101530{1003352{101471/102890
00 (100610 — [101054|{102088(100604/101931|103517
100 |[100712[102760/101317|102620{100908|102446(104162
110 |100813| — |101540[{103196| — |102943] —
120 |100915] — [101834[103776|101404{103421] —
130 |101017] — |102007(104852] — [103054] —
140 [101119] — [102320[{105132] — |104573| —
150 |101220{ — |102614] — (102017 — —_
160 |101822] — (102893 — — —_ —
170 [101424] — msnﬁl —_ — —_ —
180 [101526] — |108339| — —_ —_ —
190 [101628] — [103587| — (103617 — —
g0 ornaor — odaadl =t T I —
212 |101835|107250, — = HO4ETY — -y

39. In all pure gaseous bodies, the rate of expansion for
similar increase of temperature is similar : 100 measures of air,
when heated from the freezing to the boiling pomt of water,
suffer an increase in bulk=37, 5 parts at mean pressure.

The experiments of Gay Lussac have proved that steam,
and all vapours, are subject to laws of expansion similar to
those of air—hence the following Table, shewing the changes
of bulk suffered by 100000 parts of air at all temperatures be-
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tween 52° and 212°, will apply equally to all gases and vapours,
“and will often be found useful to the practical Chemist.

Pemp| Bulk, [Temp| Bulk. || Temp-| Bulk.
32°| 100000 || 59°| 105616 #6°] 111232
33 | 100208 || 60 | 105824 87 | 111440
34 | 100416 || 61 | 106032 88 | 111648
85 | 100624 | 62 | 106240 80 | 111856
36 | 100833 || 63 | 106448 00 | 112064
37 | 101040 || 64 | 106656 g1 | 112272
38 | 101248 | 65 | 106864 || 92 | 112480
39 | 101459 | 66 | 107072 03 | 112688
40 | 101666 || 67 | 107280 || 94 | 1128906
4] | 101872 || 68 | 107488 95 | 113104
42 | 102080 || 69 | 107696 g6 | 113312
43 | 102290 || 70 | 107904 || 97 | 113520
44 | 102496 || 71 | 108112 || 98 | 113728
45 | 102708 || 72 | 108320 “ 09 | 113936
46 | 102016 || 73 | 108528 || 100 | 114144
47 | 103124 || 74 | 108736 || 110 | 116224
48 | 108333 || 75 | 108044 || 120 | 118504
49 | 108536 || 76 | 109152 || 130 | 120384
50 | 103749 || 77 | 109860 |} 140 | 122464
51 | 103952 || 78 | 100568 || 150 | 124544
52 | 104166 | 79 | 109776 | 160 | 126624
58 | 104368 || 80 | 109984 || 170 | 128704
54 | 104576 || 81 | 110192 || 180 | 130784
55 | 104791 || 82 | 110400 || 190 | 132864
56 | 1049092 || 83 | 110608 || 200 | 134044
57 | 105200 || 84 | 110816 || 210 | 187024
58 | 105408 || 85 | 111024 || 212 | 137440

The expansion of liquids is not equable for equal additions
of heat at different temperatures. Thus the addition of 5° of
heat to alcohol at 40°, will produce a less relative increase of
bulk than the same addition of heat to alcohol of 100°; and
m general the nearer a liquid approaches its boiling point, the
‘greater is its expansibility. Those liquids therefore appear
most equably expansible which have the highest boiling
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points, and hence one of the great advantages of mercury, as
will presently be seen, in constructing thermometers.

40, As heat increases the bulk of all bodies, it is obvious that
change of temperature is constantly producing changes in
their density or specific gravity, as may be easily demonstrated
in fluids where there is freedom of motion among the particles.
If I apply heat to the bottom of a vessel of water, the heated
part expands and rises, while a cold or denser stratum occu-
pies its place. In air, similar currents are continually pro-
duced, and the vibratory motion observed over chimney pots,
and slated roofs which have been heated by the sun, depends
upon this circumstance. The warm air rises, and its refracting
power being less than that of the circumambient colder air,
the currents are rendered visible by the distortion of objects
viewed through them,

41. There 1s only one strict exception to the general law of
expansion by heat, and contraction by cold ; this is in the case
of water, which expands considerably when it approaches its
freezing point. Water has attained its maximum of density at
40°, and if it be cooled below 40° it expands as the tempera-
ture diminishes, as it does when heated above 40°; and the
rate of this expansion is equal for any number of degrees above
or below this maximum of density, so that the bulk of water at
32° and at 48° will be the same. Accordingly, if two thermo-
meter tubes, one containing spirit of wine, and the other water,
be immersed into melting snow, the former will sink till it indi-
cates 32°; but the latter when it has attained 40° begins to
expand, and continues so to do till it freezes.

This anomaly in respect to water is productive of very im-
portant consequences, in preserving the depths of rivers and
lakes of a temperature congenial to their inhabitants. (See
Preface).

42, There are many liquids which suffer considerable ex-
pansion in passing into the solid state. This is the case with
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the greater number of saline solutions, and remarkably with
water, and seems connected with the phenomena of erystal-
lization, and is referable to a new arrangement of particles.
That the force with which water expands in the act of freezing,
is very considerable, is shewn by the rupture of leaden and
iron pipes in which it is suffered to freeze. Dr. Thomson has
shewn that water in freezing suffers a much greater expansion
than when heated from the freezing to the boiling point; for
the specific gravity of water at 60° being = 1, that of ice at
32° is only 0,02. Of the metals, Reaumur found that cast
iron, bismuth, and antimony, expanded m becoming solid ; the
rest contracted.

43. If we mix equal quantities of the same fluid at different
temperatures, the cold portion will expand as much as the hot
portion contracts, and the resulting temperature is the mean ; so
that it appears, that as much heat as is lost by the one portion
1s gamed by the other. Upon this priuciple, thermometers
are constructed. A common thermometer consists of a tube
termimated at one end by a bulb, and closed at the other. The
bulb and part of the tube are filled with a proper liquid, gene-
rally mercury, and a scale is applied, graduated into equal
parts. Whenever this instrument is applied to bodies of the
same temperature, the mercury, being similarly expanded, indi-
cates the same degree of heat. In dividing the scale of a
thermometer, the two fixed points usually resorted to are the
freezing and boiling of water, which always take place at the
same temperature, when under the same atmospheric pressure.
The intermediate part of the scale is divided into any conve-
nient number of degrees; and it is obvious, that all thermo-
meters thus constructed will indicate the same degree of heat
when exposed to the same temperature. In the centigrade
thermometer, this space is divided into 100°; the freezing of
water being marked 07, the boiling point 100°, In this country
we use Fahrenheit's scale, of which the 0° is placed at 52° he'-
low the freezing of water, which, therefore, is marked 327, and
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the boiling point 212° the intermediate space being divided
into 180% Another scale is Reaumur’s; the freezing point
is 0%, the boiling point 80°. These are the principal ther-
mometers used in Europe. Each degree of Fahrenheit’s scale

1s equal to § of a degree on Reaumur’s; |2 | s | .|
if, therefore, the number of degrees on E gu g i
Fahrenheit’s scale, above or below the |2 S| = | &
freezing of water, be multiplied by 4, and | ~EBweleei o
divided by 9, the quotient will be the cor- ]
responding degree of Reaumur. T HYH
Fahreuheit. Reaumur, ng';; o 201
68°—32°= 36 4=144-9=16° heoE——H—F
212°—32°=180 x 4=720+-9=80° | R
To reduce the degrees of Reaumur to H o0 E
those of Fahrenheit, they are to be multi- 170 "':; 5&:
plied by 9, and divided by 4. PIOEETF o
Reaumur, Fahrenheit. 2 60— 60
16° x9=144+-4= 36°432°= 068 ,5,}:';5]: =
80° x 9=720-+4=180 +32 =212 ool 150550 :
Every degree of Fahrenheit is equal to §of | “E3="T"H H
a degree on the Centigrade scale ; the re- [ Sorl]
duction, therefore, is as follows :— H_H
Fahrenheit. Centigrade. ma
212—382=180 x 5=900--9=100" 3
Centigrade. Fahrenheit. H j
100X 9=000+-5=180432=212° 2 Hiz0r
: 6 = Z
The annexed is a comparative table of H—TroE 2
the different thermometrical scales, (includ-  >°2H™ ‘%E:
ing de Lisle’s, in which the graduation |#0E— —H 1
commences with the boiling point which |- Elze --: g
is marked 0°, and the freezing 150°). - [ H.F
When a thermometer is intended to | ot —E—F
measure very low temperatures, spirit of |1 070 (1
wine is employed in its construction, as | 0 E
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| bhat fluid has never been frozen, whereas the low temperature
«ut which it boils, renders it unfit for measuring high tempera-

»s. Quicksilver will indicate 5007, but freezes at 40°, Air
;s sometimes resorted to as indicating very small changes of

semperature ; and of air thermo- @

. sters, that described by Pro-
b ssor Leslie*, under the name
|.. the Differential Thermo- “
wneter, is the best. It consists

of two large glass bulbs con-
jaaining air, united by a tube ||
jwice bent at right angles, con-

EEEE s

aining coloured sulphuric acid.

Vhen a hot body approaches |
one of the bulbs, it drives the
Huid towards the other. 'The
| pat advantage of this instru-
pment in delicate experiments 1s,

ithat general changes of the at-
J{mmosphere’s temperature do not

affect 1t, but it only indicates
he difference of temperature
|- between the two balls.

44. The relative quantities of heat which different bodies
uin the same state require to raise them to the same thermo-
mmetric temperature, is called their specific heat, and those
tbodies which require most heat are said to have the greatest
capacity for heat. That the quantity of heat in different
thodies of the same temperature is different, was first shewn
tby Dr. Black, in his lectures at Glasgow, in 1762.

It has been stated as a proof of the accuracy of the ther-

¥ Experimental Inquiry into the Nature and Propagation of Heat, by John
| Leslie, Loudon, 1804, P+ 9, &c.
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mometer, that equal volumes of the same fluid, at differen
temperatures, give the arithmetical mean, on mixture. Thus,
the temperature of a pint of hot and a pint of cold water is,
after mixture, as near as possible half-way between the ex-
tremes. The cold water being of a temperature of 50°, and
the hot of 100°, the mixture raises the thermometer to 75°,
But if a pint of quicksilver at 100° be mixed with a pint of
water at 507, the resulting temperature is not 75°, but 70°; so
that the quicksilver has lost 30° whereas the water has only
gained 20°.  Hence, it appears, that the capacity of mercury
for heat is less than that of water; and if the weight of the
two bodies be compared, which are as 13,3 to 1, their capa-
cities will be to each other as 19 to 1.

In cases where the specific heat of bodies is to be ascer-
tained, it 1s convenient that water should be the standard of
comparison, or = 1. The following is a general formula for
determining the specific heat of bodies, from the temperature
resulting from the mixture of two bodies at unequal tem-
peratures, whatever be their respective quantities. Multiply
the weight of the water by the difference between its original
temperature, and that of the mixture. Also, multiply the
weight of the other liquid, by the difference between its tem-
perature and that of the mixture; divide the first product by
the second, and the quotient will express the specific heat of
the other substance, that of water being = 1. Thus, 20
ounces of water at 105°, mixed with 12 ounces of sperma-
ceti oil at 40,, produce a temperature of 90°. Therefore,
multiply 20 by 15 (the difference between 105 and 90) = 300.
And multiply 12 by 50 (the difference between 40 and 90)
= 600. Then 300, = 600, = %, which is the specific heat
of oil; that is, water being 1, oil 1s 0,5.

The capacities of bodies for heat have considerable influ-
ence upon the rate at which they are heated and cooled.
Those bodies which are most slowly heated and cooled have
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wenerally the greatest capacity for heat. Thus, if equal quan-
sities of water and quicksilver be placed at equal distances
tom the fire, the quicksilver will be more rapidly heated than
ithe water, and the metal will cool most rapidly when carried
ito a cold place. Upon this principle, Professor Leslie inge-
'nusljf determined the specific heat of bodies, observing their
peelative times of cooling a certain number of degrees, com-
pparatively with water, under similar circumstances.

| The calorimeter, invented by Lavoisier* for determining the
sspecific heat of bodies, is an inaccurate strument.

The capacity of gases and vapours differs with the nature
lcof the gas, and with its density. In gases, dilatation produces
«cold, and compression excites heat. A thermometer sus-
ipended in the receiver of the air-pump smks during exhaus-
{ttion, and sudden compression of air produces heat sufficient
(1to inflame tinder. In liquids too, condensation diminishes ca-
\jpacity for heat; hence the mixture of spirit and water, and of
101l of vitriol and water, evolves heat. The increased capacity
| *which air acquires by rarefaction has its influence in modifying
inatural temperatures. The air, becoming rarer as it ascends,
' absorbs 1ts own heat, and hence becomes cold in proportion
‘as it recedes from the earth’s surface: thus moisture, rain, or
snow, are thrown down on the mountain-tops.

45. When different bodies are exposed to the same source
of heat, they suffer it to pass through them with very different
degrees of velocity, or they have various conducting powers in
regard to heat. Among solid bodies, metals are the best
conductors; and silver, gold, and copper, are better con-
ductors than platinum, iron, and lead. Next to the metals,
we may, perhaps, place the diamond, and topaz, then glass,
then siliceous and hard stony bodies in general, then soft and
porous earthy bodies, and wood ; and lastly, down, feathers,
wool, and other porous articles of clothing,

* Lavoisier's Elements, vol. i.
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Liquids and gases are very imperfect conductors of heat,
and heat is generally distributed through them by a change of
specific gravity, as before stated.

If we apply heat to the upper surface of any fluid, it will
with great difficulty make its way downwards. Count Rum-
ford considered fluids as non-conductors of heat; but the more
accurate researches of Dalton, Hope, Murray ¥, and Thom-
sont, have demonstrated that they do conduct, though very
imperfectly. Experiments on the conducting power of air are
complex and difficult, and the results hitherto obtained are
unsatisfactory. They are interfered with by several circum-
stances presently to be noticed.

The different conducting powers of bodies are shown in the
application of wooden handles to metallic vessels, or a stratum
of ivory or wood is interposed between the hot vessel and the
metal handle. The transfer of heat is thus prevented. Heat
is confined by bad conductors; hence clothmg for cold chi-
mates consists of woollen materials ; hence, too, the walls of
furnaces are composed of clay and sand. Confined air is a
very bad conductor of heat; hence the advantage of double
doors to furnaces, to prevent the escape of heat; and of a
double wall, with an interposed stratum of air, to an ice-
house, which prevents the influx of heat from without. From
the different conducting powers of bodies in respect to heat,
arise the sensations of heat and cold experienced upon their
application to our organs, though their thermometric tempe-
rature is similar. Good conductors occasion when touched a
greater sensation of heat and cold than bad ones. Metal feels
cold because it readily carries off the heat of the body; and
we cannot touch a piece of metal immersed in air of a tem-
perature moderate to our sense.

46. Heat has great influence on the forms or states of
bodies. When we heat a solid, it becomes fluid or gaseous;

® System of Chemistry, vol, i.
+ System of Chemistry, vol. i.
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liquids are converted into aériform bodies or vapours.
F])r. Black investigated this effect of heat with singular felicity,
sand his researches rank among the most admirable efforts of
cexperimental philosophy*. During the liquefaction of bodies,
Jea quantity of heat is absorbed, which 1s essential to the state
wof fluidity, and which does not increase the sensible or ther-
mmometric temperature. Consequently, if a cold solid body,
sand the same body hot and in a liquid state, be mixed in
tknown proportions, the temperature after mixture will not be
ithe proportional mean, as would be the case if both were
(liquid, but will fall short of it ; much of the heat of the hotter
Ibody being consumed in rendering the colder solid, liquid,
I before it produces any effect upon its sensible temperature.

47. Equal parts of water at 32°, and of water at 212°, will
| produce on mixture a mean temperature of 122°. But equal
pparts of ice at 32°, and of water at 212, will only produce
((after the liquefaction of the ice) a temperature of 52°, the
jgreater portion of the heat of the water being employed in
I thawing the ice, before it can produce any rise of temperature
i in the mixture. To heat thus insensible or combined, Dr. Black
rapplied the term latent heat. The actual loss of the ther-
' mometric heat in these cases was thus estimated: a pound of
Iice at 32> was put into a pound of water at 172°; the ice
' melted, and the temperature of the mixture was 32°. Here

the water was cooled 140° while the temperature of ice was
unaltered ; that is, 140° of heat disappeared, their effect being
not to increase temperatare, but to produce fluidity.

48. The same phenomena are observable in all cases of
. liquefaction, and we produce artificial cold, often of great in-
- tensity, by the rapid solution of certain saline bodies in water.
- Upon this principle the action of freezing mixtures depends,
some of which may frequently be conveniently and ceconomi-

cally applied to the purpose of cooling wine or water in hot

* Black's Lectures, edited by John Robison, LL.1).
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climates, or where ice cannot be procured. The following
‘Table shews the results of some of Mr. Walker's experiments
on this subject,

Mixtures. Thermometer sinks.

Muriate of ammonia .. 5 parts

DHTES . Vi siiien s ansalatd From 50° to 10°
MNBLET o5 aia'a s nimast 16

e
Diloted seigharie scid § | From 80° o
R L e g 5 O T
Muriate of lime «..... 8 From 32° to—50°

SHDWIl‘Ii.. R W R W 2

Suo‘w R R R e Ea E
Diluted sulphuric acid 1 From —10° to —56°
Diluted nitric acid.... 1

Snow or pounded ice..12
CDII]II]UI] Ea]t & i:- TR 5 me—lan tﬂ—gﬁa
Nitrate of ammomia .. 5

Ml.ll'iﬂtﬂ 'D‘f Iima b me IUQ tﬁ"‘?ﬂn
Snﬂw C I I R L l ¥

Diluted sulphuric acid 10 From—~68° 1°
SNOW .ecassnsens ves B =0

In order to produce these effects, the salts employed must
be fresh crystallized, and newly reduced to a very fine powder.
The vessels in which the freezing mixture is made should be
very thin, and just large enough to hold it, and the materials
should be mixed together as quickly as possible.
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In order to produce great cold, they ought to be first
- reduced to the temperature marked in the table, by placing
- them in some of the other freezing mixtures; and then they are
" to be mixed together in a similar freezing mixture¥.

49. When fluids are converted into solids, their latent heas
becomes sensible; thus when a solution of Glauber’s salt 1s
made suddenly to crystallize, (12) its temperature 1s consider-
- ably augmented, and when water is poured upon quicklime, a
- great degree of heat 13 produced by the solidification which 1t
- suffers in consequence of chemical combination; congelation,
. therefore, 1s to surrounding bodies a heating process, and lique-
faction a cooling process.

50. When liquids are heated, they acquire the gaseous form,
'+ and become invisible elastic fluids, possessed of the mechanical
- properties of common air. They retain this form or state as
! long as their temperature remains sufficiently high, but re-
i assume the liquid form when cooled again. Different fluids pass
. into the aériform state at different temperatures, or their boiling
| points are different ; these are also regulated by the density of
| the atmosphere. If we diminish atmospheric pressure, we
I lower the boiling point. When the barometer is at 28 inches,
 water will boil at a lower temperature than when it is at 31

i inches. Water under mean atmospheric pressure boils at 212°.
- At the top of Mont Blanc, Saussure found that it boiled at
187° so that the heights of mountains, and even of buildings,
1 may be calculated by reference to the temperature at which
'water boils upon their summits. The Reverend Mr. Wol-
I laston has described to the Royal Society the method of con-
‘structing a thermometer of extreme delicacy, applicable to
ithese purposest. Inthe vacuum of an air-pump, fluids boil at
I temperatures considerably below their ordinary boiling points.
The following apparently paradoxical experiment also illus-
ttrates the influence of diminished pressure in facilitating
# Philosophical Transactions, 1795. + Ihid. 1817.
D
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ebullition. Insert a stopcock securely into the neck of a
Florence flask, containing a
little water, and heat it over
a lamp till the water boils,
amtd the steam freely m;capes
by the open stopcock; then
suddenly remove the lamp
and close the cock. The wa-
ter will soon cease to boil;
but if plunged into a vessel
of cold water, ebullition
instantly re-commences, but
ceases 1f the flask be held
near the fire: the vacuum in
this case being produced by __

the condensation of the steam, -_ =

Under increased pressure, on the contrary, fluids require a
higher temperature to produce their ebullition, as may be shewn
by inserting a thermometer ('d ) into a small boiler (a), as repre-
sented in the annexed cut, copied from Dr. Henry’s Elements.

e o

fosepy e Taphips
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As soon as the water boils the stopcock (4) being closed

| and (¢) open, the steam will escape, and the thermometer re-

main at 212° (50). If we now close the stopcock (c) it will
be found, that in consequence of the increased pressure occa-
sioned by the included steam, the thermometer will rise several
degrees above the boiling point. In this experiment a safety
valve should be screwed on at ().

51. The conversion of a liquid into vapour 1s always attended
with great loss of thermometric heat; and as liquids may be
regarded as compounds of solids and heat, so vapours may be
considered as consisting of a similar combination of heat with
liquids; 1 other words, a great quantity of heat becomes
latent during the formation of vapour. This is easily illustrated
by immersing a thermometer into an open vessel of water placed
over a lamp. The quicksilver nses to 2127, the water then boils,
and although the source of heat remains, neither the water nor
the steam acquire a higher temperature than 212°; the heat
then becomes latent, and 1s consumed n the formation of
steam.

52. To ascertain the absolute loss of thermometric heat in
this case, Dr. Black instituted the following experiments: he
noted the time required to raise a certain quantity of water to
its boiling point; he then kept up the same heat till the whole
was evaporated, and marked the time consumed by the whole
process; it was thus computed to what height the temperature
would have risen, supposing the rise to have gone on above
2127 in the same ratio as below it; and as the temperature of
the steam was the same as that of the water, it was fairly in-
ferred that all the heat above 212° was essential to the consti-
tution of aqueous vapour. Dr. Black estimated this quantity at
about 810°, that is, the same quantity of heat which is re-
quired for the total evaporation of boiling water at 212° would
be sufficient to raise the water 810° above its boiling point, or
to 1022 had it continued in the liquid state. There are other

D 2
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means of ascertaining the latent heat of steam, which lead us
to place it between 900° and 1000°,

53. When steam is again condensed, or when vapours re-
assume the liquid state, their latent heat becomes sensible, and
in this way it is obyious that a small quantity of steam will,
during its condensation, communicate heat sufficient to boil a
large quantity of water.

The small boiler just mentioned may be conveniently em-
ployed in experiments on the latent heat of steam: for this
purpose the tube (¢) must be screwed on the stopcock (b),
and immersed into the glass of water (f'). The cock (¢)
being closed, the steam will then pass into the water, the tem-
perature of which will be much augmented by its condensation.
Ascertain the increase of temperature and weight, and the
result will shew how much a given weight of water has had its
temperature raised by a certain weight of condensed steam. To
another quantity of water, of the same weight and temperature
as that in the jar at the outset of the experiments, add a
quantity of water at 212° equal in weight to the condensed
steam; it will be found, on comparing the resulting tempera-
tures, that a given weight of steam has produced, by its con-
densation, a much greater elevation” of temperature than the
same quantity of boiling water. (Henry, vol. i. p. 106, 7th
edit.)

In breweries and other manufactories, where large quan-
tities of warm and boiling water are consumed, it is frequently
heated by thus conveying steam into it, or by suffering steam
pipes to traverse the vessels, or by employing double vessels—
a plan adopted with particular advantage in the laboratories at
Apothecaries’ Hall.

54. The cold produced by evaporation is, under certain
circumstances, very great. Spirit of wine and ether, which
readily evaporate, produce considerable cold during that pro-
cess. Upon this principle wine-coolers, and similar porous
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vessels, refrigerate the fluids they contain; and thus, by acce-
lerating the evaporation of water, by exposing it under an
exhausted receiver, containing bodies that quickly absorb its
vapour, Professor Leslie has contrived to effect its congela-
tion; the heat required for the conversion of one portion of
the water into vapour being taken from the other portion,
which is thus reduced to ice. (See Supplement to Encyclo-
padia Brit. Art. Cold.)

55. The heat given off by steam during its condensation, is
often advantageously applied to warming buildings, and is at
once safe, salubrious, and economical. In many natural ope-
rations the conversion of water into vapour, and the condensa-
tion of vapour in the form of dew and rain, is a process of the
utmost importance, and tends considerably to the equalization
of temperature over the globe.

56. Nothing is known of the nature or cause of heat. It
has been by some considered as a peculiar fluid, to which the
term Calorie has been applied; and many phenomena are in
favour of the existence of such a fluid. By others, the pheno-
mena above described have been referred to a vibratory motion
of the particles of matter, varying in velocity with the perceived
intensity of the heat. In fluids and gases the particles are
conceived to have a motion round their own axes. Temperature,
therefore, would ncrease with the velocity of the vibrations,
and increase of capacity would be produced by the motion
being performed in greater space. The loss of temperature,
during the change of solids into liquids and gases, would de-
pend upon loss of vibratory motion, n consequence of the
acquired rotatory motion.

Upon the other hypothesis, temperature is referred to the
quantity of caloric present; and the loss of temperature, which
happens when bodies change their state, depends upon the
chemical combination of the caloric with the solid n the case
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of liquefaction, and with the liquid in the case of conversion
mto the aériform state.

Secrion III. ELECTRICITY.

57. Ir a piece of sealing-wax and of dry warm flannel be
rubbed against each other, they both become capable of attract-
ing and repelling light bodies. Glass rubbed upon silk ex-
hibits the same phenomena. In these cases the bodies are
sald to be electrically excited.

58. If two pith-balls be electrified by touching them with
the sealing-wax or with the flannel, they repel each other; but
if one pith-ball be electrified by the wax and the other by the
flannel, they attract each other. The same applies to the
glass and silk: it shews a difference in the electricities of the
different bodies, and the experiment leads to the conclusion,
that bodies similarly electrified repel each other, but that when
dissimilarly electrified they attract each other.

If one ball be electrified by sealing-wax rubbed by flannel,
and another by silk rubbed with glass, those balls will repel
each other; which proves that the electricity of the silk is the
same as that of the sealing-wax. But if one ball be electrified
by the sealing-wax and the other by the glass, they then
attract each other, showing that they are oppositely electrified.

59. The terms vitreous and resinous electricity were applied
to these two phenomena; but Franklin, observing that the same
electricity was not inherent in the same body, but that glass
sometimes exhibited the same phenomena as wax, and vice
versd, adopted another term, and, instead of regarding the phe-
nomena as dependent upon two electric fluids, referred them
to the presence of one fluid, in excess in some cases and in
deficiency in others. To represent these states he used the
terms plus and minus, positive and negative. When glass 1s
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rubbed with silk, a portion of electricity leaves the silk and
enters the glass. It becomes positive, therefore, and the silk
negative; but when sealing-wax is rubbed with flannel, the
wax loses and the flannel gains: the former, therefore, is nega-
tive, the latter positive. All bodies in nature are thus regarded
as containing the electric fluid, and when its equilibrium is
disturbed, they exhibit the phenomena just described.

60. Very delicate pith-balls, or strips of gold leaf, are usually
employed in ascertaining the presence of electricity ; and, by
the way in which their divergence is affected by glass :
or sealing-wax, the kind or state of electricity is
judged of. When properly suspended or mounted
for delicate experiments, they form an electrometer.
For this purpose the slips of gold leaf are suspend-
ed by a brass cap and wire m a glass cylinder ;
they hang in contact when unelectrified ; but when

electrified they diverge, as in the marginal wood cat.
When this instrument, as usually constructed, becomes at all
damp its delicacy is much diminished, and it is rendered nearly
useless. The following improvement in its construction by the
late Mr. Singer renders it a much more sensible and useful -
strument. It is constructed as usual, with a glass cylinder, sur-
mounted by a brass cap. The insulation is made to depend upon
a glass tube, about four inches long, and one-fourth of an inch
internal diameter, covered both on the inside and outside with
sealing-wax, and having a brass wire of a sixteenth or twelfth
of an inch thick and five inches long, passing through its axis
so as to be perfectly free from contact with any
part of the tube, in the middle of which it is fixed A
by a plug of silk, which keeps it concentric with
the internal diameter of the tube. A is a brass |
cap screwed upon the upper part of this wirej it
serves to limit the atmosphere from free contact
with the outside of the tube, and also defends its
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mside from dust; to the lower part of the wire the gold
leaves are attached, and the whole mounted as usual, and as
represented above,

G1. The kind of electricity by which the gold leaves are di-
verged may be judged of by approaching the cap of the in-
strument with a stick of excited sealing-wax; if it be negative
the divergence will increase ; if positive, the leaves will col-
lapse, upon the principle of the mutual annihilation of the op-
posite electricities, or that bodies similarly electrified repel
each other, but that when dissimilarly electrified they become
mutually attractive. (58.)

62. Some bodies suffer electricity to pass through their sub-
stance, and are called conductors. Others only receive it upon
the spot touched, and are called nonconductors. The former
do not, in general, become electric by friction, and are called
nonelectrics : the latter, on the contrary, are electrics, or ac-
quire electricity by friction. They are also called insulators.
The metals are all conductors ; glass, sulphur, and resins, are
nonconductors. Water, damp wood, spirit of wine, and some
oils, are imperfect conductors.

63. There are many mineral substances which shew signs
of electricity when heated, as the tourmalin, topaz, diamond,
boracite, &c. ; and in these bodies the different surfaces exhibit
different electrical states.

64. Whenever one part of a body, or system of bodies, is
positive, another part is invariably negative ; and these opposite
electrical states are always such as exactly to neutralize each
other. Thus, in the common electrical machine, one con-
ductor receives the electricity of the glass cylinder, and the
other that of the silk rubber, and the former conductor is posi-
tive and the latter negative ; but if they be connected, all elec-
trical phenomena cease.

65. The best electrical machine for experimental purposes 1s
represented in the annexed sketch. It consists of a ‘glass eylindes
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A, about 10 or 12 inches in diameter, and 15 to 20 inches in
Mength, turning between two upright pillars of glass, B. B,
i[’ﬁxed to a stout mahogany base. "I'wo smooth metal conductors,
tequal in length to the cylinder and about one-third of its dia-
meter, C.C., are placed parallel to it upon two glass pillars,
ID. D., which are cemented into two sliding pieces of wood E,
tby which their distance from the cylinder may be adjusted.
(One of the conductors has a cushion F attached to it by a bent
rmetallic spring, nearly as long as the cylinder, and about one
iinch or an inch and a half wide, to the upper part of which is
ssewed a flap of oil-silk, G, which should reach from the
ccushion over the upper surface of the glass cylinder, to within
sabout an inch of a row of points attached to the side of the
| copposite conductor. The conductor to which the cushion is
sattached is called the negative conductor; the other collects
tthe electricity of the glass, and is called the positive con-
tductor. H is an adjusting screw to regulate the pressure of
tthe cushion upon the cylinder. The motion of the cylinder is
iin the direction of the silk flap, and may be communicated by
|Hl handle attached at I, or by the multiplying wheel K. To
1 put this electrical machine into good action, every part should
| be made perfectly clean and dry. The cushion is then anointed
' with amalgam, and applied by a gentle pressure to the cylinder.
1If positive electricity is required, it may be received from the
«conductor bearing the points, that supporting the cushion being
i1qninsulated by a wire passing from it to the stand;—if, on the
 contrary, negative electricity is required, it may be obtained
I from the insulated cushion cylinder, the other being uninsulated.
"The best amalgam is composed of one part of tin and two of
1zinc melted together, and mixed while fluid with six parts of hot
imercury in an iron mortar. This mixture is triturated till it
Ibecomes a fine powder, which is then formed into a tenacious
| paste with hogs” lard.
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T k-

66. Another form of
cular glass plate A, mounted upon an axis and rubbed by two

I .,';I|.I it SR
.!‘l::l_t,:h I e

the electrical machine consists of a eir-

pairs of cushions, as
shewn at B. B. The
brass conductorChas
its points opposed to
the plate, and is in-
sulated by the glass
stem D.—E.E. are
double pieces of oil
silk passing from the
cushions to near the
points. The wholeis
supported by a stout
mahogany frame, and e
motion is given tothe

plate by the winch I,
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TThege electrical machines have considerable power; theyare
wily cleaned and excited, and are more portable than the cy-
dders; but as they cannot be conveniently msulated, the ne-
iiive electrical power cannot be well exhibited, so that for
» purposes of experimental research the former machines are
{sferable.
{67. If an insulated conductor be electrified, and an uninsu-
sed conductor be opposed to it, there being between the two
thin stratum of air, glass, or other nonconductor, the unin-
mated conductor, under such circumstances, acquires an op-
site electrical state to that of the originally electrified insu-
eed conductor. In this case, the uninsulated body is said to
\1electrified by induction ; and the induced electricity remains
iident, until an explosion, spark, or discharge happens, when
+: opposite electricities annihilute each other. Induced elec-
city may thus be exhibited through a long series of insulated
nductors, provided the last of the series be communicated
the earth.
us, in the following diagram, A, may represent the posi-
re conductor of the electrical machine; B, C, and D, three
mﬂnted conductors, placed at a hittle distance from each other,
|\ having a chain touching the ground; then the balls 1, being
mlt;lve, will attract the balls 2, which are rendered negative
|lmd1u:lmn Under these circumstances, each of the con-
ctors becomes polar, and the balls 3 are positive, while 4 are
tive, 5 positive, 6 negative, &c. The central points of
' conductors, B, C, D, are neutral. When these opposite
ctrical states have arrived at a certain intensity, sparks pass
wween the different conductors, and the electrical phenomena

ase.
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68. Upon the principle of induction it is that the accumula-
tion of electricity in the Leyden phial is effected. It consists -
a thin glass jar, coated internally and externally with tinfoil to
within a short distance of its mouth. When the inner
surface is rendered positive by union with the con-
ductor of the electrical machine, the exterior, being
connected with the ground, becomes negative by in-
duction. When the inner and outer surfaces are
united by a conductor, all electrical accumulation
1s annihilated by a spark, and the two opposite states
are found to have been precisely equivalent. é

69. To ascertain the relative charge which the jar has re-
ceived, we employ the quadrant electrometer, contrived by
Henly. It consists of a rounded stem of metal
A, to the side of which is attached an ivory
semi-circle B, to the centre of which 1s affixed
a pin, upon which a very thin piece of cane or
ivory, about 4 inches long, and with a pith
ball at its lower extremity, turns freely and
traverses the semicircle as an index. The
lower half of the semicircle is divided into Q0®,

When not electrified, its index hangs parallel to
the stem at 0°, but when electrified, the ball recedes and
carries the index over the graduated circle to a greater or less
extent, in proportion to the intensity of the electricity,

70. If one Leyden jar be insulated with its internal surface
connected with the positive conductor, another jar may be
charged from its exterior coating ; and if this second jar be in-
sulated, a third may be charged from its exterior coating, and
so on for any number of jars, provided always that the exterior
coating of the last jar be connected with the ground. In this
case, a polar arrangement, similar to that of the conductors
just described, will have been formed, glass being the medium

of induction instead of air.
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@ s B
CP 7 klﬂ

Let CP be the positive conductor of the electrical machine,
nd a, b, ¢, three insulated Leyden pl:uals, the outer coating of
uhmg connected with the ground; it is then obvious, that
iere will be the same polar state as in the conductors just
woticed ; that the insides of @, b, and ¢, will be positive, and
ithe outsides negative; and that, consequently, on removing
he jars from each other, they will all be similarly charged, and
ithat if the three inner surfaces p, p, p, and the three outer sur-
faces n, n, n, be united, the whole may be discharged as one

- 71. Upon this principle a jar may be charged by the trans-
fer of its inherent electricity from one surface to the other, by
jinsulating it and connecting its interior coating with the posi-
tive conductor, and its exterior with the negative;—thus the
electricity received by the former is withdrawn from the latter,
and the jar becomes charged. (59). This expenment well 1l-
lustrates the nonconducting power of glass.

- 72. The use of the metallic coatings of the Leyden phial is
.il_'g'lunlly to distribute the electricities over the opposite surfaces,
for if the coatings be made moveable the jar remains charged
When they are removed. In discharging the jar too, the annihi-
lation is rendered simultaneous by the conducting coating suf-
fering the transfer of the opposite electricities from every part
of the glass surfaces at the same instant.

- 73. Electricians employ the term guantity to indicate the
* absolute quantity of electric power in any body, and the term
' dntensity to signify its power of passing through a certain stra-
! tum of air or other ill-conducting medium.

If we suppose a charged Leyden phial to furnish a spark,
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when discharged, of one inch in length, we should find that
another uncharged Leyden phial, the inner and outer coati u"' ;
of which were communicated with those of the former, woul
upon the same quantity of electricity being thrown in, reduce
the length of the spark to half aninch; here, the quantity o
electricity remaining the same, its intensity is diminished L
one-half, by its distribution over the larger surface.
.74. There are many other sources of electrizity than those
Just noticed. Whenever bodies change their forms, their elee
trical states are also altered. Thus the conversion of watel
into vapour, and the congelation of melted resins and sulphur,
are processes in which electricity is also rendered sensible.
75. When an insulated plate of zine is brought into contact
with one of copper or silver, it is found, after removal, to be
positively electrical, and the silver or copper is left in the op-
posite state. If the nerve of a recently killed frog be attached
to a silver probe, and a piece of zinc be brought into the con-
tact of the muscular parts of the animal, violent convulsions
are produced every time the metals thus connected are made
to' touch each other; exactly the same effect is produced by an
electric spark, or the discharge of a very small Leyden phial.
If a piece of zine be placed upon the tongue, and a pie
of silver under it, a peculiar sensation will be perceived every
time the two metals are made to touch, :
76. In these cases the chemical properties of the metals a:j
observed to be affected. If a silver and a zinc wire be put
into a wine-glass full of dilute sulphuric acid, the zinc wire
only will evolve gas; but upon bringing the two wires in con=
tact with each other, the silver will also copiously produce air
bubbles.
77. If a number of alternations be made of copper or silver
leaf, zinc leaf, and thin paper, the electricity excited by the
contact of the metals will be rendered evident to the common



‘thin paper. The metallic cap

~ the intervening cells being filled with
~ water, or saline or acid solutions,
~ 78. Another form consists in arranging a row of glasses, con-

e
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electrometer. A, represents a glass tube, in which are regularly
arranged a number of alternating plates of silver, zinc, and

B is in contact with the sil-
ver plate, and C with the zinc
i:late, at the respective extre-
‘mities of the pile. Upon exa-
mining the electrometers, it
will be found that b1s negative-
ly diverged and c positively.
If the same arrangement be made with the paper moistened
with brine, or a weak acid, it will be found, on bringing a wire
communicating with the last copper plate into contact with the
first zinc plate, thata spark is perceptible, and also a slight shock,
@rovided the numberof alterations be sufficiently numerous. This
is the Vorra1c apparatus. Several modes of constructing this
apparatus have been adopted with a view to render it more
_convenient or active. Sometimes double plates of copper -and
zine soldered together are cemented
intowooden troughs in regular order,

taining dilute sulphuric acid, in each of which is placed a wire
“or plate of silver or copper, and cne of zinc, not touching
‘each other, but so connected by metallic wires, that the zinc
~of the first cup may communicate with the copper of the
‘second ; thezinc of the Fig. 1.

‘second with the copper P :
‘of the third, and so on
‘throughout the seriesas =
‘represented in the an- rg
nexed cuts. j 9




48 ELECTRICITY.

By applying the moistened fingers to the extreme wires P
and N, a shock will be felt; and on making a communication
between them by a wire, it will be found that the copper plates
in fig. 1, and the silver wires in fig. 2, instantly acquire the
power of decomposing the dilute sulphuric acid, and that the
chemical action of the zinc is much augmented. One advantage
of this arrangement over the former (77)is, that both sur-
faces of the metal are exposed; whereas in the other, by sol-
dering the plates together, its action is dimimished,

Also, if plates of zinc and copper be regu- 7=

larly arranged, with moistened flannel hetween
each pair of plates, we shall observe that, hav-
ing made 50 or 60 such alternations, the same
effect will be produced, and that the zinc plate
will give a positive, and the copper extreme a
negative charge to the gold leaf electrometer. N

70. In the following sketch, the trough A is made of
earthenware, with partitions of the same material, and the
metallic plates are attached to a bar of wood, arranged as in
78, fig. 1., so that they can be immersed and removed at one
operation. The troughs are filled with dilute acid, and by
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uniting them in regular
order, the apparatus may
be enlarged to any extent.
This is, on the whole, the
pbest form of the Voltaie
instrument hitherto de-
vised, and it is thus that
the great apparatus of the
Royal Institution is con-
structed.

80. When from 500 to 1,000 double plates are thus arranged
and rendered active by immersion into a liquid, consisting of
about sixty parts of water with one of nitric and one of sul-
phuric acid, very brilliant effects are produced when the oppo-
site poles are properly united by conductors, Thus, if a piece
of charcoal united with the negative wire be made to touch
another piece united with the positive wire, a bright spark and
intense ignition ensue, and by slowly withdrawing the points
from each other, a constant current of electricity takes place
through the heated air, producing a magnificent arc of intense
light, in the form here represented.

l—ﬂ’% L g N

81. When the metals and other inflammable bodies are placed
in this arc of fire they burn with great brilliancy, and those
which are most difficult of fusion give evidence of the intensity
of the heat by instantly melting; and some earthy and other
bodies infusible by ordinary methods are liquified by the same
means. The shock is painful and dangerous. When the com-
munication between the points of charcoal is made in rarefied
air, the annihilation of the opposite electricities takes place at
some inches’ distance, producing a stream of deep purple light.

E
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82. On immersing the wires from the extremes of this ap-
paratus into water, it is found that the fluid suffers decomposi.
tion, and that oxygen gas is liberated at the positive wire, o
pole, and hydrogen gas at the negative pole.

All other substances are decomposed with similar pheno-
mena, the inflammable element being disengaged at the n
tively electrical surface ; hence it would appear, upon the prin
ciple of similarly electrified bodies repelling each other, and dis.
similarly electrified bodies attracting each other, (58) that the in-
herent or natural electrical state of the inflammable substanc
is positive, for they are attracted by the negative or oppositel
electrified pole; while the bodies called supporters of com-
bustion, or acidifying principles, are attracted by the positive
pole, and, therefore, may be considered as possessed of th
negative power. : '

83. When bodies are thus under the nfluence of electrical
decomposition, their usual chemical energies are suspended
and some very curious phenomena are observed, which ma
be illustrated by the following experiments,

Fill the glass tubes it i
A. A. which are clos-

edat top and open at

‘bottom withinfusion A A

of violets,orred cab-

bage,and mvertthem C

in the basins B. B, -
containing agolution B K o)) B

of Glauber’s salt,

and connected by ¢ :

the glass tube C., also containing the blue infusion. P.
and N. are platinum wires, which pass into the tubes near
to the bottom, and which are to be connected with the positive
and negative extremities of the Voltaic apparatus. It will be
found that oxygen is evolved at the wire P., and llj'!irﬂgﬂ#
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;at N., derived from the decomposition of the water. The
| Glauber’s salt, which consists of sulphuric acid and soda, will
|-ﬁlau be decomposed ; and the blue liquor will be rendered red
iﬁ: the positive vessel, by the accumulation of sulphuric acid,
;j_,ind green in the negative, by the soda, while the acid and
- alcali will each traverse the tube C. without uniting, in conse-
- quence of being under the influence of electrical attraction.

- 84. The most difficultly decomposable compounds may be
thus resolved into their component parts by the electrical
.:.;igenﬂj'; by a weak power the proximate elements are sepa-
rated, and by a stronger power these are resolved into their
!_-Pltimate constituents, (335).

- 85. All bodies which exert powerful chemical agencies
‘upon each other when freedom of motion is given to their
ii-,garticlea, render each other oppositely electrical when acting
as masses. Hence Sir H. Davy, the great and successful
stigator of this branch of chemical philosophy, has sup-
sed that electrical and chemical phenomena, though in

selves quite distinct, may be dependent upon one and the
,r e power, acting in the former case upon masses of matter,
~in the other upon its particles. .
- 86. The theory of the Voltaic pile isinvolved in many dif-
i@culties. The original source of electricity appears to depend
- upon the contact of the metals, for we know that a plate of silver
d a plate of zinc, or of any other difficultly and easily oxidable
etals, become negative and positive on contact. The accu-
- mulation must be referred to induction, which takes place in the
 electrical column (77), through the very thin stratum of air or
per, and through water when that fluid is interposed between
 the plates, Accordingly we observe that the apparatus js in
the condition of the series of conductors with interposed air

AO7)—and of the Leyden phials (70). When the electric co-

fumn is insulated the extremities exhibit feeble negative and

Positive powers, but if either extremity be connected with the

E 2

Y.
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ground, the electricity of its poles or extremities is greatly in=
creased, as may be shewn by the increased divergence of the
leaves of the electrometer which then ensues.

87. The power of the Voltaic apparatus to communicate di-
vergence to the electrometer, 1s most observed when it 1s well
insulated and filled with pure water; but its power of produc-

g ignition and of giving shocks, and of producing the nther;t
effects observed when its poles are connected, are much aug-:_
mented by the interposition of dilute acids, which act chemical-
ly upon one of the plates : here, the insulation is interfered with !
by the production of vapour, but the quantity of e]ectricity.?
is much increased, a circumstance which may, perhaps, be

referred to the increase of the positive energy of the most
oxidable metal by the contact of the acid. In experiments
made with the great battery of the Royal Institution, it has

been found that 120 plates rendered active by a mixture of
one part of nitric acid and three of water, produced effects equal

to 480 plates rendered active by one part of nitric acid and

fifteen of water.

88. In the Voltaic pile, the intensity of the electricity in-
creases with the number of alternations, but the quantity is in-
creased by extending the surface of the plates. Thus, if a
battery, composed of thirty pairs of plates two inches square,
be compared with another battery of thirty pairs of twelve
inches square, charged in the same way, no difference will be
perceived in their effects upon bad or imperfect conductors;
their powers of decomposing water and of giving shocks will
be similar; but upon good conductors the effects of the large
plates will be considerably greater than those of the small : they
will ignite and fuse large quantities of platinum wire, and pro-
duce a very brilliant spark betweeu charcoal points. The fol-
lowing experiment well illustrates the different effects of quan-
tity and intensity in the Voltaic apparatus.

Immerse the platinum wires connected with the extremity of
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: a charged battery composed of twelve-inch plates intowater, and
i it will be found that the evolution of gas is nearly the same as
{ that occasioned by a similar number of two-inch plates.
. Apply the moistened fingers to the wires, and the shock will
| be the same as if there were no connexion by the water.
‘While the circuit exists through the human body and the
- water, let a wire attached to a thin slip of charcoal be made
i to connect the poles of the battery, and the charcoal will be-
 come vividly ignited. The water and the animal substance
. discharge the electricity of a surface probably not supe-
| rior to their own surface of contact with the metals; the wires
. discharge all the residual electricity of the plates; and if a simi-
lar experiment be made on plates of an inch square, there will
scarcely be any sensation when the hands are made to connect
the ends of the battery, a circuit being previously made through
water, and no spark, when charcoal is made the medium of
connexion, imperfect conductors having been previously ap-
plied.

These relative effects of quantity and intensity were admi-
rably illustrated by the experiments instituted by Mr. Children,
who constructed a battery, the plates of which were two feet
eight inches wide, and six feet high. They were fastened to
a beam suspended by counterpoises from the cieling of his
laboratory, so as to be easily immersed into or withdrawn from
the cells of acid. The effects upon metallic wires and per-
fect conductors were extremely intense ; but upon imperfect
conductors, such as the human body, and water, they were
feeble.

89. When the extremes of a battery composed of large plates
are united by wires of different metals, it is_found that some
are more easily ignited than others, a circumstance which has
beenreferred to their conducting powers—thus, platinumis more
easily ignited than silver, and silver than zine. If the ignition be
supposed to result from resistance to the passage of electricity,
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we should say that the zinc conducted better than silver, and
the silver than platinum,

00. An important improvement has been suggested in the

oo

construction of the Voltaic apparatus by Dr. Wollaston *, by

which great increase of quantity is obtained without incon-
venient augmentation of the size of the plates —it consists in

extending the copper plate, so as to oppose it to every surface of

thezine, as seenin
the annexed cut.
A is the rod of
wood to which the
plates are screw-
ed. BD the zinc
plates connected
as usual with the
copper plates CC,
which are dou-
bled over the zinc
plates, and op-
posed to them

upon all sides,

contactof the sur- " i

faces being pre-
vented by pieces

of wood or cork / ’
placed at DD.

91. We have as yet no plausible hypothesis concerning the
cause of electrical phenomena, though the subject has engaged
the attention of the most eminent philosophers of Europe.
They have been by some referred to the presence of a peculiar
fluid existing in all matter, and exhibiting itself by the appear-
ances which have been described, whenever its equilibrium is
disturbed, presenting negative and positive electricity when de-

* Annals of Philosophy. Sept. 1815
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{ ficient and when redundant. Others have plausibly argued for
i the presence of two fluids, distinct from each other.  Others
| have cousidered the effects as referable to peculiar exertions
« of the attractive powers of matter, and have regarded the ex-
i istence of any distinet fluid or form of matter to be as unne-
« cessary to the explanation of the phenomena, as it is m the
i question concerning the cause of gravitation,
02. When the flame of a candle is placed between a posi-
i tive and negative surface, it is urged towards the latter; a cir-
i cumstance which has been explained upon the supposition of
¢ a current of electrical matter passing from the positive to the
| negative pole;—indeed, it has been considered as demonstrat-
- ing the existence of such a current of matter. DBut if the flume
- of phosphorus be substituted for that of a candle, it takes an
- epposite direction; and, instead of being attracted towards
the negative, it bends to the positive surface. It has been
g 'g:ho'ml that inflammable bodies are always attracted by negative
- surfaces, and acid bodies, and those in which the supporters
« of combustion prevail are attracted by positive surfaces(82).
Hence the flame of the candle throwing off carbon, is directed
1o the negative pole, while that of phosphorus forming acid
matter goes to the positive, consistently with the ordinary laws
- of electrochemical attraction (83)*.

03. There are many experiments which sanction the idea that
electricity is “ an exhibition of attractive powers acting in
certain combinations.” If we discharge a Leyden phial through
a quire of paper, the perforation is equally burred upon both
sides, and not upon the negative side only, as would have been
the case if any material body had gone through in that direc-
tion, The power seems to have come from the centre of the
paper, as if one-half of the quire had been attracted by the
positive, and the other by the negative surface.

94. When a pointed metallic wire is presented towards the

* Philos. T'rans. 1814.
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conductor of the electrical machine, in a darkened room, a
star of light is observed when the conductor is positive, but a
brush of light when it is negative ; a circumstance which has
been referred to the reception of the electric fluid in the one
case, and its escape in the other. In the Voltaic discharge
the same appearances are evident upon the charcoal point—
rays appearing to diverge from the negative conductor, while
upon the positive a spot of bright light is perceptible. But
these affections of light can scarcely be considered as in-
dicating the emission or reception of any specific form of
matter.

05. Small surfaces are much more rapidly electrified by
induction than large ones, and are consequently unfit for the
accumulation of electricity by induction ; and when an unin-
sulated pointed wire is brought near an electrified surface, it
quickly gains an opposite state, and a rapid annihilation of the
electricity ensues; hence the advantage of pointed conductors
as safeguards for lightning.

96. As general changes in the form and constitution of
matter are connected with its electrical states, it is obvious
that electricity must be continually active in nature. Its
effects are exhibited on a magnificent scale in the thunder-
storm, which results from the accumulation of electricity in
the clouds. The coruscations of the aurora borealis are also
probably electrical, and the phenomena of the water-spout may
be referred to the same cause. In the gymnotus and in the
torpedo are electrical arrangements, given td those remarkable
animals for the purposes of defence, which certain forms of the
voltaic apparatus much resemble, for they consist of many
alternations of different substances. These electrical organs
are much more abundantly supplied with nerves than any
other part of the animal, and the too frequent use of them 1s
succeeded by debility and death®. Thatarrangements of dif-

* Todd. Phil. Trans. 1817.
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 ferent organic substances are capable of producing electrical
effects, has been shewn by various experimentalists. If the
hind legs of a frog be placed upon a glass plate, and the crural
perve dissected out of one made to communicate with the
other, it will be found, upon making occasional contacts with
the remaining crural nerve, that the limbs of the animal will be
agitated at each contact. These circumstances have induced
some physiologists to suppose that electricity may be con-
cerned in some of the most recondite phenomena of vitality,
and Dr. Wollaston, Sir E. Home, and myself, have made some
experiments tending to confer probability on this idea *.

* Plil. Trans. 1809.
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CHAPTER 1I.

Of Radiant or Imponderable Matter.

07. OF the substances belonging to our globe, some are of
so subtile a nature as to require minute and delicate investigation
to demonstrate their existence; they can neither be confined
nor submitted to the usual modes of examination, and are
known only in their states of motion as acting upon our senses,
or as producing changes in the more gross forms of matter.

They have been included under the general term of RapianTt

or IMpoNDERABLE Erurriar Marter, which, as it pro-
duces different phenomena, must be considered as differing
either in its nature or affections. Respecting the nature of
these phenomena, two opinions have been entertained, and each
ably supported. It has been supposed by Huygens and Des-

cartes, that they anse from vibrations of a rare elastic medium
which fills space ; while Newton has considered them as re-

sulting from emanations of particles of matter.

The other forms of matter are tangible and ponderable,
and, therefore, easily susceptible of accurate examination ; they
may be considered as resulting from the mutual agencies of
heat and attraction, and are comprehended®under the three
classes of Solids, Liquids, and Gases.

Secrion 1. Of the Effects of Radiant Matter in producing

the Phenomena of Vision.

Tue minute investigation of those laws of light which relate
to its motion, and effects in producing vision, constitutes a

g A
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' pranch of the science of Optics, and therefore belongs to Me-
. ¢hanical Philosophy; it is, however, requisite that some of
 them should partially be considered as bearing upon important
¢ -ﬁuestions of chemical inquiry.

08. The discoveries of Roemer® and of Bradley+t, have
+ﬁ1ewn that light is about eight minutes n passing from the

sun to the earth, so that it may be considered as moving at the
rate of 200,000 miles in a second.
~ 00. Some bodies intercept light, or are opague ; others allow
its transmission, or are transparent ; and there are gradations
from perfect opacity to nearly perfect transparency. It is
probable that opacity results from the attraction of the sub-
stance for light, and not from its density, for it can scarcely be
supposed that the particles of bodies should not be far enough
distant to allow of the passage of light. Newton supposes
the particles of transparent bodies to be of uniform density
and arrangement, and attracting the ray of light equally in
every direction, they suffer it to pass through them without
‘obstruction; whereas, in opaque bodies, the particles are either
~of unequal density or irregularly arranged, and the light being
- unequally attracted, cannot therefore penetrate the body.

100. When a ray of light passes through the same medium,
_‘Jﬂl‘ when it passes perpendicularly from one transparent medium
El!ltn another, it continues to move without changing its direc-
"shuu but, when it passes obliquely from one medium into
- another of a different density, it is thrown more or less out of
~its old direction, ind is said to be refracted. The refraction s
' j}imrds the perpendicular when the ray passes into a denser
- medium, and from the perpendicular when it passes into a
ﬂ'nt'er medium. The medium in which the rays of light are
: ’;_?caused to approach nearest to the line perpendicular to its
surface, is said to have the greatest refractive density.

101. When the rays of light arrive at the surfaces of bodies,

* Philos. Trans. Vol. xii. ¥ Philos. Trans. Vol, xxxv. and xlv.
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a part of them, and sometimes nearly the whole, is thrown -:'
back, or reflected, and the more obliquely the light falls upon
the surface, the greater in general is the reflected portion. In
. these cases the angle of reflection is always equal to the angle
of incidence. §
Let a, a, represent pencils of light falling upon the surface
of a polished piece of glass B., the perpendicular pencil will
pass on in a straight line to d. Of the oblique pencil, onei
portion will enter the :
glass and suffer re- ﬂ\ a /ﬂ .
fraction towards the “ / )
perpendicular as at N y ;
b, and re-entering the \ /
atmosphere, it will oy R 3. el
bend from the per- \ o
pendicular, and re- X
assume its former di-
rection, as at ¢ | B
Another portion of
the oblique pencil
will be reflected at
an angle equal to that

of its mcidence, as

R

=~

#&
3

at e, Y

102. When a ray of light passes through an oblique angular
crystalline body, it exhibits peculiar phenomena; one portion
is refracted in the ordinary way, another suffers extraordinary
refraction, in a plane parallel to the diagonal joining the two
obtuse angles of the crystal; so that objects seen through the
crystal appear double. Transparent rhomboids of carbonate
of lime, or Iceland crystal, exhibit this phenomenon particu-
larly distinct, ;

If a ray of light, which has thus suffered double refraction,
b= received by another crystal, placed parallel to the first, there
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+ will be no new division of the rays; but, if it be placed in a
{ transverse direction, that part of the ray which before suffered
i ordinary refraction will now undergo extraordinary refraction,
 and reciprocally that which underwent extraordinary refraction
1 now suffers ordinary refraction.
- If the second crystal be turned gradually round in the same
plane, when it has made a quarter of a revolution there will
* be four divisions of the ray, and they will be reduced to two,
in the half of the revolution; so that the refracting power
“appears to depend upon some relation of the position of the
erystalline particles.

When light is reflected from bodies it retains, under
‘many circumstances, - its former relations to the refrac-

tive power of transparent media; but, in certain cases, at
angles differing for different substances, the reflected rays
exhibit peculiar properties, analogous to those which have
suffered extraordinary refraction. Thus if the flame of a taper
reflected at an angle of 52° 45" from the surface of water, be
viewed through a piece of doubly refracting spar, one of the
images will vanish every time that the crystal makes a quarter
of a revolution,

~ When a ray of light is made to fall upon a polished glass
surface, at an angle of incidence of 35° 25, the angle of re-
flection will be equal to that of incidence. Let us suppose
another plate of glass so placed that the reflected ray will fall
upon it at the same angle of 35”25 ; this second plate may
be turned round its axis without varying the angle which it
makes with the ray that falls upon it. A very curious circum-
stance 1s observed as this second glass is turned round. Sup-
pose the two planes of reflection to be parallel to each other,
in that case the ray of light is reflected from the second glass
in the same manner as from the first. Let the second glass be
now turned round a quadrant of a circle, so as to make the
reflecting planes perpendicular to each other. Now, the whole

|
|
|
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of the ray will pass through the second glass, and none of it
will be reflected. Turn the second glass round another qua-
drant of a circle, so as to make the reflecting planes again pa-
rallel, and the ray will again be reflected. When the second
glass is turned round, three quadrants, the light will be again
transmitted, and none of it reflected. Thus, when the re-
flecting planes are parallel, the light is reflected, but when they
are perpendicular the light is transmitted. 'T'his experiment
proves, that under certain circumstances, light can penetrate
through glass when in one position, but not in another, This
curious fact was first observed by Malus, who accounted for
it by supposing the particles of light to have assumed a par-
ticular position, as a needle does when under the influence of
a magnet, and hence he called this property of light, its Polari-
sation®. It has since been studied with laborious diligence by
Dr. Brewster, and by M. M. Arago and Biot. ( Philos. Trans.
1818, 1814, 1815, 1816, 1817. Annales de Chimie, tom. 94,
Traite de Physique.) .

103. That a sunbeam, in passing through a dense medium,
and especially through a triangular prism of glass, gives rise to
a series of brilliant tints similar to those of the rainbow, was
known in the earliest ages, but it required the sagacity of

Newton to develope the cause of the phenomenon. He proved, -.'t.f
that light consists of rays differing from” each other in their re-

lative refrangibilities ; and, guided by their colour, considered {
¢
f

their number as seven: red, orange, yellow, green, blue,
indigo, and violet. If the prismatic colours, or Spectrum, be
divided into 860 equal parts, the red rays will occupy 45 of
these parts, the orange 27, the yellow 48, the green GO, the
blue 60, the indigo 40, and the violet 80. Of these rays, the
red being least refrangible, fall nearest that spot which they
would have passed to, had they not been refracted ; while the |

* Thomson's System. Vol. i. p. 16. {
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+ yiolet rays being most refrangible, are thrown to the greatest
| distance ; the intermediate rays possess mean degrees of re-
 frangibility.

~ These differently coloured rays are not susceptible of
further decomposition, by any number of refractions, but
- when they are collected into a focus they re-produce white
light. Upon these phenomena is founded the Newtonian
theory of colours, which supposes them to depend upon the
~absorption of all rays, excepting those of the colour observed.
- Thus green bodies reflect the green rays and absorb the others.
- All the rays are reflected by white bodies, and absorbed by
 those which are black.

- Secrion 1L Of the Operation of Radiant Matter in pro-
£ ducing Heat.

i b

i 104. Ir a solar beam be refracted by a prism, and the co-
loured image received upon a sheet of paper, it will be found,
on moving the hand gently through it, that there is an evident
increase of temperature towards the red ray. This fact seems
!_ tﬁ: have been first noticed by Dr. Hutton ( Dissertation on Light
" and Heat, p. 59); but it is to Dr. Herschel (Philos. Trans-
* 1800) that we are indebted for a full investigation of the subject,
~If the coloured rays be thrown successively upon delicate
I' rmometers, it will be found, that if the heating power of
_ the violet rays be considered = 16, that of the green rays will
' '!:le = 26, and of the red = 55. These circumstances suggested
J ’H!.e possibility of the heating power of the spectrum extending
- beyond the red ray; and on applying a thermometer just out
of the red ray, and beyond the limits of the visible spectrum,
this was found to be the case. A thermometer in the red ray
rose 7°in ten minutes, but just beyond the red ray the rise

was = 0°. It is evident, therefore, that, independent of the
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illuminating rays, there are others which produce increase of
temperature, and these from their increase towards the red
ray, and from the spot which they principally occupy in the
refracted congeries, are possessed of less refrangibility than the
visible rays.

That these calorific rays are susceptible of refraction and
reflection is proved by the intense heat produced when the %
solar rays are concentrated into a focus by a lens, or by a
concave mirror. '.

105. The radiant matter, emitted by terrestrial bodies at high
temperatures, agrees in many of its properties with that con-
stituting the solar rays, but in others it presents material dif-
ferences, and the investigation of this subject constitutes a
beautiful department of philosophic inquiry.

The effect we perceive in approaching a fire chiefly results
from radiation ; and is little connected with the immediate con-
ducting power of the air; and if a concave metallic mirror be
held opposite the fire, a heating and luminous focus will be ob-
tained. The affections of terrestrial radiant matter are best de-
monstrated by employing two concave mirrors of planished tin
or plated copper, placed at a distance of about 10 feet asunder.
(Pictet Essais de Physique.) Under these circumstances, when
a thermometer 1s in the focus of one of the mirrors, it will be
found sensible to the effects of a heated body placed in the focus
of the opposed mirror; and that the effect is produced by re-
flection, and not by mere direct radiation, is proved, either by
drawing the thermometer out of the focus towards the opposed
mirror, or by placing a screen between the thermometer and its
mirror, When diminution of temperature is in either case indi-
cated. In these experiments the differential thermometer (43)
is most advantageously employed, and the mirrors may be
placed opposite each other on the ground, or vertically sus
pended as in the woodcut, where @, @, represent the mirrors,
b, a pan of hot charcoal, ¢, an air thermometer.
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106. If the flame of a candle be placed in the focus of one
mirror, a heating and luminous focus is obtained from the
other : but if a plate of glass be now interposed between the
two mirrors, the rays of heat are arrested, while those of light,
freely passing through the glass, are collected, as usual, in the
opposite foeus. This, therefore, proves a difference between é..
solar and terrestrial heat ; the rays of the former pass through
glass without heating 1t ; the rays of the latter are stopped by
glass, and it becomes hot when opposed to them. (Scheele’s
Experiments on Air and Fire.)

107. In these experiments upon the radiation of terrestrial
heat, the temperature excited by the radiant matter appears
always relative to that of the heated or radiating body ; and if
we assume that all bodies are constantly throwing off radiant |
matter, the effects of temperature which it produces when
condensed or collected into a focus by a concave mirror, will
bear a relation to the source; for the particles may be con-
ceived to move with such velocity as not to be affected by cir-
cumjacent bodies, or by the circumambient air. Thus, white
hot iron produces a greater effect upon the focal thermometer
than that which is only red hot, and red hot iron causes a
greater effect than hot water; a body of the same temperature

as the thermometer causes no change in it; but cold bodies
produce an effect of cold, because the particles which they
radiate, when stopped by impinging upon the thermometer
bulb, are of a lower temperature.

108. Radiation has by some been accounted for upon the
idea of the heated body producing undulations in the air, some-
thing analogous to the waves excited by sonorous bodies;
but matter in motion may rather be regarded as the cause of
the effect, and the different phenomena of prismatic refraction
and of solar and terrestrial radiation seem most satisfactorily
explained upon such an hypothesis. o

Newton endeavoured to explain the different refrangibility
of the rays of light, by supposing them composed of particles
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of different sizes, and adopting this hypothesis, we should say,
that the particles of red light were largest; those of violet
light smallest. The heating rays (103) would consist of par-
ticles yet larger than those producing colour; and the smallest
particles, or most attenuated radiant matter would be that which
produces certain chemical changes (112). (Newton’s Oplics.)
Upon this hypothesis too, it would appear that the particles of
terrestrial heat are of so large a size as to be arrested in their
progress by glass and other transparent bodies which allow a
free passage to solar radiant matter.

Newton has also put the query, whether light and common

‘matter are not convertible into each other. And, if we con-
sider sensible heat in bodies to depend upon vibrations of their

particles, a certain intensity of vibrations may send off par-
ticles into free space ; and particles moving rapidly in right

Jmes, may, in losing their own motion, communicate a vibra-
tory motion to the particles of terrestrial bodies. (Davy’s
Elements, p. 215.)

109. Radiation goes on in all elastic media, and in the Tor-

ricellian and air-pump vacuum, as may be shewn by igniting
charcoal by means of the Voltaic 5 B

‘battery, placed in the focus of a small JM‘
mirror confined in the exhausted re-

ceiver of the air-pump. Sir H. Davy /'/n
found that the receiver being ex- i lip
hausted to 1} the effect upon the

‘was nearly three times as great as
when the air was in its natural state of
condensation. a 1s the receiver. b, b,
the insulated wires connected with
the voltaic apparatus igniting the e
charcoal in the focus of the upper

mirror ¢. In the focus of the lower ﬂ#‘%

mirror d is the thermometer e.

F2
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110. It has long been known, in regard to solar rays, that
their heating effect depends much upon the colour of the
surfaces upon which they impinge, and that black and dark

bodies are more heated than those which are white or of light .

tints, circumstances dependent upon absorption and reflection.

Professor Leslie has shown that the phenomena of terrestrial
radiation are connected with the nature of the radiating sur-
face; and that those surfaces which are the best radiators of
this heat, are also gifted with the greatest absorbing power.
(Leslie on Heat.)

Unmetallic and unpolished surfaces are the best radiators,
and also the best receivers of radiant heat; while polished
metallic substances are the worst radiators, and have the lowest
absorbing powers. In the experiments with the metallic
mirrors, the whole nearly of the heat is reflected, and the
mirror itself does not become warm ; but if it be coated with
any unpolished and especially unmetallic coating, as with
paper, or paint, the radiation 1s then scarcely perceptible, and
the mirror becomes hot from the absorption of the radiant
matter.

In Professor Leslie’s experiments it was found, that a clean
metallic surface produced an effect =12 upon the thermometer.
When covered with a thin coat of glue, its radiating power
was so far increased as to produce an effect = 80; and, on
covering it with lamp-black, it became = 100.

In these cases of radiation the colour of the surface does
not interfere, and the different effects must be referred to the

mechanical structure of the radiating surface. White paper \

and lamp-black produce nearly the same effects ; and paper,
coloured blue, red, yellow, and green, does not differ in radi-
ating power from that which is white, provided the colour
produces no change of texture in the paper.

111. The connexion of the receptive with the radiating
power is made obvious by coating the bulbs of thermometers

‘.""1!" i g ""W"f i
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with different substances. Thus, the effect of radiant heat
upon a thermometer bulb covered with a thin coating of lamp-
black being = 100; when the bulb is covered with silver-leaf
the effect 1s only = 12.

112. Upon the principle of the absorption of the solar rays
by blackened surfaces, Mr. Leslie has constructed a pho-
tometer. It is merely a very delicate and small differential

~ thermometer, enclosed in a thin and pellucid glass tube. One

of the bulbs 1s of black glass, which, when the instrument is
suddenly exposed to light, becoming warmer than the clear
bulb, indicates the effect by the depression of the fluid. (Leslie
on Heat, p. 424.)

It is obvious from the above mentioned facts, that all
vessels intended to retain heat, should be clean and metallic,
for polished metallic surfaces have very low radiating powers ;
whereas those vessels which are either to receive, or to radiate,
should be blackened upon their surfaces. The knowledge of
these properties is economically applicable in a variety of
cases,

SecrioN 1L Of the Influence of Radiant Matter in pro-
ducing Chemical Changes.

113. RAaDp1aNT matter possesses considerable influence over
the chemical energies of bodies. If a mixture of equal volumes
of the gases called chlorine and hydrogen be exposed in a dark

~room, they slowly combine, and produce muriatic acid gas ;

but, if exposed to the direct rays of the sun, the combination

18 very rapid, and often accompanied by an explosion,

Chlorine and carbonic oxide have scarcely any tendency to
combine, even at high temperatures, when light is excluded, but
exposed to the solar rays they enter into chemical union,
Chlorine has little action upon water, unless exposed to light,

F3
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and, in that case, the water, which consists of oxygen and hy-
drogen, is decomposed. The hydrogen unites with the chlorine

to produce muriatic acid, and the oxygen is evolved in &
gaseous form,

These, and numerous other similar cases which might be

adduced, show that radiant matter influences the chemical |

energies of bodies, independent of its heating powers. Scheele
(Experiments on Air and Fire, p. 78, &c.) was the first who
entered upon this curious investigation; and many important
facts connected with it have been more lately ascertained by
Ritter, Wollaston, and Davy. Scheele threw the prismatic
spectrum upon a sheet of paper, moistened with a solution of
nitrate of silver, a salt quickly decomposed by the agency of
light, In the blue and violet rays the silver was soon reduced, I
producing a blackness upon the paper, but in the red ray
scarcely any similar effect was observed. Wollaston and Ritter
discovered that these chemical changes were most rapidly
effected in the space which bounds the violet ray, and which is
out of the visible spectrum,

114. It has thus been ascertained, that the solar beams are
refrangible into three distinct kinds of rays,—the calorific, or
heating rays; the luminous, or colorific rays, which produce
vision and colour ; the decomposing rays, or those which have a
tendency to interfere with the chemical constitution of bodies.

In the prismatic spectrum these three sets of rays are im-
perfectly separated, and arranged according to their respective
refrangibilities. The heating rays are the least refrangible, the
colorific rays are possessed of more refrangibility, and the de-
composing, or, as some have called them, the deoxidizing rays,
are the most refrangible.

115. Sir H. Davy has observed, that certain metallic oxides,
when exposed to the violet extremity of the prismatic spec- '
trum, undergo a change similar to that which would have been
produced by exposure to a current of hydrogen; and that,
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when exposed to the red rays, they acquire a tendency to absorb
oxygen. (Elements of Chemical Philosophy.) In such general
facts, he traces an analogy between the effects of the solar
beam, and the agencies of electricity. In the Voltaic circuit,
the maximum of heat is at the positive pole, where the power
of combining with oxygen is also given to bodies; the agency
of rendering bodies inflammable is exerted at the opposite sur-
face ; and similar chemical effects are produced by negative
electricity, and by the most refrangible rays; and by positive
electricity, and the rays which are least refrangible,

116. In nature the influence of the solar raysis very com-
plex, and the growth, colour, flavour, and even the forms
“of many vegetables, are much dependent upon them. This is
seen in many plants which are protected from the sun’s rays;
celery and endive are thus cultivated with the view of render-
ing them palatable; and plants which are made to grow in a
room imperfectly illuminated, always bend towards the aper-
tures by which the sun’s rays enter. The changes too which
vegetables effect upon the circumambient atmosphere are in-
fluenced by the same cause.

In the animal creation, brilliancy of colour and gaudy plu-
mage belong to the tropical climates; more sombrous tints
belong to the polar inhabitants; and dull colours characterize
nocturnal animals, and those who chiefly abide below the
surface.

Secrion 1V. Of the Phenomena exhibited by Luminous and

Incandescent Bodies, and of the Nature and Praperties of
Flame.

117. THERE are many substances which, when heated to a
certain point, become luminous without undergoing combus-
tion, and such bodies are said to be phosphorescent. The tem-
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peratures which they require for this purpose are various; it
generally commences at about 400°, and may be said to ter-

minate at the lowest visible redness. Some varieties of phos-
phate of lime, of fluor spar, of bituminous carbonate of lime,
of marble, and sand, and certain salts, are the most remark-
able bodies of this description. (Wedgwood, Phil. Trans.

vol. 82.) 4

Their luminous property may be best exhibited by scattering
them in coarse powder upon an iron plate heated nearly to
redness, Oil, wax, spermaceti, and butter, when nearly
boiling, are also luminous.

118. Another class of phosphorescent bodies have been
termed solar phosphori, from becoming luminous when removed
into a dark room after having been exposed to the sunshine.
Of this deseription are Canton’s, Baldwin’s, and the Bolognian
phosphorus. Canton’s phosphorus is prepared thus :—Calcine
oyster-shells in the open fire for half an hour, then select the
whitest and largest pieces and mix them with one third their
weight of flowers of sulphur, pack the mixture closely into a
covered crucible, and heat it to redness for an hour. When
the whole has cooled, select the whitest pieces for use.
(Phil. Trans. vol. 48.)

Baldwin’s phosphorus is prepared by heating nitrate of lime
to a dull red heat ; and the Bolognian phosphorus, discovered
by Vincenzio Cascariolo, a shoemaker, of Bologna, is made
by reducing compact sulphate of baryta to a fine powder,
which is formed into cakes with mucilage, and these are
heated to redness. (‘Aikin’s Dictionary, Art. Phosphori.)

Mr. B. Wilson has also made a variety of curious experi-
ments on solar phosphori :“and, he has discovered the simplest
and most effectual of these bodies, which may be obtained by
closely observing the following directions :—Take the most
flaming coals off a brisk fire, and throw in some thick
oyster-shells ; then replace the coals, and calcine them for an
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| hour ; remove them carefully, and, when cold, it will be found
{ that, after exposing them for a few minutes to the light, they
ywill glow in the dark with most of the prismatic colours.
{ (Wilson on Phosphori, p. 20.)

119. A third set of bodies, belonging to this class, are those

s which are spontaneously phosphorescent. Such are especially,
 the flesh of salt-water fish just before it putrefies, and decayed
rwood. The glow-worm, the hundred-legged-worm, and the
| lanthorn-fly, are also luminous when alive.

It appears from the experiments of Canton and of Dr. Hulme
i:ﬁPhl'E. Trans. Vols. 59, 90, and 91), that sea-fish become
| luminous in about twelve hours after death, that it increases
| till putrefaction is evident, and that it then decreases. Im-
| mersion in sea-water does not affect this lummous matter, on
the contrary, the brine is itself rendered luminous ; but it is
. extinguished by pure water, and by a variety of substances
- which act chemically upon the animal matter,

120. Percussion and friction are often attended by the
. evolution of light, as when flint pebbles, pieces of sugar, and
. other substances, are struck or rubbed together.
121. From experiments in which air has been intensely
heated, it has been concluded that gaseous matter 1s incapable
~ of becoming luminous ; for, though the temperature of the
- air was such as to render solid bodies white hot, it did not
 itself become visible. Flame, however, may, in general, be
regarded as luminous gaseous matter. Hydrogen gas, pro-
bably, furnishes the purest form of flame which can be ex-
hibited, for the flames of bodies which emit much light,
- derive that power from solid matter which is intensely
ignited and diffused through them, and which, in ordinary
flames, as of gas, tallow, wax, oil, &c., consists of finely divided
~charcoal,
The intensity of the heat of flames which are but little lu-
minous, as of hydrogen gas, spirit of witte, &c., may be shewn
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by introducing into them some fine platinum wire, which is in-
stantly rendered white hot in those parts where the combustion
is most perfect. It is even intensely ignited in the current of
air above the flame, as may be shewn by holding a piece of
platinum-wire over the chimney of an Argand lamp fed wi "
spirit of wine, or by the common expedient of lighting paper
by holding it in the current of heated air which rushes out of
a common lamp-glass, |

The high temperature of flame is further proved by ¢
cases of combustion without flame. Thus, if a hLeated m
of platinum be introduced into any inflammable or explosw&
mixture, it will become ignited, and continue so till the gas
is consumed ; and inflammation will, in most cases, only take
place when the wire becomes white hot. This experiment is
easily made by pouring a small quantity of ether into the
bottom of a beer-glass, and holding a piece of heated pla-
tinum wire a little above its surface; the wire becomes red
hot, but does not inflame the vapour of the ether till it acquires
an intense white heat,

The same fact is exhibited by putting
a small coil of platinum wire round the
wick of a spirit lamp, which, when heated,
becomes red hot, and continues so, as long
as the vapour of the spirit is supplied, the
heat never becoming sufficiently intense
to produce its inflammation. k

Such being the nature of flame, it is obvious, that if we
cool it by any means, we must at the same time extinguish it.
This may be effected by causing it to pass through fine wire
gauze, which is an excellent conductor and radiator of heat,
and consequently possessed of great cooling power. If a
piece of fine brass or iron wire-gauze be brought down upon
the flame of a candle, or what answers better, upon an m-
flamed jet of coal gas, it will, as it were, cut the flame in half.
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hat the cooled gaseous matter passes through, may be shewn
again lighting it upon the upper surface.

The power, therefore, of a metallic tissue thus to extinguish
flame, will depend upon the heat required to produce the
«combustion, as compared with that acquired by the tissue;
md the flame of the most inflammable substances, and of
those that produce most heat in combustion, will pass through
a metallic tissue that will interrupt the flame of less inflam-
mable substances, or those that produce little heat in com-
pustion, so that different flames will pass through at different
degrees of temperature.

The discovery of these facts, respecting the nature and
properties of flame, led Sir H. Davy to apply them to the con-
struction of the miners safety-lamp, which will be explained
punder the article Carburetted hydrogen gas.

122, The phenomena exhibited by phosphorescent and n-
candescent bodies, and in the process of combustion, have
ssometimes been explained upon the idea that the light and
I heat evolved, were previously in combination with the sub-
stances, and that they are afterwards merely emitted, n con-
s sequence of decomposition, and that the solar phosphori
absorb light and again give it out unchanged. But it appears
more probable that any particles violently repelled into space
t may become radiant matter, rather than that it should consist
« of aspecific substance : thus, mechanical action, and chemical
¢ changes, may each tend to the emission of radiant matter;
¢ and incandescence will result when the vibrations which heat
+ occasions among the particles of bodies are of such violence
' @5 to cause their repulsion into space.
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CHAPTER 111,

Of the Simple Supporters of Combustion.

123. THE substances belonging to this class are charac
terized by possessing very energetic powers of combination, in
respect to the simple inflammable bodies, and they are each
of them capable of producing acids, whence they may also be
termed acidifying principles. When their compounds are
submitted to electro-chemical decomposition, these elements
are attracted by the positive surfice ; hence their natural or
mherent electrical states may be considered as negative. P

These acidifying, electro-negative supporters of combustion,
are three in number : ‘

1. Oxygen. -
2. Chlorme. i
3. lodine. "

The following examples will serve to give some 1dea of th
principles of nomenclature generally adopted in chemist i
The above bodies in entering into combination with es “
other, and with the bodies described in Chapters 1V. and
produce two classes of ci}mpuunda. Those which are nut;'
acid, are usually distinguished by the termination ide, as oxide
of chlorine, oxide of nitrogen, chloride of sulphur, iodide of
iron, &c.; and where more than one compound of this kind i§
produced, the terminations ous and ic are used to designate the
relative proportions of the supporters of combustion. Thus
nitrogen forms two oxides; that containing the smallest pro=
portion of oxygen is the nitrous oxide, that containing the
largest the nitric oxide. The acid compounds are similarly
designated, as nitrous and mitric acid; sulphurous and sul-
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ric acid. The different combinations of the metals with
tygen, are perhaps best distinguished by prefixing to the
word oride the first syllable of the Greek ordinal numerals,
~ originally proposed by Dr. Thomson. Thus the protoride
"a metal will denote the compound containing a minimum
P oxygen, or the first oxide which the metal is capable of
rming ; deutovide will denote the second oxide of a metal,
¢.; and when a metal is combined with the largest possible
pantity of oxygen, the compound, if not acid, may be called
groride. The same rule applies to the chlorides and iodides.
The acids terminating in ous produce compounds in which
e termination ife is used, while those ending in ic form com-
ounds in which the ending ate is used. Thus the combina-
on of sulphurous acid and potassa, 1s a sulphite of potassa;
at of sulphuric acid and potassa, a sulphate of potassa, &ec.
'he compounds of the bodies contained in Chapter 1V., with
@hach other, and with those in.Chapter V., are commonly
sesignated by the termination uret, as sulphuret of phosphorus,
Whosphuret of carbon, &c.
The terms bi sulphuret, bi sulphate, bi phosphuret, bi phos-
phate, &c., applied to compounds, imply that they contain
jice the quantity of sulphur, sulphuric acid, phosphorus or
bhosphoric acid, existing in the respective sulphuret, sulphate,
hosphuret, and phosphate.

Section I Of Oxygen *.

"1.-‘124. This elementary gaseous body may be obtained by
fae ing to redness, in a glass retort, the salt called oxymu-
Pate of potash, 100 grains of which yield about 100 cubical
gonches; it may be collected over water in the hydro-pneu-
Paatic apparatus. It is also given off from black oxide of

* From «fu; and jumuas, the producer of acids.
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manganese, red oxide of lead, and nitre, when exposed to
red heat*,

125, Oxygen gas is insipid, colourless, and inodorous; itsspe
cific gravity is 15, hydrogen being assumed = 1, 100 cubica
inches at mean temperature and pressure weigh 33.75 grains

It is a powerful supporter of respiration and combustion
A small animal confined in oxygen gas, lives thrice as long as
when confined in the same bulk of common air. A lighted
taper, or a burning piece of sulphur, or phosphorus, introd
mto this gas, is very rapidly consumed, with intense ignition.

* Common glass, or earthen ware retorts, are used in these, and a va-
riety of other chemical operations ; or, where a red heat is required the;
may be made of wrought iron, cither in the same form, or in that of
bottle, tube, or other convenient shape.

The hydro-pneumatic apparatus consists of a japanned iron or coppel
vessel, of different shape and size, according to the particular purposes
for which it is intended, and containing a shelf perforated with hole
through which the gas may pass into inverted vessels properly placed
for its reception. In this wood-cut, A is the hydro-pneumatic trough
B, B, inverted glasses for the reception of gas; C, a wrought iron r'.
placed in a pan of charcoal for the evolution of gases requiring a re¢
heat; D, a retort heated by the spirit lamp E.

For experiments, in which larger vessels are employed for collecting

-
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126. The phenomena of combustion were referred hy Stahl
his associates, to a peculiar principle which they called
iston ; it was supposed to exist in all combustibles, and
combustion was said to depend upon its separation ; but this
explanation was absurdly at variance with the well-known fact,
tthat bodies during combustion increase in weight.
After the discovery of oxygen gas, it was adopted by
. Lavoisier as the universal supporter of combustion. The
I basis of the gas was supposed to unite to the combustible, and
i the heat and light which it before contained in the gaseous
: state, were said to be evolved in the form of flame. Butin

« or transferring gases, the annexed form of the apparatus is most con-

* venient.
A

—

:

Vessels of various forms are employed for receiving, retaining, and
measuring, gases. Where it is intended to introduce different substances
into the gas, they may be of the form represented in figure 1, drawn
into a neck with a glass-stopper at top, and open at botfom. Some
of these should be graduated into cubic inches, and supplied with a stop-
cock, as in figure 2. For measuring small quantities of gases, tubes are
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this case, several requisites are not fulfilled ; the light depends
upon the combustible, and not upon the quantity of oxygen
consumed ; and there are very numerous instances of com-

employed, some of which should be divided into 100 equal parts, others
into tenths and hundredths of a cubical inch, Figures 3, 4.

5
2 %
1

A

—

Where large quantities of gases are required to be collected and pre-
served, we employfgasholders and gasometers. The annexed cut repre-
sents Mr. Pepys's improved gasholder, made of japanned iron, or what
is preferable, of copper. It consists of a
body or reserveir a, which may hold from
two, to six or eight gallons. b, is a cis- %
tern from which issue two tubes, supplied -
with stop-cocks, one entering the reservoir :
at its upper part; the other continued, as K g
shewn by the dotted lines to near the bot- :
tom. e is a short tube issuing from the a
bottom of the reservoir, and capable of 3
being accurately closed by a screw. d, is P
a glass-tube communicating at both ends
with the body of the gasholder. When
it is intended to fill this apparatus with gas, - $C
the tube ¢ is closed, and the stop-cocks, e, f; "
are opened ; water is then poured into the “-——-;f'iﬁ
cistern, which running down the long tube, forces the air out through the
shorter one. The reservoir being thus filled, the stopcocks are closed, and
the aperture c, is uPened. into which the beak of the retort, or tube, whence
the gas issues, is introduced, and bubbling up, displaces the water which
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| bustion in which oxygen, instead of being solidified, becomes
; gaseous during the operation ; and, lastly, in others, no oxygen
- whatever is present. Combustion, therefore, cannot be re-
;garded as dependent upon any peculiar principle or form of
s matter, but must be considered as a general resalt of intense
chemical action. It may be connected with the electrical
i energies of bodies ; for all bodies which powerfully act upon
« each other, are in the opposite electrical states of positive and
i negative ; and the evolution of heat and hght may depend
1upon the annihilation of these opposite states, which happens
‘whenever they combine. .

I runs out at the same opening. When it is seen in the tube d, that nearly
I the whole of the water is displaced, the aperture is closed, and the vessel
i is now filled with gas, which may either be drawn off into receivers, placed
iin the cistern b, by opening the two stopcocks e, f, or by opening the
i stopcock f, and opening g, it may be propelled into bladders, or trans-
| ferred in any convenient way by an attached tube,

A view and section of the gasometer are shewn in the following

+ sketches :—It may be made of japanned iron or copper. a a, is the outer
« circular vessel, or pail, to the sides of which the tubes d, e, (each fitted
' with a stopcock externally) are soldered. The tube d, penetrates at the
| bottom of the pail, and proceeds to the centre, where it joins the tube o,
+ which enters the top of the pail and proceeds downwards, and from the
| place of junction, the upright tube g, rises through the middle of the pail
1 a little above the level of its upper rim. The vessel &, is a cylinder open
¢ ounly at the bottom, and of less diameter than the pail into which it is
| inverted, and can move up and down freely. This cylinder has a solid

slem ¢, which passes through a hole in the cross bar of the frame fixed
I to the top of the pail ; it serves to steady the cylinder, and to indicate
I the quantity of the enclosed gas—the weight of the cylinder is counter-
| poised in any convenient way.

To use this gnsometer, first let the cylinder fall to the bottom of the
pail, and fill the latter with water; then shut the cock ¢, and open d, and
conuect with it the tube which conveys the gas from the retort or other

' vessel, or, if more convenient, shut d, and convey the gas through «.
G
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SkEctionN II.  Of Chiorine*.

127. To obtain this gas, a mixture of black oxide of man-
ganese and muriatic acid may be heated over a lamp in a glass
retort. It is soon copiously evolved, and may be conveniently
collected over warm water; as it is absorbed by cold water,
it cannot be long retained over that fluid.

The gas rises and gradually lifts up the cylinder, which must be properly
balanced ; and when sufficiently filled, the cock, by which it entered,
must be closed. The gas may now be drawn off at either of the stop-
cocks, by a tube passing into the water-trough, or it may be propelled
through a blow-pipe, or otherwise employed.

* A term derived from x e, greenish yellow, referring to the colour
of this gas. '
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It may also be procured from a mixture of 8 parts of
. common salt, 3 of black oxide of manganese, 4 of water, and
- 5 of sulphuric acid.
Chlorine was discovered by Scheele in 1774 ; it was called
by him dephlogisticatcd muriatic acid. The term oxymuriatic
acid was afterwards applied to it by the French chemists.

128. Chlorine is a permanently elastic gaseous fluid ; it has
a pungent and disagreeable smell, and is highly injurious when
respired, even largely diluted with atmospheric air. Its colour
1s greenish yellow.

The specific gravity of chlorine, compared with hydrogen,
is as 33,5 to 1; 100 cubic inches weigh 75,375 grains.

At the temperature of 60°, water dissclves two volumes
of chlorine. The solution is of a pale yellow colour, has an
astringent nauseous taste, and destroys vegetable colours;
hence its use in bleaching; though the gas itself, when per-
fectly free from moisture, has scarcely any action upon them.
When a burning taper is immersed in a jar of chlorine, the
brilliancy of the flame is much impaired, it becomes red, throws
off much charcoal, and 1s soon exﬁj_lguished.

Many bodies, such as phosphorusand several of the metals,are
spontaneously ignited by chlorine, and burn in it with much
briliancy. In these cases, binary compounds result, some of
which, like those of oxygen, are possessed of acid properties.
Others are not acid, and such compounds with oxygen being
called oxides, those which chlorine forms may be termed chlorides.

Chlorine was once regarded as composed of oxygen and
muriatic acid; a fallacy arising from the presence of water, and
which will be rendered more intelligible under the head Mu-
riatic Acid. (See Davy's Paper, Phil. Trans. 1811.)

Chlorine and oxygen unite in three proportions, forming an
oxide and two acids.

129. Oxide of Chlorine, or Euchlorine, so called by its dis-
coverer, Sir H. Davy (Phil. Trans. 1815), from its very deep

G2
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colour, may be obtained as follows: Upon 10 or 12 grains of
the salt called oxymuriate of potash, drop a small quantity of
sulphuric acid and stir the mixture with a platinum knife,

having so adjusted the relative quantities of salt and acid that

they may form together a yellow powder. Put this into a very
small retort or bent tube, and by means of a water bath, applya
temperature of 150°. Euchlorine will pass off, and may be

collected over quicksilver in small jars, or tubes®. The smell

* Those gases which are absorbed by water may, in most instances,

be collected over mercury. The best form of the Mercurio-pnenmatic -
apparatus, is that contrived by Mr. Newman. (Journal of Royal In-

stitution, vol. L. p. 185.) It is a trough of cast-iron, supported by brass or
iron legs, and having a small gasometer at one end. It is placed in a ja-
panned iron-tray to collect the scattered mercury, asshewn in the wood-cut-

LU
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of this gas somewhat resembles that of chlorine, but is much
less irritating and disagreeable. Its taste 1s astringent, and
not at all acid,

When oxide of chlorine is gently heated, it is decomposed
with explosion and expansion ; two volumes are enlarged mto
three, of which two consist of oxygen, and one of chlorine ;
it is therefore composed of 33,5 parts by weight of chlorine
combined with 30 of oxygen¥*.
 130. Chloric acid. In the compound which has been thus
called by its discoverer M. Gay-Lussac (Annales de Chimie,
tom. xcl,, p. 108), the relative proportions of chlorine to oxygen
are to each other as 33,5 to 87,5; but it is a compound which
cannot exist, independent of water or some base, and, there-
fore, may be compared to the sulphuric and some other acids,
afterwards to be described. It may be prepared by passing a
current of chlorine through a mixture of oxide of silver and
water. Chloride of silver is produced, which is insoluble,
and may be separated by filtration. The excess of chlorine,
which the filtered liquor contains, is separable by heat, and
the chloric acid dissolved in water remains. It is a sour, colour-
less liquid, producing peculiar compounds, afterwards to be
described. It forms no precipitate in any metallic solution.
The compounds may be called chlorates.. "The most remark-
able of them have been long known under the name of
Ozymuriates.

131. Perchloric or oxychloric acid, is procured by distilling
oxychlorate of potassa with its own weight of sulphuric acid.
1t consists of 33,5 chlorine + 52,5 oxygen. It does not exist
independent of water, or a base.

* The gas, originally called Euchlorine by Sir H. Davy, appears to be
a mixture of chlorive with the compound above described, and not a
definite compound of two volumes of chlorine and oue volume of
oxygen.
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Secrion I1L.  Of Iodine®.

132. lopiNe is procured by the following process: Lixi- 1
viate powdered kelp with cold water. Evaporate the lixiviam |
till a pellicle forms, and set aside to crystallize. Evaporate .-
the mother liquor nearly to dryness, and pour upon the mass
half its weight of sulphuric acid. Apply a gentle heat to this
mixture in a glass alembic : fumes of a violet colour arise and
condense in the form of opaque crystals, having a metallic %-
lustre.

This body was discovered in 1812, by M. Courtois of Paris.
Vauquelin (Annales de Chimie, tom. xc.), Gay-Lussac (ib,
xc.), and Davy (Phil. Trans. 1814), have successfully inves- 3
tigated its properties. j

Iodine has a bluish black colour; its lustre is metallie. It
is soft and friable. Its specific gravity = 4,946. It produces
a yellow stain upon the skin. Its smell resembles that of di-
luted chlorine ; its taste is acrid. It is extremely volatile, and, at
a temperature between 60° and 80°, produces a violet vapour.
At 120° or 130° it rises more rapidly. At 220° it fuses, and
produces copious violet-coloured fumes, which condense in
brilliant plates, and acute octoédrons. Like chlorine and
oxygen, it is electro-negative; and therefore attracted by the
positive surface of the Voltaic pile. It renders vegetable co-
lours yellow. It is very sparingly soluble in water, that liquid
not holding more than +¢; its weight in solution. The co-
lour of the solution is yellow. Itis much more soluble in spirit
of wine.

188. Ouxiodic acid (Davy, Phil. Trans. 1815). This com-
pound of oxygen and iodime cannot be obtained directly, for

* From wiy;, violacens.
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those bodies exert no mutual action. It is procured by acting
~upon euchlorine by iodine. A compound is formed, which con-
sists of chloriodic and oxiodic acids. The former is separable
by a gentle heat, the latter remains as a white, semitransparent,
sour, and imodorous body, very soluble in water. It consists
of 117.7 iodine, 37,5 oxygen.

184. Chloriodic acid is easily obtained by the direct action
of chlorine upon iodine. They unite and form crystals of a
deep orange colour, deliquescent, and easily fusible and soluble.
The solution is sour. This compound contains 117,7 iodine,
33,5 chlorine. (Davy, Phil. Trans. 1814.)

CHAPTER 1V.

Of Simple Acidifiable and Inflammable Substances.

135. THE bodies belonging to this class are electro-posi-
tive, and consequently, when separated from their combinations
with the substances described in the last chapter, by Voltaic
electricity, they are attracted by the negative surface. With
very few exceptions, they combine with the three supporters
of combustion, already described, and of these compounds,
one or more are acids. They are six in number :—

1. Hydrogen.

2. Nitrogen.

3. Sulphur.

4. Phosphorus,

5. Carbon.

6. Boron.
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Secrion 1. Hydrogen®.

136. HYyproGEN was first duly examined by Mr, Cavendish,
(Phil. Trans. vol. 1v1). It may be obtained by the action of
iron or zine upon dilute sulphuric acid. Some pieces of iron
wire, or of zinec, may be introduced
mto the flask @, and covered with sul-
phuric acid diluted with six times its bulk
of water. The gas escapes by the bent
tube &, which is inserted by grinding into
the neck of the flask, and may be col-
lected in the hydro-pneumatic appa-
ratus. .

Hydrogen is an aériform fluid, not absorbable by water., It
has no taste, a slightly disagreeable smell, and may be respired
for a short time, though it is instantly fatal to small animals.
Itis the lightest body known ; and we therefore conveniently as-
sume 1t as unity in speaking of the specific gravity of gases, as
well as in referring to the proportions in which bodies combine.
100 cubic inches weigh at mean temperature and pressure
2,25 grains. It is inflammable, and extinguishes flame. When
pure, it burns quietly with a lambent blue flame at the surface
in contact with air; but, if mixed with thrice its volume of air,

it burns rapidly, and with detonation. In making this experi-
ment, a strong phial, capable of holding about G ounces of
water, may be employed ; or the inflammable air pistol, which
admits of the mixture being fired by the electric spark. If
two volumes of hydrogen and one of oxygen be burned m the
same way, the explosion is extremely violent. A current of

* From viwp, &c., the base of water.
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hydrogen may be inflamed when issuing from a small

aperture, and if a tube of 18 or 20 inches in length
be held over the flame, a peculiar musical tone is pro-

duced. This effect is not peculiar to hydrogen, but
. is produced by a variety of other flames®.

The tendency which gaseous fluids have to become
completely mixed under all circumstances, and as it
were to penetrate each other, is well illustrated where
hydrogen is employed. Thus, if two small phials,
the one containing oxygen and the other hydrogen, be
connected, perpendicularly, by a long glass tube of
small bore, it will be found, that although the hy-
drogen be uppermost, and much lighter than the

- oxygen, it will, in the course of a few hours, have
= perfectly mixed with the oxygen, and the gases will
. i % be found in equal proportions in both phials. Mr.
&= Dalton has shewn that gases, unlike other fluids, do
M not remain upon each other without admixture, (Man-
¢ chester Memoirs, Vol. I. New Series.)
' Hydrogen, in consequence of its extreme lightness, is
temployed for filling air-balloons, and is elegantly applied to
t the purpose of obtaining instantaneous light in Volta’s inflam-
1+ mable air laﬁlp.

137. Hydrogen and Oxygen.—When two volumes of hy-
t drogen gas are mixed with one volume of oxygen gas, and the
# mixture inflamed in a proper apparatus by the electric spark,
| the gases totally disappear, and the interior of the vessel is
' covered with drops of pure water, equal in weight to that of
! the gases consumed. '

If pure water be exposed to the action of Voltaic electricity,
| it is resolved into two volumes of hydrogen, disengaged at the
' megative pole, and one volume of oxygen, disengaged at the
- positive pole; so that water is thus proved by synthesis, and

by analysis, to consist of two volumes of hydrogen, combined

* Faraday, Jowrnal of Science and the Arts, Vol, 5.
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with one volume of oxygen. The specific gravity of hy~
drogen compared with oxygen, is as 1 to 15; therefore the
component parts of water by weight are,
1 hydrogen,
7,9 oxygen.

Rﬁpres&utalive number of water = 8.5

D:}fg, \ water
or thus, Hydr.| 7,5

i 8,5.

138. The experiments illustrating the composition of waml
may be divided into synthetic and analytic. Among these
the following may be selected :

Burn a current of hydrogen under the funnel, as represented i
in the wood-cut; by uniting with the oxygen of the atmosphere
it will produce aqueous vapour, which passing into the gla.?;
cylinder will condense in drops.
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The annexed woodcut repre-

. sents an apparatus for shewing
| the production of water by bum-
jing a current of hydrogen in an
, atmosphere of oxygen. A is a
 glass cylinder, which, after having A
" been exhausted, is filled with
~pure oxygen. B is a receiver of
hydrogen immersed in the vessel
of water C, by which the hydrogen
is compressed, so as to be urged Q
through the capillary opening F,

when the stop-cocks D D are F
open. E is a platinum wire by

which the gas may be inflamed by

an electric spark. It burns with D

the production of intense heat,
and water is soon collected in
drops upon the interior of the
cylinder.

If two measures of pure
hydrogen be mixed with B
one of pure oxygen, and
detonated in the graduat- Q ’D
ed glass tube, a, standing (W)
over water, by an electric
spark, passed through ©
the platinum wires b, b,
the gases will entirely C

disappear. If there be
f --m...'f any excess of either of ®
the gases, the portion ,.-r—*""_'__"'”‘\\

In excess will remain uncon-
sumed.

—03
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The same experiment may be
thus varied. A is a very strong
and thick glass vessel provided
with a glass stop-cock E, and
with a ground stopper firmly se-
cured by the wire C, through
which the platinum wires D D
pass. The vessel A being ex-
hausted of air, is placed upon the
bell glass B, in the pneumatic
trough, containing a mixture of '
pure oxygen and hydrogen in the
above-mentioned proportions.(137)
Upon opening the stopcock E, a
quantity of the mixed gases passes
mto A, where, after having care-
fully closed the stop-cock, it may be inflamed by an electric
spark passed through the platinum wires. At the instant of
the detonation a vivid flame pervades the upper vessel, and it
becomes lined with moisture, If the stopcock be again
opened, a fresh portion of the mixed gases enters, and may be
inflamed as before.

139. Water may be decomposed or resolved into its ele-
ments by a variety of processes, the most important of which
are the following :

a is a glass retort, into which is introduced a given weight
of water; b b a small ‘furnace through which passes the
earthen tube c¢¢, which terminates in the spiral pewter tube
d d, immersed in water. A given weight of pure iron wire,
coiled up, is introduced into the tube ¢, and the whole made
red hot; the water in a is then made to boil, and the vapour,
on coming into contact with the red hot iron, is in part de=
composed, the oxygen being retained by the iron, and the
hydrogen escaping through the tube f, may be collected as
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sual.  Any undecomposed portion of water 1s condensed in
¢ worm pipe d, and drops into the vessel e. After this ex-
seriment the iron will be found to have increased in weight
and if attention be paid to the quantity of water which has
collected in ¢, and to the weight of the hydrogen gas evolved,
it will be found that the weight gained by the iron, added to
ithat of the hydrogen, will be equal to the weight of the water
vhich has disappeared. Lavoisier concluded, from an expe-
sment thus conducted, that water consisted of 85 per cenl.
by weight of oxygen, and 15 by weight of hydrogen; that is,
H that for every 15 grains of hydrogen evolved, 85 orains of
‘oxygen were condensed by the iron

§  Decomposition by Voltaic electricity best illustrates the
4. composition of water, since it exhibits both the oxygen and
| hydrogen in the gaseous form. The wood-cut overleaf repre-
§ sents a section of an apparatus for this purpose. It isa glass

 vessel containing water, having two wires of platinum, a a, passing
 through its bottom: over these are inverted the tubes b b, sl:0
filled with water. The wires are rendered positive and nega-
tive by connexion with a moderately powerful Voltaic appa-
ratus. Oxygen is evolved at the positive wire, and hydrogen
at the negative wire, which gases rise into the tubes, and it is
seen that one volume of oxygen, and two volumes of hydrogen,
are the constant results. If these gases be mixed and deto-
nated, pure water is again formed.
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140. Pure water is transparent, and without either colour, §
taste, or smell. In consequence of the facility of obtaining it
pure, it is assumed as a standard to which the relative weights
of all other bodies may be compared, its specific gravity being §
called = 1.000, and hence the importance of estimating its §
weight with precision. At the temperature of 40° it is at
its maximum of density, and at that temperature an Englislﬁ
cubic foot weighs 457 102,4046 grains*, or 999,0914161 lr.':um::t'.ljlél
avoirdupoise, and a cubic inch 252,953 grains. A
At the temperature of 52° water congeals into ice, which,;f-
if slowly formed, produces needles crossing each other at
angles of 60° and 120°. The specific gravity of ice is 0,94.
If water be exposed to heat in open vessels it boils, or iﬂ:.
converted into steam, at 212° the barometer being at 350
inches; but the boiling point of water varies considerably
with the pressure (50). The specific gravity of air being
considered as = 1; that of steam is 0,6255. At mean pres=
sure, and at the temperature of 212°, the bulk of steam is
1700 times greater than that of water.

-
i

* Thomson's System, vol. 2. p. 12,
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Water, which has been exposed to the atmosphere, always
tains a pertion of air, as may be proved by boiling it, or
by exposing it under the exhausted receiver of the air-pump.
o separate the air, the water must be boiled for about two
hours. It absorbs oxygen gas in preference to atmospheric air.

141. As hydrogen is the lightest known substance, it is
assumed in this work as unity, in reference to the representa-
tive numbers of other bodies. The principles of numeric re-
presentation, or of equivalent or proportional numbers, has
salready been adverted to (34), and the following will be the
i representative numbers of the bodies described in the fore-
{going chapter, the number for oxygen being deduced from the
i composition of water (137), and of chlorine and iodine from
| the muriatic (142) and hydriodic acids (144).

Undecompounded Representative
Substances. Number.
H}l dmgen R e R e Ea l
Oxygen .issavnisinans 7.5

Chlﬂrine’lillli'llll!i 33’5
IﬂdiH.E" R RS I‘fllll"ll?’.?

Compounds. C“";,‘;g;f"t hpmnbt::f“
[1 proportional of hydrogen = 1
Water o.... .11 ditto oxygen = 8,5

Oxide of 4 proportionals of oxygen
chlorme ..|1 ditto chlorine

I

s 5} 63,5
37,5
33,5 '

52,5
33,5 30

Il

{5 proportionals of oxygen

Perchloric {? proportionals of oxygen

T ——— s | ditto chlorine

o SRR pmpurhonal& of oxygen = 37,51
Oxiodic acid {1 iodine = 117,7 155,2
Chloriodic 1 prupomonal of chlorine = 33,.5'1

g ditto iodime = 117,7] 151,2
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142. Hydrogen and Chlorine.—When equal volumes of these
gases are mixed, and exposed to light, they combine, and pro-
duce a sour compound, commonly called muriatic acid gas;
or, in conformity to more modern nomenclature, hydrochloric
acid gas.

The best mode of showing the composition of muriatic
acid, is to introduce into a small but strong glass vessel a mix-
ture of the two gases, and to inflame them by the electric
spark ;5 no change of volume ensues, and muriatic gas results.

Muriatic acid may be decumpﬂsecf by the action of several
of the metals. Potassium, for instance, absorbs the chlorine,
and the hydrogen is evolved ; and muriatic acid gas thus affords
half its volume of hydrogen. As the specific gravity of hy-
drogen to chlorine is as 1 to 33,5 muriatic acid will consist of
1 hydrogen 4 33,5 chlorine, and its representative number
will be 34,5.

Hydr. | Chlor. Muriatic Acid.

1 | 83,5 34,5

Muriatic acid may also be readily procured by acting upon
common salt by sulphuric acid, the evolved gas must be re-
ceived over mercury. It was first obtained pure by Dr. Priestly,
but its composition was discovered by Scheele, and has
since been most ably investigated by Davy. .

Muriatic acid gas extinguishes flame. Tts specific gravity, |
compared with hydrogen, is = 17,25. 100 cubic inches =
39,5 grains.

143. Muriatic acid gas is greedily absorbed by water, which |
takes up 480 times its bulk, and has its specific gravity in-
creased from 1 to 1,210*. Thus dissolved in water, it forms

* For saturating water with gases, which are easily soluble in that
fluid, we generally employ Wolfe's apparatus, which is shewn in the
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wthe liquid muriatic acid or spirit of salt, and may easily be
iprocured by distilling a mixture of dilute sulphuric acid and
scommon salt, as directed in the London Pharmacopexia. The
mmost economical proportions are 32 parts of salt, and 22 of
sulphuric acid, diluted with one-third its weight of water.
he retort containing these ingredients may be luted on to a
eceiver, containing twice the quantity of water used in di-
lluting the sulphuric acid, and the distillation carried on in a
ssand-bath.
When this liquid acid is pure 1t 15 perfectly colourless, but
it generally has a yellow hue arising from a little iron, When
theated, the gaseous acid is evolved. The following Table

annexed cut. a is a tubulated retort in which the materials, producing
he gas or vapour, are contained ; b, a receiver communicating by a bent
tube with the three-necked bottle ¢, which is connected also by a tube
with d. These botlles are about half filled with water, or any other Huid
ntended to be saturated with the gas; when that in ¢ has become satu-
rated, it passes into d, and afterwards through the tube ¢, which may be
placed under the water, or mercury, in the pneumatic trough. In case
absorption should take place in the vessels a or b, the pressure of the ex-
ternal air might force the water from d into ¢, and from ¢ into the bal-
Moon b. This is prevented by the safety tubes ff, which, dipping not
more than half an inch’under the surface of the water, allow a little air
to euter so as to compe.sate for the absorption. The different joints may

be secured either by grinding or by well-cut corks, rendered tight by a
mixture of drying o.l and pipe clay.
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shews the quantity of real acid contained in liquid acid of dif:
ferent specific gravities, (Davy’s Elements, p. 253.)

- Table shewing the Quantity of real Acid in Liquid Muriatic
Acid of different Specific Gravities. (Temp. 45 . Faht,
Barom. 30.)

Specific 100 Grains contain of || Specific | 100 Grains contain of]

Gravity. Muriatic Acid Gas Gravity. Muriatic Acid Gas
1.21 42.43 1.10 20.20
1.20 40.80 1.09 18.18
1.19 38.38 1.08 16.16
1.18 36.50 1.07 14.14
1.17 34.34 1.06 12.12
1.16 32.92 1.05 10.10
1.15 50.30 1.04 8.08
1.14 28.28 1.03 6.06
1.18 26.26 1.02 4.04
1.12 24.24 1.01 2.02
1.11 29.30

144. Hydrogen and Iodine exert a slow action under ord
nary circumstances; but when iodine is presented to nascent
hydrogen, they readily unite, and produce a gaseous acid, the
hydriodic acid. It is prepared by the action of moist iodine
upon phosphorus, and must be received over mercury. It is
colourless, very sour, and smells like muriatic acid. Its specific
gravity to hydrogen is as 50,3 to 1. 100 cubic inches = 135,5
grains. It is instantly decomposed by chlorine, which produces
muriatic acid, and the blue vapour of iodine is rendered evident..
These gases often take fire on mixture.

It consists Of seeses sessasssas 1, hydrogen,

117,7 1odine,

Hydriodic acid = 118
Hydriodic gas is rapidly absorbed by water. The solution
exposed to a temperature below 260, becomes concentrated:
by loss of water; at about 260° it boils, and may be diati!led%

L]
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" The specific gravity of the strongest liquid acid s 1,7. [t
| becomes dark coloured when kept, in consequence of a partial
| decomposition.

SectioN IL.  Nitrogen.

~ 145. This was first recognised as a distinct aériform fluid
5}' Dr. Rutherford in 1772. (Thesis, De aere Mephitico.) It
. m]r be obtained by heating phosphorus in a confined portion
;Qf dry atmospheric air, which consists of nitrogen and oxygen;
’&e phosphorus absorbs the latter, and the former gas remains,
hfter repeated washing, it may be considered as pure. It
jmay also be obtained by the action of moist sulphuret of
iron upon atmospheric air, and by the action of nitric ox-
i;?e (174).
100 cubic inches weigh 20,25 grains; so that its specific
.-ﬁvitjr, compared with hydrogen, is as 13 to 1. It is taste-
less, inodorous, and insoluble in water. It does not support
- bustion, and is fatal to animals; hence was called azote.
' %I: not mflammable; but when its compounds are submutted
to Voltaic decumpmltmn, it 1s attracted by the negative pole.
146 Nitrogen and Oxygen—These bodies unite in four
pnmuus, nnd form the compounds called,

1. Nitrous oxide,

2. Nitric oxide,

3. Nitrous acid,

4. Nitric acid.
147. Nitrous oxvide may be obtained by distilling the salt,
é!'ﬂed nitrate of ammonia, at a temperature of about 420°, The
gas which passes off may be collected over water, and is nitrous
ogide. 100 cubic inches weigh 46,125 grains; its specific
B gravity, therefore, to hydrogen is as 20,5 to 1.
®  The taste of this gas is sweet, and its smell peculiar, but
#agreeable,

H2
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Its singular effects, resembling intoxication, when respired,
were first ascertained by Sir H. Davy. (Researches Chemical
and Philosophical, chiefly concerning Nitrous Ouxide. London,
1800.) 'The experiment of breathing this gas, however,
cannot be made with impunity, especially by those who are
liable to a determination of blood to the head.

It supports combustion, and a taper introduced into a jar of
nitrous oxide, has its flame much augmented and surrounded
by a purplish halo. FPhosphorus and sulphur, when intro-
duced in a state of vivid ignition into this gas, are capable of
decomposing it, and burn with the same appearances nearly as
in oxygen ; but, if when put into the gas, they are merely
burning dimly, they then do not decompose it and are extin-
guished, so that they may be melted in the gas, or even touched
with a red hot wire without inflaming.

It is easily absorbed by water, which takes up about its owy
bulk, and evolves it unchanged when heated.

148. The best analysis of this gas is effected by detonatior
with hydrogen; one volume of nitrous oxide requires one
volume of hydrogen. This mixture, fired by the electric spark,
produces water, and one volume of nitrogen remains. Now,

i

as one volume of hydrogen takes half a volume of oxygen t¢
form water, nitrous oxide must consist of two volumes of ni-
trogen and one volume of oxygen; these three volumes being
so condensed in consequence of chemical union, as only to fill
the space of two volumes. The specific gravity of nitroge -
compared with oxygen, is as 13 to 15; nitrous oxide, there=
fore, consists of - - - 13 Nitrogen
7,5 Oxygen

Number for nitrous oxide, ...... 20,5

: Oxygen .
Nitrogen| 7,5 & bLlEg:a

Dr.l
13 20,5
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149. Nitric oride is usually obtained by presenting certain
- substances to nitric acid, which abstract a portion of its
_oxygen, leaving the remaining elements in such proportions as
to constitute the gas in question; for this purpose some copper
filings may be put into a gas bottle with nitric acid, diluted
with thrice its bulk of water; an action ensues, red fumes are
produced, and there is a copious evolution of the gas, which
may be collected and preserved over water. This gas is pre-
geutly recognised by the red fumes which it produces when
brought into the coutact of air.

Its specific gravity to hydrogen is as 14 to 1. 100 cubic
inches weigh = 31,5 grains. When it has been washed with
‘water it is not acid, as may be proved by the colour of litmus
remaining unchanged by it. It extinguishes most burning
bodies, but phosphorus readily burns in it, if mtroduced in in-
tense ignition.
~ 150. It does not detonate when mixed with hydrogen, and
lubjecled to the electric spark but it may be decomposed by
the action of some of the metals at high temperatures, which
‘absorb its oxygen. Ome volume of nitric oxide is thus re-
solved into equal volumes of oxygen and nitrogen. If, there-
fore, we call nitrous oxide a compound of 1 proportional of
‘nitrogen -+ 1 oxygen, then nitric oxide may be considered as
rnuusistmg of 1 nitrogen + 2 oxygen, or by weight, 13 nitro-
geu + 15 oxygen, and its symbol will stand thus:

OUxygen
7,0

Nitric oxide
28.

Nitrogen
13

Nitric oxide and chlorine, when both are perfectly dry, exert
~ no mutual action, but the presence of water causes an imme-
diate change, it is decomposed, and, furnishing oxygen to the
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nitric oxide, and hydrogen to the chlorine, nitrous acid and
muriatic acid gases are generated. It was the presence of
water which misled those, who thought that the red fumes,
produced by mixing nitric oxide and chlorine not carefully
dried, resulted from the existence of oxygen in chlorine.

151. Nitrous Acid Gas.—When nitric oxide is presented to
oxygen, the two gases combine, and a new gaseous compound
of a deep orange colour results. This compound is not easily
examined, because it is absorbed both by quicksilver and
water, so that we are obliged to resort to exhausted glass
vessels for its production.  When we thus mix two volumes
of nitric oxide with one volume of oxygen, the gases become
condensed to about half their original volumes, and form nitrous
Midgm. . i

This gas supports the combustion of the taper, of phos-
phorus, and of charcoal, but extinguishes sulphur. It is
readily absorbed by water, forming a green sour liquid. Its
specific gravity to hydrogen 15 as 28,6 to 1, and 100 cubic
inches = 64,48 grains.

152. It is obvious that this nitrous acid gas must consist of
13 nitrogen -+ 30 oxygen,

and therefore, its number o - Oxygen
is 43, for nitric oxide 1s It;'ggen e Tghe 4
composed of equal vo- 7,5

30|

lumes of nitrogen and’
oxygen,andone additional
volume of oxygen, or !:wn 7,5
proportionals by weight hace
are added to form nitrous

acid. _
153. If the mixture of nitric oxide and oxygen be made

over water, in the above proportions, and if the gases be per-
fectly pure, complete absorption takes place; but if either the

7,5
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~oxygen or nitric oxide contain uncombined nitrogen, it will
remaim unabsorbed.

154. Nitric Acid—The fourth compound of nitrogen with
oxvgen is the nitric acid; the nature of which was first demon-
strated by Mr. Cavendish in 1785. ( Phil. Trans.) Itisusually
obtained from nitre, three parts of which are distilled with two
of sulphuric acid. This distillation may be conducted upon
the small scale in a glass retort, @, with a tubulated receiver,
b, passing into the bottle ¢. The requisite heat 1s obtained by
the lamp d, and the whole apparatus supported by the brass
stands with sliding rings ee. But the manufacturer who pre-
pares nitric acid upon a large scale, generally employs distil-
latory vessels of stone ware. In the London Pharmacopeia
equal weights of sulphuric acid and nitre are directed to be
‘employed, but this excess of sulphuric acid is more than re-
quisite.

155. The nitric acid of commerce, as obtained by the above
processes, is always impure, and muriatic and sulphuric acids
may usually be detected in it. The former may be separated
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by nitrate of silver, and the latter by nitrate of baryta. Te
obtain pure nitric acid, therefore, add to that of commerce
a solution of nitrate of silver as long as it produces any white
precipitate ; and when this has subsided, pour off the clear
liquor, aud add, in the same way, a solution of nitrate of baryta;
then distil the acid, and it will pass over perfectly pure. In
the Pharmacepaia we are directed to re-distil with a portion of
fresh nitre, the intention of which is to retain the sulphuric
acid, but this is ineffectual, and the muriatic acid still re-
mains. For pharmaceutical purposes, the ordinary acid is
generally sufficiently pure. 1f, however, pure nitre, and pure
sulphuric acid be employed in its production, and the latter not
in excess, there 1s little apprehension of impurity m the re-
sulting acid.

The nitric acid is a colourless liquid, extremely sour and
corrosive. Its specific gravity i1s 1,42; it always contains
water, which modifies its specific gravity. At 250" it boils
and distils over without change. At— 4071t congeals. It ab-
sorbs water from the air, and its bulk is thus mcreased, while
its specific gravity is diminished. 1t 1s usually coloured by
nitrous acid gas, which it evolves when heated.,

156. Nitric acid in its dry state, that is, as it exists com-

bined with metallic oxides, | Oxygen

in the salts called nitrates, Nitrogen| 7,5 |5

may be regarded as com- 13 7,5

posed of one proportional

of nitrogen = 13, and 5 of 7,0 37,5

oxygen = 37,5, and this
will be the symbol repre-
senting its composition, -

7,5

Consequently, the representative number of dry nitric acid
is 50,5. But in its liquid state it always contains water, and
when, in this state, its specific gravity is 1,5, it may he regarded
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s a compound of one proportional of dry acid and two of
jater, and this may be numerically expressed thus:
: Acid. Water.
& 50,5 + 17 = 67,5 liquid acid. _
- 157. Nitric acid may be decomposed by passing its vapour
ugh a red hot porcelain tube; oxygen is given off, nitrous
acid gas is produced, and a quantity of diluted acid passes over
into the receiver, having escaped decomposition, so that it is
thus proved to consist of nitrous acid gas, oxygen, and water.

- For experiments of this kind the form of apparatus, des-
teribed for the decomposition of water by iron, may be em-
| ployed. - '

- The nature of nitric acid was first synthetically demonstrated
by Mr. Cavendish, who passed electric sparks through a por-
i tion of atmospheric air, or through a misture of one part of
i mitrogen and two of oxygen, confined over mercury. After
i some time the mixture diminished in bulk, and, on admitting
i a little water, an acid solution was obtained which afforded
« erystals of nitre when saturated with potash.

- 158. Nitromuriatic Acid—This term has been applied to
the dgqua Regia of the alchemists. When nitric and muriatic
~acids are mixed, they become yellow, and acquire the power
of readily dissolving gold, which neither of the acids possessed
separately. This mixture evolves chlorine, a partial decompo-
sition of both acids having taken place, and water, chlorine,
?nd nitrous acid gas, are thus produced ; that is, the hydrogen
of the muriatic acid abstracts oxygen from the nitric to form
water. 'T'he result must be chlorine and nitrous acid. (Davy,
Journal of Science and the Arts, Vol. 1. p.67.)

159. Nitrogen and Chlorine.—These gases do not unite di-
rectly, but the compound may be obtained by exposing a solu-
ion of nitrate or muriate of ammonia to the action of chlorine,
at a temperature of 60° or 70°. The gas is absorbed, and an
Oil-like fluid, heavier than water, is produced. It was dis-
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covered by M. Dulong, in 1812. (Annales de Chimie, V
LXXXV.)

Its specific gravity is 1,6; it is not congealed by cold,
This substance is dangerously explosive, and is decomposet
with violent detonation by many combustibles, especially
phosphorus, and fixed oils. At 160; it distils without change,
but at 212° explodes and is decomposed. It was submitte
to the action of 125 different substances, by Messrs. Porre
and Wilson, 28 of which caused it to explode. (Nicholson’s
Journal, Vol. xxx1v.) '

Alcohol quietly changes it
into a white substance. Mer-
cury absorbs the chlorine, |Nitrogen |Chlorine

and evolves nitrogen. It 13 33,5
yields, by decomposition, 1
volume of nitrogen and 4 of 33,5

chlorine ; and as the specific
gravity of nitrogen to chlo-
rine isas 13 to 83,5, so it may
be said to consist of 1 pro-
portional of nitrogen + 4 33,5
pwpurunuais of chlorine, or
13 + 134 by weight, and its
number will be 147, 1

160. Nitrogen and Todine—A compound of these bodies
may be procured by pouring a solution of ammonia upon a very
small quantity of iodine. Hydriodic acid is one product, and
the other a brown powder, which detonates upon the slightest
touch, and is resolved into nitrogen and iodine. When left
exposed to air it gradually evaporates.

161. Nitrogen and Hydrogen—Ammonia, or Volatile Alcali.
This gaseous compound may be obtained by heating a mixture
of quicklime and muriate of ammonia. Two parts of dry
quicklime and one of muriate of ammonia may be introduced

134

—

88,5
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ntoa small glass retort, and upon the application of a gentle
at the gas passes over. It must be collected over mercury.
t is permanently elastic at common temperatures, extremely
igent and acrid, but when diluted by mixture with common
air, agreeably stimulant. It converts most vegetable blues to
green, and the yellows to red, properties which belong to the
bodies called alealies. Ammonia, therefore, has been termed
olatile alcali.

- Its specific gravity to hydrogen is as 8 to 1; 100 cubical
inches weighing 18 grains. It extinguishes flame, but forms
san inflammable mixture with common air and with oxygen.
 162. Water at the temperature of 50 takes up 670 times its
volume of ammonia; its bulk is increased, and its specific
gravity diminished ; that of a saturated solution is 0,875, water
being 1,000. The following Table shews the quantity of
‘ammonia in solutions of different specific gravities. (Davy’s
Chemical Philosophy, page 268.)

¥ 1 100 Parts 1
? Sispeciic || Ammonia |
" #8750 325 |

'3 8875 20.25 |
3 0000 26.00
b 0054% 25.837 |
b 9166 | .| 22.07

' 9255 |g' 10.54

o 0326 g- 17.52
'} 0385 =1 15.88
3 ' 0435 14.538

N 9476 13.46

4 0513 12.40
¥ 0545 11.56
9578 | | 10.82
» 0597 10.17
* 0619 Q.60
X 9692* 0.50

*Thn three results marked by the asterisk, were gawed by experiments,
the other numbers by calculation.
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The usual state in which ammonia is employed is in solution,
both in chemistry and medicine. This solution bears the
name of Liguor Ammonie n the London Pharmacopaia
It may be obtained by passing the gas into water in a pro-
per apparatus (97), or by distilling over the water and g
together.

The following process, recommended by Mr. R. Phillips,
answers well. On 9 ounces of well-burned lime pour half a pint
of water, and when it has remained in a well-closed vessel for
about an hour, add 12 ounces of muriate of ammonia in powde
and three pints and a half of boiling water ; when the mixture
has cooled, pour off the clear portion and distil from a retort
20 fluid ounces. The specific gravity of this solution which
is sufficiently strong for most purposes is 0,054. (Remarks
on London Pharmacopeia, p. 34.) 4

163. Dr. Henry ( Philos. Trans. 1809,) first observed that a :
mixture of ammonia and oxygen gas might be fired by
electric spark, and this property furnishes a means of analyzin ~
the alcaline gas. Electricity also decomposes ammoniacal gas.
If a succession of electrical sparks be passed through a small §
portion of the gas confined in a proper tube over quicksilver,
it will increase to about twice its origmal bulk, and lose its
easy solubility in water. If the gas thus expanded be .;:;-: .
with from one-third to one-half its bulk of oxygen, and an
electric spark passed through the mixture, an explosion takes
place attended by considerable diminution. Note the amount
of the diminution, divide it by 3, and multiply the product
by 2. The result shews the quantity of hydrogen. Thus,
suppose 10 measures of ammonia, expanded by electricity to 18
and that, after adding 8 measures of oxygen gas, we find the
whole ( = 26 measures) reduced by firing to 6 measures the
diminution will be 20. Then 20 = 3 = 6,66 and 6.66 x g
= 18,32 measures of hydrogen gas from 10 of ammonia; and
18 — 13,32 = 4,68 for the nitrogen gas contamed in the pro-
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ct of electrization. Therefore 10 measures of ammonia have
n destroyed and expanded into
13.32 measures of hydrogen gas,
468 - - - nitrogen gas¥.

It appears probable that one volume of ammonia 1s resolved
by electric decomposition into two volumes of a mixture of
hydrogen and nitrogen, consisting of three volumes of h]rdrﬂg?n
¢and one volume of nitrogen; hence the following symbols will
represent the composition and volume of ammonia :

Nitrogen Hydrogen

t 13 1
Hydrogen Ammonia
1 =16
' — 16
' Hydrogen
"

"~ When ammonia and oxygen are detonated, the nitrogen is
oxydized as well as the hydrogen; hence, if excess of oxygen
be used, the whole of the ammomia disappears, and nitrate of
‘ammonia is formed.

Ammonia may also be decomposed by passing it through a
red hot iron tube ; it suffers expansion, and .: resolved ito
hydrogen and nitrogen gases, furnishing a singular instance
of change of properties in consequence of chemical combi-
‘mation. @ is a bladder filled with ammonia which may be
passed through the iron tube b, placed in the furnace c; the
~gas 1s decomposed, and hydrogen and nitrogen may be col-
lected over the water in d.

* Henry's Elements, 7th edit. Vol, L. p. 233,
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164, Ammonia i1s produced synthetically during the de
composition of many aunimal substances; it is also formes
during the violent action of nitric acid upon some of the
metals, and by moistened iron filings exposed to an atmosphere
of nitrogen ; in these cases the nascent gases unite so as fc
form a portion of ammonia,

165. Ammonia and Chlorine.—When these gases are mixes
a partial decomposition of the former ensues. On mixing 15
parts of chlorine and 40 of ammonia, 5 parts of nitrogen are
liberated, and muriate of ammonia i1s formed. If the gases
be perfectly dry, considerable heat is evolved, and a flame
is perceived to traverse the vessel in which the experiment
1s made,

166. Admmonia and Muriatic Acid—Muriate of Ammonia
—Sal Ammoniac.—This salt may be produced directly by
mixing equal volumes of ammonia and muriatic acid, when an
entire condensation ensues.

The specific gravity of ammo- .
i Sl e . | Muriatic
nin to muriatic acid 1s as 16. to |Ammonia Axid
34,5 therefore, muriate of ammonia B
consists of 34,5, munatic acid 4 16

ammonia.

34,5

Muriate of ammonia was formerly Imported from Egypt,
but is now abundantly prepared on the Continent and in this
country. Its preparation will be hereafter described. When
obtained by evaporation from its solution in water, it forms
octoedral, prismatic, and plumose crystals; but, in commerce,
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it usually oceurs, as procured by sublimation, in white cakes,
sard and somewhat elastic, and in this compact state it re-
quires for solution 3,25 parts of water at 60°. When heated it
ublimes without decomposition in the form of white vapour.
167. Ammonia and Nitric Acid—Nitrate of Ammonia.—
This salt may be procured by the direct union of ammonia
with nitric acid, or more easily by saturating dilute nitric acid
with carbonate of ammonia. It has been mentioned as the
ce of nitrous oxide, and when heated is entirely resolved
to that gas and water. 1t consists of one proportional of nitric
cid = 50,5 + one proportional of ammonia = 16, and therefore
he representative number of the nitrate of ammonia 1s 66,5.
Or it may be considered as containing 2 proportionals of nitrogen,
3 of bydrogen, and 5 of oxygen, as the following symbols show:

-
T

Nitrate of Ammonia.
L —— e —
Nitric acid. Ammdnia.
50,5 16

Oxygen
Nitrogen| 7,5 Nitrogen |Hydrogen

13 7.5 13 1

7,5

7,5

O e ey
-

?'15

- Nitrous oxide consists of 1 proportional of nitrogen=13 + |
g f oxygen = 7,5; hence the two proportionals of nitrogen in the
salt (1 in the acid and 1 in the ammonia) will require two of
t oxygen to produce nitrous oxide, and the remaining 3 of oxygen
' will unite to the 3 of hydrogen, and form water. And accord-
1 ingly nitrous oxide and water are the only possible results ; so
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that the elements, after the decomposition of the salt, an
arranged thus :

Two proportionals of Nitrous oxide. Three proportionals of water,

\ Oxyzen OUxygen
Nitrogen| 7,5 | Hydroger| 7,5
13 1
7,5 75 |
13 1 —————a
75 |
' 1

Nitrate of ammonia has long been known, and was formerly
called Nitrum flammans. It differs in form according to the
manner in which its solution has heen evaporated; if at a
temperature below 100°, its crystals are 6 sided prisms termis-
nated by 6 sided pyramids ; if boiled down, its erystals are thin
and fibrous: it i1s deliquescent and soluble in twice its weight
of water at 60°, and in its own weight at 212°. [t contains
different proportions of water of crystallization ; according te
Berzelius, the prismatic variety affords 11,232 per cent.
(80 Annales de Chimie.) According to Davy, the fibrous variety
contains 8,2 per cent., and the compact, obtained by evapo-
rating the solution till it concretes 5,7 per cent of water of
crystallization. (Davy's Researches, p. 71.)

168. Atmospheric Air—The composition of atmospheric
air has been frequently alluded to in the preceding pages, and
as the student is now acquainted with its essential component
parts, namely, oxygen and nitrogen, it may be right to consider
its properties more at length.
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The atmosphere is a thin, transparent, invisible, and elastic
luid, which surrounds our planet, and reaches to a consi-
lerable height above its surface, probably about 40 miles.

That air is a ponderous body, was first suspected by Ga-
lileo, who found that a copper ball, in which the air had been
condensed, weighed heavier than when the air was n its
ordinary state of tension. The fact was afterwards demon-~
strated by Torricelli, whose attention was drawn to the subject
oy the attempt of a well-digger at Florence, to raise water by
1 sucking-pump, to a height exceeding 33 feet. It was then
bound that the pressure of the atmosphere, and not Nature’s
hbhorrence of a vacuum, was the cause of the ascent of the
vater in the pump-pipe, and that a column of about the height
nentioned was sufficient to equipoise the atmosphere.

1In 1643, Torricelli filled a glass tube, three feet long, and
slosed at one end, with quicksilver, and inverted it in a basin
fthe same fluid ; he found that the mercury fell about 6 inches,
o0 that the atmosphere appeared capable of counterbalancing
¢« column of mercury 30 inches in height. The empty space,
o the upper part of the tube, has hence been called the Torri-

ellian vacuum, and is the most perfect that can be formed.

- Paschal and Torricelli afterwards observed, that upon as-
ending a mountain, the quicksilver fell in the tube, because
here was less air above to press upon the surface of the metal
1 the basin, and thus a method of measuring the heights of
nountains by the barometer, as the instrument is now called,
as devised. Sir Henry Englefield has constructed a baro-

0 ter, expressly for these investigations, the mode of using
vhich is described in the Journal of Science and the Arts,

WolV. p. 220.

- The barometer indicates, by its rise and fall, a corresponding
hange in the density of the atmosphere. At the surface of
1e earth the mean density or pressure is considered equal to
1€ support of a column of quicksilver 30 inches high.

1
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Inches,
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169. The general mechanical properties of the air are bes
llustrated by the air-pump, the construction of which muck
resembles that of the common sucking-pump used for raisir
water, excepting that all the parts are more accurately an
nicely made, the object being to exhaust the air as completel
and expeditiously as possible. The annexed sketch will giv
an idea of the operation of the common air-pump. a, b, ar
cylinders, into which the sliding-pistons ¢, d, are accurate
fitted. e, 1s a tube 1ssuing from the bell glass placed upona §
brass plate f, and entering the lower part of the cylinders
h, h, where are valves opening upwards. In each piston is alse
a valve opening upwards at g, g. The cylinder @, represents §
the piston in the act of being drawn up. By elevating the
piston ¢, an attempt will be made to form a vacuum underneath
it; but a portion of the air, in consequence of its elasticity, §
will pass out of the bell f, along the tube ¢, and, elevating the §
valve A, will fill the space below the piston, the valve g being
kept closed by the weight of the incumbent atmosphere. In
the cylinder b, the piston is represented in the act of depression, 8
the valve A, therefore is forced down upon the orifice, whichit
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| perfectly closes; and the air, confined between it and the piston,
| mow makes its escape by the piston valve g, which is aceord-
i ingly open, so that at every stroke of the pump a portion of air
| is withdrawn from the receiver f.

y act by the elasticity of the remaining air; and, accord-
mgly, if a barometer be placed under the receiver, the mercury
A ill never attain a level in the tube and basin, but will always
mdicate a degree of pressure, as is shewn by the small syphon
Bauge at ¢; and if a tube 3 feet long have its upper end opening
mto the receiver, and its lower end plunged into a basin of
mercury, the mercury will never rise so high as in the common
yarometer, where the vacuum above it is perfect, but will in-

dicate the pressure of a remnant of air in the receiver. The
12
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syphon gauge, and the barometer as applied at k, are very
useful appendages to the air-pump, as shewing the degree of
exhaustion, and its permanence.

The operation of the pump in removing air, and the mechanical
properties of the atmosphere, may be shewn by a variety of ex-
periments. Its pressure is illustrated by the force with which
the bell glassis pressed down upon the plate of the pump ; the
absence of its buoyancy, by the descent of a guinea and a
feather at the same time in the exhausted receiver; and by the
preponderance of the larger of two bodies which balance each
other in the open air. The want of resistance in the exhausted
receiver is also shewn by the equal duration of the motion of
two fly-wheels, with their plates placed in different directior

170. The specific gravity of atmospheric air, at mean tem.
perature and pressure, that is, the thermometer being at 60°%
and the barometer at 30 inches, is usually considered as = 1,
It is about 828 times lighter than its bulk of water, 100 cu=
bical inches weighing 30,2 grains.

For ascertaining the specific gravity of gaseous
bodies, a good air-pump is essentially requisite ; a
light glass balloon or flask & ; a graduated air-jara;
each supplied with stopcocks, are also required.

Dr. Henry, in his excellent Elements of Che-
mistry*, has given the following directions for pro-
ceeding to estimate the specific gravity of gases,
which can scarcely be improved upon; it only re- |
quires to be observed, that the gases should, in o )
general, be retained and collected over mercury, e
and carefully dried by exposing them to proper : .. 2
substances for absorbing the moisture which they -

i
¥
'
f
3
%

hold in solution, and which would materially affect the
curacy of the result.

* Henry's Elements, vol. i. p. 126.
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- 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 plate of an air-pump, and exhaust it as
- completely as possible. The weight of the exhausted vessel

is then very accurately taken, even to a small fraction of a grain;

and it is screwed upon the air-cock of the receiver 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 30 inches, and the thermometer at G0O°
Fahrenheit, or to reduce the volume of gas employed to that
‘pressure and temperature, by rules which are given in the
note®. Great care is to be taken, also, not to warm any of

* Rules for reducing the Volume of Gases to &« mean Height of the Ba-
rometer, and mean Temperature.

1. From the space occupied by any quantity of gas wnder an observed
degree of pressure, to infer what its volume would be under the mean
height of the barometer, 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 mercury, by a quantity of gas, which fills 100
inches, when the barometer is at 20 inches.

80 : 20 :: 100 : 06.66.
The 100 inches would, therefore, be reduced to 06,66,

2. To estimate what would be the volume of a portion of gas, if brought
to the temperature of 60° Fahrenheit.
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the vessels by contact with the hands, from which they should
be defended by a glove. On opening the communication be-

Divide the whole quantity of gas by 480 ; the quotient will show the
amount of its expansion or contraction by each 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
600, subtract, or if below G0°, 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 G0° 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 oceapied at 609, the same number
2,08 must have been subtracted from 100, and 97.92 would have been
the answer.

3. In some cases, it is ngeessary to make a double correction, or to
bring the gas to a mean both of the bargmeter and thermometer. We
must then first correct the temperature, and afterwards the pressure.
Thus to know what space 100 inches of gas at 70° Fahrenbeit, aud 29
inches barometer, would fill at 60° Fahrenbeit and 30 inches barometer,
we first reduce the 100 inches, by the second process, to 07.92. Then

by the first
30 : 29 :: 97.02 : 04.63.

Or 100 inches thus corrected, would be only 94.03.

4. To ascertain what would be the absolute 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 temperature; and then say, as the corrected bulk is to
the actual weight, so is the observed bulk to the number required. Thus,
if we have 100 cubic inches of gas weighing 50 grains at 50° Fahrenheit,
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,

5. To learn the absolute weight of a given volume of gas under a mean
pressure, from its known weight under an observed pressure, say, as the
observed pressure is to the mean pressure, so is the observed waight_ to
the corrected weight. For example, having 100 inches of gas which

- ﬂ*ﬂ.-rri""' a
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ttween the receiver and the exhausted vessel, if any water be
llodged in the air-cock attached to the former, it will be
{ forcibly driven into the latter, and the experiment will be frus-
ttrated. This may be avoided by using great care in filling the
i receiver with water, before passing into it the gas under ex-
{amination,.

- The specific gravity of any gas compared with common air
i1s readily known, when we have once determined its absolute
+weight. Thus, if 100 cubic inches of air weigh 30.5 grains,
tand the same quantity of oxygen gas, weighs 34 grams,
' we say,

30.5 : 34 :: 1.000 : 1.1147.
- The specific gravity of oxygen gas will, therefore, be as
1.1147 to 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 specific
- gravity we are estimating. Supposing, for example, that by

* weigh 50 grains under a pressure of 20 inches, to know what 100 inches
+ of the same gas would weigh, the barometer being 30 inches,
@0 : 30 :: 50 : 51.7%.
) '!,'hen 100 inches of the same gas, under 30 inches’ pressure, would weigh
+ 81.72 grains.
6. In some cases it is necessary to combine the two last calculations.
! 'h:un, if 100 inches of gas at 50° Fahrenheit, and under 29 inches’ pres-
| 8ure weigh 50 grains, to find what would be the weight of 100 inches at
' B60° Fahrenheit, and under 30 inches of the barometer, first correct the
temperature, which reduces the weight to 40 grains. Then,
20 : 30 :: 49 : 50.7.
100 inches, therefore, would weigh 50.7 grains.
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exhausting the flask it loses 30.5 grains, and that by admitting
carbonic acid it gains 47; then

30.5 : 47 :: 1.000 : 1.5400.
The specific gravity of carbonic acid is therefore 1.5400, air
being taken at 1.000. And knowing its specific gravity,
can, without any farther experiment, determine the weight o
100 cubic inches of carbonic acid ; for, as the specific gravity
of air is to that of carbonic acid, so is 30.5 to the number re-
quired ; or ;
1.000 : 1.5400 :: 30.5 : 47.
100 cubic inches, therefore, of carbonic acid will weigh 47
grains,

171. Atmospheric air has already been stated to consist
essentially of oxygen and nitrogen gases; but whether it
should be considered a mere mixture or a chemical compounc 3
seems a question not easily decided.

There are various ways of learning the proportion which
the oxygen bears to the nitrogen; and as the relative fitness
of the air for breathing has sometimes been considered as
‘depending upon the quantity of oxygen contained in a given
volume, the mstruments used in these experiments have been
called eudiometers. }
- 172. From facts already stated it 1s obvious, that if atme
spheric air, mixed with a certain quantity of hydrogen, be
detonated by the electric spark, (138) the absorption will be
proportionate to the quantity of oxygen present.

When 100 measures of pure hydrogen are mixed with 100
of pure oxygen, the diminution of bulk after detonation will
amount to 150 parts, that is, one volume of oxygen requires
for its saturation two of hydrogen. If we introduce into the
graduated detonating tube (page 91) 300 measures of common:
air, and 200 of pure hydrogen, there will remain, after detona-"
tion 305 measures; so that 195 measures will have disappeared;

of which one-third may be estimated as pure oxygen: so that.’-
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300 parts of air have thus lost 65 of oxygen, or about
21 per cent.

‘The general rule, therefore, for estimating the purity of air

 hydrogen gas may be stated as follows:—Add to 3 mea-
res of the air under examination 2 measures of pure
niydrogen; detonate; and, when the vessel has cooled, observe
absorption; divide its amount by 3, and the quotient is
1e quantity of oxygen.
Upon the same principle, detonation of mixtures of oxygen
and hydrogen is often resorted to, with a view of ascertaining
the purity of those gases. Thus, suppose 100 measures of
oxygen, and 300 of hydrogen, to be reduced by detonation to
1180, the whole diminution will be = 270, which, divided by 8,
gives 00 for the quantity of oxygen; so that it contained 10
per cent. of some gas, not condensible by detonation with
hydrogen.

- To ascertain the purity of hydrogen, it may be detonated

ith excess of pure oxygen. Thus, if we add 100 of pure
joxygen to 100 of hydrogen, and detonate, there will be a
diminution equal to two-thirds, or 150 parts, if the hydrogen
'be pure. If, however, we suppose 100 of pure oxygen,
imixed with 100 of hydrogen, to produce, after detonation, a
rresidue of 80 measures; the diminution will then have been
conly 120 measures, of which two-thirds, or 80 measures, are
! hydrogen: so that the inflammable gas will have contained 20
| per cent, of some other gaseous body, not condensible by
detonation with hydrogen.

~ This mode of ascertaining the purity of atmospheric air was
I first resorted to by Volta, and it is susceptible of great accu-
racy, since pure hydrogen and pure oxygen are easily procured.

173. Scheele, in his eudiometrical experiments, employed
¢ sulphuret of potassa, the solution of which rapidly absorbs
' 0xygen, as may be shown by agitating it with some atmo-
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spheric air in a graduated glass tube. In this experiment
nitrogen remains unaltered.

The best instruments for these ex-
periments are the eudiometric tubes of
Dr. Hope ( Nicholson’s Journal, Vol.
IV.) and Dr. Henry ( Elements, Vol. 1.

p. 149), as represented in the marginal
wood-cut. The former consists of a
small bottle, holding about 3 ounces,
into which the graduated glass tube a
is carefully fitted by grinding. It also

has a ground stopper at 5. To use it, the phial is filled with
the solution of the alcaline sulphuret, and the tube a, con-
taining the air to be examined, fitted into its place. After
inverting and agitating the instrument, the stopper & may be
opened under water, and the absorption is shewn by the rise
of the fluid in the tube. For the glass bottle Dr. Henry sub-
stituted the elastic gum bottle &, in the neck of which a short
piece of glass tube is secured, into which the tube a is fitted
by grinding.

In the Philosophical Transactions for 1807, Mr. Pepys has
described a modification of this Eudiometer, which may be
often advantageously employed in delicate experiments, and by
which an absorption of only 4% part of the gas under
examination may be measured.

174. When nitric oxide gas and atmospheric air are mixed,
there is a production of nitrous acid, in consequence of the
union of oxygen with the oxide (151); and if the mixture be made
over water, an absorption proportional to the quantity of
nitrous acid formed ensues. Upon this principle nitric oxide
may be used in eudiometrical experiments, and, if proper pre-
cautions be attended to, it furnishes tolerably accurate results.
Dr. Priestly and Mr. Cavendish (Phil. Trans. 1783) availed
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yhemselves of this mode, and Mr. Dalton has offered some
vemarks upon its relative accuracy (Philosophical Maga-
wine, Vol. XXVII1). Itappears to me that the most certain
vesults are obtained by adding to 100 parts of the atmo-
gpheric air, previously introduced into a small beer glass, an
sequal volume of nitric oxide gas. The mixture may be gently
mgitated, and in two or three minutes, carefully decanted
Jumto a graduated tube, when it will be found that 84 measures
nave disappeared; of which one-fourth, or 21 measures, are
soxygen. :

- Sir H. Davy suggested the use of a solution of sulphate
iron, impregnated with nitric oxide gas, for the absorption
oxygen ; it may be employed in the same way as the alca-
dine sulphuret. (173).

175. If a stick of phesphorus be confined in a portion of
atmospheric air, it will slowly absorb the oxygen present.
he rapid combustion of the same substance may also be con-
veniently resorted to. For this purpose a small
piece of phosphorus may be introduced into
ithe bulb of the tube a, containing a given mea- B
ure of the air to be examined, confined over
mercury, which, to prevent loss by expansion,
should be suffered to occupy about half the
itube, or to stand at . The phosphorus may
hen be inflamed in the tube; and when the
‘combustion is over, and the tube cold, the
residuary air may be transferred for measure- —
ment. These eudiometrical methods were used by Lavoisier,
Berthollet, and Seguin (Annales de Chimie, Tom. 1X. and
PXXXI1V.) and are both susceptible of accuracy, and a loss of
volume = 21 per cent. of the atmospheric air, will invariably
ibe found to have occurred.

176. By experiments thus conducted, it has been found that
the composition of the atmosphere is extremely uniform in all
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parts of the world, and at all heights above its surface; and

that 1t consists of,
By measure. By weiglt.
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Though these are the essential component parts of atmo-
spheric air, it contains other substances; which, however,
may be regarded as adventitious, and the quantity of which is
liable to vary: of these carbonic acid, (219) and aqueous
vapour are the most important and constant. The quantity of
the former may usually be considered as amounting to less than
1 per cent. The proportion of aqueous vapour is constantly
fluctuating, probably a 60th, and a 300th part, are the extremes:
according to Mr. Dalton, the average quantity may amount to

about -';th of its bulk ( Manchester Memoirs, Vol. V.).

Secrron TTI.  Sulphur.

177. Sulphur, or brimstone, is a brittle substance of a pale
~yellow colour, insipid and inodorous, but exhaling a peculia
smell when heated. Tts specific gravity is 1,990.
Sulphur is principally a mineral product, and occurs crys
tallized, its primitive form being a very acute octoédron, with
an oblique base. |
When sulphur is heated to about 180°, it volatilizes, and its
peculiar odour is strong and disagreeable ; at 225° it liquefies;
between 350° and 400° it becomes viscid, and of a deep brown
colour; and at about 600° it quickly sublimes. When slowly
cooled after fusion, it forms a fibrous crystalline mass. It
suffers no change by exposure to air, and is insoluble in water.
It is met with in masses, in rolls, or sticks, and in the fo
of powder, when it is usually called flowers of sulphur.
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Massive sulphur is chiefly brought to this country from
§ Sicily: it occurs native, and is found assoclated with sulphate
. of lime, sulphate of strothia, and carbonate of lime. Its colour
Lis various shades of yellow, and the transparent crystals are
ﬂouhly refractive: itis not uncommon among volcanic pruducts.
Roll sulphur is chiefly obtained from sulphuret of copper mn
'&us country; which is roasted, and the fumes received into
a long chamber of brick-work, where the sulphur 1s gradually
deposited: it is then purified by fusion, and cast into sticks.
178. Sulphur and Oxygen.~To oxygen it unites I two
';:mpurtinus, giving rise to the compounds, sulphurous and
sulphuric acid. Sulphurous acid, or, as it should rather be
~ called, sulphuric oxide, is a gaseous body, which may be
~ obtained by several processes. It may be procured directly
by burning sulphur in oxygen gas, or indirectly by boiling
mercury in sulphuric acid. It must be collected and preserved
over mercury; for water takes up rather more than 30 times
its bulk of this gas, forming the liquid sulphurous acid, which,
when recently prepared, has a sulphurous astringent taste, and
destroys many vegetable colours; but by keeping it acquires a
sour flavour, and reddens the generality of vegetable blues.
179. If sulphur be burned in oxygen, sulphurous acid is
produced without any change in the volume of the gas, so
that its composition is easily learned by the increase of weight;
and as 100 cubic inches of oxygen (weighing 33,75 grains),
dissolve 33,75 grams of sulphur, it is obvious that the sul-
phurous acid is composed of equal weights of sulphur and
| oxygen; and if we regard it as consisting of two proportionals
of oxygen and one of sulphur, the latter element will be
represented by the number 15; and the sulphurous acid, con-
sisting of 1 proportional of sulphur = 15, and 2 of oxygen
= 15, will be represented by 30, which is also its relative
specific gravity to hydrogen, considering the latter as = 1;
100 cubical inches of sulphurous acid gas weigh 67,5 grains,
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This gas has a suffocating nauscous odour, an astringent tastes
it extinguishes flame, and kills animals. $

180. When sulphurous acid is mixed in equal volume with
ammonia, a yellowish salt is produced, which is a sulphite of
ammonia, and which consists of 60 sulphurous acid + 16
ammonia. ' '

181. Sulphuric Acid.—This body was formerly obtained by
the distillation of green vitriol, and called oi/ of witriol. Itis
now procured in this country by burning a mixture of 8 parts
of sulphur and 1 of nitre in close leaden chambers containin A
water, by which the fumes produced are absorbed, and by ‘:'
evaporation the acid is procured in a more concentrated state.
This improved method of preparing sulphuric acid was in- -
vented by Dr. Roebuck, about the year 1746. (Parke’s Che-
mical Essays, Vol. I1.) :

Sulphuric acid, as usually met with, is a limpid colourless i
fluid, having a specific gravity of 1,85, it boils at 620°, and !
freezes at 15° It is very acrid and caustic, and when diluted
with water, produces a very sour liquid. It rapidly absorbs :
water from the atmosphere, and upon sudden mixture with 1
water produces much heat. ;

182. In sulphuric acid 1 proportional of sulphur = 15, is
combined with 3 of oxygen = 22,5, and, consequently, dry !
sulphuric acid is correctly represented by 15 + 22,5 = 37,5;
but it only exists in this state (like the nitric and chloric acids)
when united with bases, and in its ordinary state contains
water, and may, therefore, be called Hydrosulphuric Acid. It
has been found by experiment, that 100 parts of sulphuric acid,
specific gravity 1,9, contain 18,2 of water; consequently, it
may be looked upon as composed of 1 sulphur + 3 oxygen
+ 1 water: orof 15 _sulphur-

22,5 oxygen
8,5 water

1l

et il -
B

46 = number for liquid sulpkuric acid.



SULPHURIC ACID. 127

183. The strength of sulphuric acid is best judged of by
| its saturating power, and by its specific gravity. Mr. Dalton
{ (New System of Chemical Philosophy, Vol. 11..p. 404,) has
i'nuh]ished a Table, exhibiting the specific gravity and boiling
I!ioint of the acid of various strengths. Dr. Ure also has given
; several valuable Tables relating to this subject, in his Experi-
i ments to Determine the Law of Progression, followed in the
' &au&it}r of sulphuric acid at different degrees of dilution.
- (Journal of Science and the Arts, Vol. 1IV. p. 114.) An ex-
tremely useful Table of this kind will also be found in
Mr. Parkes’s Essays above quoted (Vol. IL. p. 444).
184. The formation of sulphuric acid by the combustion of

sulphur and nitre 1s as follows :

- The sulphur, by burning in contact with atmospheric air,
forms sulphurous acid. 'The nitre gives rise to the production
of nitric oxide, which, with the oxygen of the air, produces
~ mitrous acid gas, When these gases (i.e., sulphurous and nitrous
acids) are perfectly dry, they do not act upon each other, but
‘moisture being present in small quantity, they form a white
‘solid, which is instantly decomposed when put into water; the
nitrous acid reverts to the state of nitric oxide, having trans-
ferred one additional proportional of oxygen to the sulphurous
‘acid, and, with water, producing the sulphuric acid ; while the
nitric oxide, by the action of the air, again affords nitrous
‘acid, which plays the same part as before.

Sulphurous acid consists of

Sulphur

15 Oxygen |
759 115,
!

And nitrous acid contains
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. Oxygen !
Nitrogen 7,'5_ \
18 10

| 30; hence every two portions of su
7,5 phurous acid require one of nitmuﬁ
T ! acid, which transfers two of ox}rgen,i _
and passes back into the state of
nitrous gas, sulphuric acid being, at the same time, produced.
The gases, therefore, before decomposition, may be thus |

represented :

Sulphur
15 Oxygen ; Oxygen
75 \ Nitrogen 7.3
15 o T ——
Sulphur 2 L : i 30
he 7,5 7,5
} 15 PESLE
7,9 / 750
S R YR o’ L% . = A
Sulphurous acid. Nitrous acid gas.
And after decomposition as follows :
Sulphur
15 Oxygen
T ] \
739 22,5
G Nitrogen | V%75 ’
Sulphur 19 ) 18 —’5 } 15
15 Oxygen 7
7,5 \ i B
7,5 | 220 Nitric oxide.
/
7,5

=

Sulphuric acid,
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- 185. The decomposition of sulphuric acid may be effected
| by passing it through a red hot platinum tube, when it is re-
: solved into sulphurous acid, oxygen, and water.

- 186. Sulphuric acid is largely consumed in a variety of ma-
y nufactures. It is used by the makers of nitric, muriatic, citric,
1 and tartaric acids ; by bleachers, dyers, tiniplate makers, brass-
| founders, and gilders. For these purposes it is generally suf-
tﬁcienﬂy pure as it comes from the wholesale manufacturer ;
| but, as traces of lead, lime, and putass:i,'ﬁ:re usually found in it,
| it often requires to be purified by distillation for the use of the
« experimental chemist.

187. When sulphuric acid was procured by the distillation
« of green vitriol, it was frequently observed that a portion con-
¢ ereted into a white mass of radiated crystals. T'he same sub-
+ stance has also been remarked as occasionally formed in the acid
« of the English manufacturers. It has been called glacial or
 fuming sulphuric acid, and is by Dr.Thomson considered as
 the pure or anhydrous acid ; it appears, however, probable,
| that it consists of sulphuric acid, combined with a portion of
‘sulphurous acid. (See Sulphate of Iron).
- 188. Sulphuric Acid and Ammonia—Sulphate of Ammonia
‘—may be obtained by passing ammonia into sulphuric acid,
‘but 1s usually prepared by saturating dilute sulphuric acid with
carbonate of ammonia. By crystallization it affords six-sided
fﬁmn Its taste is bitter and pungent. This salt is important
a8 a source of the muriate of ammonia, which is obtained by
“sublimation from a mixture of common salt and sulphate of
ammonia ; by this process sulphate of soda is also formed.
It dissolves in twice its weight of water at 60°, and consists
of 1 proportional of sulphuric acid = 57,5 + 1 proportional
ofammonia = 16. Its number, therefore, is 53,5. When heated,
ammonia 1s given off, and a supersulphate remains, consisting
‘of 2 proportionals of acid + 1 of alcali.
189. Sulphur and Chlorine—Chloride of Sulphur.—This
K
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compound was first described by Dr. Thomson, in 1804,
(Nicholson’s Journal, Vol. vir.) When sulphur is heated in
chlorine, it absorbs rather more than twice its weight of that
gas. 10 grains of sulphur absorb 30 cubic inches of chlorine,
and produce a greenish-yellow liquid, consisting of 15 sulphur
+ 33,5 chlorine, and represented, thercfore, by the number )
48,5. It exhales suffocating and irritating fumes when exposed
to the air. Its specific gravity = 1,6. It does not affect dry
vegetable blues; but when water is present, instantly reddens

them, sulphur is deposited, and sulphurous, sulphuric, and
muriatic acids are formed in consequence of a decﬂmpomtmé
of the water.

190. Sulphur and iodine readily unite, and form a black crya_,,'g
tallizable compound, first described by M. Gay Lussac. (An-
nales de Chimie, 91.)

191. Sulphur and Hydrogen—Sulphuretted Hydrogen Gtw_s
—This gaseous compound of sulphur and hydrogen was dis-
covered by Scheele in 1777. It may be obtained by presenlinjﬁ
sulphur to nascent hydrogen, which 1s the case when sulphuret
of iron is acted upon by dilute sulphuric acid. This gas may be
collected over water, though, by agitation, that fluid absorbs
thrice its bulk. It has a fetid odour. Its specific gravity to
hydrogen is as 16 to 1. 100 cubic inches = 36 grans. It is
inflammable, and during its slow combustion, sulphur is depo-
sited, and water and sulphurous acid formed. It extinguishes
flame ; and, when respired, proves fatal. 1t 1s very deleleriuu.q-,
even though largely diluted with atmospheric air, It exists in
some mineral waters. %

102. When one volume of sulphuretted hydrogen, and 1§ of
oxygen are inflamed in a detonating tube, 1 volume of sulphu-
rous acid is produced, and water is formed. Thus the sulphur
1s transferred to 1 volume of the oxygen, and the hydrogen to
the half volume. Sulphuretted hydrogen, therefore, consists
of 15 sulphur + 1 hydrogen, and its number is 16. Sulphu-
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retted hydrogen may also be decomposed by a succession of
“electric sparks. Its volume is unchanged, but the sulphur is
thrown down.
103. Chlorine and iodine instantly decompose sulphuretted
hydrogen; sulphur is deposited, and hydrochloric and hydnodic
acids are formed. Itis also decomposed by the metal potassium,
which absorbs the sulphur and liberates pure hydrogen, when
heated in the gas. Nitric acid poured into the gas occasions
~ a deposition of sulphur, and nitrous acid and water are formed.,
 194. Sulphuretted hydrogen and amemonia readily unite in
- equal volumes, and produce hydrosulphuret of ammonia. At
first white fumes appear, which become yellow, and a yellow
~ crystallized compound results, consisting of 16 sulphuretted
- hydrogen, + 8 ammoma. It is of much use as a test for the
‘metals, and may be procured by distilling, at nearly a red heat,
~ a mixture of 6 parts of slacked lime, 2 of muriate of ammonia,
‘and 1 of sulphur.
~ The following is the disposition of the apparatus for this
~ experiment: a, a small furnace ; b6, a tubulated earthen retort
- containing the above materials ; ¢, an adopting tube ; ¢, a glass
- balloon for condensing the vapour; f;a receiver; g, a bottle of
‘water into which the glass tube issuing from the upper part
of the receiver ¢, is made to dip about half an inch.

There is another compound of hydrogen and sulphur, which
has been called supersulphuretted hydrogen. It is a liquid,
K 2
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formed by adding muriatic acid to a solution of sulphuret of
potash, and appears to consist of two portions of sulphur
= 30 + one of hydrogen = 1.

195. Sulphur and nitrogen do not form any definite com-
pound, though the nitrogen evolved during the decomposition
of certain animal substances, often seems to contain sulphur,

Sulphur, always, in its ordinary state, contans hydrogen,
which it gives off during the action of various bodies for which
1t has a powerful attraction, '

Srerion IV. Phosphorus.

106. Puosprorus is obtained by distilling phosphoric acid
“with an equal weight of charcoal at a red heat.

197. This mixture is put into =
the coated glass, or earthen
retort a, placed in the small
portable furnace b, the tube
of the retort should be im-
mersed into the basin of water
¢. A great quantity of gas
escapes, and when the retort
has obtained a bright red heat,
a substance looking like wax, ®
of a reddish colour passes over :
this, which is impure phospho-
rus, may be rendered pure by
melting it under water, and
squeezing it through a piece
of fine shamoy leather.

e
@ { ®

¢

(

When pure, phosphorus is nearly colourless, semitransparent,
and flexible. Its specific gravity = 1,770. It melts, when
air is excluded, at 105°. If suddenly cooled after having been
heated to 140° it becomes black ; but, if slowly cooled, re-




PHOSPHORUS AND OXYGEN. 133

mains colourless. At 500°, it boils, and rapidly evaporates.
When exposed to air, it exhales luminous fumes, having a pe-
culiar alliaceous odour; it is tasteless.

At a temperature of about 100° it takes fire, and burns with
mtense brilliancy, throwing off copious white fumes. If, instead
of burning phosphorus with free access of air, it be heated
in a confined portion of very rare air, it enters nto less perfect
combustion, and three compounds of phosphorus with oxygen
are the result, each characterized by distinct properties. The
first is a red solid, less fusible than phosphorus; the second

- is a white substance, more volatile than phosphorus; the third

a white and fixed body.
198. The red solid consists of a mixture of phosphorus

- and oxide of phosphorus. Ouxide of phosphorus is the white

- substance with which phosphorus becomes encrusted when

- kept for some time in water. [t is very inflammable, and less

b

~ fusible and volatile than phosphorus. It 1s this substance

- which is generally used in the phosphoric match boxes. To

_prepare 1t for this purpose, a piece of phosphorus may be put

'~ into a small phial, and melted and stirred about so as to coat its
- uterior, with a hot iron wire. A portion of the phosphorus is

thus oxidized by its imperfect combustion, and a small quan-
tity, taken out upon the end of a brimstone match, instantly

~ inflames upon coming into the contact of the air.

199. Phosphorus and Oxygen.—Besides the oxide of phos-
phorus, which has just been alluded to, there are three acid
compounds of phosphorus and oxygen, which have been

- termed hypophosphorous, phosphorous, and phosphoric acids.

200. Hypophosphorous acid has lately been discovered by
M. Dulong (Annales de Chimie et Physique, Vol. I1. p. 141).
It is prepared as follows: Upon one part of phosphuret of
baryta, pour four parts of water, and when the evolution of
phosphuretted hydrogen gas has ceased, pour the whole upon
afilter. To the filtered liquid add sulphuric acid as long as
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any precipitate forms, separate the precipitate, which is a com-
pound of sulphuric acid and baryta, and the clear liquor now
contains the hypophosphorous acid in solution.

When concentrated by evaporation, a sour viseid liquid is
obtained, incapable of crystallization, and eagerly attractive of
oxygen.

201. Phosphorous acid was first examined in its pure state, by
Sir H. Davy. It is best obtained by mixing chloride of phos-
phorus (207) with water, filtering and evaporating the solution,
when a white erystallized solid is obtained, of a sour taste and
very soluble. This body consists of phosphorous acid com-
bined with water, and has, therefore, been called the hydro-
phosphorous acid.

202. Phosphoric acid may be formed by burning phos-
phorus in excess of oxygen. There is intense heat and light
produced, and white deliquescent flocculi .ine the interior of
the receiver. Phosphoric acid may also be obtained by acting
upon phosphorus by nitric acid. For the purpose of procuring
phosphorus, this acid is most economically obtained by the de-
composition of bone earth, which consists chiefly of phosphate
of lime. The following is the mode of proceeding :

On 20 pounds of calcined bone, finely powdered, pour 20
quarts of water, and 8 pounds of sulphuric acid, diluted with an
equal weight of water. Let these materials be stirred together,
and simmered for about 6 hours. Let the whole be then put
into a conical bag of linen, to separate the clear liquor, and wash
the residuum till the water ceases to taste acid. Evaporate the
strained liquor, and when reduced to about half its bulk, let it
cool, A white sediment will form which must be allowed to
subside ; the clear solution must be decanted, and boiled to
dryness into a glass vessel. A white mass will remain, which is
the dry phosphoric acid. This may be fused in a crucible, .
and poured out in a clean copper dish. A transparent glass
is obtained, containing phosphate and a little sulphate of lne
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.« Phosphoric acid is a deliquescent substance : when fused
. H‘\thas been called glacial phosphoric acid. It is inodorous,
~ very sour, volatile at a red heat, but unchanged by it. As com-
. j{g:mn]y prepared, it is an unctuous fluid. Specific gravity = 2.
- 203. The composition of these acids of phosphorus has
~ been variously given by different chemists. Sir H. Davy’s
" recent experiments upon this subject, (Phil. Trans. 1818,)
~appear to furnish the least exceptionable results, and he has
“stated them thus :

Hypophosphorous acid, Phosphorus 45, Oxygen 15
Phosphorous acid svseeerassvees 45 seeee. 30
Phﬂsphﬂriﬂacid R e N L B Ao R &]

If these numbers be reduced to the equivalents which I have
~ employed, the number representing phosphorus, would be
 11,25. 'The hypophosphorous acid would then consist of two
 proportionals of phosphorus = 22,5, and one proportional of
~ oxygen =7,5. The phosphorous acid of one of oxygen and
~ one of phosphorus, and the phosphoric of one and two.

From some experiments which | have made upon the quan-
_ .-t'it}' of oxygen absorbed by phosphorus during its conversion
~ mto phosphoric acid, by burning it in great excess of oxygen,
- I was induced to believe that, at mean temperature and pres-
- sure, each grain of phosphorus condensed rather less than 4,5
~ cubic inches of oxygen, which would give a result differing
: from that of Sir H. Davy. On the whole, however, 1 am in-
~ duced to believe the results of his experiments less liable to
- fallacy than my own; and adopting the number 11 as represen-
- tative of phosphorus, the phosphorous acid will consist of one
i proportional of phosphorus = 11, and one of oxygen = 7,5,
' ?_"’!Ilﬂ will be represented by the number 18,5 : and the phos-
- phoric acid containing one proportional of phosphorus and
~ two of oxygen, 11 + 15, will be represented by 26.

f 204, When phosphorus is exposed to a moist atmosphere,
- itundergoes an apparent deliquescence producing a sour liquid,
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composed of phosphorous and phosphoric acids and water.
M. Dulong has called this phosphatic acid.

205. Phosphite of ammonia may be obtained in delicate
tabular crystals, decomposable by heat.

206. Phosphate of ammonia is a common ingredient in the
urine of carnivorous animals. It may be obtained pure by sa-
turating phosphoric acid with ammonia, and forms octoédral
crystals soluble in two parts of water at 60°,

It consists of ......... vseen 20 acid

16 ammonia

—_—

42

207. Phosphorus and Chlorine—These elements unite in
two proportions, forming two definite compounds, the chloride
and bichloride of phosphorus.

When phosphorus is submitted to the action of chlorine, it
burns with a pale yellow flame, and produces a white volatile
compound, which attaches itself to the interior of the vessel.
This substance was long mistaken for phosphoric acid, but
its volatility is alone sufficient distinction ; it rises In vapour
at 200°. Itis fusible and crystallizable: and when brought
mto the contact of water, a mutual decomposition is effected,
and phosphoric and muriatic acids result. When passed

through a red-hot porcelain tube with oxygen, phosphoric acid

1s produced and chlorine evolved.

With ammonia it forms a singular compound, which, though
consisting of three volatile bodies, remains unchanged at a
white heat, and 1s insoluble in water,

When phosphorus is burned in chlorine, one grain absorbs
8 cubic inches; so that the compound formed must be regarded
as the bichloride, and consists of 11 of phosphorus + 67 of
chlorine, and its number 1s 78.

208. Chloride of Phosphorus, consisting of 11 phosphorus
+ 33,5 chlorine, is procured by distilling a mixture of phos-
phorus and corrosive sublimate, which is a bichloride of mer-

I o i
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« cury. In this experiment calomel, or chloride of mercury, is
| formed, and the phosphorus combines with one proportional
. ’f chlormme.
- The chloride of phosphorus, when first obtained, is a liquid
'*f‘ reddish colour; but it soon deposits a portion of phos-
- phorus, and becomes limpid and colourless. Its specific
Z@hvity = 1,45. Exposed to the air it exhales acid fumes: it
i goea not change the colour of dry vegetable blues. Chlorine
f_gonferts it into bichloride. Ammonia separates phosphorus,
‘and produces the singular triple compound before adverted to.
- Chlonde of phosphorus acts upon water with great energy,
and produces muriatic and phosphorous acids, while the bichlo-
e produces muriatic and phosphoric acids: for, as in the
ichloride there are two proportionals of chlorine, so, in acting
‘upon water, two of oxygen must be evolved, which uniting to
me of phosphorus generate phosphoric acid. The chloride of
phosphorus, on the contrary, containing only one proportional
‘of chlorine, produces muriatic acid and phosphorous acid, when
decomposes water.

Before decomposition.

Chloride
of Phosp. Water,

1 Chlorme = 33,5} 44.5 \ 1 Hydrog. = } 8.5
1 Phospho. = 11 . 1 Oxygen = 7,5

After decomposition.

G i

Muriatic th
1 cn T
B 1 orine = 33,5} 1 Phospho.=
34 18,5
?‘g 1 Hydrog. = ” 1 Oxygen = '?.5}

- But the phosphorous acid thus produced, always contains
- Water, which it throws off when heated in ammonia, forming,
:hth that alcali, a dry phosphite. This experiment shews that
the hydrophosphorous acid consists of 2 proportionals of phos-
- phorous acid = 37 + 1 water = 8,5.

- 200. Phosphorus and Iodine.—When these substances are

B 3 e o
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brought together in an exhausted vessel, they act violently, and
form a reddish compound ; the iodide of phosphorus decom=
poses water with great energy, and produces phosphorous and
hydriodic acids. It consists of 11 phosphorus 4+ 117,7 iodine,

Periodide of phosphorus is a black compound, formed by
heating one part of iodine with rather more thau 20 of phospho-
rus. It consists, according to Dr. Thomson, of 1 proportional
of phosphorus + 2 of iodine. It does not decompose water.

210. Phosphorus and Hydrogen.—When phosphorus is pre-
sented to nascent hydrogen, two gaseous compounds result. The
one inflames spontaneously upon the contact of the atmosphere.
This may be procured by heating phosphorus in a solution of
caustic potash ; or better, by acting upon phosphuret of lime by
dilute muriatic acid. The gas may be collected over water.
[t is colourless, has a nauseous odour like onions, a very bitter
taste, and inflaimes when mixed with air, a property which it
loses by being kept over water. For our knowledge of the
properties and composition of this gas, we are chiefly indebted
to Dr. Thomson, who has shown that the hydrogen suffers no
change of bulk in uniting to the phosphorus; so that the differ-
ence of weight between this gas and pure hydrogen, indicates
the weight of phosphorus: 100 cubic inches of phosphuretted
hydrogen = 27 grains; hence the gas may be regarded as
containing one proportional of phosphorus and one of hydro-
gen, or 11 4+1=12. ;

When phosphuretted hydrogen is mixed with oxygen, 1t re-
quires a volume and a half of the latter gas forits perfect com-
bustion ; and as the hydrogen would require half its volume of &
oxygen for the production of water, the remaining volume
must unite to the phosphorus to produce phosphoric acid.

211. The next compound of phosphorus and hydrogen has
been called, by Sir H. Davy, hydrophosphoric gas. Ttis pro-
cured by heating the solid hydrophosphorous acid. The gas
must be collected over mercury. Its specific gravity to hydro-&
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;.;,.,u isas 13 to 1. It is not spontaneously inflammable, but
xplodes when heated with oxygen. It inflames spontaneously
frin  chlorine.  [ts smell is less disagreeable than l:he former. It
consists of 2 of hydrogen and 1 of phosphorus i9!+1 l-' 13 ; but
, two volumes of hydrogen are condensed into one, conse-
}¢ quently, when the gas is decomposed, as for instan ce, by sub-
11 liming sulphur in it, two volumes of sulphuretted hydrogen are
Vi forme 100 cubical inches weigh 20,25 grains.
- When hydrophosphorous acid is decomposed for the produc-
t tion of this gas, phosphoric acid is always generated. Hydro-
{1 phosphorous acid has been stated to contain two proportionals
« of phosphorous acid + one of water. Hence the elements

22 phosphorus
15 oxygen

7,5 do.
| 1 hydrogen
| i'-l.ﬁ,é parts of hydrophosphorous acid contain
' 22 phosphorus
22,5 oxygen

1  hydrogen.

E =phosphorous acid,

E = water,

- The three proportionals of oxygen=22,5 will require one pro-
i = ional and a half of phosphorus = 16,5, to form phosphoric
- acid; and the remaining half proportional of phosphorus will
umite to the one of hydrogen to form hydrophosphoric gas.

~ To avoid fractions the phenomena may be stated thus :
Four proportionals of hydrophosphoric acid contain

4 phosphorus = 44
4 oxygen = 30
2 do. inthe = 15
2 hydrogen E water = 2

: .-.T]lewhule of the oxygen, amounting to 6 proportionals (7. ¢.
% (= 45), unites to three proportionals of phosphorus
- {1x 3 =133), to form phosphoric acid.  The two of hydro-
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gen = 2, combine with the remaining proportional of phos-
phorus = 11 to form hydrophosphoric gas. \
212. Phosphorus and Nitrogen produce no definite com-
pound, though in some cases of animal decomposition
evolved nitrogen appears to hold phosphorus in solution.
213. Phosphorus and Sulphur may be readily united by fusion
in an exhausted vessel. When one proportional of phosphorus
is united to one of sulphur (11415), the compound bears a
high temperature without decomposition. It is a crystallisable
solid at temperatures below 50°. (Faraday. Journal of Science,
Yol. IV. p. 861.)

SectioNn V. Carbon.

214. Tue purest form of this elementary substance is the
diamond, a mineral body first discovered in Asia, in the pro-
vinces of Golconda and Visapour, in Bengal, and in the
island of Borneo. About the year 1720 diamonds were first
found in the district of Serra Dofrio, in Brazil. They always
occur in detached crystals in alluvial soil. The primitive form of
the diamond is the regular octoédron, each triangular facet of
which is sometimes replaced by six secondary triangles, bounded
by curved lines; so that the crystal becomes spheroidal,and pre-
sen's 48 facets. Diamonds, with 12 and 24 facets, are not
uncommon. (Jameson’s Mineralogy, 2d edit.Vol. 1. p. 1). The
diamond has been found nearly of all colours: those which are
colourless are most esteemed; then those of a decided red,
blue, or green tint. Black diamonds are extremely rare.
Those which are slightly brown, or tinged only with other
colours, are least valuable. The fracture of the diamond is
foliated, its laminz being parallel to the sides of a regular
octoédron. It is brittle and very hard; its specific gravity = 3,5.

The art of cutting and polishing diamonds, though probably
of remote autiquity in Asia, was first introduced into Europe,
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1 1456, by Louis Berghen, of Bruges, who accidentally

ddiscovered that by rubbing two diamonds together, a new

k facet was produced. The particular process of forming the
| gems into brilliants and rose diamonds has been de-
seribed at length by Jeffries (Treatise on Diamonds and Pearls,
. d edit. London, 1800). By either of these processes, but
pecially by the former, so much is cut away, that the weight
polished gem does not exceed half that of the rough
stone; so that the value of a cut diamond is esteemed equal to
at of a similar rough diamond of twice the weight, exclusive
¢ of the cost of workmanship. The weight, and therefore the
¢ yalue of diamonds, is estimated in carats, 150 of which are

ut equal to one ounce troy, or 480 grains. They are

‘¢ divided into halves, quarters or carat grains, eighth, sixteenth,

and thirty-second parts.
~ The difference of value between one diamond and another,

generally speaking, as the squares of their respective

+ weights: thus, the value of three diamonds, of one, two, and
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ce carats weight respectively, 1s as one, four, and nme.

ie average price of rough diamonds is estimated by Jeffries,
t £2. per carat, and, consequently, when wrought, the cost of
the first carat, exclusive of workmanship, will be £8., which
8 the value of a rough diamond of two carats.

£
\ wrought diamond of three carats is worth. . 72
4mm-lliiti-rlu'lnmtllllliuinnnul 123

RO TS s AN LS NG LN 200
BENIAG, e uinns sdinis  soTRRUEOR TS i 800
Ittt SO Pl b s el U800
T e PR S B T SR R o 7,200
Lo ST A SR I
B0 it oo it e de cassnien ensens b BLOOD
QUG 3y st b T TV e s v, BOD
st T R G e Bler, G ... 80,000
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This mode of valuation, however, only applies to small
diamonds, in consequence of the difficulty of finding pur-
chasers for the larger ones. d&

The largest known diamond is probably that mentioned by
Tavernier, in the possession of the Great Mogul. Its size is
about that of half an hen’s egg: itis cut in the rose form,
and when rough, is said to have weighed 900 carats, It w
found in Golconda about the year 1550.

Among the crown jewels of Russia is a magnificent dia
mond, weighing 195 carats, It is the size of a small pigeon’s
egg, and was formerly the eye of a Brahminical idol, whence
it was purloined by a French soldier; it passed through seve
ral hands, and was ultimately purchased by the empres
Catherine for the sum of £90,000. in ready money, and ar
annuity of £4,000.

Perhaps the most perfect and beautiful diamond hitherto
found, is a brilliant brought from India by an English gentlema
of the name of Pitt, who sold it to the Regent Duke of Orleans
by whom it was placed among the crown jewels of France.
weighs rather more than 130 carats, and was purchased for
£100,000,

215. Another form of carbon is c¢harcoal, the purest variety
of which 1s lamp-black.

Charcoal may be prepared by heating pieces of wood
covered with sand, to reduess, and keeping them in that state
for about an hour. They are converted into a black brittle
substance, which appears to be the same from whatever kind
of wood it has been procured.

Common charcoal employed as fuel is usually made of oakg
chesnut, elm, beech, or ash wood, the white and resmoussy
woods being seldom used. Young wood affords a better
charcoal than large timber, which is also too valuable to be
thus employed. It is formed into a conical pile, which bemg
covered with earth or clay, is suffered to burn with a limited
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1 mccess of atmospheric air, by which its complete combustion,
‘f reduction to ashes, 1s prevented.
~ Another, and a more perfect mode of preparing charcoal,
E onsists in submitting it to a red heat in a kind of distillatory
~ apparatus, consisting of cast iron cylinders, from which issue
~ one or more tubes for the escape of gaseous matters. The
~ makers of gunpowder particularly prefer this process. (a plate
f' this apparatus 15 given by Mr. Parkes, m his Chemical
 Essays.)
- Lamp-black is prepared principally by turpentine manu-
~ facturers from refuse and residuary resin, which is burned in a
awce, so constructed, that the dense smoak arising from it
may pass into chambers hung with sacking, where the soot is
deposited, and from time to time swept off, and sold without
~ any further preparation. (Aikin’s Dictionary. Art. Charcoal.)
~ When lamp-black has been heated red hot in a close vessel, it
may be considered as very pure carbon.
216. The quantity of charcoal obtained from different kinds
_- - of wood is lable to much variation. From 100 parts of the
following woods, Messrs."Allen and Pepys obtained the an-
| R exed quantities of charcoal. (Phil. Trans. 1807).

Beeess s e spasnserssessurnliiyOl
Mahogeny. .« . « « » ssusnnes vas A575
Lagnumy Vit uss o ss 060 vasirl 1D
KR ) svisasassns nain vanve 10
T R T g 18,17
A T T )

~ 217. Charcoal is a black insoluble inodorous insipid brittle
~ substance ; an excellent conductor of electricity, but a bad
- conductor of heat; unchanged by the combined action of air
- and moisture at common temperatures; infusible; and easily
- combustible in oxygen gas. It is capable of destroying the
.:1.. and taste of a variety of vegetable and animal substances.
- (Lowitz, in Crell's Annals,Vol. 11. p- 165). The use of charring
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piles; of throwing charcoal into putrid water; of wrapping it
n cloths that have acquired a bad smell; of adding it to port
wine, with a view of making it tawny; depends upon the
above properties.

Newly-made charcoal has the property of absorbing certain’
quantities of the different gases. Upon this subject the ex-
periments of M. Theodore de Saussure are the most recent.
(Thomson's Annals, Vol. VI.) The charcoal was heated red hot,
then suffered to cool under mercury, and ntroduced nto the
gas. The following are the volumes of different gases ab-
sorbed by a volume of charcoal = 1.

Volomes.

WIUFIBEC 810 s s cosv vs vasans oe. BO
Sulphurous acid ¢ cecovcessscce 65
Sulphuretted hydrogen............ 55
Nitrous oxide «esescesvsscassans 40

Carbonic acid «.sevevessvscnvens 35
Bicarburetted hydrogen .......... 35
Carbonic oxide . ...... kol oo ¢ 1)
OXYgen . covuvessrscssssnssacss 925
NItrogen «.oevess sonssscsssons okl
Carburetted hydrogen «v.v coevenee 5,
Hydrogen . ..... S e e SR LU

The absorption was always at its maximum at the end
of 24 hours.

The results of these experiments are widely different from
those of Count Morozzo, (Journal de Physique, 1783) and
of M. Rouppe, (Annales de Chimie, Vol. XXXIL) It
would also appear, that this property depends upon the
mechanical texture of the charcoal, and consequently will vary
in the different woods; for by exposing the charcoal of differ-
ent woods to air, Allen and Pepys found that they increased
very differently m weight.
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By a week’s exposure, Charcoal from
Lignum Vite gained ...... 9,6 per cent.
Fir s seu E e AN [, % % [
B sivalid o0 bmie Tatite auilesw ddglh ditho,
Beach. «visio o vob e svaann 38,8 ditto.
O i o0 o niiin sk snumtaes By githos
Mahogany .. .ccoccsnvsaan 18.0 ditto.

The matter absorbed in these cases consisted principally of
‘aqueous vapour, which is very greedily imbibed by newly-
made charcoal.

Carbon and Oxygen.—There are two compounds of carbon
d oxygen; the carbonic oxide and the carbonic acid.
Carbonic Orxide is usually obtained by subjecting carbonic
“acid to the action of substances which abstract a portion of its
oxygen. Upon this principle, carbonic oxide gas is produced

I ————
vy S ¥ i D N, .

heating a mixture of chalk and charcoal, or of equal
ights of chalk and iron or zinc filings. The gas should be
well washed, and may be preserved over water.
:‘[ 218. Its specific gravity to hydrogen is as 13,2 to 1; 100
_Fnhlca.l inches weighing 20,7 grains. It is fatal to animals,
tinguishes flame, and burns with a pale blue lambent light,
- when mixed with, or exposed to, atmospheric air.
- When a stream of carbonic oxide is burnt under a dry bell-
Shsa of air or oxygen, no moisture whatever is deposited.
When two volumes of carbonic oxide, and one of oxygen,
re acted on by the electric spark, a detonation ensues, and
"izu volumes of carbonic acid are produced. Whence it
s, that carbonic acid contains just twice as much oxygen
s carbonic oxide.
- Carbonic oxide may be considered as a compound of one
- volume of oxygen and one volume of gaseous carbon, or of one
- proportional of carbon and one of oxygen, the latter being so
- expanded as to occupy two volumes.
219. The representative number of carbon, as obtained by
L
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considering this gas as a compound of one proportional, and
one of oxygen, is 5,7; and 5,7 carbon + 7,5 oxygen = 13,2
carbonic oxide.

220. Carbonic acid may be obtained by burning carbon,
either pure charcoal or the diamond, in oxygen gas: the
oxygen suffers no change of bulk, so that the composition of
carbonic acid 1s easily learned by comparing its weight with
that of an equal volume of pure oxygen. 100 cubic inches
of oxygen weigh 33,75 grains: 100 cubic inches of carbonic.
acid weigh 46,57 grains; hence 100 cubical inches of carhnnil:.:
acid must consist of 53,75 grains of oxygen, + 12,82 grains of
carbon, and 12,82 ;: 83,75 : : 5,7 : 15. Hence 1 proportional
of _charcoal = 5,7 + 2 proportionals of oxygen, = 15 will
constitute carbonic acid, represented by the number 20,7., or
by the following symbol:

Carbon Oxygen

Carbonic Acid.

3,7 (4
} = 20,7

7,0

21. It is not evident to whom the combustibility of the
diamond first occurred ; but in the year 1694 the Florentine
academicians proved 1ts destructibility by heat by means of a
burning lens. The products of its combustion were first
examined by Lavoisier in 1772, and subsequently with more
precision by Guyton Morveau, in 1785. (Annales de Chimie,
xxx1.) In 1797, Mr. Ténnant demonstrated the mportant
fact, that when equal weights of diamond and pure charcoal were
submitted to the action of red hot nitre, the results were m
both cases the same ; and in 1807 the combustion of the dia-
mond in pure oxygen was found by Messrs. Allen and Pepys
to be attended with precisely the same results as the combus-
tion of pure charcoal. Hence the inevitable inference that
charcoal and the diamond are similar substances in their che-
mical nature, differing only in mechanical texture.
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~ The following method of illustrating the products of the
‘ gumbustmn of the diamond was employed by the last men-
"ﬁoﬁed chemists : a a are mercurial gazometers, one of which
s filled with pure oxygen gas. T'he brass tubes & b, properly
supplied with stop-cocks, 1ssue from the gazometers, and are
& mected with the platinum tube ¢ ¢, which passes through the
~ small furmace d. e is a glass tube passing into the mercurio-
'3
% reumatic apparatus, by which the gas may be drawn out of
i > gasometers into convenient receivers. A given weight of
! } iamond 1s introduced into the centre of the platinum tube,
~ which is then heated to bright redness, and the gas passed over
_it, backwards and forwards, by alternately compressing the
~ gasometers. Carbonic acid 1s soon formed, and it will be
- pund, that the increase of weight sustained by the oxygen is
i€ ulvalent to that lost by the diamond; that the oxygen under-
?5 goes no change of bulk; and that the results are, in all
: respects, similar to those obtained by a similar combustion of
ectly pure charcoal.
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222. Carbonic acid is a most abundant natural product; the
best mode of procuring it for experiment consists in acting upomn
pounded marble (carbonate of lime) by dilute muriatic acid.

It may be collected over water, but must be preserved in
vessels with glass stoppers, since water, al common tempe-
rature and pressure, takes up its own volume: under a pres-
sure of two atmospheres it dissolves twice its volume, and so
on. It becomes brisk and tart, and reddens delicate vegetable
blues. By freezing, boiling, or exposure to the vacuum of the
air-pump, the gas is given off.

The effervescent quality of many mineral waters is referable
to the presence of this gas, and they are often imitated by
condensing carbonic acid into water, either by a condensing
pump, of which a description is given by Mr. Pepys, (Journal
of Science and Arts,Vol. IV. p.
305)or bya Nooth's apparatus,
as represented in the annexed
wood-cut. 1t consists of three
vessels, the lowest, a, flat and
broad, so as to form a steady
support ; it contains the ma-
terials for evolving the gas, such
as pieces of marble and dilute
muriatic acid, of which fresh
supplies may occasionally be
introduced through the stopped
aperture. The gas passes
through the tube &, in which
is a glass valve opening up-
wards, into the vessel ¢, con-
taining the water or solution
intended to be saturated with
the gas, and which may oc-
casionally be drawn off by the
glass stop-cock. Into this
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dips the tube of the uppermost vessel d, which occasions some
~ pressure on the gas in ¢, and also produces a circulation and
: agitation of the water. At the top of dis a heavy conical
_ !'-,}_jtopper, which acts as an occasional valve, and keeps up a
1 degree of pressure in the vessels.
. 223. Carbonic acid is unrespirable, and it extinguishes
" ﬁame Its weight may be shown by placing a lighted taper at
 the bottom of a tall glass jar, and then pouring the gas out of
-; ﬂ bottle into it, in the manner of a liquid; it descends and ex-
tinguishes the flame, and will remain a long time in the lower
~ part of the vessel. Hence in wells, and in some caverns,
“carbonic acid frequently occupies the lower parts, while the
pper parts are free from it. The miners call it choak damp.
224, The presence of carbonic acid is instantly detected by
lime water, which it renders turbid, and causes a deposit

~ occasions a milkiness from the same cause. If excess, either
~ of the gas, or of its aqueous solution, be added to the lime
-\r&ter, the precipitate is re-dissolved, carbonate of lime being
S soluble in carbonic acid.

;f, 225. As all common combustibles, such as coal, wood, oil,
’E-‘wu, tallow, &c., contain carbon as one of their component
| * parts, so the combustion of these bodies is always attended by
~ the production of carbonic acid. It is also produced by the
~ respiration of animals; hence it is detected, often in consider-
- able proportion, in crowded and illuminated rooms, which are
il ventilated, and occasions difficulty of breathing, giddiness,
- and faintness. In the atmosphere it may also be detected, (176)
I_“ Eiﬁmrying in quantity from 1 to 0,1 per cent.

~ 226. As carbonic acid is usually retained in combination by
~ very feeble affinity, so itis evolved from most of the carbonates
g by the simple operation of heat. Thus chalk, when heated,

- gives out carbonic acid, and becomes quicklime. It is also
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evolved from its combinations by most of the other acids; and
if nitric, muriatic, or sulphuric acid, be poured upon the carbo-
nates, the presence of carbonic acid isindicated by effervescence.

227. In section 220, the nature of carbonic acid has been
synthetically demonstrated. 1t may be analysed by the action
of the metal potassium, which is capable of abstracting its
oxygen, and with the aid of heat, bums in it with great
splendour: charcoal is deposited, and an oxide of potassium
is formed. In this and in some other cases, oxygen is seen
alternately producing acid and alcali. If carbonic acid, obtained
by burning the diamond in oxygen, be thus decomposed by
potassium, the carbon makes its appearance in the form of
charcoal, equal in weight to the diamond consumed. _

228. Chlorine and carbon do not combine; but chlorine
unites with carbonic oxide, and produces a triple compound,
called by Dr. Davy, phosgene gas, as it is most easily produced
by exposing a mixture of equal volumes of chlorine and car-
bonic oxide to the action of light. A condensation = 0,5 takes
place. The compound has a peculiar pungent odour. Itis
soluble in water, and is resolved into carbonic and muriatic
acid gases. The weight of phosgene to hydrogen is as 46,7
to 1. 100 cubical inches weigh 107,075 grains. It con-
denses four times its volume of ammoniacal gas, producing a
peculiar compound of a white colour. (Philos. Trans. 1807.)
The term chlorocarbonic acid has been applied to this com-
pound.

Iudine exerts no action either upon carbon or carbonic oxide.

220. Carbonic acid and ammonia.—Carbonate of ammonia.
—These gases readily combine, and produce one of the most
useful and best known of the ammoniacal compounds.

When one volume of carbonic acid and two volumes of am-
monia are mixed in a glass vessel, over mercury, a complete

condensation ensues, and a subcarbonate of ammonic 1s pro-
duced.
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~ Tt consists of 16 ammonia | Carbonic! Ammo-
+ 20,7 carbonic acid, and 1s Acid nia
~ represented by 36,7. 20,7
!E]EH’ ks, 16 = 1= 6.7
.
4
2 o S B
g If water be present, it so far overcomes the elasticity of the

gas, s to enable the salt formed to take up another volume of
bonic acid, and thus a ficarbonate is formed.

~ Subcarbonate of ammonia crystallizes in octoédrons, though

it is generally met with in cakes broken out of the subliming

essel, being obtained by sublimation from a mixture of

-?nuriate of ammonia and carbonate of lime, as shewn in this

Carbonate of Ammonia.

e

‘ Iﬁ.%

£ Ammonia -+ Carbonic
,i Acd
Muriate of ,Carhonate
: Ammonia | *( of Lime
:“ Munatic
¥ Acid + Lime

Muriate of Lime.

- lts odour is pungent; its taste hot and saline. A pint of

- water at 60° dissolves rather less than 4 ounces. This solution

t directed in the Pharmacopwia, under the name of Liguﬂr
Ammonie Subcarbonatis. By exposure to air it loses ammonia,

3 md becomes a bicarbonate.

i 230. Carbon and Hydrogen.—These bodies combine in two
Mor‘hnm, and form gaseous compounds, consisting of 1 car-

j, 'lion+ 1 hydrogen, and | carbon + 2 hydrogen.

- There are several processes by which they may be obtained.

Thﬂ first compound is obtained by the decomposition of al-

‘Cohol by sulphuric acid. For this purpose four parts of the
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acid and one of alcohol are put into a retort, and heated by a
lamp. Soon after the mixture boils the gas is evolved. It
may be collected over water; its specific gravity to hydrogen
1s 13,4. 100 cubic inches weigh 30,15 grains. _

This gas is inflammable, burning with a bright yellowish
white flame. One part by volume, requires, for perfect combus-
tion three of oxygen, and two of carbonic acid are produced.
When sulphur is heated in one volume of this gas, charcoal
separates, and two volumes of sulphuretted hydrogen result,
As hydrogen suffers no change of volume by combining with
sulphur, it follows that carburetted hydrogen contains two
volumes of hydrogen condensed into one, hence the quantity of
oxygen required for its consumption.

The following symbols shew that one volume or proportional
of this gas, mixed with three of oxygen, are converted into water
and carbonic acid, the hydrogen being expanded to two volumes,

or its real bulk.
Before detonation.

C. Hyd. | Oxygen

5741 7,5
755
7,5

After detonation.

e

4 Carbon.
Oxygen 5,7 Oxygen .
Hydrogen| 7,5 }er _?'_5__}““.:":‘5“
1
7,9 '

This gas, therefore, is constituted of 1 proportional of carbon
= 5,7+ 1 proportional of hydrogen = 1, and its number is 6,7.
231. When this gas is mixed with chlorine in the proportion
of 1to 2 by volume, the mixture on inflammation produces
muriatic acid, and charcoal is abundantly deposited; but if

= KR
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the two gases be mixed in an exhausted vessel, or over water,
they act slowly upon each other, and a peculiar fluid is formed,
which appears like a heavy oil ; hence this variety of carburetted
hydrogen has been termed olefiant gas.
- Chloric ether is the term applied to this fluid by Dr. Thom-
~ son, who, in 1810, ascertained that its component parts were
chlorine and carburetted hydrogen. It has more lately been
~ examined by M. M. Robiquet and Colin. ( Annales de Chimie
et Phys.Vol. 1 and I1.) Chloric ether may be formed by allow-
‘ ing a current of each gas to meet in a proper receiver; there
~ should be excess of olefiant gas, forif the chlorine be in excess,
the ether absorbs it. Itis transparent and colourless ; its taste,
ieet and somewhat acrid; its specific gravity = 1,2. [t boils
‘at 152°. It burns with a green flame evolving muriatic acid
‘and largely depositing charcoal. As it is produced by equal
~volumes of chlorine and carburetted hydrogen, it is probably a
- compound of one proportional of chlorine and two of carbu-
~ retted hydrogen ; or of

; Cllennd i ... .... 885
i CAIBoR. <i 5.3 11,4
2 Hydrogen <.cccoc @
§
¥
¥
8
"l
i

Chloric ether .... 46,9

- 232. The other variety of carburetted hydrogen is often ge-

“nerated i stagnant ponds. It may be procured by passing the
~ vapour of water over red hot charcoal, or by distilling moist
- charcoal in an iron retort at ared heat, and washing the gas thus
- afforded in lime-water, by which the carbonic acid 1s separated.
~ 100 cubic inches of this gas weigh only 17,325 grains, so
._,thnt its specific gravity to hydrogen is 7,7,

It burns with a pale blue flame. It requires for perfect
“combustion twice its volume of oxygen; water is generated,
~and one volume of carbonic acid results, so that it contains only
half the quantity of carbon existing i the former compound, or

it may be considered as composed of carbon 5,7 + 2 hydrogen.

B e, F
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"The following symbols shew the proportions and arrangeme _{
of the elements, before and after detonation; the hydrogen h :
as in the former case, being condensed to half its volume by
union with the carbon. :

Before detonation. \
Ot O?Eeu .}
[’I}'dl‘l}gﬂ:u 4
5,7+ 2 7,0 ' }
7,5 "

y

After detonation.

" ~ " Carbon

Oxygen Oxygen
Hydrogen| 7.5 5,7 Tfﬁg
1 e
3 7,9
y 5,7 Carbon, + 15 oxygen
= 20,7 Carb. acid.

2 hydrogen + 15 oxygen
= 17 water.

233. The varieties of carburetted hydrogen, which have just
been described, are abundantly produced during the destructive
distillation of common pit-coal ; and the gas thus obtained is
employed for the purposes of illumination as an economical
substitute for tallow, oil, &. This process i1s carried on
upon a very extensive scale in London, in several public and
many private establishments. The coal is placed in oblong
cast won cylinders, or retorts, which are ranged m furaces,
to keep them at a red heat,and all the volatile products are con-
veyed by a common tube into a condensing vessel, kept cold by
unmersion in water; and in which the water, tar, ammoniacal,
and other condensible vapours, are retained ; the gaseous pro-
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ducts consist principally of a mixture of carburetted and bi-
carburetted hydrogen, sulphuretted hydrogen, and carbonic
oxide, and acid : these are passed through a mixture of quick-
lime and water, in vessels called purifiers, by which the
~ sulphuretted hydrogen and carbonic gases are absorbed, and
 the carburetted hydrogen gases, transmitted sufficiently pure
 for use into gasometers, whence the pipes issue for the supply
~ of streets, houses, &c. The coke remaining in the retorts is of
; a very good quality*,
- The best kind of coal for distillation is that which
~ contains most bitumen and least sulphur. The chaldron
should yield about 12,000 cubical feet of purified gas, of
~ which each Argands burner, equal to six wax candles, may be
considered as consuming from four to five cubical feet per

hour.

~ The economy of gas illumination may be judged of by ex-

‘amining the value of the products of distillation of a chaldron
coals, the average cost of which may be considered as £3,

tshonld afford—

{_ 1} chaldron of coke, at 308.. .cccve v eeesese 1 17 6
- 24 gallons of tar and ammoniacal liquor, at3d. 0 6 0
%lﬂ,ﬂﬂo cubic feet of gas, at 15s. per 1,000 C.F... 9 0 0
p

I

f - * Mr, Parker, of Liverpool, (Philos. Magaz. Vol. LIl p. 202) has

! W to pass the gas as it comes from the coal retorts through red hot

> ﬁﬂn tubes, by which the contaminating gases and vapours are further

g 3 posed, and the quantity of useful gas much increased. This is no

- doubt a valuable suggestion ; it was attempted at Apothecaries’ Hall when

. the gas apparatus was erected there, but abandoned in consequence of

: :tht difficulty of keeping the iron tubes in repair. Ifit succeeded, it would

£11 5 G
Ereatly diminish the quantity of tar, which is the only useless product.

H

1

These products are taken at their lowest value, but they
afford ample grounds for showing the advantage of gas illumi-
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nation ; not merely for public purposes, but also in private
establishments. It appears that where more than fifty lights
are required, a coal gas apparatus will be found profitable.

234. Messrs J. and P. Taylor have lately constructed an
apparatus for the conversion of oil into gas. It consists of a
furnace with a contorted iron tube passing through it, into
which, when red hot, the oil is suffered to drop: it is decom-
posed, and converted almost entirely into charcoal, which is
deposited in the tube, and into bi-carburetted hydrogen, of
which from two to three cubic feet may be regarded as equi-
valent to five or six of coal gas, for the production of light,

The commonest whale oil, or even pilchard dregs,
quite unfit for burning in the usual way afford abundance of
excellent gas, requiring no other purification than passing
through a refrigerator, to free it of a quantity of empyreumatic
vapour.

235. The fitness of the gas obtained from coal for the pur-
poses of illumination, is, ceteris paribus, dependent upon the
quantity of bi-carburetted hydrogen, or olefiant gas, which it
contains; and as olefiant is heavier than carburetted hydrogen,
so the fitness of the purified mixed gas for illumination will be
directly as its specific gravity; or, the relative proportion of
olefiant gas may be imperfectly judged of by mixing the purified
coal gas with its volume of chlorine over water, by which the
olefiant will be more quickly absorbed than the light hydro-
carburet, and its quantity shewn by the amount of the absorp-
tion which takes place*.

* It has been generally supposed, that chlorine furnishes a meauns of
separating bi-carburetted from carburetted hydrogen; but in some expe-
riments which 1 have seen made by Mr. Faraday, it appears that this is
by no means the case, and that the action of chlorine upon carburetted
hydrogen is analogous to its action upon bi-carburetted hydrogen, though
not quite so rapid: the above mode of analysis therefore is imperfect,
though a rapid absorption may be considered as indicating bi-carburetted
hydrogen gas.
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Experiments thus cunducte:d, show that purified coal gas
seldom contains more than 10 per cent. of bi-carburetted
hydrogen, while oi/ gas is almost completely composed of it;
‘hence its superiority for burning, and the relatively small
‘quantity consumed.

An account of the apparatus for the production of coal

- gas, and of its construction and expense, will be found in
~ Mr. Accum’s Treatise on Gas Lights. Dr. Henry (Philos.
- Trans. 1808.) has given some important expériments upon the
! production of gas from coal, by which it appears that its com-
~ position is very various at different stages of the distillation.
:'The following statement, deduced from experiments made in
“the Royal Institution, shews that the mode of distillation affects
- the quantity and quality of the products:—4lb. of coal were
~ introduced into the cold retort, which was gradually raised to
“a red heat. 22 cubic feet of gas were obtained, consisting of
' 5 Olefiant gas.

70 Carburetted hydrogen.

18 Carbonic oxide and hydrogen.
g 6 Carbonic acid.
1 Sulphuretted hydrogen.

S

o Ty

100

- The same quantity of coal, introduced into the red hot retort,
- gave 20 cubic feet of gas, composed of

8 Olefiant gas.
72 Carburetted hydrogen.

13 Carbonic oxide and hydrogen.

4 Carbonic acid.

3 Sulphuretted hydrogen.

100%
236. The second variety of carburetted hydrogen, (232) or

* Journal of Science and the Arts, Vol. L p. 75.
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light hydro-carburet, is contained abundantly in coal strata,
from fissures in which it is sometimes evolved in large quan-
tities, forming what in the language of the north country
miners is called a blower. When this gas has accumulated in
any part of the gallery or chamber of a mine, so as to be
mixed in certain proportions with common air, the presence of
a lighted candle, or lamp, causes it to explode, and to destroy,
injure, or burn, whatever is exposed to its violence. The
miners are either immediately killed by the explosion, and
thrown with the horses and machinery through the shaft into
the air, the mine becoming as it were an enormous piece of
artillery from which they are projected; or they are gradually
suffocated, and undergo a more painful death from the carbonie
acid and nitrogen remaming m the mine after the explosion of
the fire damp; or what, though it appears the mildest, 1s per-
haps the most severe fate, thev are burned or maimed, and
often rendered incapable of labour and of healthy enjoyment
for life. (Davy, on the Safety Lamp for Coal Miners, Loudon,
1818).

Sir H. Davy, in the treatise just quoted, has given a sketch
of different, but ineffectual contrivances of others, for the pre-
vention of these dreadful, and hitherto frequently occurring,
accidents; and has described the train of mvestigation by
which he was led to the discovery of a remedy at once simple
and efficient, and which has already been submitted to re-
peated and successful trials.

The properties of flame, and the principle of safety adopted
in this lamp, have already been adverted to (121.) Itis obvious
from what has there been said, that if the flame of a common
lamp be every where properly surrounded with wire gauze, and
in that state immersed into an explosive gaseous mixture, it
will be inadequate to its inflammation, and that part only will
be burned which is within the cage, communication to the in-
flammable air without being prevented by the cooliug power of




 The annexed is a representation
{% the Safety Lamp, as recom-
~mended for general use by Sir H.
Payy. A, is a cylinder of wire
uze, with a double top, securely
and carefully fastened, by doubling
wer, to the brass rim B, which
sws on to the lamp C. The
hole is protected, and rendered
onvenient for carrying, by the
ame and rmg D. If the cylinder
)e of twilled wire gauze, the wire
should beatleast of the thickness of
one=fortieth of an inch, and of iron

e

“."'_J..

E . S e

| Egh

copper, and 30 in the warp, and
16 or 18 in the weft. If of plain
wire gauze, the wire should not be
less than one-sixtieth of an inch n
~ thickness, and from 28 to 50 both
~ warpand woof. (Davy on the Safety
Lamp, p. 114, et seq.)

~ 237. Carbon and Nitrogen—Car-
buret of Nitrogen—Cyanogen.—
?ks gaseous compound was dis-
covered in 1815 by Gay-Lussac.
\ "gnna&s de Chimie, xcv.) It may
' obtained by heating dry and
b pure prussiate of mercury. The gas
- evolved must be collected over
&

ST
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 the metallic tissue: so that by such a lamp the explosive mix-
~ ture will be consumed, but cannot be exploded.

It has a penetrating and very peculiar smell; it burns with a
purple flame. Its specific gravity to hydrogen is 24,4; 100
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cubic inches weighing 54,9 grains. Water dissolves 4,5 volumes,
and alcohol 23 volumes of this gas. It reddens vegetable
blues.

258. It may be analysed by detonation with oxygen. On
volume detonated with two of oxygen, produces two volumes
carbonic acid, and one of nitrogen. Whence it appears
cyanogen consists of two proportionals of carbon = 11,4,
one of nitrogen = 13, the nitrogen having suffered no chan
of bulk by uniting with the carbon; or it may be said to
sist of two volumes of gaseous carbon 4+ one volume of ni
gen, the three being condensed into one volume. Its rep
sentative number 1s 24,4.

The following symbols exhibit the mixture of cyanogen wi
oxygen in the above proportions, and the result of their de
nation,

Before detonation.
ional of
B T
Cyanogen| Oxygen
7,5
| L
11,4+18 °°
7,5
7,5
After detonation.
One proportional Two proportionals of
of Nitrogen. nic acid,
s 5,7 Oxygen
Nitrogen ’ 7.5
13 7,9
- 6,7 7,5
7,9
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?gsg Cyanogen and Chlorine combine and produce the
Chlorocyanic acid. M. Gay Lussac procured this compound
| by passing a current of chlorine through a solution of hydro-
eyanic acid (240) in water till the liquid discoloured a solution
 of indigo in sulphuric acid. He then deprived it of excess of
| ehlorine by agitation with mercury. To separate chlorocyanic
’ rid from this liquid, he took a glass cylinder, filled it two-
. thirds with mercury, and then to the brim with the above liquid,
. and inverted it in a basin of mercury. 'This basin and eylinder
were put under the receiver of an air-pump, and the air drawn
at, till the mercury and liquid were displaced ; the eylinder
illed with the vapour of chlorocyanic acid; on admitting the
ir, the vapour condensed into a liquid, and the mercury rose
in the cylinder. (Thomson, Vol. IL. p. 276).
Chlorocyanic acid thus obtained is a colourless iquid, having
 peculiar and irritating odour. It reddens litmus; is not in-
ammable; and does not form detonating mixtures either with
ygen or hydrogen.
It appears from the researches of Gay Lussac, that this
- acid consists of one proportional of cyanogen + one propor-
tional of chlorine, or 24,4 + 83,5 = 57,9. The gases by
- combination suffer no change of volume; hence the following
- symbols represent its composition and volume,

Cyanogen| Chlorine ' Chlorocyanic Acid
24,4 33,5 37,9

~ 240. Cyanogen combines with hydrogen, and produces a triple
ompound, the Hydrocyanic or Prussic acid. It may be obtained
y moistening prussiate of mercury with munatic acid, and
istilling at a low temperature, having surrounded the receiver
thice. A liquid is thus obtained which has a strong pun-
ent odour, very like that of bitter almonds: its taste is acrid,
nd it is highlv poisonous. It volatilizes so rapidly as to freeze
M

R | o -t ik
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itself. It reddens litmus, The specific gravity of its vapour
compared with hydrogen, is 12,7, so that 100 cubic inches =
28,575 grams; detonated with oxygen it gives as results one
volume of carbonic acid gas, half a volume of hydrogen, an
half a volume of nitrogen; so that it consists of one volum
of eyanogen + one volume of hydrogen, and its represantntivd{'.
number is 25,4. :

241. It appears from the experiments of Mr. Porrett,
(Philos. Trans. 1814) and from those of M. Gay Luauae,ﬂ
(Annales de Chimie, XCV.) that cyanogen is capable of fnrmmg;i"
a compound with sulphuretted hydrogen. It may be obtained
by mixing one volume of cyanogen with one and a half of
sulphuretted hydrogen ; they slowly combine and form a yellow
crystallized compound, T

According to Dr. Thomson, Mr. Porrett obtained an analo-
gous body by a much more circuitous process; he has termed
it sulphuretted chyazic acid; and Dr. Thomson, who regards
it as consisting of cyanogen and sulphur only, calls it Sulpho-
eyanic acid. (System, Vol. 11. p. 290.)

Sulphocyanic acid is soluble in water: its smell resembles
vinegar. Repeated distillation decomposes it. It appears
from Gay Lussae’s experiments to consist of two proportionals
of cyanogen, three of sulphur, and three of hydrogen: Dr.
Thomson considers it as containing two of cyanogen and three
of sulphur; this would give as its ultimate constituent,

4 proportionals of carbon ........ 22,8

g of nitrogen ...... .« 26,0
S U! Eutphur LI B B 45,0
| 03,8%

* The substance described by Mr. Porrett is evidently perfectly dis-
tinct from that of Gay-Lussac, which is not sour, and which appears to.
contain the above components. .

- = L&
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242. Carbon and Su&:kw&lphuret of Carbon.—This is
a liquid obtained by passing sulphur over red hot charcoal.
: ;:-' ien pure, it is transparent and colourless. Its specific gra-
ity is 1,272. It boils at 106°, and does not freeze at — 60°.
It is very volatile, and has a pungent taste and peculiar fetid
" It i1s inflammable, and, when burned with oxygen,
:1 produces sulphurous and carbonic acids. It comsists of ome
‘ roportional of charcoal and two of sulphur; 5,7 +30=385,7%.
It was discovered by Lampadius, who called it alcohol of
! ulphur. (Crell’s Annals, 1796, I1.)
i
I

1IJI i-

Secrion VI, Boron.

243, Tuis substance is obtained by heating in a copper

ube two parts of the metal called potassium with one of
boracic acid, previously fused and powdered. In this
experiment the boracie acid, which consists of boron and
oxygen, 1s decomposed by the potassium. The fused matter

s washed out of the tube with water, and the whole put upon
_'_ filter. The boron remains in the form of a brown insipid
psoluble powder, unaltered by exposure to air at common
peratun’.-s, but when heated to 600° it burns with much
lancy, especially n oxygen gas, and produces boracic

*
EEl .

i

244. Boracic acid is usually obtained by dissolving the salt
lled borar m hot water, and subsequently adding half its
-; t of sulphuric acid; as the solution cools, white scaly
ystals appear, which are nearly tasteless, and which consist
f boracic acid, combined with water, which it loses by
Bxposure to a strong red heat, and fuses into a glass. It is

R i R A W e W gy g w AT b e e

' 'kmma-_-:ri-.wfm O BB

i

* Berzelius and Marcet, Phil. Trans. 1813.
M 2
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very difficultly soluble in water; the solution reddens vegetable
blues. Its solution in spirit of wine burns with a green flame,
Its nature was first shewn by Davy in 1807.

245, The experiments upon the composition of boracic
acid are much at variance. Berzelius’s determimnation probably
approaches nearest to truth: he regards it as containing 1
boron + 3 oxygen *. If, therefore, we consider it as consisting
of one proportional of boron and two of oxygen, the number
representing boron will be 5, and boracic acid will censist of

5 boron.

15 oxygen.

20 boracic acid.

246. Boron bums in chlorine, but the chloride has not been
examined, nor have its other compounds been investigated.

* Thomson’s System, Vol. 1. p. 240. 5th edit.
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CHAPTER V.

{ A Of the Metals, and their Combinations.

- 247. THE metals constitute a numerous and impoitant class
- of simple substances; many of them were diligently examined
'} by the older chemists, who have left us valuable information
~ concerning them; many are of more recent discovery; and the
~ existence of several others has been demonstrated within the
E,hst twenty years,

¥

The metals are forty-two in number.

&
|4 1 Gold 22 Columbium
i 51 2 Silver 23 Palladium
| é 3 Copper 24 Rhodium
4 lron 25 Indium
f 5 Mercury 26 Osmium
j 6 Tin 27 Cerium
7 Lead 28 Potassium
& 8 Zinc 20 Sodium
; 9 Bismuth 80 Lithium
; 10 Antimony 31 Barium
E ¢ 11 Arsenic 32 Calcium
' 12 Cobalt 33 Strontium
g, : 13 Platinum 34 Magnesium
b : 14 Nickel 35 Silicium
i’ : 15 Manganese 36 Alumium
g8 16 Tungsten 37 Yttrinm
1 17 Tellurium 38 Glucium
18 Molybdenum 80 Zirconium
19 Uranium 40 Thorinum
20 Titanium 41 Selenium

21 Chromium

42 Cadmium
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ey

Of these metals the first seven were known in very remote
ages. The ancients designated them by the names of the
planets, to which they were supposed to have some mysterious

relation ; and each was denoted by a particular symbol, repre-
senting both the metal and the planet.

Gold was the Sun, and was thus represented.. ©

Silver ...... i Ty G el R Jer D
Mercury.... Mercury eovuuse. =2 s e, Pl g
CODPNE" 3550 NORDE v oiss swaevil ons's s saes . B

Irul]lllllfl L{ﬂ'rﬂl"lII'-l'Il!lI‘ll‘#'Il‘llll"IlI!lg‘

T;n !'11-I‘I-!I]-upiterrlilii1iilll|ﬂiililllll‘u
Lead L B Saturt‘illiIlll-l#llillllllii 1?

Zinc was not known to the ancients, though they were pro-
bably acquainted with its ores, and with their property of
forming brass when fused with copper. (Pliny, Lib. xxx1v,
cap. 2 and 10.) The word Zinc first occurs in the writings of
Paracelsus, who died in 1541. Bismuth is mentioned in the
Bermannus of Agricola, written about 1530. Antimony was
first obtained in its pure state by Basil Valentine towards the
end of the 15th century. The process is described in his
Currus Triumphalis Antimonii. Arsenic and Cobalt were
discovered by Brandt in 1733 ; (Acta. Upsal. 1733 and 1742)

their ores were known at a much earlier period. Platinum

was first recognised as a peculiar body in 1741, by Mr.
Charles Wood, Assay Master in Jamaica; (Philos. Trans.
Vol. xr1v.) In 1751, the distinctive characters of Nickel were
shewn by Cronstedt, ( Stockholm Transactions)and Manganese
was obtained by Gahnin 1774. (Bergman’s Opuscula, Vol. 11.)
Tungsten was discovered by M. M. Delhuyart in 1781.
( Mémoires Toulouse). Tellurium and Molybdenum by Mul-
ler and Hielm, in 1782. Uranium by Klaproth in 1789.
Titanium by Mr. Gregor, in 1789. Chromium by Vauquelin,
in 1797. (Annales de Chimie, Vol. xxv.) In 1802, Mr.
Hatchett discovered Columbium. (Phil. Trans.) Palladium

B
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- and Rhodium were discovered by Dr. Wollaston; and Iridium
~and Osmium by Mr, Tennant, all in 1803. ( Philos. Trans.)
§ Cerium was announced in 1804 by M. M. Hisinger and Ber-
~ gelius (Gehlen’s Journal, 11.) Potassium and Sodium were
discovered in 1807 by Sir H. Davy, whose experiments also

| }.,. to the discovery of the metallic nature of the ten following

Bbodies. Thorinum and Selenium were announced by Ber-

‘zelius in 1815 and in 1817; and Mr. Stromeyer, of Gottingen,
;\*: overed Cadmium in 1818,

248, The metals, as a class, are characterized by a peculiar
 lustre and perfect opacity: they are excellent conductors of
~ heat, (45) and of electricity (62).

f ; 249. There is the greatest difference in the specific gravity
f the different metals, the heaviest and lightest solids being

1 “included in the list. '
The principal metals, arranged according to their specific
 gravities, stand as follow:—
f- 1 PhInum o.veosssvivaevaces 81,00
E§ 8 @oldiiicciiniinisisivenes 180
EQ 8 Tungstefl coneserscsssnssice 17,50
h 5 MEEOOIY i i 44 Gk vhan andien 13,50
§ 5 Palladium........ PR +o 11,50
B8 0 Lead ..00s sesvasssriasins 11,35
z' 0 Blear i Mleives b dsEIB80 <
&3 % Bemoth L. jelfievcdade iy 000
¥ § Urenioaioo oL, obolevnlawe 150D
10 Coppericesss asens = ave o 8,90
Bl ATARNRG, Gvia s RS deicds 1B.BE
T RTINS R ¢
B 18 Cobalt .......... vaea suasas 5,00
& R TY00 525 onnmron waisnprasssns kD
15 Molybdenum ...ovvvvevvases 7,40
10 Thnicocasiicincsnannnescnis 7,30
-
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i cobelve b shiieas cmn v 7,00
I8 Mangenese ....isseariesans 6,85
1D ADBMBNY s i s v 6o sssessnvine G0
20 Tellurium ....... sesameanee 16,10
R Bodiutnias v s dbiablsihsd. " DIONR
22 Potassii . ceeeensvasinaraass D865

250. The specific gravity of solids and liquids is always
expressed in numbers referring to water as = 1.

To ascertain the specific gravity of solids we employ a deli-
cate balance, so contrived as to admit of substances being
attached to one of the scales by means of a horse-hair or a fine
thread of silk. The absolute weight of the body thus suspended
is then very carefully ascertained : it is next immersed in dis-
tilled water, of the temperature of 60°.; and the beam being
again brought to an equilibrium, we learn the weight lost by
its immersion; or, in other words, we ascertain the weight of
its bulk of pure water. We now divide the sum of its absolute
weight by that of the weight which it lost in water, and the
quotient is its specific weight, or gravity, compared with water
of the temperature of 60°. '

Suppose a substance, weighing 360 grains, to lose 60 by
immersion in water, the specific gravity of that substance will
be = 6; for 860 = 60 = 6. :

251. For ascertaining the specific gravity of liquids, we
generally employ a thin phial, holding 1,000 grains of distilled
water, at the temperature of 60°. Tf filled with any other
liquid, and weighed, we leamn its specific gravity; thus we
should find that it would contain 18,500 grains of mercury;
1,850 grains of sulphuric acid ; 1,420 grains of nitric acid, §c.,
which numbers of course represent the specific gravities of
those liquids.

252. Among the metals, some are malleable, others brittle.

Malleability, or the capacity of being extended by the
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.':_mer, heluiz.gs to the following metals, in the order fol-
1 wing :—

Gold

Silver

Copper

Tin

Cadmium

Platinum

Lead

Zinc

Iron

Nickel

. Palladium

Potassium, sodium, and frozen mercury, are also malleable.

253. The malleable metals are also ductile; that is, they
dmit of being drawn out into wires. They are arranged
ccording to ductility as follows :—

' Gold
Silver
Platinum
Iron
Copper
Zine
T
Lead
Nickel
Palladium

- 254. Different metallic wires are possessed of different
: ~ Megrees of tenacity, by which is meant the power of supporting
weight without breaking. According to the experiments of
- Guyton Morveau, the following are the weights capable of
eing sustained by wires 187 ths of aline in diameter. (An-
~ nales de Chimie, Lxx1.)




170 GENERAL PROPERTIES

Ibs.,  decimal
; avoird, parts.
A wire of Iron supports ...... 540,250

Copper +« cooessses 802,278
Platina s oo cesvas e 274,320
Silver, . oo o uve eesess 187,137
Gold ssacsanbiine s 150,758
ZINE. + 2w suniiiiuny e 100,840
T o s s smuonisinsss 54,680
Dol .ouisvainnds v 27,001

255. The following metals are brittle.
Antimony
Arsenic
Bismuth
Cerium
Chrome
Cobalt
Columbium
Manganese
Molybdenum
Tellurium
Tungsten
Titanium
Uranium
256. None of the metals are very hard, and many so soft ni
to yield to the nail. In the following table some of the me
are arranged in the order of their hardness.
Tungsten
Palladium
Manganese
Iron
Nickel
Platinum
Copper
Silver
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E,# Bismuth
: Gold
Zine
| Antimony
i Cobalt
i Tin
z Arsenic
I Lead
I 'Iasticit]r and sonorousness belong to the hardest metals
» Such are the essential physical characters of the metals;
ey also resemble each other in many of their chemical pro-
erties, as the following general observations shew.
257. Action of Heat.—The metals are all susceptible of
usion by heat, but the temperatures at which they liquefy are
tremely various, Mercury is flud at all common tempe-
tures, and requires to be cooled to — 39° before it congeals.
otassium melts at 150°, and sodium at 200°; arsenic at 360°;
1 at 450°; lead at 600°; zinc at 700-; and antimony at 800°.
Silver, gold, and copper require a bright cherry-red heat ; iron,
% nickel, and cobalt, a white heat; manganese and palladium, an
1 intense white heat; molybdenum, uranium, tungsten, and
I« chrome, are only very imperfectly agglutinated at the highest
¢ temperatures of our furnaces; and titanium, cerium, osmium,
ium, rhodium, platinum, and columbium, require the intense
heat produced by an nflamed current of oxygen and hydrogen,
14 or that of Voltaic electricity (81.)
At higher temperatures than that required for their fusion
1 many of the metals are volatile, and may be distilled in close
' vessels. Mercury, arsenic, potassium, tellurium, and zinc, are
yolatile at a dull red heat. Gold and silver are converted into
! ¥apour when exposed to the intense heat of the focus of a
% Burning lens, and several of the other metals boil and evaporate
‘4% under similar circumstances. It is probable that this would
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happen to all of them, if raised to sufficiently high td?
peratures, -

258, Action of Oxygen.—~When the metals are exposed af
ordinary temperatures to the action of oxygen, or of common
air, which produces analogous, though less powerful effects,
they are very differently affected. If the gas be perfectly d
very few of them suffer any change, unless heated in it;
then lose their metallic characters, and form a very important
series of compounds, the metallic oxides.

A few of the metals resist the action of heat and air so com:
pletely, that they may be kept in fusion in an open crucible
for many hours without undergoing change. This s th
case with gold and silver, and a few others ; hence they were
called perfect or noble metals : they may, however, be oxidized
by the Voltaic flame, or by passing a strong electric shock
through them, when drawn into very fine wire,

Other metals readily absorb oxygen when exposed to ¢
temperature approaching a red heat; as iron, mercury, nick
&c.; others absorb it when in fusion, as lead, tin, antimony,
&e.; others at lower, or even at common temperatures; as
arsenic, manganese, sodium, potassium, &ec.

That the metals have very different attractive powers i
regard to oxygen is also shewn by the circumstance of one
metal being frequently oxidized at the expense of another:
thus the oxide of mercury, heated with metallic iron, produces
metallic mercury and oxide of iron; potassium heated with
oxide of manganese, becomes oxidized, and metallic manganese
is obtained.

Some of the oxides are decomposed by mere exposur
heat, as those of gold, mercury, &c.; others require the join
action of heat, and some body having a high attraction fo
oxygen, such as charcoal. Thus when oxide of lead is heated
with charcoal, carbonic acid gas is evolved, and metallic lea¢

obtained.
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. Each metal has a certain definite quantity of oxygen with
vhich it combines, and where the same metal unites in more
han one proportion with oxygen ; in the second, third, and other
H"-"_‘_u it is a multiple of that in the first, consistent with
Pithe laws of definite proportions. (30.) Thus 100 parts of mer-
'. Hﬁ ¢ combine with 4 of oxygen to produce the protoxide, and
| H- 8 to produce the peroxide. Copper also forms two oxides;
Wi the one 12,5 of oxygen are united to 100 of metal, and in the
. : er 25.
~ Among the combinations of metals with oxygen, some are
yinsoluble in water, or nearly so, and have neither taste nor
mell ; others are soluble and sour, constituting the metallic
acids ; others are soluble and alcaline, forming the fived alcalis
and alcaline earths. They are of all colours, and frequently the
same metal united to different proportions of oxygen produces
¢ compounds differing in colour: thus we have the black and
red oxide of mercury, the white and the black oxide of man-
3 nese, &e.
1 250. Action of Chlorine.—All the metals appear susceptible
¢ combining with chlorine, and of producing a class of com-
1§ pounds which may be termed metallic chlorides.
}  There are few of the metals which resist the action of
e l orine at common temperatures, and when heated they all
combine with it; some slowly, others rapidly and with intense
ignition. Copper leaf, powdered antimony, arsenic, &ec., burn

10 when thrown into the gas: mercury and iron inflame when
! If-'.;r heated in it; silver, gold, and platinum quietly ab-
4 sorb it
I fr The attraction of chlorine for metals is greater than that of
% oxygen; consequently, when a metallic oxide is heated m
thlorine, oxygen is evolved and a chloride formed. The in-
‘,,4, Oluble chlorides are also formed by adding solution of chlorine

S0 or the soluble chlorides, or of muriatic acid, to the soluble

hlalht: salts.

~
"

»
'
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The physical and chemical properties of the chlorides aree:
tremely various.  Some are soluble, others insoluble, in wate
Several of them decompose water, giving rise to the formatio
of muriatic acid, and an oxide ; or m some cases to a muri
The same metal often forms more than one compound wit
chlorine, and where its proportion in the second is twice th
in the first, we usually term them chlorides, and bichloride
Thus calomel is a chloride of mercury, and corrosive subl
mate, a bichloride, or perchloride of mercury.

Many of the metals decompose muriatic acid, in which cas
hydrogen is evolved and a metallic chloride produced; an
when metallic oxides are heated in murniatic acid, they generall
give rise to the formation of a chloride and water.

260. Action of lodine.—Iodine aided by heat, acts upoi
many of the metals, and produces metallic iodides. Some ¢
these are soluble in water without decomposition ; others de
compose water and produce hydriodates ; others are insoluble
The insoluble iodides may generally be formed by adding
solution of iodine or of hydriodicacid to the soluble metallic salts

261. Action of Hydrogen.—Hydrogen forms permanent com
pounds with two of the metals only, namely, arsenic and tellt
rimm. It appears to combine with each in two proportions
forming two solid compounds, the hydrurets of arsenic ant
tellurium ; and two gaseous compounds—arseniuretted an
telluretted hydrogen. At high temperatures it dissolves pots
sium forming potassiuretted hydrogen gas.

There are many of the metallic oxides, and a few of the chle
rides, which are decomposed by hydrogen: the oxides ar
" reduced with the formation of water, and the chlorides witl
the production of muriatic acid. ;

262. Action of Water—Those metals which are speedily
acted upon by common air and oxygen, are also generally sus ¢
ceptible of decomposing water; some of them rapidly, others
slowly, There are some metals which are not acted upon b}

L T e
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" L ir deprived of moisture, nor by water deprived of air; but
' Lmeist air, or water containing air, effect their oxidizement,
| | khis appears to be the case with iron. Water combines with
| Lwome of the metallic oxides, and produces hydrated oxides, or
' Smmetallic hydrates. In these the relative proportion of water
‘ Lss definite. Some are easily decomposed by heat; others re-
e T :u water even when heated to redness.
- 263. Action of Nitric Acid.—As no metal is soluble m an
Juacid except in the state of oxide, and as the greater number of
netals are capable of decomposing nitric acid, and of resolving
-i:ntu some of the other nitric compounds, nitric acid is a very
wenerally acting solvent of these bodies. It dissolves all the
m etallic oxides and produces a numerous class of nitrates, which
repared with heat and with excess of acid, generally contain
tithe metal at its maximum of oxydizement. The nitrates are all
lﬁ omposed by a red heat; they give off oxygen and nitrogen,
seither separate, or combined, and the metallic oxide remains,
B i
They are also decomposed when heated with sulphur, phos-
- or charcoal, and sulphurous, phesphoric, and carbonic
acids are formed ; the phosphoric, being a fixed acid, remains
united to the metallic oxide, while the sulphurous and car-
bonic acids are usually expelled. The nitrates are decom-
sed by sulphuric acid, nitric acid is evolved, and sulphates
Iﬁe formed.
- 964. Action of Ammonia.—At high temperatures a few of
ﬁe metals are capable of decomposing Ammonia. Liquid
ammonia dissolves several of the metallic oxides, and with some
tfthem forms crystallizable compounds. The compounds of
ammonia with the oxides of gold, silver, and platinum, deto-
nate when heated, and the oxide and the ammonia are both
- decomposed.
265. Action of Sulphur. All the metals appear capable of
\ ﬁI‘IIImE sulphurets. "These are in some cases formed by heat-

' ing the metal with sulphur ; i others by decomposing the
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sulphates ; and in others by the action of sulphuretted hydroges
The sulphurets are in general brittle and without lustre. Somg
are soluble, others insoluble in water. Where the same meta
forms two sulphurets, the sulphur, in those containing
largest proportion, 1s an exact simple multiple of the sulphu
in those containing the smallest proportion. When
metallic sulphurets are heated some undergo no change, as
those of sodium and potassium ; others sublime unaltered, as
sulphuret of mercury; others lose a portion of their sulphur
and, if air be admitted, sulphurous acid escapes, and the metal
passes into the state of oxide, as sulphuret of lead ; others agair
are entirely decomposed, the metal being completely reduced;
this happens on heating sulphuret of platinum or of gold.
It is doubtful whether any definite compounds of sulphur with
the metallic oxides exist.

206, Sulphurous Acid combines with a few of the metallic
oxides producing sulphites; but in the greater number of in-
stances oxygen is transferred to the acid, and sulphates result.

The sulphites are soluble in water, and have a sulphuro
taste and smell. Exposed to moist air, they absorb oxygen
and pass into the state of sulphates. They are decomposed
by sulphuric acid, which expels sulphurous acid, and the salts
are converted mto sulphates. When perfectly pure they a £
not affected by solution of baryta. ;

267. Sulphuric Acid, inits concentrated state, is acted upon |
by a few of the metals only ; but when diluted, many of them
are oxidized at the expense of the water, hydrogen is evolved, '
and the metallic oxide combines with the acid producing &
sulphate. In these cases the hydrogen evolved is the indicator
of the quantity of oxygen transferred to the metal; every
volume of hydrogen is the equivalent of half a volume of oxy=
gen, and accordingly the production of 100 cubic inches of
hydrogen, indicates the transfer of 50 of oxygen, or by weight of
about 17 grains. As different metals unite to different weights o
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gen, they will obviously evolve different quantities of hydro-
Thus, if one metal to become soluble in sulphuric acid,
require to be united with 15, and another with 30 per cent.
of oxygen, the latter will evolve twice the volume of hydrogen,
compared with the former.
As the evolution of hydrogen, during the solution of a metal
in dilute sulphuric acid, 1s referable to its oxydizemeut, no
hydrogen will be evolved during the action of the acid upon an
xide, but it will be merely dissolved.
~ The sulphates are an important class of salts. The greater
number of them are soluble in water, and the solutions are ren-
‘dered turbid by the solutions of baryta. They are all decom-
posed at a red heat by charcoal, and most of them are thus
converted into sulphurets; carbonic acid, and carbonic oxide,
| being at the same time evolved.

- 208. Action of Sulphuretted Hydrogen.—It seems doubtful
" hether any of the metals combine with sulphuretted hydrogen.
| It unites with several of their oxides, and forms hydrosulphu-
@ifed orides. Many of these compounds are insoluble, and
1 may be formed by adding a solution of sulphuretted hydrogen,
l?ﬂf hydrosulphuret of ammonia, (194) to solutions of the
i respective metallic salts. Sometimes, however, a decomposi-
i tion is effected in these cases, both of the sulphuretted hydro-
gen and of the oxide, and a metallic sulphuret is formed, the
! hydrogen combining with the oxygen of the oxide to form
' water, and the sulphur uniting to the metal. In a few cases
| the metallic oxide is reduced. The following table shews the
« effect of hydrosulphuret of ammonia upon neutral solutions of
: several of the metals as far as colour of the precipitate is con-

Rtold...... a black powder gradually becommg metallic.
Silver .... deep brown gradually becoming black.

_ Platinum .. black.
Palladium. . dark brown.
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Rhodium ......no precipitate.
Mercury ......brownish black.
| PR

Nickel ........black
Arsenic........white or yellow.
Antimony ... ... orange.
Uranium ......black.

Cobalt ........ditto.

Titanium ...... green.

Bismuth ......brown.

COPPET - 550 5 =1 - grayish brown.
1 s deep orange.
LI s i yellowish white.

Manganese ....white.
Cadmium ......bright yellow. y
260. Action of Phosphorus.—Phosphorus combines with
the greater number of the metals, forming a series of metallic
phosphurets. There are two methods of forming them ; either
by heating a mixture of phosphorus and the metal, or project=

lustre ; if they contain a difficultly fusible metal, they are more
fusible than the metal they contain; if an easily fusible metal,
less so. They are mostly crystallizable, and totally or partiall
decomposable at a high temperature. The greater number of
the phosphurets have only been examined by Pelletier. (An-
nales de Chimie, Tom. 1. et X1II. and Mémoires et Obwmz
tions de Chimie. ) |
270. The metallic phosphates may be formed either by di‘sg
solving the oxides in phosphoric acid, or by adding a solution
of phosphoric acid, or of an alcaline phosphate, to solutions
those metals which form insoluble or difficultly soluble phos-
phates. The greater number of the phosphates are decompng

i
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by ignition with charcoal; and those containing volatile
oxides are volatilized at high temperatures.

271. When phosphorus is introduced into the solutions of
those metals which have but a feeble attraction for oxygen, it

reduces them to the metallic state. Thus gold, silver, and
platinum are thrown down by immersing a stick of phosphorus
into their respective solutions, :

272. Action of Carbon.—Carbon unites to very few of the
metals, and of the metallic carburets, one only is of importance,
namely, carburet of iron, or steel.

273. Carbonic acid unites with the greater number of the

- metallic oxides and forms Carbonates, of which the distinctive
- characters have already been noticed (226) ; many of them are

of difficult solubility, and may be formed by adding an alcaline
. earbonate to the metallic solution.

274. The action of Boron upon the metals has not been
| investigated, though it appears from the experiments of Des-
 eotils, ( Recherches Physico-chymiques de M. M., Gay-Lussac
. et Thenard) to be capable of uniting to platinum and iron.
' These compounds may be called borurets. The metallic
« borates are numerous, but mostly unimportant.

275. Action of the metals upon each other—The metals may
I for the most part be combined with each other, forming a very
I important class of compounds, the metallic alloys. Various
| processes are adopted in the formation of alloys depending
i upon the nature of the metals. Many are prepared by sim-
| ply fusing the two metals in a covered crucible ; but if there
| be a considerable difference in the specific gravity of the metals,
! the heavier will often subside, and the lower part of the bar or
I ingot, will differ in composition from the upper ; this may be
| prevented by agitating the alloy till it solidifies. Mr. Hatchett
| found that when an alloy of gold and copper was cast into
“f! bars, the moulds being placed perpendicularly, the upper
8| part of the bar contained more copper than the lower.

' N 2
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‘Where one of the metals is very volatile, it should generally
be added to the other after its fusion; and if both metals be
volatile, they may be sometimes united by distilling them
together.

It has been a question whether alloys are to be considered
as compounds or as mere mixtures; but their pmp&rtiﬂa leave
little doubt of their being real compounds, and in some cases
they are found to unite in definite proportions only; and it is
probable that all the alloys contain a definite compound of the
two metals.

276. The principal characters of the alloys are the fol-
lowing:—

i. We observe a change in the ductility, malleability,
hardness, and colour. Malleability and ductility are usually -
impaired, and often in a remarkable degree: thus gold and
lead, and gold and tin, form a brittle alloy. The alloy of
copper and gold is harder than either of its component parts;
and a minute quantity of arsenic added to copper, renders it

white. i
2. The specific gravity of an alloy 1s rarely the mean of its
component parts, in some cases an increase, in others a dimi-
nution of density having taken place, as shewn by the following
Table from Thenard. (Traité de Chimie, Vol. L. p. 394.)

Alloys possessed of greater | Alloys having a specific gra-'

specific gravity than the vity inferior to the mean
mean of their components. [ of their components, '
Gold and Zinc Gold and Silver :
Tin Iron |
Bismuth Lead
Antimony Copper
Cobalt Tridium
Silver and Zinc Nickel ,

Lead Silver and Copper
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Alloys possessed of greater | Alloys having a specific gra-
specific gravity than the vity inferior to the mean of
mean of their components. their components.

Silver and T'n Copper and Lead

Bismuth Iron and Bismuth
Antimony Antimony
Copper and Zinc Lead
Tin Tin and Lead
Palladium Palladium
Bismuth Antimony
: Antimony Nickel and Arsenie
Lead and Bismuth Zinc and Antimony
Antimony
Platinum and Molybdenum
Palladium and Bismuth

3. The fusibility of an alloy is generally greater than that
~of its components. Thus platinum, which is infusible in our
common furnaces, forms, when combined with arsenic, a very
fusible alloy ; and an alloy of certain proportions of lead, tin,
“and bismuth is fusible at 212°, a temperature several degrees
below the melting point of its most fusible constituent.

4. Alloys are generally more oxidable than their constituents
taken singly ; a property which is, perhaps, partly referable to
the formation of an electrical combination. Where an alloy
consists of two metals, the one easily and the other difficultly
oxidable, it may be decomposed by exposing it to the action
of heat and air, the former metal being converted into an
oxide; its last portions, however, are often not easily separated,
being protected by combination with the least oxidable metal.
An alloy of three parts of lead and one of tin is infinitely more
oxidable than either of its components, and easily burns at a
dull red heat.

9. The action of acids on alloys may generally be anticipated
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by & knowledge of their effects upon their constituent metals;
but if a soluble metal be alloyed with an insoluble one, the
former is often protected by the latter from the action of an
acid. Thus, silver alloyed with a large quantity of gold, resists h
the action of nitric acid in consequence of the insolubility of
the latter metal in that acid; and, in order to render it soluble,
it 1s requisite that it should be made to form about a fourth -
part of the alloy, in which case the nitric acid extracts it, and
leaves the gold m an insoluble film or powder.

277. Various classifications of the metals have been adopted
by chemical authors; some dependent upon their physical,
others upon their chemical properties. The former can
scarcely be considered as adapted to chemical mquiry, and the
latter involve numerous difficulties in consequence of the
gradual transition of metals of one class into those of another.
1 shall consider the metals in the order in which they are set
down in the following Table, and which is nearly that of their
respective attractions for oxygen.

1 Potassium 16 Bismuth

2 Sodium 17 Cobalt

3 Lithium 18 Uranium

4 Calcium 19 Titanium

5 Barium 20 Cerium

6 Strontium 21 Tellurium
7 Magnesium 22 Selenium

8 Manganese 23 Arsenic

9 Iron 24 Molybdenum
10 Zinc 25 Chromium
11 Tin 26 Tungsten
12 Cadmium 27 Columbium
13 Copper 28 Nickel

14 Lead 20 Mercury
15 Antimony 50 Osmium
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31 Iridium 37 Siheium
32 Rhodium 38 Alumium
58 Palladium 89 Zirconium
34 Silver 40 Glucium
35 Gold 41 Yttrium

36 Platinum 42 Thorinum.

Of these metals the first seven produce alcaline oxides
which are very difficult of reduction ; and they rapidly decom-
‘pose water at all temperatures, a character which announces
their powerful attraction for oxygen; the next five decompose
‘water when their temperature is raised to redness: the ten
following do not decompose water at a red heat; nor do the
‘next five, which produce acids by uniting to oxygen. The
‘oxides of these twenty-seven metals are not reducible by
~ heat alone, though some of them, when heated, give out
‘a portion of oxygen. The nine metals which next follow,
i _osmium excepted, have a comparatively feeble attraction for
~oxygen ; and when their oxides are heated, they are reduced to
“the metallic state. The last six metals are placed in the list
from analogy; they are only known in the state of oxides,
~ which have not hitherto been reduced.

Secrion 1. Potassium.

278. T'uis metal was discovered in 1807 by Sir Humphry.
Davy. (Philos. Trans.1808). He obtained it by submitting caus-
tic, potassa, or potash, to the action of Voltaic electricity; the
‘metal was slowly evolved at the negative pole. By this process,
however, it could only be procured in very minute quantities;
and various other methods have been devised, of which the best
is that described by Gay Lussac and Thenard. (Recherches
Physico-chymiques.) It is as follows:—
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279. A sound and perfectly clean gun-barrel is bent, as
shewn in the annexed sketch. It is then covered with an in-

infusible lute between the letters O and E (fig. 1), and the
interior of the luted part is filled with clean iron turnings.
Pieces of fused potash are then loosely placed in the barrel
between E and C. A A is a copper tube and small receiver,
which are adapted to the extremity O, and to each other, by

y)
1

i
[

%.

grinding. This apparatus is next transferred to the furnace,

arranged as shewn in fig. . X and 1" representing two glass
tubes dipping into mercury. The furnace 1s supplied with air
by a good double bellows entering at B, and a small wire
basket G, is suspended below the space E C. The part of

the barrel in the furnace is now cautiously raised to a white

heat, and the escape of air by the tube X shews that all is
tight. Some burning charcoal is then put at the end E, of
the cage G, which causes a portion of potash to liquefy and
fall into the low part of the barrel upon the iron. Hydrogen
gas instantly escapes by the tube X, and attention must now

be had to keep the copper tubes AA, cool, by laying wet
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¢loths upon them. When the evolution of gas ceases, fresh
charcoal is placed under the potash, and so on till the whole
has passed down; if too much potash be suffered to fall at
once, the extrication of gas at X will be very violent, which
should be avoided. If the space between A and O should
become stopped by potassium, gas will issue by the tube T
(which must always be under a greater pressure of quicksilver
than the tube X), and it may be fused by applying hot char-
coal to the tube, when the gas will again appear at X and
cease at T. When the operation is concluded, the tubes X and
T are removed, and corks quickly applied to the holes; and
when the apparatus is cool, the barrel is carefully removed
from the furnace, and a little naphtha suffered to run through
it. The potassium is found in globules in the tube and
receiver AA, and considerable portions often lodge at O. The
success of this operation is certain, if the heat has been suffi-
cient; but the barrel, if not very carefully covered with lute,
is apt to melt, and much, if not the whole, of the product is
lost.
~ 280. Potassium is a white metal of great lustre. It instantly
tarnishes by exposure to air. It is ductile, and of the con-
sistency of soft wax. Its specific gravity is 0,85. At 150° it
enters into perfect fusion; and at a bright red heat rises in
vapour. At 82° it is a hard and bnittle solid. If heated
air it burns with a brilliant white flame. It is an excellent
conductor of electricity and of heat.

281. Potassium and Oxygen—W hen potassium is thrown into
‘water it instantly takes fire; hydrogen gas is evolved, and
oxide of potassium, or potassa, is found dissolved in the water.
" The quantity of hydrogen evolved in this experiment becomes
the indicator of the proportion of oxygen which has been
transferred to the metal ; 100 parts of potassium are thus found
10 absorb 20 of oxygen; and if this be considered a protoxide,
then 20: 100 :: 7,5 : 37,5,—so that 37,5 will be the number
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represeuting potassium, and 37,5 P. + 7,6 O. = 45 will
represent dry oxide of potassium.
282. Potassa, in the state it is usually met with in la-
boratories, contains a considerable portion of water,
which it may be freed by the action of iron at high tempera-
tures, and there always remains in the barrel, after the abow
experiment, a large portion of dry potassa. It is a hard grey
substance, which, by water, is slowly converted into the Ay
drated oxide, or caustic potash, which may be obtained by
evaporation. This substance, after exposure to a red heat,is
white and very soluble in water; it may be considered as a
compound of 1 proportional of protoxide of potassium =45
+ 1 proportional of water = 8,5, and its number = 58,5. ,
283. Peroxide of Potassium.—If the metal be heated mﬁ
considerable excess of oxygen, it burns with ntense heat
light, and an orange-coloured substance is obtained, which
consists of 37,6 potassium + 22,5 oxygen= 60. This peroxide
of potassium, when put into water, effervesces, oxygen is giv:z;
off, and a solution of the hydrated pmtﬂxlde 18 obtained. :
284. The hydrated protoxide or caustic potash, is procur
in our laboratories by decomposing its subcarbonate by lime.
The best process consists in boiling in a clean iron vessel, sub-
carbonate of potassa, (obtained by calcining tartar) with its
weight of pure quick lime, in water. The ley is strained
through clean linen, concentrated by evaporation, again strained,
and set by in a well-stopped bottle till it admits of being
decanted clear from the sediment. The clear solution is
to be evaporated to dryness. It is often cast into sticks for
the use of surgeons, who employ it as a caustic, and in this
state it generally contains some peroxide, and therefore evolves
oxygen when dissolved in water. It is the potassa fusa of the
London Pharmacopaia. It may be further purified by the action
of alcohol, which dissolves the pure hydrate, and leaves earthy
and other impurities,—the alcohol is then driven off by heat.
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Hydrate of Potassa thus purified is white, very acrid and
corrosive, and at a red heat evaporates m the form of white
- acrid smoke. It quickly absorbs moisture from the air, and
at 60° one part of water dissolves two. It may be crystallized
in octoédrons. It is highly alcaline, and being exclusively pro-
cured from vegetables was formerly called vegetable alcali.
~ 285. Chlorine and Potassium act very energetically on each
other, and produce the white compound which has been
called muriate of potash, but which is a true chloride of potas-
sium, consisting of 37,5 P.+ 83,5 Ch. When potassium is
heated in gaseous muriatic acid, this compound is formed, and
hydrogen is evolved. It dissolves without decomposition in
three parts of water at 60,. [t crystallizes in cubes; its
taste 1s saline and bitter. In old pharmacy it was called
_ febrifuge and digestive salt of Sylvius; also, regenerated sea-
salt.
280. Chlorate of Potassa is formed by passing chlorine through
a solution of potassa. Chloride of potassium is one of the
results, the other is a salt in brilliant rhomboidal tables (for-
‘merly called Oxymuriate of Potash), the chlorate. Its taste is
cooling and austere. When triturated it appears phos-
phorescent. When exposed to heat it gives out oxygen, and
chloride of potassium remains. It is soluble in 18 parts of
cold and 2,5 of boiling water. It acts very energetically upon
many inflammables, and triturated with sulphur, phosphorus,
and charcoal, produces mflammation and explosion. A mix-
ture of three parts of this chlorate with one of sulphur, deto-
nates loudly when struck upon an anvil with a hammer, and
even sometimes explodes spontaneously; hence it should not
be kept ready mixed. Chlorate of potassa was proposed by
Berthollet as a substitute for nitre in gunpowder. The attempt
Was made at Essone in 1788; but, as might have been expected,
B0 sooner was the mixture of the chlorate with the sulphur and
charcoal submitted to trituration, than it exploded with violence,
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and proved fatal to several people. With phosphorus the deto- |
nation is dangerously violent. These phenomena depend upmﬁ,
the decomposition of the chloric acid. When sulphuric acid nii
poured upon mixtures of this salt and combustibles, mstant,
ignition ensues in consequence of the evolution of euchlorine,
and when sulphuric or nitric acids are poured upon similar .
mixtures under water by means of a long funnel, inflammation
also ensues. 2

Chlorate of Potassa consists of one proportional of chloric
acid and one of potassa, or 71 C. A. + 45 P. Its ultimate
components therefore are

6 proportionals of oxygen ......
5 inthe acid and 1 in the alcali.. i SR

1 proportional of chlorine ...... =335
] =—————of potassium . ...... = 57,5
116

287. Ouxychlorate of Potassa may be formed by moistening.
one part of chlorate of potassa with three of sulphuric acid,
and subsequently heating the mass till it becomes white: in
this state it consists of bi-sulphate and oxychlorate of potassa,
which may be separated by solution and crystallization, the
former being much more solublein cold waterthan the latter salt,

Oxychlorate of potassa does not change vegetable colours,
nor is it altered by exposure to air. It requires rather more
than 50 parts of water at 60° for its solution. It is insoluble
m alcohol. It crystallizes in elongated octoédrons. When
mixed with its own weight of sulphuric acid, and distilled at
280°, solution of oxychloric acid passes over. It may be de-
composed by exposure to a temperature of 412°. Oxygen 13
given off, and chloride of potassium remains in the retort.
This salt is thus found to consist of one proportional of oxy-
chloric acid — 86 + one proportional potassa = 45, and iis
representative number 1s therefore = 131.
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288. lodide of Potassium.—Iodine and potassium act upon
. each other very energetically, and a crystalline compound is
. ebtained, white, and fusible. The hydriodic acid and potassa
- produce a similar compound.
~ 289. When iodine is put into solution of potassa, the results
are iodate of potassa and 1odide of potassium.
- 290. Potassium and Hydrogen.—When potassium is heated
in hydrogen, it absorbs a portion of the gas, and produces a
grey and highly inflammable hydruret. When hydrogen and
potassium are passed together through a white hot tube, the
gas dissolves the metal, and produces a spontaneously inflam-
mable potassiuretted hydrogen gas. Both these compounds
are usually formed, during the operation for obtaining potas-
sium by the gun-barrel.
291. Nitrate of Potassa— Nitre—Saltpetre.—This salt is an
- abundant natural product, and is principally brought to this
- country from the East Indies, where it is procured by lixivia-
tion from certain soils. In Germany and France it is artificially
produced in what are termed nitre beds®. It crystallizes in
six-sided prisms, usually terminated by dihedral summits ; it
.:ﬂia.mlveu m 7 parts of water at 60° and in its own weight at
212°. Its taste 1s cooling and peculiar. It consists of one
proportional of acid = 50,5 + one proportional of potassa
=45. Orof
6 proportionals of okygen ......
5 in the acid and 1 in the alcali ..
1 proportional of nitrogen ........ 13
]l —————of potassium ...... .. 370

g 45

I

* Thenard (Traité de Chimie Elémentaire, Tom. 11. p. 511.) has de-
seribed the French process at length. It consists in lixiviating old plaster
l‘llhblsh which, when rich in nitre, affords nbout five per cent. Refuse

“imimal and vegetable matter which has putrefied in contact with calca-

reous soils produces nitrate of lime, which affords nitre by mixture with
Subcarbonate of potassa,
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292. When exposed to a white heat, it is decomposed into
oxygen, nitrogen, and potassa. It fusesat a heat below redn
and congeals on cooling, into cakes called sal prunelle. It i
rapidly decomposed by charcoal at a red heat; and, if excess
of charcoal be used, the results are carbonic oxide, and acid,
and nitrogen, and subcarbonate of potassa, formerly called‘;‘%
nitrum firum. When phosphorus is thrown upon nitre, and
mflamed, a vivid combustion ensues, and a phosphate of pn-‘%
tassa 1s formed. ¥

293. A mixture of three parts of nitre, two of dry subcar=
bonate of potassa, and one of sulphur, forms fulminating
powder.  Tf alittle of this compound be heated upon a metallic
plate, it blackens, fuses, and explodes with much violence,
in consequence of the rapid action of the sulphur upon the
nitre.

294. Gunpowder consists of a very intimate mixture of
nitre, sulphur, and charcoal. The proportions vary. The
following are those usually employed :

Common Shooting  Shooting Miners’
Gunpowder.  powder. powder. powder.

Saltpetre....75.0 78 76 65
Charcoal....12.5 12 15 15
Sulphur ....12.5 : 10 9 20

The latter contains the smallest quantity of saltpetre as it re-
quires less guickness or strength. 'The ingredients are perfectly
mixed, moistened, beaten into a cake which is afterwards broken
up, granulated, and for the finest powder polished by attrition.
The violence of the explosion of gunpowder depends upon
the sudden production of gaseous matter, resulting from the
action of the combustibles upon the nitre. Carbonic oxide,
carbonic acid, nitrogen, and sulphurous acid, are the principal
gaseous results, and the solid residue consists of subcarbonate,
sulphate and sulphuret of potassa, and charcoal®.

* Cruickshanks, Nicholson's Journal, 1v.
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995. Potassium unites to Sulphur with the evolution of much
heat and light, and produces a grey compound, which, when
acted upon by water, produces sulphuretted hydrogen. It con-

- gists of 37,56 P. 4+ 15 5. = 52,5.

296. Potassa and Sulphur, when fused together, form a red
ﬂ&:ﬁurer of potassa. ( Liver of sulphur.) Its taste 1s bitter and

acrid. It is deliquescent and very soluble in water, forming a
yellow solution of hydrosulphuret of potassa. The action of
the sulphuret of potassa on water is complicated, and has been
variously explained. By some this 1s considered as a com-
pound of potassium and sulphur; i which case, when acted
upon by water, hydrogen is imparted to the sulphur, and oxy-
gen to the potassium ; and a sulphuret of potassa with excess
nf sulphur (or sulphuretted sulphuret of potassa) is formed. If
we consider the sulphuret as consisting of potassa and sulphur,
then the oxygen, as well as the hydrogen, of the water, must
be transferred to the sulphur, and sulphuric and sulphurous
acid, and sulphuretted hydrogen, would be formed ; and gene-
rally when the solutions of the fivers of sulphur are examined,
sulphate and sulphite of the alcali, are found. On the whole,
however, it appears most probable, that when sulphur and the
alcalies are fused together at a high temperature, the latter
undergo decomposition, and that sulphurets of their metallic
bases are actually formed.

207. Sulphite of Potassa is formed by passing sulphurous
acid into a solution of potassa, and evaporating out of the con-
tact of air. Rhomboidal plates are obtained, white, of a sul-

phurous taste, and very soluble. By exposure to air, they pass
into sulphate of potassa.

208. Sulphate of Potassa is the result of several chemical
operations carried on upon a large scale in the processes of the

~arts. It may be formed directly by saturating sulphuric acid

by potassa. 1Itis the sal de duobus of the old chemists : the

potasse sulphas of the London Pharmacopeia. lts taste is
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bitter. It erystallizes in short six sided prisms, terminated

by six-sided pyramids. The body of the prism is often

wanting, and the triangular-faced dodecaédron results.

salt dissolves in 16 parts of cold, and 5 of boiling water, Tt

consists of 3
1 proportional ofacid = 37,5
1 alcali = 45

82.5

209. Supersulphate or Bisulphate of Potassa, is formed by
adding sulphuric acid to a hot solution of sulphate of potassa.
The first crystals which form are in delicate needles of an acid
taste, soluble in 2 parts of water at G0°, and consist of

2 proportionals ofacid = 75 E
1 . potassa — 45 5
- 1

120 .

300. Phosphuret of Potassium is a brown compound, which
rapidly decomposes water, producing phosphuretted h}'drog&n
gas, and hydrophosphuret of potassa. :

301. Phosphite of Potassa 1s a soluble deliquescent uncrj's-
tallizable salt.

302. Phosphate of Potassa is a soluble difficultly crystal-
lizable salt. It may be obtained by careful evaporation, in
four-sided prisms, and octoédrons. It contains

£
-

1 proportional of potassa = 45
1 phosphoric acid = 26 5
71

308. Superphosphate or Biphosphate of Potassa is formed
by dissolving the neutral phosphate in phosphoric acid and
evaporating till crystals are obtained.

304. Potassa and Carbonic Acid.—These bodies combine
in two proportions, forming the subcarbonate and the bicar-
bonate of potassa, compounds which have heen long used and.
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] known under various names—such as fived nitre, salt of tartar,
: ﬁft of wormaood, vegetable alcaliy &c. Their composition was
1 ﬁrat ascerfained by Black. Bergman,in 1774, described their
| most essential properties. (Opuscula, Vol. I. p.13.)

~ 305. Subcarbonate of Potassa is a salt of great importance
in many arts and manufactures, and is known in commerce in
different states of purity, under the names of wood-ash, pot-ash,
and pearl-ash.

It may be obtained directly by passing carbonic acid into a
+ solution of potassa, evaporating to dryness, and exposing the
dry mass to a red heat; or indirectly by buming tartar,
+ whence the name salt of tartar has been applied to it.

- This salt is fusible without decomposition, at a red heat: it
‘i very soluble in water, and deliquesces by exposure to air,
| forming a dense solution, once called oil of tartar per deli-
t guium. lts taste is alcaline, and it renders vegetable blues

| green. It consists of

1 proportional acid = 20,7
o 1 potassa = 45

" The potash of commerce is obtained by burning wood, and
‘contamns a variety of mmpurities which render it of vamable
5_1 ue. In general, its purity may be judged of by its easy solu-

bility in water, two parts of which should entirely dissolve
‘one part of the salt; the residue, if any, consists of impurities,
ille quantity of nitric acid of a given density, requisite to
ﬁl:m-ate a given weight, may also be resorted to as a criterion of
its purity.  According to Vauquelin ( Ann. de Chim. Vol. xv.)
he principal varieties of this substance used in commerce, con-

tain the following ingredients :
k
3

;.
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s - o=

2 lE rEnaTiE B
Potash of Russia ..| 772 | 65 5 56 | 254
America ..| 857 | 154 | 20 21119
American PearLash. 754 | 8O0 | 4 6| 308 II.‘.‘i.
Potash of Treves. . .| 720 44 | 24| 199 | 1152
———Dantzic.. .| 603 | 152 | 14| 70| 804 115

Vosges....| 444 | 148 510 | 34 | 304 | 14

A saturated solution of sub-carbonate of potassa in water
contains about 48 per cent. of the salt, and has a specific

gravity of 1,5.

306. Bicarbonate of Potassa is formed by passing a current
of carbonic acid into a solution of the subcarbonate. By Eﬁlﬁ;‘
poration crystals are obtained in the form of four-sided prisms,
with dihedral summits. Their taste is only slightly nlcalm%

and they require for solution four parts of water, at 60°.

posed to a red heat, carbonicacid is evolved, and subcarbua
oi' potassa remains. This bicarbonate consists of /
2 proportionals of carbonic acid = 41,4

1

potassa,

=45

86,4

9
1
¥
b

In its erystalline form it contains water equal to ﬂuepmpﬁl’é
tional ; and, therefore, consists of 86,4 carbonate
8,5 water

94.9

v
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The subcarbonate and carbonate of potassa, are bothdecom-
wosed by lime, which deprives them of carbonic acid ; hence
the use of that earth in the process for obtaining pure potassa.
~ 307. The salts of potassium are soluble in water, and

~afford no precipitates with pure or carbonated alcalis. They
produce a precipitate in muriate of platinum, which is a triple
compound of potassa, oxide of platinum, and munatic acid.
They are not changed by sulphuretted hydrogen, nor by ferro-
prussiate of potassa *. Added to sulphate of alumina, they
enable 1t to crystallize, so as to form alum.

-

=

: Secrron I1.  Sodium.
- 308. Sopium is obtained from soda by an operation ana-
" Togous to that for procuring potassium from potassa. It is

soft, malleable, and easily sectile. Its sp. gr. 15 0,9. In co-

lour it resembles lead, it fuses at 180°, and is volatile at a
~white heat. It burns when heated m contact with air, and
- requires the same cautions to preserve it as potassium.

- 309. Sodium and Oxrygen.—When sodium is thrown upon
~ water, 1t produces violent action, but the metal does not in
. general inflame ; hydrogen is evolved, and a solution of soda
i 1§ procured. By the quantity of hydrogen evolved, we learn
\ that soda (protoride of sodium) consists of about 74,6 sodium
i and 25,4 oxygen per cent.; and, if soda be considered as the
| protoxide, the number representing the metal will be 22, and
soda will consist of 22 S. + 7,5 O., and be represented by 20,5.
- 310. By heating sodium in oxygen, an orange-coloured
oxide is formed, consisting of 22 S. 4+ 11,25 O., and which,
by the action of water, evolves oxygen, and produces a solu-
tion of the protoxide.

*The hydrocyanate of potassa, and the action of potassium on cyanogen
* will be described in the section on Iron,

02
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311. Soda, as it usually occurs in the laboratories, is oh.
tained from the subcarbonate, by the action of lime and al-
cohol, as described under the head potassa. It consists of
29,56 oxide of sodium + 8,5 water, and is represented by 38,
When soda is exposed to air, it soon becomes covered wi \
an efflorescence of subcarbonate of soda.  Its colour is grayisl
white, and it requires a red heat for fusion.

312. It is distinguished from pure potassa, by forming an
efflorescent paste when exposed to the atmosphere; potass
under the same circumstances deliquesces. If excess of tar-
taric acid be added to a solution of soda there is no precipita-
tion ; but in solution of potassa it occasions a deposit of a
number of minute crystals. Solution of soda occasions no pre-
cipitate when added to solution of muriate of platinum. Solu- ¢
tion of potassa occasions a yellow precipitate in solution of
platinum. !

818. Chloride of Sodium.—Sodium, when heated in chlorine,
burns and produces a white compound, of a pure saline flavour,
soluble in 2 parts of water at 60", and forming cubic crystals. |
It has all the properties of common salt or muriate of s >
and consists of

1 proportional of ehlorine = 33,5
sodium = 29,

35,0

This compound is decomposed, when heated with potassium.
Sodium and chloride of potassium are the results.

When soda 1s heated in chlorine, oxygen is evolved; wh
heated in muriatic acid, water is formed, and in both cases
chlonde of sodium is the product.

314. Common salt exists abundantly in nature, both as a
solid fossil and dissolved in water. Immense masses of it are
found in Cheshire, where it is known under the name of ri
salt. It is fusible at a red heat, without undergoing an)
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dgcompomtmu, and on cooling concretes into a hard white

315. It is decomposed by moist carbonate of potassa, and
- chloride of potassium and carbonate of soda are the results. In
: common process for obtaining munatic acid it is decom-
'. osed by sulphuric acid. (142) In this decomposition there is
a transfer of the oxygen contained in the water of the sulphuric
acid to the sodium of the salt, the chlorine of which combines
't]l the hydrogen of the water to produce muriatic acid gas.
':' he oxide of sodium unites with the dry sulphuric acid to pro-
duce sulphate of soda. (320.)
~ Common salt is of most extensive use as a preservative of
food, and as a condiment. Glauber first obtaimed muriatic acid
from it, and the existence of soda in it was shewn by Duhamel.
Its real nature was first demonstrated by Sir H. Dayy.
316. Sedium and lodinz act upon each other with the same
- phenomena as potassium, and an iodide of sodium is obtained.
The hydriodic acid and soda produce a similar compound.
317. Nitrate of Soda crystallizes in rhombs, soluble in three
parts of water at 60°. It has a cool sharp flavour, and is
somewhat deliquescent. It consists' of 20,5 soda + 50,5
nitric acid.

318. Sulphuret of Sodium and of Soda. See Potassiwm. (205.)
- 819. Sulphite of Soda is crystallizable in transparent four and
six-sided prisms, soluble in four parts of water at 60°. It con-
~ sists of 20,5 soda + 30 sulphurous acid. The crystals contain
twelve proportionals of water = 102,

820. Sulphate of Soda—Glauber’s Salt—is abundantly
prOduced in the manufacture of muriatic acid, by the action of

sulphuric acid upon common salt.
~ Common salt consists of 22 sodium + 33,5 chlorine, Sul-

phuric acid consists of 37,5 dry acid + 8,5 water. The water
.fthe acid, consisting of 1 hydrogen + 7,5 oxygen, is decom-
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posed. Its hydrogen is transferred to the chlorine to produce
gaseous muriatic acid (1 H. + 83,56 C.= 34,56 Mur. A.),
and its oxygen unites to the sodium, forming dry soda (7,5
Ox.+ 22 S.=129,5 soda). The 37,5 dry acid unite to
the 29,5 soda, to produce sulphate of soda, which will be
represented by the number 67. Sulphate of soda cr}rstal]izea-}
from its aqueous solution in large four-sided prisms, transparent,
and eflorescent when exposed to air. They consist of 67 dry i‘
sulphate + 85 water.

The taste of sulphate of soda is saline and bitter: it is
soluble in rather less than three times its weight of water at
60°. When exposed to heat it undergoes watery fusion, that
1s, it melts in its own water of crystallization. 4

Sulphate of soda i1s sometimes decomposed for the purpose
of obtaining soda, by igniting it with chalk and charcoal, or
with iron and charcoal. (Of these processes a full account is
given in Aikin’s Dictionary, Art. Muriate of Soda.)

321. Bi-sulphate of Soda is obtained by adding sulphuric
acid to a hot solution of sulphate of soda. It ecrystallizes in
rhomboids soluble in twice their weight of water at 60°. This
salt consists of 67 sulphate of soda + 37,5 sulphuric acid =
104,5. (Crell’'s Annals, 1796.) :

322. Ammonio-sulphate of Soda is a triple salt, formed by
saturating the bi-sulphate with ammonia. (Crell’s Annals,
1796.) .

323. Phosphate of Soda crystallizes in rhomboidal prisms,
soluble in four parts of water at 60°, and efflorescing when
exposed. It comsists of

20,5 soda.
26 phosphoric acid.

55,5
The crystals contain about 60 per cent. of water: itis usually
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obtained for pharmaceutical purposes by saturating the impure
phosphoric acid, obtained from calcined bones by sulphuric
acid (202) with subcarbonate of soda: the liquor is filtered,
evaporated, and set aside to crystallize.

 324. Ammonio-phosphate of Soda exists m human urine,
whence it was procured by the early chemists under the names
of microcosmic and fusible salt. When exposed to heat the
ammonia is expelled, and a bi-phosphate of soda remains: it
appears to consist of two proportionals of phosphoric acid =
52; one of soda = 29,5, and one of ammonia =16. (Fourcroy,

- Annales de Chimie, vi1. 183.)

325. Subcarbonate of Soda is chiefly obtained by the com-
‘bustion of marine plants, the ashes of which afford, by lixivia-

 tion, the impure alcali, called barilla, or soda. In that state

it is contaminated by common salt, and other impurities, from

~which it may be separated by solution in a small portion of

‘water, filtrating the solution, and evaporating it at a low heat:
‘the common salt may be skimmed off as its crystals form upon
the surface. The primitive crystalline form of subcarbonate
‘of soda is an octoédron, with a rhombic base; the solid angles
of the summit are always wanting, being replaced by planes
i-i}mrallizl to the base, and thus presenting a solid with 10 sur-
faces. It is soluble in half its weight of water at 60°. Its
taste is strongly alcaline, and it greens vegetable blues. I
‘consists of

20,5 soda.
20,7 carbome aeid.

50,2

Its crystals contain seven proportionals of water = 59,5,

which may be expelled by heat. They effloresce by exposure
to air,

326. Bicarbonate of Soda is formed by passing carbenic
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acid through the solution of the subcarbonate. By evaporati
a crystalline mass is obtained. This salt consists of

29,5 soda.
41,4 carbonic acid.

70,9
327, This salt, as well as the bi-carbonate of potassa, may
be obtained by treating their respective subcarbonates with
subcarbonate of ammonia. (See London Pharmacopaia.)
The bi-carbonate of soda has a very slightly alcaline
taste, and it 1s much less soluble in water than the sub-
carbonate.
A mixture of the carbonates of soda occurs native in great
abundance in Africa, in the province of Gahena, near Fezzan
The natives call it Trona. '
3e8. Subborate of Soda— Borax.—This salt, which has
been very long known, is imported from India in an impure
state, under the name of Tincal, which, when purified, is
called Boraxz. It crystallizes in irregular hexaedral prisms,
slightly eflorescent. Its taste is alcalme and styptic, It is
soluble in 20 parts of water at 602, and in six parts of boilin
water. When heated it loses water of crystallization, an
becomes a porous friable mass, called calcined borax. It con-
sists, according to Bergman, of g

34 acid. g
17 soda,
40 water.

100

o

Sulphuric acid decomposes this salt, producing sulphate of
soda and boracic acid. (244)

320. The salts of sodium are soluble in water. They are
not precipitated either by pure or carbonated alcalies, or
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hydrosulphuret of ammonia, or ferro-prussiate of potassa;
they produce no precipitate in solution of muriate of platinum,
and do not convert sulphate of alumina into alum.
~ 530. Potassium and sodium form an alloy, which, if com-
- posed of one part of potassium and three of sodium, remains
fluid at 32. Equal parts of the metals form a brittle crystal-
 lizable alloy.
o

{ Secrion 111, Lithwum.
' i
331, Ix the analysis of a mineral, called petalite, M. Arf-
* hdsun discovered about three per cent. of an alcaline sub-
~ stance, which was at first supposed to be soda; but, finding
i ‘that it required for its neutralization a much largﬁr quantity of
- acid than soda, he was led to suspect its identity with that
‘-ﬂcall and the further prosecution of his inquiries fully de-
3 honatmted that it possessed peculiar properties. The mineral
hllmi triphane, or spodumene, also affords the same substance,
o o which the term lithia, deduced from its lapideous original,
ﬂma been applied.
~ The following is the mode of obtaining lithia from the above
* substances:—Reduce the mineral to a fine powder, and fuse
_ it with about half its weight of potassa; dissolve the fused mass
‘, *I muriatic acid, filter, and evaporate to dryness; digest the
' hry mass in alcohol; the only substance present, soluble in that
- liquid, is the muriate of lithia, which is taken up, and by a
second solution and evaporation is obtained pure. It may be
- decomposed by digesting carbonate of silver in its aqueous
solution, by which a carbonate of lithia is formed, decom-
Pposable by lime, in the way of the other alcaline carbonates.
~ 332. When lithia is submitted to the action of the Voltaic
Pile, it is decomposed with the same phenomena as potassa

—
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and soda; a brlliant white and highly combustible metalli
substance is separated, which may be called lithium, the te
lithia being applied to its oxide.

The properties of this metal have not hitherto been investi
gated, in consequence of the difficulty of procuring any quanti
of its oxide.

338. Pure lithia is very soluble in water, and its soluti
tastes acrid like the other fixed alcalis. It acts powerfully nn.;.
vegetable blues, converting them to green.

Direct experiments upon the composition of lithia are j’&t?‘:
wanting. By calculation from the composition of the sulphate,
as analysed by Vauquelin, it would appear to contain about
55,2 lithium + 44,8 oxygen. -

334. Chloride of Lithium, obtained by evaporating the
muriate to dryness, and fusing it, is a white semi-transparent
substance, It evidently differs from the chlorides of potassium
and sodium, in being extremely deliquescent; in being soluble
in alcohol; in being decomposed when strongly heated in the
open air, when it loses chlorine, absorbs oxygen, and becomes
highly alcaline ; in being very difficultly crystallizable; and in
tinging the flame of alcohol of a red colour.

335. Iodide of Lithium.—The action of iodine and of hydrn-
odic acid on lithia has not been examined.

3386. Nitrate of Lithia is a very soluble deliquescent salt,
fusible and decomposed by heat ; its taste is cooling; it crystal-
lizes in rhomboids.

337. Sulphuret of Lithium.—The action of sulphur on
lithium and lithia appears analogous to its action on potassium
and potassa, but the cumpuunda have not been precisely

examined.

358. Sulphate of Lithia crystallizes in small rectangulay
prisms, perfectly white, and possessed of much lustre, Their
taste is saline, and their solubility intermediate between that
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 of sulphate of potassa and sulphate of soda. The crystals
. contain no water, and fuse at a heat below redness, Their
~ solution occasions no change in solution of platinum, nor in
~tartaric acid. They consist of

Sulphuric acid ..cceeves... 69,18
LAUINE S oo v ve son bnnasanavan SAON
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~ 339. Phosphate of Lithia has not been examined.
- 840. Cm'bomfe'qf Lithia.—~When a strong solution of car-
~ bonate of potassa is added to sulphate of lithia, a white pre-
 cipitate of subcarbonate of lithia 1s formed. It requires about
100 parts of water at 60° for its solution. It is fusible, alcaline,
effervesces with acids, and absorbs carbonic acid from the air.
Lithia and its carbonate, when heated upon platinum, act
- upon that metal,
~ 341. If we assume from Vauquelin’s corrected analysis of
; ﬂ:a sulphate, that lithia contains 45 per cent. of oxygen and
- 55 of lithinm, and that it is a protoxide, then 55 : 45 : : 7,5 : 9, 1.
" So that the number 9 might be assuméd as the representajive
 number of lithium; and oxide of lithium, or lithia, would
B i

:Lithium vesrsssavensene 9+ Oxygen .ovi 7,5 = 16,5

Chloride—Lithium .... 9 + Chlorine.... 33,5 = 42,5

Nitrate of Lithia—Lithia . 16,5 + Nitr. acid ... 50,5 = 67
P Sulphate ......ec00eee. 16,5 + Sul. acid ... 87,5 = 54
~ Subcarbonate .......... 16,5 + Carb. acid .. 20,7 = 57,2

Section IV. Caleium.

342, WueN lime is electrized negatively in contact with
mercury, an amalgam is obtained, which, by distillation,
affords a white metal. It has been called calcium, and when
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exposed to air, and gently heated, it burns and produces the
oxide of calcium, or lime.
343. Lime appears to consist of 10 parts of this metalli
base united to 7,5 parts of oxygen, so that its representative
number will be = 26,5.
The combinations of lime are very abundant natural pro-
ducts, and of these the native carbonate which, more or less
pure, constitutes the different kinds of marble, chalk, an _'
limestone, and which is also the leading hardening principle of
shell, coral, &c., may be considered as the most important.
Pure lime may be obtained by exposing powdered white
marble to a white heat. Its colour is grey; it is acrid H"j_'_;
caustic, and converts vegetable blues to green; its specific
gravity is 2,9; it is very difficult of fusion. Exposed to air 1t
becomes white by the absorption of water and a little carbonie
acid.
When a small quantity of water is poured upon lime, there
is a great rise of temperature resulting from the solidification
of a portion of the water, and a white powder is obtan
called slacked lime, which is a hydrate, and which appears tc
consist of one proportional of water = 8,5 + one proportional
of lime = 26,5.
Lime may be obtained in a crystalline form by placing lime-
water under the receiver of an air-pump, containg another
vessel of sulphuric acid. The water is thus slowly evaporated,
and imperfect six-sided crystals of hydrate of lime are formed.
(Gay Lussac, Annales de Chimie et Phys. 1. 334.) “t
At the temperature of 60°, 750 parts of water are re:qmmﬂ
for the solution of one part of lime.
$44. Lime-water is limpid and colourless ; its taste is nau-
seous, acrid, and alcaline, and it converts vegetable blues to
green. It is usually prepared by pouring warm water upon
powdered lime, and allowing the mixture to cool ina close
vessel: the clear part is then decanted from the remammng
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\ undissolved portion of lime. When lime-water is exposed to
| the air, a pellicle of carbonate of lime forms upon its surface,
i-hich if broken, is succeeded by others, until the whole of
 the lime is thus separated in the form of an msoluble car-
bonate.
 345. Chloride of Calcium is produced by heating lime in
el orine, in which case oxygen is evolved ; or by evaporating
muriate of lime, obtained by dissolving carbonate of lime in
] nnatlc acid, to dryness, and exposing the dry mass to a red
eat in close vessels. It consists of 19 calcium + 33,5 chlorine
52,5. This compound has a strong attraction for water; it
i , iquesces when exposed to air, and is difficultly crystallizable
.:}. rom its aqueous solutions. With care, however, it may be
~obtained in six-sided prisms, consisting of the chloride com-
-.,; bined with water. It 1s most readily crystallized by exposing
i its solution to the temperature of 32°. Its taste is bitter and
acrid; one part of water at G0° dissolves four parts of the
chloride. 1t 1s copiously soluble in alcohol, and much heat
is evolved during the solution. When fused it acquires a

hoaphorescent property, as was first observed by Homberg, and
“hence termed Homberg's phosphorus. 1tis abundantly produced
~in the manufacture of carbonate of ammonia, from the decom-
~ position of muriate of ammonia by lime, and hence has some-
~ times been called fived sal ammoniac. The production of cold
y mixing muriate of lime with snow has already been adverted
to, (page 32.) Chlonde of lime absorbs ammoniacal gas in

considerable quantities. (Faraday, Journal of Science, Vol. V.
P 74)

346. Todate of Lime is difficuldy cryfMilizable in small

g uadmngu[nr prisms.

Hydriodate of Lime is very deliquescent; when dried, it
becomes iodide of caleium, a white fusible compound.
347. Nitrate of Lime i1s a deliquescent salt, soluble in 4
of water at 60°. It is found m old plaster and mortar,
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from the washings of which nitre is procured by the addition of |

subcarbonate of potassa. It is composed of :
LA oiwiisre ¢ oo siwin e BOES
Nitric acld «sss 0000 50,5

77

The production of this salt in artificial nitre-beds has
already been adverted to. It may be crystallized in six-sid ed
prisms, It is soluble in alcohol. When exposed to a moderate
heat it undergoes watery fusion; the water then evaporates,
and the salt fuses: on cooling it concretes into a semi-trans-
parent phosphorescent substance, called from the discoverer
of this property, Baldwin’s Phosphorus. At a red heat it is
decomposed ; its acid is dissipated, and pure lime remains, It
contains in its crystallized state about 25 per cent. of water, and
may hence be considered as composed of

l Prﬂpﬂrtiﬂﬂﬁl dry I].i'l:rﬂtﬂ EEEE R ??
3 waternjlq.glil- 25,5

102,5

348. Sulphuret of Lime is formed by heating lime with
sulphur. It is soluble in water with the same phenomena as

oy - P A R S W i Y= T

sulphuret of potassa. |
349. Sulphate of Lime cccurs native in selenite, gypsum,
and plaster stone. It is easily formed artificially, and then
affords silky crystals soluble in 350 parts of water. When these,
or the native crystallized sulphate are exposed to a red heat,
they lose water, and fall into a white powder (plaster of Pam},
which, made in paste with water, soon solidifies. Dry :
g‘m&ts of ;|
26,5 lime. '
37,5 sulph. acid

—_——

64 :
Crystalline selenite contains two proportionals of water, and

|

auo wFR L I“--h-—r:!“

sulphate of lime

o
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i1s consequently represented by 64 4 17, or 81. As sulphate
i of lime is more soluble in water than pure lime, sulphuric acid
 affords no precipitate when added to lime-water. Nearly all
' spring and river water contains this salt, and in those waters
 which are called Aard it is abundant. It gives to them a slightly
| pauseous taste. At a very high temperature sulphate of lime
15 fusible, but it suffers no decomposition; heated with char-
~coal it is converted into a sulphuret.

350. Native sulphate of lime occurs in various forms. The
crystallized variety i1s usually called selenite; the fibrous and
earthy, gypsum : and the granular or massive, alabaster. The
primitive form of selenite is a rhomboidal prism of 113° 8
and 66° 52'. The crystals are commonly transparent, and of
various colours; it is softer than native carbonate of lime, and
yields very easily to the nail. It is seldom found in veins, but

- general disseminated in argillaceous strata. It occurs in Cum-

berland at Alston, and in Oxfordshire at Shotover Hill, where
it is often accompanied by shells and pyrites, and appears to
have resulted from their mutual decomposition. A beantiful
fibrous variety is found in Derbyshire, applicable to ornamental
purposes.

. Massive and granular gypsum is found in this country
accompanying the salt-deposits in Cheshire, It abounds at
Montmartre, near Paris, and contains organic remains;
sometimes it forms entire hills. In the Tyrolese, Swiss, and
Ttalian Alps, it is found upon the primitive rocks, often of the
purest white, especially at Montier, near Montblanc, and near
the summit of Mount Cenis. [t is turned by the lathe, and
sculptured into a variety of beautiful forms,%wore especially by
the Florentine artists.

There is a variety of sulphate of lime, which has been
called anhydrous gypsum, or anhydrite, in reference to its con-
taining no water. [t is harder than selenite, and sometimes
contains common salt, and is called muriacite. It is rarely
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crystallized, generally massive and lamellar, and susceptible
of division into rectangular prisms. It has been found in Der-
byshire and Nottinghamshire of a pale blue tint; sometimes it
is pink or reddish, and often white. It has been found at
Vulpino, in Italy, and hence called Fulpinite. The statuaries
of Bergamo and Milan employ it, and artists know it by the
name of Marbre Bardiglio di Bergamo. A compound of sul-
phate of lime and sulphate of soda is found in the salt-mines of
New Castile, which mineralogists have described under the
name of Glauberite.

351. Phosphuret of Lime.—By passing phosphorus over
red-hot lime, a brown compound is produced, which rapidly
decomposes water with the evolution of phosphuretted hy-
drogen gas. Hydrophosphuret and hypo-phosphate of lime
are also formed, &

352. Phosphate of Lime exists abundantly in the bones of ani
mals; it is also found in the mineral world. 1t may be formed
artificially, by mixing solutions of phosphate of soda and mu-
riate of lime. It is insipid and insoluble, but dissolves in dilute
nitric and muriatic acid without decomposition. It is decom-
posed by sulphuric acid, and thus the phosphoric acid for the
production of phosphorus is usually procured. (202) It consist€of

26,5 lime.
266 phosphoric acid.

52,3
At a very high temperature phosphate of lime fuses into an

opaque white enamel.
353. Biphosphdte of Lime is formed by digesting the phos- -
phate in phosphoric acid. On evaporation a white deliquescent
unerystallizable mass is obtained, composed of one propor--
tional of lime + two of phosphoric acid.
354, Native Phosphate of Lime has by some been regar ded
as a mb—pﬁmphﬂfe in which case it would be composed uf

..-v-l'
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~ two proportionals of lime + one phosphoric acid. This com-
pound occurs crystallized and massive, and is known under the
wames of apatite, asparagus stone, and phosphorite. The crys-
tallized variety is found in Cornwall and Devonshire, of singular
beauty. Its primitive form is a six-sided prism: it also
occurs in voleanic products ; and, what is curious, the former
_is phosphorescent and the latter not. The massive variety is
found in Bohemia and in Spain.
355. Carlonate of Lime 1s the most abundant compound of
‘this earth. When lime-water is exposed to air, it becomes
- covered with an insoluble film of carbonate of lime, and hence
- is an excellent test of the presence of carbonic acid. But
: ‘excess of carbonic acid re-dissolves the precipitate, producing
B, .‘ super-carbonate. Carbonate of lime is precipitated by the
- carbonated alcalies from solutions of muriate and nitrate of
~ lime. Exposed to a red heat the carbonic acid escapes, and
~ quicklime is obtained. 1t consists of

' 4 26,5 lime.

i 20,7 carbovic acid.
4 47,2

.

356. Carbonate of lime occurs in nature in great abundance
- and in various forms. The primitive form of crystallized car-
“bonate of lime, or calcareous spar, 1s an obtuse rhomboid of
1105° 5, and 74° 55°. Its specific gravity is 2,7. It occurs in
“every kind of rock, and its secondary forms are more numerous
“than those of any other substance; sometimes it forms fine
stalactites, of which some of the caverns of Derbyshire furnish
~magnificent specimens ; it is here deposited from its solution in
water acidulated by the carbonic acid, and substances immersed
i this water become encrusted by carbonate of lime, when the
excess of acid flies off, as seen in the petrifying well of Mat-
lock. A fibrous variety of carbonate of lime, called satin spar,
is found in Cumberland. Another variety, originally found in
P
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Arragon in Spain, has been termed Arragonite; it occurs m |
six-sided crystals, of a reddish colour, and harder than tlm 1
common carbonate. There is an acicular, or fibrous vanaty,
found in France and Germany, and the white radiated nuhsta.nce,
1mpmperly called flos ferri, is also regarded as of the same
species. Some varieties contain about 3 per cent. of strontia.

All the varieties of marble and lime-stone consist essentially ,
of carbonate of lime; of these, white grunular lime-stone, or
primitwve marble, is most esteemed; there are, also, many
coloured varieties of extreme beauty. It is distinguished from
secondary lime-stones by the absence of all organic remains, by
its granularly foliated structure, and by its association with
other primitive substances.

The most celebrated statuary marble is that of Paros and of
Mons Pentelicus, near Athens: of these, some of the finest
specimens of ancient sculpture are composed. The marble of
Carrara, or Luni, on the eastern coast of the Gulf of Genoa,
is also much esteemed ; it is milk white, and less crystalline
than the Parian.

Many beautiful marbles for ornamental purposes are quarried
in Derbyshire, and especially the black marble, called also
Laucullite. Westmorland and Devonshire also afford beautiful
varieties, and in Anglesea, a marble, intermixed with green
serpentine, 1s found, little inferior in beauty to the verd antique

Among the inferior lime-stones, we enumerate many varieties,
such as common marble, bituminous lime-stone, abundant upon
the Avon, near Bristol, and known under the name of swine-
stone or stink-stone, from the peculiar smell which it affords
when rubbed: Qolite or Roestone, of which the houses of
Bath are built ; and its variety, called Portland stone: Pisolite
consists of small rounded masses, composed of concentric
layers, with a grain of sand always in the centre: and, lastly,
chalk and marl.

All these substances are more or less useful for ornamenta
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purposes, or for building; they afford quicklime when bumed,
and in that state are of great importance as manures.

'357. The salts of lime have the following properties:—
Those which are soluble are not altered by pure ammonia,
but they are decomposed by potassa and soda. They are also
decomposed by the carbonates of potassa, soda, and am-
monia, which produce precipitates of carbonate of lime. *

Oxalate of ammonia produces in their solutions a white
msoluble precipitate of oxalate of lime, which, exposed to a
red heat, affords pure lime.

~ The insoluble salts of lime are decomposed by being boiled
with carbonate of potassa, and afford carbonate of lime.

358. Fluor Spar—Fluate of Lime.—These terms have been
ql)lleﬂ to a body containing a peculiar principle which has not
Tt been obtained in an insulated state.

It is a principle which probably belongs to the acidifying
electro-negative supporters of combustion, and which in fluor
spar is, perhaps, united to calcium. It appears to be united
‘with hydrogen in the fluoric or hydrofiuoric acid. This sup-
posed base has been called fluorine by Sir H. Davy; and phtore
(from @Bigias, destructive), by M. Ampére.

359. Fluor Spar is a mineral found in many parts of the
world, but in great beauty and abundance in England, and
especially in Derbyshire. Here it is commonly called Derby-
8¢ shire spar, or by the miners of that county, blue Jokn. Itis
usually found in cubic crystals, which may easily be cleaved
| into octoédra, considered as its primitive form. Its colours
! are extremely various. Its sp. gr. 3. It phosphoresces when
¢ exposed to heat a little below redness. It generally occurs in
' veins; in the Odin mine at Castleton, in Derbyshire, it is found
| in detached masses, from an inch to more than a foot in thick-
1 mess; their structure is divergent, and the colours, which are
.‘ Various, disposed in concentric bands. It is the only variety
'+ which affords the beautiful vases and other ornamental articles.
P2

N, el
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Compact fluor is a scarce variety : the finest specimens come
from the Hartz. A third variety is chlorophane, so called from
the beautiful pale green light which it exhibits when heated.

The nature of the colouring matter of fluor spar is not
exactly understood. It is hable to fade, and the blue varieti
become red and brown by heat. j

360. Hydrofluoric acid (hydrophtoric) is procured by diatil%
ling a mixture of one part of the purest fluor spar in fine pow-
der, with two of sulphuric acid ; the distillatory apparatus “‘2
receiver should be of lead or silver; the heat required is not
considerable ; au]phate of hme remains in the retort, and a
highly acrid and corrosive hqmd passes over, which requires the
assistance of ice for its condensation.

This acid 1s colourless, of a very pungent smell, and ex-
tremely destructive. If applied to the skin it instantly kills the
part, produces extreme pain, and extensive ulceration. At
80° it becomes gaseous; it has never been frozen; it produces
white fumes when exposed to a moist air. i

This acid acts upon potassium and sodium, and some other
metals, with great energy ; hydrogen isevolved, and a peculiar
compound, probably of the basis of the acid, and the metal,
results. These compounds might be called fluorides.

361. Fluoboric acid.—This is probably a compound of
fluorine with boron. It is gaseous, and may be obtained by
heating in a glass retort twelve parts of sulphuric acid, with a
mixture of one part of fused boracic acid and two of fluate of
jime, reduced to a very fine powder. The gas must be received
over mercury: 100 cubical inches weigh 73,5 grains; so that
the specific gravity of fluoboric acid, compared with hydrogen,
is 32,68, and with atmospheric air, 23,71. It produces very
copious fumes when suffered to escape into a moist atmosphere;
and when acted upon by water, which dissolves 700 times its
volume, it affords a solution of hydrofluoric and boracic acids,
whence it would seem that the hydrogen is transferred to the
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| fluorine, and the oxygen to the boron. It acts with great
. energy on vegetable and animal bodies, depriving them of
. moisture and hydrogen.

~ 362. The fluoboric acid combines with different bases, and
- produces a class of salts which have been called fluoborates.

Section V. Barium.

~ 363. To obtain this metal, the earth baryta is negatively
electrized in contact with mercury ; an amalgam is gradually
'-trmad, from which the mercury may be expelled by heat, and
ﬁe metal barium remains; appearing, according to Sir H.

:',Davy, of a dark grey colour, and being more than twice as
~ heavy as water. It greedily absorbs oxygen, and burns with a

p red light when gently heated, producing the oxide of
' _b-anmn.
~ 364. Oxide of Barium, or baryta, is obtained by exposing the

nitrate of baryta to a bright red heat. It is of a grey colour,

and very difficult of fusion; and appears to consist of 65
: iﬁmum-}?,.ﬁ oxygen, and 1s, cnnxequently, represented by 72,5.

It eagerly absorbs water, heat is evolved, and a white solid is

formed, containing about 10 per cent. of water; this is the

bdrﬂte of baryta, and may be considered as a cumpound of 1

portional of baryta = 72,5 + 1 proportional of water = 8,5,

and i 15, consequently, represented by 81.

. This hydrate dissolves in boiling water; and, as the solution
tmls, deposits flattened hexagonal prisms, which contain a
’large quantity of water, and are easily fusible. The aulutlun’
or baryta water, is limpid, colourless, and acts energetically on
vegetable blues and yellows, changing them to green and red ;
s baryta, like the alcalis, converts vegetable blues to green,
}ﬂd serves as an Intermede between oil and water, it has been
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called an alcaline earth. 1t is highly poisonous. It exists in
two natural combinations only, namely, as sulphate and car-
bonate.

According to M. Gay-Lussac, there is a peroxide of barium
obtained by heating baryta in oxygen. It is of a grey colour,
and gives out oxygen when acted upon by water.

365. Chioride of Barium may be obtained by heating baryta
in chlorine, in which case oxygen is evolved: or more easily, by
dissolving carbonate of baryta in diluted muriatic acid. By eva-
poration, tabular crystals are obtained, soluble in 5 parts of
water at 60°; and consisting, when dry, of 65 barium + 33,5
chlorine = 98,5. Its taste is pungent and acrid; when exposed
to heat, the water of crystallization separates, and the dry
chloride enters into fusion.

366. Chlorate of Baryta is formed in the same way as chlo-
rate of potassa. It crystallizes in quadrangular prisms, soluble
in four parts of water, at 60°. It consists of

1 proportional of baryta = 72,5
1'chlonc Aeid. susvsian = 11

143,5
Or of 1 proportional of barium = 65

6 of oxygen = 45
1 =——— of chlorine = 38,5

143,5

Gay-Lussac procured chloric acid by the action of sulphurie
acid upon this salt. '

867. Iodide of Barium is easily formed by acting upon
baryta, by hydriodic acid, and evaporating the solution., It
may also be formed by.heating baryta in hydriodic gas.

Todate of Baryta is a very difficultly soluble compound ; the
hydriodate is crystallizable and very soluble.

$68. Nitrate of Baryta may be produced by dissolving the
native carbonate in nitric acid, evaporating to drynsss, re-dis- |
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solving and crystallizing; it forms octogédra. Its taste 1s acrid
and astringent. It is soluble in 12 parts of cold and 4 of
boiling water; it is decomposed by heat, furnishing pure
baryta. It consists of :

72,5 baryta.
50,5 nitric acid.

123

369. Sulphuret of Barium is a brown compound, which acts
upon water as already described, producing hydrosulpburet of
baryta. :

370. Sulphate of Baryta is an abundant natural product; 1t
is insoluble, and therefore produced whenever sulphuric acid
or a soluble sulphate, is added to any soluble salt of baryta.
Hence the solutions of baryta are accurate tests of the presence
of sulphuric acid. They are all highly poisonous, and sulphate
of soda, or dilute sulphuric acid, are the best antidotes. Sul-
phate of baryta consists of one proportional of sulphuric acid
and one of baryta.

37,5 sul. acid.
72,5 baryta.

110

When native sulphate of baryta is heated it decrepitates,
and at a high temperature fuses to an opaque white enamel:
it was employed in the manufacture of jasper ware by ghe late
Mr. Wedgwood. When formed into a thin cake with paste,
and heated to redness, it acquires the property of phospho-
rescence. '['his was first ascertained by Vincenzo Cascariolo, of
Bologna, whence the term Bologna phesphorus is applied to it.
(118.) The artificial sulphate of baryta is used as a pigment,
under the name of permanent white. It is very useful for marking
phials and jars in a laboratory. Sulphate of baryta is sparingly
soluble in sulphuric acid.
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Native sulphate of baryta is principally found in the
mines of Westmorland and Cumberland, and in Transylvanias
Hungary, Saxony, and Hanover. A variety, met with in Der-
byshire, is called cawk. It occurs massive, and crystallizes ina
great variety of forms. Its primitive figure 1s a rhomboidal
prism, the angles of which are 101° 42, and 78° 18". Itis
harder than carbonate of lime, but not so hard as fluate of
lime. Its sp. gr. is 4,7.

371. Phosphuret of Barium is produced by passing phﬂsphﬂrus .
over heated baryta; there is an intense action and a phosphuret
of a metallic lustre is obtained, which acts upon water, and
affords a solution of hydrophosphuret. '

372. Phosphate of Baryta consists of

e

26 phosphoric acid.
72,5 baryta,

08,5

It is insoluble in water; and, therefore, formed by adding a
-solution of phosphoric acid or phosphate of soda to nitrate or
muriate of baryta.

373. Carbonate of Baryta is found native. Artificially pro-
duced, it is a white compound insoluble in water, containing

20,7 carb. acid.
72,5 baryta.
@ 03,2

It is poisonous.

374. Native carbonate of baryta was first discovered at
Anglesark, n Lancashire, by Dr. Withering, and hence
acquired the name of Witherite. It has also been found in
Wales, Cumberland, Durham, Westmorland, and Shropshire.
Its primitive erystal is an obtuse rhomboid : sometimes it forms
pyramidal six-sided prisms. That found in Lancashire is in
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{ globular masses of a radiated structure. It 1s useful as a
. source of pure baryta and its salts.

875. Borate of Baryta is an insoluble white powder.

376. The soluble barytic salts furnish white precipitates of
. carbonate and sulphate of baryta, upon the addition of car-
' bonate or sulphate of soda. Tlm:,rr are poisonous, and give a
- yellow tinge to the flame of spirit of wine. The sulphate is

- msoluble in nitric acid and in the alcalis.
N |

SectioNn VI. Strontium.

377. Tais metal is procured from the earth strontia by the
same process as barium, which metal it resembles in appear-
ance.

378. Oumide of Strontium, or the earth Strontia, is procured
by the ignition of the pure nitrate ; it is of a grey colour ; it
forms a pulverulent, and a crystallized hydrate. It consists of

¢ 1

44,5 strontium.
” 7,5 oxygen.

Y 52
The pulverulent hydrate contains

52 strontia.
8,5 water.

60,5 .

1 part of strontia requires about 160 of water at 60° for its
solution. Strontia water is transparent and colourless,—it
greens vegetable blues, and its taste is styptic and acrid.

- 379. Chlorine and Strontium.—This compound which has
also been called muriate of strontia, is commonly procured by
dissolving carbonate of strontia in muriatic acid. It erystal-
lizes in slender six-sided prisms, soluble in twice their weight
of water, at 60°. When chlorine is made to act upon strontia,
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it is absorbed, and oxygen evolved. The resulting cnmpnuﬁ%

contains A
44,5 strontium.
33,5 chlorine.

m——

78

It is of a grey colour. It dissolves in alcohol, and the sol
tion burns with a purple-coloured flame. |
380. Iodide of Strontium may be formed as iodide of bari
381. Nitrate of Strontia crystallizes in dodecaedra; it i
soluble in its weight of water at 60°. [t consists of

"*r.,'._,' T

52 strontia 3

50,5 nitric acid. !

102,5 )

Its taste is pungent and cooling. At a red heat the acid is
evolved and strontia remains. =.'

382. Sulphate of Strontia occurs native. It is nearly inso-
luble, 1 part requiring 4,000 of water for its solution,
When heated with charcoal, its acid is decomposed, and sul-
phuret of strontia is formed, which affords nitrate by the action
of nitric acid. This process, equally practicable upon sulphate
of baryta, is sometimes adopted to obtain the earth. Sulphate
of strontia contains

52 strontia.
87,5 acid.

. 80,5

383. The native sulphate is sometimes of a blue tint, and
has hence been called celestine. Sometimes it is colourless
and transparent. Its primitive form is a prism of 104° 48.
and 75° 42 with a rhomboidal basis. It has been found at
Strontian in Argyleshire, in the vicinity of Bristol, and at
Montmartre near Paris. The finest crystallized specimens
are accompanied with native sulphur, from Sicily. Its
specific gravity is 3.2,
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384, Phosphate of Strontia is an insoluble white salt, con-
§ W E

52 strontia.

26 acid.

78
~ Ttis soluble in excess of phosphoric acid, which is not the
case with phosphate of baryta.
By ignition with charcoal, phosphuret of strontium is obtained.
385. Carbonate of Strontia exists native. Artificially formed,
it is a white insoluble body, containing
52  strontia
20,7 carbonic acid.

79,7

~ When strongly heated witha little charcoal powder, it is decom-
posed, carbonic oxide is given off, and pure strontia remains.
- 386. Native carbonate of strontia is a rare mineral. It has
a greenish tint, and occurs in radiated masses, and sometimes
i acicular and hexaedral crystals. It was first discovered
at Strontian in Argyleshire, whence the name of this earth ; it
‘has also been found in Saxony, and in Peru. Its specific
‘gra?it}f is 3,6.

387. There 15 in many respects a resemblance between
strontia and baryta, which has led to confusion in analyses.

The following are some of the most striking points of re-
semblance. They areboth found native in the states of sulphate
and carbonate only ; both sulphates are soluble in excess of
sulphuric acid, and nearly insoluble in water; they are decom-
posable by similar means, as well as the native carbonates :
they are both crystallizable from their hot aqueous solutions, and
both attract carbonic acid. The carbonates are each soluble
‘with effervescence in most of theacids; but the native carbonates
‘are not so easily acted on as the artificial. Pure ammonia
precipitates neither one nor the other.

The following are essential distinctions. Baryta and all its
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salts, except the sulphate, are poisonous. The corresponding
strontitic salts are innocent. Baryta tinges flame jre!lqu
strontia, red: strontia has less attraction for acids than baryta;
hence the strontitic salts are decomposed by baryta. The
greater number of the barytic salts are less soluble than those
of strontia, and they differ in their respective forms and snlué{
bilities. Pure baryta is ten times more soluble in water
pure strontia.

Secrion VIL. Magnesium.

I-'_;' “mj’

388. Tue metallic base of magnesia has not hitherto been
obtained; but, when that earth is negatively electrized with
mercury, the resulting compound decomposes water, and gives
rise to the formation of magnesia. "

389. Magnesia or Oxide of Magnesium—is concluded, from
indirect experiments, to consist of 11 metal + 7,5 oxygen ; its
representative number, therefore, is 18,5. It may be pmcureﬂ?
byexposing the carbonate of magnesia to a red heat. Magnesiz |
is a white insipid substance, which slightly greens the blue
violets. Its specific gravity 1s 2,3; it 1s almost nfusible an
insoluble in water. It does not absorb carbomic acid, ﬂiﬁ
moisture, as is the case with the other alcaline earths.

390. Native Magnesia is a very rare mineral, and Bal’;
hltheito been found only at Hoboken, m new Jersey. Its
colour is greenish white; its texture lamellar and soft. Ac-‘rh
cording to the analysis of Dr. Bruce, it consists of ¢

70 magnesia.
30 water,
100

391. Chloride of Magnesium may be obtained by passing
chlorine over red-hot magnesia; oxygen is expelled, and a
substance obtained which moisture converts into muriate of
uragnesia.
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302. Muriate of Magnesia 1s very deliquescent, and diffi-
. cultly crystallized. Its solution has a bitter saline taste. Ex-
- posed to heat and air, muriatic acid flies off, and the magnesia
~ remains pure. It consists of
Magnesia, 18,5
Munatic acid, 34,5

53
393. Muriate of Magnesia is found in a few saline springs,

and also in the water of the ocean. By evaporating a pint of
sea-water we obtain

Common Salt.csssssesossaeeas. 180,5 grs.

Muriate of Magnesia......veu.. . 23,

Sulphate of Magnesia .......... 15,5

Sulphate of Lime ssssvssennsses 7,1

226, 1.

- Murray's Analysis of Sea-Water, Edinb. Phil. Trans. Vol.
VIIL. p. 205.

- The average specific gravity of sea-water, is 1,026 or 1,028.
It freezes at about 28,5° and does not appear materially to
differ in composition n different latitudes, provided it be taken
from a sufficient depth. Near the mouths of rivers, and in the
wicinities of melting ice or snow, its composition will of course

394. Chiorate of Magnesia is a bitter deliquescent salt,

805. Hydriedate of Magnesia s deliquescent, and loses hy-
driodic acid, by exposure to heat.

396. Nitrate of Magnesia crystallizes in rhomboidal prisms,
deliquescent, and soluble in half its weight of water. Its
taste is cooling and bitter, and it is decomposed at a red heat.
It contains,

Magnesia, 18,5
Nitric acid, 50,5

m—————— iz

69
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397. Sulphuret of Magnesia.—Sulphur and Magnesia do not |

combine, "
398. Sulphite of Magnesia is prepared by passing sulphur-
ous acid through water containing diffused magnesia. It forms
tetraedral crystals soluble in 20 parts of water at 60°,
309. Sulphate of Magnesia is a commonly occurring com-

pound of this earth, much used in medicine as an aperient.
It is largely consumed in the preparation of carbonate of mag-

nesia. It crystallizes in four-sided prisms with reversed di-;_l:

hedral summits, or four-sided pyramid. Its taste is bitter. It
is soluble in its own weight of water at 60°. When exposed

to a red heat, it loses its water of crystallization, amounting

-

to about 50 per cent., but is not decomposed. It consists of

Magnesia 18,5 ,

Sulphuric acid 37,5

K
¥

56 .

In its crystallized state,it may be considered as composed of
1 proportional of dry sulphate 4 7 proportionals of water, or

56  sulphate,
59,5 water.

e e
L

115,5

This salt is usually obtained from sea-water, occasionally

from saline springs, and sometimes by the action of sulphuric
acid on magnesian limestones. It was once procured from the
springs of Epsom in Surrey, and hence called Epsom salt.
1t has been found native.

400, Ammonio Sulphate of Magnesia may be obtained by
mixing solution of sulphate of ammonia, with solution of sul-
phate of magnesia ; or by pouring ammonia into a solution of

the sulphate of magnesia, in which case, part only of the magnesia
is thrown down, the remainder forming with the sulphate of
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ammonia this triple salt. It crystallizes in octoédra and con-
of
68 sulphate of magnesia.
32 sulphate of ammonia.
100
Fourcroy. Annales de Chim. V1.
- 401. Phosphuret of Magnesia, not examined.

402. Phosphate of Magnesia is formed by adding the car-
bonate of magnesia to phosphoric acid. It is insoluble. The
bi-phosphate crystallizes in irregular six-sided prisms, soluble
in 14 parts of water, at 60°, and is efflorescent.
~ 408. Ammonio Phosphate of Magnesia is formed by mixing
ﬂanulutions of phosphate of ammonia, and phosphate of mag-
‘uesia ; it precipitates in the form of white crystalline powder,or
1 insmall four-sided prisms, tasteless, and scarcely solublein water,
| but readily soluble in dilute muriatic acid. Exposed to a high
| temperature it falls into powder, evolves ammonia, and fuses
' with difficulty. According to Fourcroy, it contains equal
* weights of phosphate of ammonia, phosphate of magnesia, and
' water.

404. Carbonate of Magnesia 15 generally procured by add-
. ing carbonated alcalies to a solution of sulphate of magnesia.
It is a white, insipid, and insoluble powder, which loses its
- acid at a red heat, and thus affords pure (calcined) magnesia.
It contains

18,5 magnesia.
20,7 carbonic acid.

, 39,2

- Carbonate of magnesia was first used in medicine early in
the last century. It is often obtained from sea-water, after
the separation of its common salt. It has been found native in

Piedmont and Moravia, constituting the mineral called mag-
| mesite,
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405. Bicarbonate of Magnesia.—Carbonate of magnesia
soluble in excess of carbonic acid, and this solution affo
crystals of bicarbonate containing

18,5 magnesia,
41,4 carbonic acid.

59,9 ,
This solution of magnesia in excess of carbonic acid,
very useful in some calculous complaints. |
406. Borate of Mugnesia may be formed artificially, T¢
occurs native in a mineral called boracite, hitherto only found
m the duchy of Luneburgh. Its primitive form is the
cube, but the edges and angles are generally replaced by se-
condary planes, and four of the angles are always observed to
present a greater number of facets than the other four—thes
crystals become electric by heat ; the most complex angle:
being rendered positive, and the simplest negative. It somes
times contains lime, '
407. The salts of magnesia are for the greater part snlublé.
in water, and afford precipitates of magnesia, and of carbonat
of magnesia, upon the addition of pure soda, and of carbonate
soda. Phosphate of soda occasions no immediate precipitate
when added to a magnesian salt, but the addition of ammanz
causes a white precipitate of the triple ammonio magnesiﬁi'

phosphate. i

408. The fossils which contain magnesia are generally soft
and apparently unctuous to the touch ; they have seldom either
lustre or transparency, and are generally more or less of a green
colour. The nephritic stone or jade, steatite or soapstone, tale,
and asbestos may be taken as instances. The chrysolite also
contains more than half its weight of magnesia. The mineral
called bitter spar, of which the finest specimens come from the
Tyrol, contains 45 per cent. carbonate of magnesia, 52 car-
bonate of lime, and a little iron and manganese. Its primitive
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erystal is a rhomboid nearly allied to that of carbonate of lime ;
| its angles being 106° 15°. and 78045 It is of a yellowish
colour, and a pearly lustre ; semi-transparent and brittle, A
s variety found at Miemo, in Tuscany, has been called Miemite.
" The species of marble, termed dolomite, found in the Alps, and
1 in Icolmkill in Scotland, contains also a large quantity, generally
40 per cent. of carbonate of magnesia.—The same may be said
« of the magnesian limestone of Derby and Nottngham. Itis
generally of a yellowish colour, and less rapidly soluble in
lute muriatic acid, than the purer limestones, whence the
.ﬁfnch have termed it chaux carbonatée lente. "The lime which
it affords is much esteemed for cements, but for agricultural
pu poses, it is often mischievous in consequence of its re-
‘maining caustic for a very long time, and thus injuring the

, ¥ ung plant®.

SecrioN VIII. Manganese.

h

e

3

EitOQ Tue common ore of manganese is the black or per-
“oxide, which 1s found native in great abundance.

'*_The metal may be procured by exposing the protoxide
1 with charcoal to an intense heat. Itis of a bluish white
ur, very brittle, and difficult of fusion. When exposed to
air, it becomes an oxide. Its specific gravity = 8.

410. Manganese and Oxygen.—There are three definite ox-
ides of manganese. The protoxide may be obtained by digest-
§4 ing the native black oxide in muriatic acid. Chlorine is abun-
- ‘dantly evolved, and the hydrogen of the munatic acid unites
with part of the oxygen of the oxide to produce water. The

netal thus partly deoxidized, is dissolved by the remaming
4% muriatic acid, forming a muriate of manganese. Iron is almost

* For amode of separating lime from magnesia, see a paper by Mr.
m“llﬂ, Jowrnal of Science and the Arts, Vol. V1.

Q
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always present, which may be easily separated by neutralizing
the muriatic solution with ammonia. The oxide of iron is
directly precipitated, but oxide of manganese remains in solu-
tion and may be separated by excess of ammonia*. The solutions
of protoxide of manganese furnish a white precipitate with
the alcalies, which is a hydrated oxide of manganese, and which,
when dried in close vessels, acquires a deep olive colour,
1s the protoride. |

When sulphate of manganese is heated red hot, sulphurous
acid is given off, and a dark red deutoride of manganese
remains, which forms the red salts of manganese. &

The native peroride is not soluble in acids. It is found i
Devonshire, Somersetshire, and Aberdeenshire, and occurs
compact and erystallized. The crystallized varieties have a grey
metallic lustre, and are found acicularly radiated, and in
rhomboidal prisms. It is generally blended with sulphate of
baryta. 3

It appears probable that these are the only definite oxides of
manganese. Their composition is variously stated by various
chemists ; but if deduced from their saline combinations, th
two first will contain respectively one and two pmpartiunala-_
oxygen; and if Berzelius’s estimate be correct, ( Annales
Chimie, 87) the number 53,5 will represent the metal, ant? |'=.'

Protoxide will contain of manganese 53,5 4+ 7,5 oxygen.
Dentoxide s vessansos viwneeoh 58,5 415 dittos
P’emxidellll"i# R EE I.'-‘Il. 153:5 +'SD dittﬂi

According to the experiments of Chevillot and Edw
there is a fourth compound of manganese and oxygen, whie
they have called manganesic acid. (419). (Annales de Chimie @
Physique, Tom. 1v.) 3

411, Manganese and Chlorine—By burning the metal g

* On the separation of iron from Manganese, see Journal of Science
and the Arts, Vol. vi. p. 153. )
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chlorine, or by exposing muriate of manganese to a strong
heat, a pink semitransparent flaky substance is obtained, con-
sisting of 53,6 M.+ 38,5 C.; when dissolved in water it produces
‘amuriate of manganese.

 412. Nitrate of Manganese. There are two nitrates; the
~one containing the protoxide, the other the deutoxide. The
solution of the latter, or the oxynitrate, is resolved by the
action of light into nitrate, and peroxide of manganese falls.
 418. Manganese and Sulphur appear unsusceptible of com-
‘bination; buta compound of oxide of manganese and sulphur
is found in Transylvania and Comwall. It is of a blackish grey
colour and metallic lustre.

 414. Sulphate of Manganese is formed by dissolving the
protoxide in the acid, or by boiling in it the peroxide, in
yhlch case oxygen is evolved. There are two sulphates.
- The one, which contains the protoxide, is white; the other,
~ containing the deutoxide, is red. The former crystallizes in
#bombmdal prisms, and consists of

1 *‘ 61 protoxide.
“¥ 37,5 sulphuric acid.

“
. The red sulphate contains
Y 68,5 deutoxide.

¥ 75 sulphuric acid,

- 415, Phosphuret of Manganese is of a blue white metallic
lustre, and considerably inflammable.

~ 416. Phosphate of Manganese is precipitated in the form of
a8 white insoluble powder, by adding phosphate of soda to
muriate of manganese.

- 417. Carbonate of manganese is white, insipid, and insoluble
in water. It consists of

. 61  protoxide.

» 20,7 carbonic acid.

418. The salts of manganese containing the protoxide, are
Q2
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mostly soluble in water, and the solution becomes turbid and
brown by exposure to air. They are not precipitated by
hydriodic acid ; they furnish white precipitates with the alcalies,
which soon become discoloured by exposure to air; they are
precipitated white by ferro-prussiate of potassa, and yellow by
hydrosulphuret of ammonia.

The salts containing the deutoxide afford a dirty red preci-
pitate with the alcalies, _

419. When equal parts of black oxide of manganese and
mitre are ignited, a compound results which has been called
cameléon mineral, in consequence of the changes of colour
which its aqueous solution exhibits. M. M. Chevillot an¢
Edwards have ascertained, that in this compound the black
oxide of manganese has absorbed an additional proportion of
oxygen, and acquired the property of forming a neutral ma
ganesate of potassa, which exists in the red cameleon, and may
be obtained in crystals, When there 1s excess of alcali,
cameleon is green. (Annales de Chimie et Physique, Tom. 1v.)

420. The native peroxide of manganese is used in the labora.
tory as a source of oxygen, and is largely employed in the
preparation of chlorine for the bleachers. Itis used in glass-
making, and, when added in excess, givesit a red or violet
colour. It is also employed in porcelain painting; and it give
common earthen-ware a black colour, by being mixed with
the materials before they are formed into vessels.

e TR

g

SectioN IX. Irom.

421, Tue most important native combinations of i
whence the immense supplies for the arts of life are dra 1
are the oxides. Iron is also found combined with aulph
and with several acids ; it is so abundant that there are few
fossils free from it. It is also found in some animal and vege-
table bodies; and in several mineral waters. i
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Iron 1s a metal of a blue white colour, very malleable and duc-
tile, and fusible at a white heat. Its specific gravity is=7,78.
It has not been so long known as many of the other metals;
it was, however, employed in the time of Moses, for cutting
instruments. It 1s extremely ductile, but cannot be hammered
out into very thin leaves.

- Iron is sometimes found native, and is usually regarded as
of meteoric origin, for it is invariably alloyed by a portion
of the metal nickel, and a similar alloy is found in meteoric
~ stones. Native iron is flexible, cellular, and often contains a
substance of a vitreous appearance. It has been
found mm Africa, m America, and in Siberia, where a mass of
# weighing 1,6001bs. was discovered by professor Pallas. The
mass found in Peru, described by Don Rubm de Cels,
- weighed 15 tons. In the year 1751, a mass of the same sub-
~ stance was seen to fall from the atmosphere in Croatia. It
~ appeared as a large globe of fire, and is preserved in the im-
perial museum of Vienna.
- 422. Iron and Oxygen.—~Exposed to heat and air, iron
- quickly oxidizes. It unites with oxygen in at least two pro-
'#ortinns. The protoxide may be procured by precipitating a
solution of sulphate of iron by potassa, washing the precipitate
- out of the contact of air, and drying it at a red heat. It is
black, and consists of 52 wron + 15 oxygen. It may also be
‘obtained by burning iron in oxygen gas.
~ 423. When this oxide 1s boiled in nitric acid, and precipi-
tated by ammonia, washed, and dried at a low red heat, it in
creases in weight, and acquires a brown colour. This is the
peroxide, composed of 52 iron + 22,5 oxygen. It has some-
times been called Saffron of Mars.
- The native oxides of iron constitute a very extensive and
Amportant class of metallic ores. They vary in colour, de-
pending upon mere texture in some cases ; in others, upon, the
degree of oxydizement. Some varietics are magnetic, and
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those which contain least oxygen are attracted by the mag-
net.
Magnetic Iron Ore is generally black, with a slight metallie
lustre. It occurs massive and octoedral. It is polar, .
often sufficiently magnetic to take up a needle. Its specific
gravity 15 4,5. It occurs chiefly in primitive countries, andis
very abundant at Roslagen in Sweden, where it is manufac-
tured into a bar-iron particularly esteemed for making steel.
Another variety of oxide of ironis called iron glance, and
micaceous iron ore. 1t is found crystallized of singular beauty,
in the Isle of Elba; and occasionally among the volcanic pro-
ducts of Vesuvius and the Lipari Islands. 3
A third variety is Hematite, or red iron-stone ; it occurs in
globular and stalactitic masses, having a fibrous and diverging |
structure. In this country it abounds near Ulverstone in Lan-
cashire; and most of our iron-plate, and wire, is made from it.
Sometimes it is of a brown, black, or ochraceous colour. |
A fourth variety of oxide of iron, is known under the term
of clay-iron-stone, on account of the quantity of argillaceous
earth with which it is contaminated. Itis found in masses of
different shapes and sizes, and sometimes in small rounded
nodules like peas. Some of the globular masses are called
atites. It is abundant in the coal formations of Shropshire,
South Wales, Staffordshire, and Scotland.
Though this is far from the purest iron ore found in thﬂ
country, 1t is the chief source of the cast and bar iron, 03
ordinary use. [ts employment is chiefly referable to the ¢
which accompanies it. $
The essential part of the process by which these ores of
iron are reduced, consists in decomposing them by the action
of charcoal at high temperatures. The argillaceous iron of
Wales, Shropshire, &c., is first roasted, and then smelted with
lime-stone and coke ; the use of the former being to form a
fusible compound with the clay of the ore, by which the latter




SULPHURETS OF TRON. 231

' is enabled to act upon the oxide, and to reduce it to the
- metallic state,
424. The two oxides of iron form distinct salts with the
acids.
- The salts containing the black oxide are of a green colour,
‘mostly crystallizable, become reddish brown by exposure to air,
are insoluble in alcohol, and their solutions absorb nitric oxide
gas and become of a deep olive colour.
~ The salts with the brown oxide do not crystallize ; they are
brown, soluble in_alcohol, and do not absorb nitric oxide.
- The alcalies precipitate hydrated oxides from these solutions.
- 425. Iron and Chlorine unite in two proportions—the chlo-
ride may be obtained by evaporating green muriate of iron to
dryness, and exposing the residuum to a red heat. A grey
 brittle substance is formed, consisting of one proportional of
~iron and two of chlorine; 52 + 67.
- When iron wire is heated in chlorine, it burns with a red
~ light, and produces a compound which rises in beautiful brown
- scales. It is the perchloride of iron, and consists of one pro.-
portional of iron, and three of chlorine 52 + 100,5. The
chloride and perchloride of iron produce muriate and oxymuriate
‘of iron when acted upon by water. These salts are both deli-
~ quescent and uncrystallizable.
 426. Iodine and Iron readily form a brown compound, fusi-
- ble ata red heat, and which, when acted upon by water, forms
- ahydriodate of a green colour.

427. The nitric acid dissolves the protoxide and peroxide
of iron, and produces a green nifrate and a red oaynitrate,
‘meither of which are crystallizable.

428. Sulphur and Iron—~There are two sulphurets of iron
—the black sulphuret is composed of 52 iron + 30 sulphur ;
‘and the yellow sulphuret, or bisulphuret, of 52 iron + 60 sul-
phur.  The former compound is produced by melting sulphur
‘with iron filings ; it exists in nature under the name of magnetic
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pyrites—the bisulphuret is exclusively a natural product, very
abundant, and called iron pyrites. |

Magnetic pyrites is not found erystallized ; it is gene:
rally brown, or whitish yellow, and is not a common mineral,

Common pyritesis found massive, and crystallized in a variety
of forms; its primitive form is the cube. It often occurs in
nodules. Its colour is different shades of brass yellow.

The principal use of pyrites i1s in the formation of greemn
wvitriol, for which purpose the ore is gently roasted and expos
to air and moisture. Some varieties are spontaneously decome
posed, and furnish this salt. That the magnetic pyrites con-
tains just half the proportion of sulphur existing in the common
pyrites was first shewn by Mr. Hatchett. (Phil. Trans.
1804). '

420. Sulphates of Iron.~The sulphuric acid with the prot-
oxide of iron forms a salt which crystallizes in green rhom
boidal prisms, ofa styptic taste, soluble in twice their weight
of cold water. This salt is called copperas or green vitriol,
1s often prepared by exposing roasted pyrites to moisture. It
consists of one proportional of protoxide = 67 + two prupcﬁ.
tionals of acid = 75.

430. Ouxysulphate of Iron is obtained by dissolving the moist
red oxide in dilute sulphuric acid; it does not crystallize, bu
affords, by evaporation, a brown deliquescent mass, consisting of
1 oxide 4 3 sulph. acid, or 74,5 oxide + 112,5 sulph. acid, I
is formed in the mother waters of the sulphate. Its taste ﬁ
highly astringent, and when dry it becomes white.

4381. Phosphuret of Iron may be formed by dropping phoé-
phorus into a crucible containing red-hot iron wire; it isa
brittle grey compound, and acts upon the magnet.

432. Phosphates of Iron.—'1'hese are both insoluble, and ma;
be formed by adding solution of phosphate of soda, to sulphate
and oxysulphate of iron. The phosphate of iron is of a pale
blue colour; the oxyphosphate is white. The former is found
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-

' pative, in the form of a blue earthy powder, and also in green

- prismatic crystals.
~ 438. Iron and Carbon. The different kinds of cast iron

. gontain more or less carbon, which materially affects their

;_-Eroperties. Steel and plumbago, are carburets of iron.

. 434. Carbonic Acid may be combined with the protoxide of

iron, by adding carbonate of potassa to sulphate of iron; a

- green precipitate of carbonate of iron falls, which, exposed to
air, becomes brown, and evolves carbonic acid.

- Spathose Iron Ore is a native carbonate, containing a little
manganese and carbonate of lime. Itoccurs in Germany, and
i some parts of Comwall, crystallized in imperfect rhomboids.
ts colour is yellowish, or brownish grey. :

- 485. When hydrocyanate of potassa is added to the solutions

-~ of salts of iron, it occasions a white precipitate in those con-
#i:uing the black oxide, and a blue precipitate in those con-
taining the red oxide. The former precipitate is a hydrocyavate

- of iron, containing the protoxide; the latter, a hydrocyanate,

- containing the peroxide, and which has been long known under
?le name of Prussian blue,

- This compound is usually prepared by the following process:
Equal parts of subcarbonate of potassa and some animal sub-
stance, such as dried blood, or hom shavings, are heated red
hot, in a crucible, and six or eight parts of water are poured
aupon the mixture when it has quite cooled. The solution is

 filtered and found to contain hydrocyanate of potassa, along

- with subcarbonate of potassa, and some other products. It

is mixed with a solution containing two parts of alum and one

- of sulphate of iron,—a precipitate falls, at first of a dingy green

hue, but which, by copious washings with very dilute muriatic

acid, acquires a fine blue tint, and is called Prussian Blue,
lpn'nng been discovered by Diesbach a colour-maker of Berlin,

in 1710.
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In this process the animal matter is decomposed and re
solved into a variety of products arising from the re-union of
its ultimate component parts. The matter remaining in the
crucible contains cyanuret of potassium, and when acted upon
by water, hydrocyanate of potassa is formed in consequence of
the decomposition of a portion of the water, and consequently
the principal salts contained in the washings of the black matter
remaining in the crucible, are subcarbonate and hydrocyanate
of potassa, which when added to a solution of sulphate of iron,
form a precipitate of oxide and hydrocyanate of iron,—
former is removed by the dilute muriatic acid. The aluminous
earth of the alum, gives a body to the precipitate, which
improves 1t as a pigment.

436. When hydrocyanate of iron is boiled with potassa, it is
decomposed ; it loses its blue colour, oxide of iron is formed,
and on filtering and evaporating the solution, a triple salt is ob-
tained, consisting of hydrocyanic acid, potassa, and oxide of
iron ; this has been called triple prussiate of potassa, and ferm-bf
cyanate of potassa. It is best formed by adding powdered
prussian blue, to a hot solution of potassa, as long as its colour
1s destroyed. This salt forms yellow cubic and tabular crystals.
(For a mode of preparing this salt, see Henry’s Chem:shyé
Vol. IL. p. 112.) \

437. The ferrocyanates of ammonia, soda, lime, magnesia,
baryta, and strontia, may be obtained by boiling those alcalleﬂ
and earths with Prussian blue.

458. Mr. Porrett (Phil. Trans. 1814.) considers the ferro-
cyanates as compounds of the respective bases, with an
acid consisting of the elements of the hydrocyanic acid united
to the protoxide of iron. He obtained this acid dissolved in
water, by adding to a solution of ferrocyanate of baryta, just
sulphuric acid enough to precipitate the baryta. It has a pale
vellow colour, no smell, and is decomposed by a gentle heat,
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. or strong light, in which case hydrocyanic acid is formed, and
« white hydrocyanate of iron is deposited, which becomes blue
' by exposure.

~ 439. Borate of iron, is of a yellow colour and insoluble. It
s formed by adding borate of soda to sulphate of iron.

~ 440. The salts of iron are mostly soluble in water, and the
solution is reddish brown, or hecomes so by exposure to air.
_ i‘t affords a blue precipitate with ferrocyanate of potassa; a
black precipitate with hydro-sulphuret of ammonia. Infusion
of gall nuts produces a black or deep purple precipitate. The
hydriodic acid occasions no change.

441, Of the alloys of iron, tin-plate is the only one of con-
Iﬂ;queuce. It is made by dipping clean iron plates into melted
tin. When washed over with a weak acid, the crystalline tex-
- ture of the tin becomes beautifully evident, forming an appear-
ance, which has been called moiré metallique. (Journal of
- Science, Vol. V. p. 368.)
442, An extremely important part of the chemical history of
iron relates to the varieties of the metal which are found in
commerce. These are much too numerous to be dwelt
upon here; so that we shall limit our observations to the
principal of them only, which are cast iron, wrought iron, and
 steel.
- OFf cast iron there are two principal varieties distinguished by
the terms white and grey. The first is very hard and brittle,
‘h‘n{] when broken, of a radiated texture. Acids act upon it but
: i]ﬂwl}', and exhibit a texture composed of a congeries of plates,
~ aggregated in various positions, (Daniel, Journal of Science
- and Arts, Vol. 11. p. 280.)
~ Grey or mottled iron, is softer and less brittle: it may be
bored, and turned in the lathe. When immersed in dilute
‘muriatic acid it affords a large quantity of black insoluble
matter, which Mr. Daniel considers as a triple compound of
‘carbon, iron, and silicium, and which has some very singular
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properties. The texture of the metal resembles bundles of
minute needles, '

Cast iron is in this country converted into wrought iron by a
curious process, called puddling. The cast iron is put into 1
reverberatory furnace, and when in fusion is stirred, so that
every part may be exposed to the air and flame. After a time
the mass heaves, emits a blue flame, and gradually grows
tough and becomes less fusible, and at length congeals. In
that state it is passed successively between rollers, by which a
large quantity of extraneous matter is squeezed out, and the
bars are now malleable. They are cut into pieces, placed in
parcels in a very hot reverberatory, and again hammered or
rolled out into bars. They are thus rendered more tough,
flexible, and malleable, but much less fusible, and may be
considered as nearly pure iron. |

Analysis shews that cast iron contains oxygen, carbon, ofte
sulphur and phosphorus, either silica or silicium, and it
pears very probable that calcium exists in some of the varieties.

By the processes of puddling and rolling, these substanc .
are burned away or squeezed out, and thus malleability is con-
ferred upon the metal by rendering it more pure. A specimen
of cast iron analyzed by Berzelius afforded Iron 91,55—M !
ganese 4,57—Carbon 3,90. 5

A bar of wrought iron, when its texture is examined in the
mode pointed out by Mr. Daniel, presents a fasciculated
appearance, the fibres running in a parallel and  unbroken
course throughout its length. This structure may be well seen.
by tearing a bar of wrought iron asunder.

445. Steel is a compound of iron with carbon, the propog
tions being variable. It combines the fusibility of cast with the
malleability of bar iron, and when heated and suddenly cooled
it becomes very hard, whence its superiority for the manu-
facture of cutting instruments. If kept for a long time mn

fusion, it loses carbon and becomes pure won.
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~ Tron is converted into steel by a process called cementation,
+ which consists in heating bars of the purest iron in contact
< with charcoal : it absorbs carbon and increases in weight, at
i the same time acquiring a blistered surface. This, when drawn
. down into smaller bars and beaten, forms tilted steel; and this
" broken up, heated, welded, and again drawn out into bars,
forms shear steel. English cast steel is prepared by fusing
blistered steel with a flux composed of carbonaceous and
vitrifiable mgredients, casting it into ingots, and afterwards,
by gentle heating and careful hammering, giving it the form of
 bars.
~ Wootz or Indian steel has lately attracted much notice from
~ the permanence of the edge, when made into cutting instru-
~ments. The cause of this superiority is unknown,
- The texture of steel, as exhibited by the action of an acid,
18 not fibrous, but appears somewhat lameljated.
444, If steel be heated nearly red hot, and plunged into cold
~ water, it becomes extremely hard and brittle, and is in that
state used for files, which are the hardest of all steel instru-
 ments.
- Different cutting instruments require different degrees
of hardness, which is given to them by the process called
tempering. 1t consists in heating the hardened steel up to a
- certain point; and as at different temperatures its surface
acquires different colours, in consequence of oxydizement, it
:ﬁru customary to judge of the femper by the colour. The first
- change of colour is between 430° and 450°: it becomes pale
yellow, and is used for razors and other instruments in which a
strong back supports a very keen edge,
At 470° it becomes full yellow, and is used for pen-
knives.
- At 400° it becomes brownish, and is used for scissors.
© At510° slightly purple, for pruning and pocket knives.
- At 530° purple, for carving knives.
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it becomes nearly black and very soft.

An improved mode of tempering consists in immersing th .
goods in oil or quicksilver, which is then raised to a due degree
of heat indicated by the mercurial thermometer.,

Secrion X. Zinc.

445. Zinc is found in the state of oxide and of sulphuret.
It may be obtained pure by dissolving the zinc of commerce i -*’i’ji
dilute sulphuric acid, and immersing a plate of zinc for some
hours in the solution, which is then filtered, decomposed by
subcarbonate of potassa, and the precipitate ignited with char_
coal in an iron or earthen retort, :

Zinc is a bluish white metal, sp. gr. 7, malleable at 300°
but very brittle when its temperature approaches that of fusion,
which is about 680°, |

446. Oride of Zinc is obtained by heating the metal exposed
to air. Ata red heat it takes fire, burns with a bright flame,
and is converted into a white flocculent substance, formerly
called pompholiz, nihil album, and philosopher’s wool. It con-
sists of 95 zinc and 7,5 oxygen. This oxide is white, taste-
less, and soluble in the alcalies.

447. Chloride of Zinc is formed by heating leaf zinc in chl
rine. It is a volatile fusible compound, producing a muriate g
zinc by the action of water. It conmsists of 33 zinc + 33,5
chlorine. It was formerly called butter of zinc.

448. Iodine and Zine readily combine, and produce a fusible,
volatile, and crystalline compound, which, when exposed to air,
deliquesces into hydriodate of zinc.

The iodide consists of 33 zinc 4 117,7 iodine, and
hydriodate may be regarded as consisting of one proportional
oxide of zinc — 40,5 + one proportional h}dnndm acid

=118,7.
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- 449. Nitrate of Zinc is a deliquescent salt, which crystallizes
. with difficulty in four-sided prisms. They consist of

i 40,5 oxide.
e 50,5 nitric acid

91

J‘i 450. Sul/phuret of Zinc exists native under the name of

Blende. 1t may be formed artificially by heating oxide of zinc
: dgiﬂl sulphur, and is then of a yellow brown colour. It consists
~of 33 zinc + 15 sulphur.
| Blende is a brittle soft mineral, of different shades of brown
§ aud black. Its primitive form is the rhomboidal dodecagdron.
t usually contains traces of iron and lead. It is an abundant
‘mineral, and important as a source of the pure metal, which is
§ obtained by roasting the ore, and afterwards exposing it to heat
! - proper distillatory vessels, mixed with charcoal. The English
§ miners call it black jack.
I 451. Sulphate of Zinc.—The metal is readily oxidized and
| dissolved by dilute sulphuric acid, hydrogen gas is given off,
{ and a transparent colourless solution of sulphate of zinc results,
‘ - which, by evaporation, affords crystals in the form of four-
“sided prisms, terminated by four-sided pyramids. It sometimes
18 found native.
~ This salt i1s soluble in 1,5 parts of water at 60o. It consists
of 1 proportional of oxide=40,5+4 1 proportional of acid=57,5.
- Its crystals contain 7 proportionals of water = 59,5. Sulphate
~ of zinc is prepared for the purposes of the arts from the native
: t Iphuret, and is usually in the form of a white amorphous
W mass, called white sitriol.
{452 Phosphuret of Zinc is a brilliant lead-coloured com-
pound.

dryness.
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454. Carbonate of Zinc occurs native, forming one of the
varieties of the mineral called calamine. It may be formed by
adding carbonate of potassa to sulphate of zinc. It consists of
40,5 oxide of zinc + 20,7 carbonic acid = 61,2. It is white
and tasteless.

The primitive form of calamine, which occurs both erystal-
lized and massive, is an obtuse rhomboid. It is often found
investing carbonate of lime, which has sometimes been decom=
posed, and the calamine remains in pseudo-crystals. This
mineral abounds in Somersetshire, Flintshire, and Derbyshire.
A beautiful variety, coloured by carbonate of copper, is found
at Matlock. A variety of calamiune, containing silicious earth, :
is known by the name of electric calamine, from its property
of becoming electrical when gently heated.

455. Borate of Zinc is an insoluble white powder.

456. The salts of zinc are mostly soluble in water, and the
solutions are colourless and transparent: they are not precipi=
tated by hydriodic acid. Potassa, soda, and ammonia form
white precipitates, soluble in excess of the alcali, and of
sulphuric acid. Hydrosulphuret of ammonia produces a yel-
lowish white precipitate. The soluble phosphates, carbonates,
and borates, produce white precipitates.

ik e e (e s

W

Srcriox XI. Tin.

457. Tuis metal has been known from the remotest ages,
It was in common use in the time of Moses, and was ob

at a very early period from Spain and Britain by the P:::q

clans.
The native oxide is the principal ore of tin; the metal 15

obtained by heating it to redness with charcoal. 4
Tin has a silvery white colour; it is malleable, thnugﬁ
sparingly ductile. Sp. gr. 7,80 _It melts at 440° and b



PEROXIDE OF TIN. 241

exposure to heat and air is gradually converted into a white
| peroxide.

~ 458. Protoxide of Tin is obtained by precipitating muriate of
tin by ammonia ; it falls in the state of hydrate; when dried,
it 1s of a grey colour, and undecomposable by heat. It dissolves
gin the alcalies; exposed to heat and air it passes into the state
of peroxide.

 459. Peroxide of Tin 1s formed by treating the metal with
mitric acid : there 1s a violent action attended by the formation
of nitrate of ammonia. It dissolves in the alcalies, and hence
some chemists have called it stannic acid. This is the native
oxide.

~ 460. Native oxide of tin is found in Cornwall, in Spain,
and in Saxony : it has also been found in Brittany, in France;

in the East Indies, and in South America. The specific gravity
f the native oxide is 7: its primitive crystal is an obtuse

« toedmn, of which the modifications are extremely numerous.
": some of the valleys of Cornwall, tin is found in rounded
modules, of various sizes, mixed with pebbles and rounded
ifragments of rocks. To separate the tin from the alluvial mat-
ter, currents of water are passed over it, and hence these
; vosits have been called stream works, and the tin ore, stream
; m. One of the most extensive of these is a branch of Fal-
mouth Harbour.

HA modification of stream tin is called wood tin. It usually
sappears in small banded fragments of globular masses.

*‘fﬂﬁl The number representing tin is 55. The protoxide
| consists of 55 tin + 7,5 oxygen. 'The hydrate of 62,5 oxide
§1+ 8,5 water; and the peroxide of 55 tin + 15 oxygen. '
- 462. Chloride of Tin is procured by heating together an
| 3 malgam of tin and calomel; it is a grey semi-transparent crys-
A talline solid, which dissolves in water, forming a muriate of

grm gt consists of 55 tin + 53,5 chlorine.
| | 14
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If tin be heated in chlorine, or if amalgam of tin be distille
with corrosive sublimate, a bi-chloride is obtained: it is g
transparent colourless fluid, and when poured into water, i
mstantly converted into oxymuriate of tin. [t consists of 55
tin 4 67 chlorine. It was formerly called Libavius's Fumin
Liguor: it exhales fumes when exposed to a moist air, ang
produces muriatic acid and oxide of tin.

463. The muriate of tin used by dyers, may be obtained b
boiling one part of tin with two of muriatic acid. This solu.
tion quickly absorbs oxygen from the air and from several com
pounds, and if added to certam metallic solutions, revives or
deoxidizes them. With solution of gold it produces a purple
precipitate used in painting porcelain. ( Purple of Cassius.) Tt
crystallizes in small deliquescent needles. With infusion of
cochineal it produces a purple precipitate. :

The oxymuriate of tin (muriate containing the peroxide) may
be formed by dissolving the metal in nitro-muriatic acid, or b
adding water to the bichloride, or by exposing the muriate to
It does not occasion precipitates in the metallic solution

v e e

and produces scarlet with cochineal.

464. Nitrate of Tin may be formed by actmg upon
metal by dilute nitric acid ; a yellow solution which will
crystallize 1s obtained ; exposed to air it absorbs oxygen,
peroxide of tin precipitates.

During the action of stronger nitric acid upon tin, a portic
of ammonia 1s always formed, in consequence of the decum !
sition of the acid and of water. It may be rendered evide
by the addition of potassa to the nitrate.

465. Tin and Sulphur. 'There are two sulphurets of tu
That containing 1 proportional of metal + 1 of sulphur, may
procured by heating tin with sulphur; it is of a deep blui
colour and crystallizes in long needles. The bisulphuret is of
bright golden yellow colour, and flaky structure, and has be

& =8 =



CADMIUM. 243

ttermed Awrum musiowm. It is formed by heating peroxide of
ttin with sulphur.  These sulphurets consist respectively of 55
ttin + 15 sulphur, and 55 tin + 30 sulphur.
- 4066. Sulphate of Tin.—When tin is boiled in sulphuric
sacid, a solution is obtamed which deposits white acicular
crystais. ,

- 467. Hydrosulphuretted Oxide of Tin is yellow brown.
468. Phosphate of Tin is formed by adding phosphate of
ssoda to the solutions of tin. It is not soluble in water.

- 469. There is no Carbonate of Tin.
© 470. Borate of Tin is an insoluble white powder.
- 471. The salts of tin are mostly soluble in water. They are
precipitated, of an orange colour, by hydriodic acid, and by
hydrosulphuret of ammonia, provided no excess of acid be
jpresent.  Solution of muriate of gold and of corrosive subli-
mate produce purple and black precipitates in the salts of tin

SecrioNn X1I.  Cadmium.

i

;,*'472. Tuis metal is contained in certain ores of zinc, and
especially in the black fibrous Blende of Bohemia, [t may
be procured by digesting the ore in muriatic acid, by which a
*:ed muriate of zine and cadmium is obtained: it should be
‘evaporated to dryness, and re-dissolved in water. If cadmium
e present, the solution affords a bright yellow precipitate with
sulphuretted hydrogen; and upon immersing into it a plate of
ﬁc, metallic cadmium is precipitated, which may be fused
into a button in the usual way.

'~ The physical properties of cadmium closely resemble those
of tin: its specific gravity is 8,63. It fuses and volatilizes at
' & temperature a little below that required by tin. Air does not
R 2
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act upon it except when heated, when it forms an orange
coloured oxide, not volatile, and easily reducible. .
Ouzide of Cadmium readily dissolves in acids; it is precipi-
tated by potassa in the state of a white hydrated oxide, soluble
m ammonia. Sulphuretted hydrogen forms a yellow precipitate,
and zinc throws down metallic cadmium.
From some recent experiments of Mr. Children, it appears
that the oxide contains
Cadmium .evecoscarnnes 82,5
OXTEED 5004 bs npmmmnrmnts

Consequently the representative number of the metal wil
be 82.5.

examined.

‘Section XIII.  Copper.

473. Tuis metal is found native, and in various states 04
combination. Of its ores, the oxide, chloride, sulphuret,
sulphate, phosphate, carbonate, and arseniate, are the most
remarkable. The metal may be obtained perfectly pure by
dissolving the copper of commerce in muriatic acid; the solu-
tion is diluted, and a plate of iron is immersed upon which the
copper is precipitated. It may be fused into a button.

It was known in the early ages of the world, and was the
principal ingredient in domestic utensils, and in the instruments
of war, previous to the discovery of malleable iron. The word
copper 1s derived from the island of Cyprus, where it was
first wrought by the Greeks.

Copper has a fine red colour and much brilliancy; it is very
malleable and ductile, and has a peculiar smell when warmed
‘or rubbed. It melts at a cherry red or dull white heat. Its
specific gravity = 8,8.

474. Native copper occurs in a variety of forms, massive
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. dendritic, granular, and crystallized in cubes, octoédra, &c.
It is found in Cornwall, Siberia, Saxony, Hanover, Sweden,
. and America; chiefly, but not exclusively, in primitive rocks.
- 475. Copper and Oxygen —There are two oxides of copper.
The red or protoxide occurs native. It may be formed arti-
ficially, by dissolving a mixture of metallic copper, and peroxide
of copper, in muriatic acid. When potassa is added to this
solution, a hydrated protoxide of an orange colour falls; if
quickly dried out of the contact of air, it becomes of a red
brown: it consists of 60 copper + 7,5 oxygen.
- 476. The native oxide, or ruby copper, is of a red or steel
grey colour, soft and brittle, and occurs massive and crystal-
lized in octoédra, dodecaédra, and cubes. There is a beautiful
variety in fine capillary crystals; and another, which is compact
_and earthy, called tile ore. Comwall abounds in fine specimens
_of this ore.
- 477. Peroxide of Copper is procured by precipitating nitrate
of copper by potassa, washing the precipitate, and exposing it to
@ red heat. It is black, and consists of 60 copper +15 oxygen
 478. Copper and Chlorine.—Gaseous chlorine acts upon
i} copper with great energy, and produces two chlorides; the one
§ a fixed fusible substance, which is the chloride, consisting of
1 proportional of copper = 60 + 1 proportional of chlorine
§ =133,5. The other a volatile yellow substance, which is a bi-
~ chloride, and contaimns 60 copper + 67 chlorine.
{  The chloride of copper was first described by Boyle in 1666,
: under the name of rosin of copper. It may be obtained by
~ heating the bichloride. [t is insoluble in water, but soluble
in muriatic acid, from which potassa throws down a prot-
~ oxide,
The bichloride may be formed by dissolving peroxide of

- €opper in muriatic acid, and evaporating to dryness by a heat
below 400°. It is soluble in water, producing a muriate, from
which potassa precipitates the peroxide,
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Native Chloride of Copper is found in Peru and Chi )

and crystallized. Its primitive form is an octoédron. It is of
a deep green colour, and is said to contain 83 chloride 4 17
water.
479. An iodide of copper is precipitated from solutions of
the metal by hydriodic acid. It i1s brown and msoluble.
480. Nitric Acid, diluted with three parts of water, rapidly
peroxidizes copper, forming a bright blue solution, which
affords deliquescent prismatic crystals on evaporation. It con-
sists of 75 oxide + 50,5 acid.
481. Potassa forms, in this solution, a bulky blue precipita
of hydrated peroxide of copper. .
When crystals of nitrate of copper are coarsely powdered,
sprinkled with a little water, and quickly rolled up in a sheet
of tin foil, there is great heat produced, nitrous g is rapidly
evolved, and the metal often takes fire. _
482. If ammonia be added to solution of nitrate of copper,’
it occasions also a precipitate of hydrate; but if it be added
excess, the precipitate is re-dissolved, and a triple compound
produced, ¥
483. Copper and Sulphur.—~There are two sulphurets of
copper, both of which exist native; the one 1s black, and nﬁ
be formed artificially, by heating a mixture of copper ﬁlig
and sulphur: as soon as the latter melts, a violent ac
ensues, the copper becomes red hot, hydrogen escapes, and
a black brittle body is formed, consisting of 6O copper +
sulphur. &
The bisulphuret is a common ore of copper, called pyrifes.
It consists of 60 copper + 30 sulphur, and is of a golden yel-
low colour.
The native black sulphuret of copper is principally found ﬁl

_T

* The hydrogen appears to be derived from the sulphur. (195.)
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s primitive countries. In England it occurs in great beauty,

i i

tallized and massive, in Cornwall and in Yorkshire. [ts
”’ our is grey; its lustre shining and metallic, and it yields
easily to the knife. Tts primitive form is a six-sided prism,
s which. passes into the dodecaédron with triangular faces and
 various modifications of it.
- Copper pyrites, or the yellow sulphuret of copper, is the
g most important and generally occurring ore, from which the
largest proportion of the copper of commerce is derived; it
84 occurs in a variety of forms, its primitive crystal being the
regular tetraédron. 'The Cornish mines are very productive of
his ore, and it is the principal product of the Parys mountain
mine in Anglesea. A beautiful iridescent variety occurs in the
on mine in Staffordshire.
484. Copper and Sulphurous Acid.—Sulphite of copper
may be obtained by passing sulphurous acid into water, through
which oxide of copper is diffused. Small red crystals are
rmed, composed of protoxide of copper and sulphurous
485. Copper and Sulphuric Acid—QOuxysulphate of Copper—
lue Vitriol—This salt is formed by dissolving peroxide of
opper in sulphuric acid; it crystallizes in rhomboidal prisms
[ a fine blue colour. It is produced upon a large scale, by
posing roasted sulphuret of copper to air and moisture. It

o hp':'.!i.. - 'w'_-'-- PO, T T S

msists of 75 peroxide + 75 sulphuric acid; when erystallized
L) t contains 10 proportionals of water, and consequently its com-
sition will stand thus:—
1 proportional of peroxide........ 75
_ 2 proportionals of sulphuric acid .. 75
& 10 proportionals of water.......... 85
5 235

By cautiously adding ammonia to a solution of the foregoing
| i alt, a subsulphate of copper is precipitated, consisting of 150
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oxide + 37,5 acid. The alcalies precipitate hydrated peroxide
grom the solution of this salt, and excess of ammonia forms q
triple sulphate of ammonia and copper. i

486. Phosphorus and Copper form a grey brittle phoss
phuret. b

487. Phosphate of Cipper may be formed by mixing sulut:im,é:
of sulphate of copper with phosphate of soda; it is a bluish
green insoluble powder, composed of 75 oxide 4 26 acid.

Native phosphate of copper has been found near Colo ':
It is of a green colour, and forms small rhomboidal crystals,

488. Carbonate of Copper, artificially prepared, by adding
carbonate of potassa to sulphate of copper and drying the
precipitate, is a green compound, insoluble in water, consisting,
according to Mr. Phillips, of 75 oxide + 20,7 carbonic acid,
8,5 water,

There is a fine blue cupreous preparation, called Refiners’
Verditer, principally made by silver refiners. It consista,:
according to Mr. Phillips, of 3 proportionals of oxide, 4 of
carbonic acid, and 2 of water. (Journal of Science, Vol. V.
p- 277.) There is a very inferior pigment, also called verditer,
which is a mixture of subsulphate of copper and chalk.

Both the green and blue carbonate of copper exist native.
The former, or malachite, 1s found in various forms, but never
regularly crystallized, the octoédral variety being a pseudo-
crystal derived from the decomposition of the red oxide. This
mineral occurs in the greatest beauty in the Uralian moun-
tains of Siberia; it is rarely found in Cornwall. [t is of various
shades of green, and often cut into small slabs, or used as beads
and broach stones. ‘

The blue carbonate is found in great perfection at Chessy,
near Lyons; also in Bohemia, Saxony, &c. It occurs crystal-
lized in rhomboids and imperfect octoédra; it also is found in
small globular masses, massive, and earthy.

489. Hydrocyanate of Copper is a_brown compound, ob-
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tained by adding ferrocyanate of potassa to sulphate or nitrate
of copper.

490. Many of the alloys of copper are important. With gold
it forms a fine yellow ductile compound, used for coin and
- ormamental work. Sterling or standard gold consists of 11
- gold + 1 copper. The specific gravity of this alloy is 17,157.
' gith silver it forms a white compound, used for plate and
¥ Pum, Lead and copper require a high red heat for union; the

ﬂhy is grey and brittle. (See Gold and Silver.)
~ Of the alloys of copper with the preceding metals the most
} hpomt are brass and bell metal,
- 491. Brass is an alloy of copper and zinc. The metals are
E,lﬂllﬂllj’ united by mixing granulated copper with calamine and
charcoal: the mixture is exposed to heat sufficient to reduce
the calamine and melt the alloy, which is then cast into plates.
E I:e relative proportions of the two metals vary in the different
i of brass; there is usually from 12 to 18 per cent. of
- zinc. Brass is very malleable and ductile when cold; its colour
#gnd little liability to rust recommend it in preference to copper
i?}r many purposes of the arts. In pinchbeck the proportion of
¢ amounts to about 25 per cent.

Bell metal and bronze are alloys of copper and tin; the
?}rmer consisting of three parts of copper and one of tin; the
latter of from 8 to 12 of tin with 100 of copper.

Vessels of copper used for culinary purposes are usually

&mted with tin, to prevent the food being contaminated with

- copper.  Their interior surface is first cleaned, then rubbed

- over with sal-ammoniac. The vessel is then heated, and a little

- Pitch spread over the surface ; a bit of tin is then rubbed over
it, and it instantly unites with and covers the copper.

492. The cupreous salts are nearly all soluble in water, and
of a blue or green colour. Ammonia produces a compound of
a very deep blue, when added in excess to these solutions ;
hydrosulphuret of ammonia forms a black precipitate, and a
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plate of iron plunged into a liquid salt of copper precipitates
metallic copper.

SectrioNn X1IV. Lead.

493. Tu e natural compounds of this metal are very numerous.. |
The most important is the sulphuret, whence the pure metal
is chiefly procured. It is also found combined with carbonic,
sulphuric, phosphoric, arsenic, molybdic, and chromic acids 2
and with oxygen and chlorine. To obtain lead perfectly 1
it may be dissolved m nitric acid; the solution evaporated to
dryness; the dry mass re-dissolved in water and crystallized; th
crystals heated strongly with charcoal afford the metal quite
[]HI'E- .

Lead is of a bluish white tint; it melts at 600° and by
united action of heat and air 1s readily converted mto an oxide.
Its specific gravity = 11,35. '

494. Ouxides of Lead—There are three oxides of lead
The protoxide 1s the basis of the salts; it may be obtain
by heating the nitrate of lead to redness in a close vessel.
It is insipid and insoluble in water, of a pale yellow colour,
and, when fused, crystallizes on cooling in irregular scales
It 1s very soluble in solutions of potassa and soda; and wi
in fusion it readily dissolves several of the earthy bodies,
and, of the common metallic oxides; hence the use of lead in
cupellation. (See Gold). Tf it be considered as a protoxide,
consisting of one proportional of lead and one of oxygen
then the number 97 will represent lead, and it will consi
of 97 L. + 7,5 oxygen, This oxide is known in commer
under the name of massicot; or when mixed with a portion
of red oxide, as obtained by calcining lead upon a large
scale, it is called litharge. %

A substance supposed to be native minium has been found
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in some of the Saxon and French lead mines, also i York-
 shire. -
 495. If the protoxide be exposed to heat and oxygen, it
~ gradually acquires a bright red colour, and 1s known under the
- pame of minium, or deutovide of lead. This oxide, when ex-
gased to nitric acid, is resolved into protoxide, which is dis-
plved and into peroxide, which is an insoluble brown substance,
4 gmamung of 97 L. + 15 oxygen. Minium affords on ana-
km 07 L. + 11,25 oxygen, and may, therefore, be regarded
a definite compound of the protoxide and peroxide.
~ 496. Lead and Chlorine—Chloride of lead. When lami-
f Qnted lead is heated in chlorine, the gas is absorbed, and a
lhl-:rﬂl:'lﬂ of lead results, composed of 97 L. & 33,56 C. The
I : substance is obtained by adding muriatic acid to nitrate
; lead; it is white and fusible, and on cooling forms a horn-
tge substance (plumbum corneum). It dissolves in 22 parts
water at 602,
"This substance is sometimes prepared by acting upon a solu-
! hn of common salt by litharge; solution of soda and chloride
lead are formed; the latter is fused and known under the
of patent yellow; it appears to be a compound of oxide
t ?nd of chloride of lead.
- A native chloride of lead has been found in Derbyshire and
&1 Bavaria, crystallized in quadrangular prisms of a greenish
llow colour.
f~ ~ 497. Iodide of Lead, formed by heating leaf lead with
;o&me, 1s a yellow insoluble compound. It is formed by adding
: iydnodlc acid to solution of nitrate of lead. It consists of

Todine 117,7

214,7

408. Nitrate of Lead is obtained by dissolying the metal in
dilute nitric acid, and evaporation. The salt erystallizes in
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tetraédra and octoédra, which are white and semi transparent,
and of a styptic taste. It is soliible in 8 parts of water at 2122,
It consists of 104,5 oxide of lead + 50,5 nitric acid.

499. Sulmitrate of Lead may be formed by boiling a mixture
of equal weights of nitrate and protoxide of lead in water,
filtering while hot, and setting it by to crystallize; it forms
pearly crystals, of a sweet astringent taste, (Chevreul, Annales
de Chimie, Lxxx11.) It consists of two proportionals oxide =
200, + one proportional nitric acid 50,5. i

Chevreul and Berzelius have described three nitrites of Iead,
but their composition appears doubtful, (Annales de Chimie,
LXXX111. and LxxxVIIL)

500. Sulphuret of Lead may be formed artificially by fusion.
Its lustre and colour much resemble pure lead, but it is brittle:
it consists of 97 lead + 15 sulphur. It occurs native in great
variety and abundance: it is usually called galena, and is the
principal source of the vast commercial demands of the metal.
Its primitive form is the cube, of which there are several modi-
fications, and among them the octoédron. It often contains
traces of.silver, and sometimes in such quantity as to render it
worth separating, which is effected by exposing the roasted
sulphuret to the action of heatand air in shallow earthen dishes;
thedead becomes oxidized and converted into litharge, while the
silver is left pure, in consequence of its power of resisting the
influence of heat and air. This process is cupellation. The
litharge is afterwards reduced by fusion with charcoal.

"There is a specular variety of galena called, in Derbyshire,

slickensides; and which, when touched by the miner’s pick,
often splits asunder with a kind of explosion.

501. Sulphite of Lead may be obtained by digesting yellow
oxide of lead in sulphurous acid. It is white, insoluble, and
tasteless, and consists of one proportional of each of its com-
ponents ; namely, 30 sulphurous acid + 104,5 oxide of lead.
When heated it loses sulphurous acid.
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~ 502. Sulphate of Lead. When metallic lead is boiled in
_concentrated sulphuric acid, sulphurous acid is evolved, and a
ﬁute sulphate of lead is formed. It is so nearly insoluble,
h jat it may be formed by adding dilute sulphuric acid, or an
+ alcaline sulphate, to a solution of nitrate of lead. Dr. Thomson
“ pund, that after having been dried at a temperature of 400°, it
!? ght be heated to redness in a platinum crucible without
E .; sing weight. Heated on charcoal by the blowpipe, it is
I ecomposed and reduced. It consists of one proportional of
” ilphuric acid = 37,5, and one proportional of oxide of lead
= 104,5; and its representative number is, therefore, 142.
, Sulphate of lead is found native in Anglesea and in Scotland,
~ erystallized in prisms and in octoédra.
1 508. Hydrosulphuretted Oxide of Lead is of a deep brown
: solour, and is produced by adding sulphuretted hydrogen, or
hydrosulphuret of ammonia, to any solution of lead; hence
the use of those compounds as tests of the presence of
S 504, Phosphuret of Lead may be formed by dropping phos-
~ phorus into melted lead. Tt is of the colour of lead, and soon
tarnishes.
~ 505. Phosphate of Lead is formed by mixing solutions of
_":-32 itrate of lead and phosphate of soda, or phosphoric acid. It
15 vellowish white; msoluble in water; soluble in fixed alcaline

“solutions, and in nitric acid. It fuses before the blowpipe, and

erystallizes on cooling. It consists of 104,5 oxide of lead

+ 26 phosphoric acid = 130,5%,

Native phosphate of lead has been found in the mines of

%_ Cumberland, Durham, Yorkshire, and of Wanlock Head, n
?mtlnnd. Its colour is various shades of green, yellow, and

I3
i f’ * Berzelius, in the Annales de Chimie et Physique, Tom. II. has an-

- nounced several other compounds of lead and phosphoric acid.

AR el i i S
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brown. Its primitive form is a rhomboid, but it usually occurs
in six-sided prisms. It is semi-transparent and brittle.

506. Carbonate of Lead—When an alcaline carbonate is
added to nitrate of lead, a white precipitate of carbonate of
lead falls: it 1s tasteless, insoluble in water, but soluble in
fixed alcaline solutions. It is employed as a white paint, under
the name of white lead or ceruse, and is usually prepared by
exposing sheet lead to the action of the vapour of vinegar,
The process is described in Aikin’s Dictionary, (Art. Lead.)
It consists of 104,5 oxide of lead + 20,7 carbonic acid =125,2
carbonate of lead.

Native carbonate of lead is one of the most beautiful of the
metallic ores: 1t occurs crystallized and fibrous, the former
transparent, the latter generally opaque. It is soft and brittle,
and occasionally tinged green with carbonate of copper, or
grey by sulphuret of lead. The octoédron is its primitive form .
it also occurs prismatic and tabular. It has been found in
Cumberland and Durham, and the acicular variety of great
beauty in Cornwall.

507. Ferrocyanate of Potassa produces a white precipitate
when added to the soluble salts of lead.

508. Borate of Lead is precipitated in the form of a white
powder when borate of soda is mixed with nitrate of lead.

500. The soluble salts of lead have a sweetish austere taste,
and are characterized by the white precipitate produced by
ferrocyanate of potassa, the brown by hydrosulphuret of am-
monia, and the yellow by hydriodate of potassa.

The salts insoluble in water are dissolved by soda and
potassa, and by nitric acid, when the metal is rendered mani-
fest by sulphuretted hydrogen. Heated by the blowpipe upon
charcoal they afford a button of metal.

510, The Alloys of Lead with the precedmg metals are
unimportant.
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Secrion XV. Antimony.
i ‘ - 511. Tnis metal is found native in Sweden, in France, and
~ in the Hartz; but its principal ore is the sulphuret which is
found massive and crystallized, and of which there are several
varieties. The most common is the radiated, whichis of a grey
~colour, brittle, and frequently crystallized in four and six-sided
prisms.  This ore may be decomposed, and the pure metal ob-
tained from it, by the following process : Mix three parts of the
powdered sulphuret with two of crude tartar, and throw the
sixture by spoonfuls imto a red-hot crucible ; then heat the
mass to redness, and a button of metal will be found at the
bottom of the crucible. Reduce this button to fine powder,
and dissolve it in nitro-muriatic acid—pour this solution into
er, which will occasion the precipitation of a white pow-
der, which is to be washed and mixed with twice its weight
tartar and exposed to a dull red heat in a crucible. The
button now obtained is pure antimony.
.. Antimony is of a silvery white colour, brittle and erystalline
:- H its ordinary texture. It fuses at 800°, and is volatile at
{5 a high heat. lts specific gravity is 6,712.
: 512. Antimony and Orygen.—These bodies form two well
'l defined compounds, the history of which is of great import-
. ance to the pharmaceutical chemist. (See Phillips ou the Phar-
§ ; wopaia, p. 58.)

* The Protoxide of Antimony is thus obtained : T'o 200 parts
of sulphuric acid add 50 parts of powdered metallic antimony,
.Bml the mixture to dryness, wash the dry mass, first in water,
‘and then with a weak solution of subcarbonate of potassa, a

- white powder remains, which, when thoroughly washed with
- hot wates, is Protozide of Antimony. It may also be procured
by dissolving antimony in muriatic acid, pouring the solution
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into water, and washing the white precipitate with weak solutioﬁ%
of potassa. ;

This protoxide exists in all the active antimonial preparn.l
tions—in emetic tartar, kermes, glass of antimony, golden sula
phuret, &e. It is fusible at a red heat, decomposed by sulphur
and charcoal ; and when acted on by nitric acid, is converte
mto pernxlde

513, Peroxide of Antimony is procured by acting for n%

considerable time upon the powdered metal, by excess of hot
nitric acid, and exposing the product to a red heat. Itis ofa
yellow white, difficultly fusible, and does not form soluble salts
with acids. The diaphoretic antimony of old Pharmacopeeiz
consisted of this oxide, which compared with the protoxide is
nearly inert.

When metallic antimony in fusion is exposed to a bright red
heat, it 1s converted into an oxide which appears to be the
protoxide, and which condenses in long and delicate needles
when sublimed. It was formerly called argentine flowers gfi
antimony *. :

Native Oxide of Antimony is occasionally found mcruuhug ;
the native metal and the sulphuret. }

I have found by experiment that the oxygen in the protoxide

is to that in the peroxide as 1 to 2, and if we consider these as
£

f

* Berzelius, Annales de Chimie, 86, 225., has described four oxides of
antimony ; but it is probable that the first and the fourth are not di!tinct# :

compounils: they are said to be constituted as follows : %
1 Suboside consisting of 100 antimony + 4,65 oxygen. 3
2 Oxidule 100 + 18,60 P
3 White oxide 100 + 27,00
4 Yellow oxide 100 + 37,20

The two last oxides are called by Berzelius, stibious and stibic acids.
The second and fourth are probably the oxides described in the text,
but their composition is by no means satisfactorily ascerftained.
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the second and fourth oxide described by Berzelius, we obtain
i the number 40 as the representative of antimony. Dr. John
. Davy’s valuable Researches on the composition of the chlo-
1 ;ﬂ.ee, (Phal. Trans. 1812) give the number 42,5 as the repre-
?‘:&mtive of antimony; and this nearly agrees with my own
experiments upon the composition of the protoxide, (obtained
| by precipitation from emetic tartar), which give 45, and which
ehal] therefore adept.

Antimony 45 4+ Oxygen 7,5 = 52,5.
And the peroxide will be composed of
Antimony 45 4 Oxygen 15 = 0.

514. Antimony and Chlorine combine in one proportion
only to produce the chloride of antimony. (Butter of Antimony.)
The powdered metal takes fire when thrown into the gas, and
1 a compound, at first liquid, but afterwards concreting, is
{ formed. It may also be produced by the distillation of anti-
1 mony with bichloride of mercury, or by dissolving the protoxide
f antimony in muriatic acid. [t consists of 45 A. + 83,5 C.
- When water is added to the chloride of antimony, a mutual de-
position ensues, and hydrated protoxide of antimony,
erly called Algarotti’s powder, and munatic acid result.

- 515. lTodide of antimony is of a dark red colour; acted upon
_@' water, it produces hydriodic acid and oxide of antimony.
 516. Sulphuret of Antimony is easily formed by fusing the
M with sulphur. It consists of 45 A. + 15 S. Its colour
rii:fdark grey and metallic.  Its specific gravity 4,36. It closely
resembles the native sulphuret. (506.)

- When the native sulphuret is exposed under a mufile to a
dull red heat, it gn:l.duﬂlly loses sulphur and absorbs oxygen,
| bemng converted into a grey powder, which consists of a mix-
tre of protoxide of antimony and sulphuret. If the heat be
mcreased, this fuses into a transparent substance, formerly
8
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called glass of antimony. lts composition is variable ; it
generally contains about 85 per cent of protoxide and 15 of
sulphuret. In that which is imported for pharmaceutical pur-
poses, from Germany and Holland, there is usually a con
siderable portion of siliceous earth. Compounds of the prot
oxide with larger quantities of the sulphuret have been termed
saffron of antimony, or crocus metallorum, and liver of antimony.
517. Sulphate of Antimony.~—When sulphuric acid is boil
upon finely-powdered antimony, the metal is oxidized, and an
acid sulphate and a subsulphate of antimony are the results. In
both these salts the metal is in a state of protoxide.
518. Nitrate of Antimony may be formed by boiling tl
protoxide in nitric acid. It erystallizes in small brilliant ““‘eﬁ
519, Hydrosulphuretted Ouide of Antimony. This com=
pound has long been known under the name of kermes miner
it is commonly prepared as follows: Equal parts of sulphuﬁ
of antimony and common potash are fused together ; the re-
sulting mass 1s finely powdered, and boiled n ten times i

¢

cooling, it deposits kermes. The mother liquor of kermes de
posits a copious yellowish red precipitate upon the addition of
dilute sulphuric acid, which, when washed and dried, is knmﬁ
under the name of golden sulphur of antimony. It is impro=
perly called in the London Pharmacopeia antimonii sulphure-
tum pracipitatum. ¥
In forming these compounds, the following changes seem to
have taken place. The sulphuret of antimony and potassa n.q
upon the water, a portion of which is decomposed ; hydrogen is
transferred to the alcaline sulphuret, to form hydrosulphuret of
potassa ; hydrogenand oxygen unite to the sulphuret of antimony,
producing a hydrosulphuretted oxide of that metal, ( ke‘rm%
which remains dissolved in the hot alcalme hydrosulphuret,
and of which one portion is precipitated as that solution cools.
When dilute sulphuric acid is added, the hydrosulphuret of

weight of water, The liquor is filtered while hot; and, duri%
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phur and sulphuretted hydrogen are liberated; the sulphur
falls in combination with the kermes, producing the golden
r, or sulphuretted hydrosulphuret.

520. Phosphuret of Antimony is formed by heating together
al parts of oxide of antimony, phosphoric acid, and charcoal.

ssa is decomposed, sulphate of potassa is formed, and sul-
{ !

- R —lﬂ"ﬂl_ o o P o

- 3: is white and brittle.

% 521. Phosphate of Antimony has not been formed : in the
~ London Pharmacopaia there is a preparation called pulvis
“ timonialis, formed by heating one part of sulphuret of anti-
i?’ ony with two of hartshorn shavings. The action of heat
” pon the sulphuret has already been described (516). Its
i? ect upon the hartshorn shavings is to destroy the animal
:t atter, leaving little else than phosphate of lime. So that
1 f e pulvis antimonialis consists essentially of protoxide of anti-
:Ef;'ﬁ'.m , mixed with phosphate of lime. This preparation is
1 y considered analogous to, if not identical with James's

| powder, which, according to Dr. Pearson’s analysis (Phil.
ans. 1791) consists of 43 phosphate of lime, 57 oxide of
E ntimony in 100.
i i 52e. llfr:ither carbonate, hydrocyanate, vor borate of anti-
mony exist.
523, The solutions of antimony afford orange-coloured pre-
ipitates with sulphuretted hydrogen, and those which are acid
re precipitated when largely diluted with water.
,ﬁﬂ. Antimony forms brittle alloys with the malleable
.1_."__'-,--.: s. When gold was alloyed with %~ its weight of
anti oy, the compound was perfectly brittle; and even the
fumes of antimony in the vicinity of melted gold are sufficient
it dentruy its ductility. (Hatchett, Phil. Trans. 1803.) Alloyed
i lead in the proportion of 1 to 16, antimony forms the
'.:i= used for printers’ types. With iron it forms a hard
ish alloy formerly called martial regulus, which may be
ned by fusing two parts of sulphuret of antimony with one

g5 Q
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of iron filings; a scora consisting chiefly of sulphuret of iron
15 formed, and the fused alloy beneath usually presents a stel-
lated appearance in consequence of its crystallization. Thi

star was much admired by the alchemists, who considered it a
mysterious guide to transmutation. With lead, a white and
rather brittle compound is formed, used for the plates llpolﬁ
which music is engraved, and which is also often contained in
pewter. 3

SecrioNn XVI. Bismuth.

525. THis metal is found native; combined with oxygenj
and with arsenic and sulphur. :

Native bismuth occurs crystallized in octoédra and cubes,
and generally contains arsenic and sometimes cobalt. It has
been found in Cornwall, and in Germany, France, and Sweden,

The metal may be obtammed pure, by dissolving the bis-
muth of commerce in nitric acid; water is added to the
nitric solution, which separates oxide of bismuth. This oxide
1s easily reduced in the usual way.

Bismuth is a brittle white metal, with a slight tint of red:
its specific gravity = 9.8. It fuses at 476° and always crystal-
lizes on cooling. !

526. When bismuth is exposed to heat and air it oxidizes,
forming a fusible white oxide. It consists of 66,5 bismuth + 7,5
oxygen. It occurs, though very rarely, native. 1t has been
found in Cornwall, and Saxony.

527. Chloride of Bismuth, is procured by heating the metli
in the gas, or by cvaporating the muriate to dryness and sub-
mitting the residue to distillation, when the chloride sublimes,
and afterwards deliquesces into what was called butter of bis-
muth. (John Davy, Phil. Trans. 1812.) It cousists of (66,0
bismuth + 33,5 chlorme.
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- 528. lodide of Bismuth is of an orange-colour, and insoluble
- in water.
 520. Nitrate of Bismuth crystallizes in small four-sided
- prisms, consisting of 74 oxide + 50,5 acid. Itis decnmpnsed
F gy water, and the oxide of bismuth is thrown down in the form
;ﬂ: fine white powder, called magistery of bismuth, or pearl
le.
F? 530. Sulphuret of Bismuth is of a bluish colour and me-
 tallic lustre; it consists of 66,5 B. + 15 sulphur. This com-
und has been found native in Cornwall, Bohemia, Saxony,
d Sweden. It occurs massive and acicular, its lustre is me-
ic, and its colour bluish grey. It is a very rare mineral.
531. Sulphate uf Bismuth consists of 74 oxide + 87,5 acid ;
it is a white compound msoluble i, but decomposed by, water,
hich converts it into a subsulphate and supersulphate.
 532. Hydrosulphuretted Oxide of Bismuth is of a deep brown
approaching to black.
533. Phosphuret of Bismuth does not, according to Pelle-
tier, exist ; at least, it cannot be formed by the usual process.
534. Neither the phosphate, carbonate, hydrocyanate, nor
borate of bismuth have been sufficiently examined.
535. Bismuth forms alloys, some of which are remarkable for
their fusibility. With gold, platinum, and silver, it forms
%bntlle compounds. A compound of eight parts of bismuth,
}ﬁ’m of lead, and three of tin, liquefies at 212°; it 1s called
metal. 'The addition of one part of quicksilver renders
'1 it yet more fusible. Bismuth enters into the composition of

ft solders.

o Al gl Tl

Secrion XVI1. Cobalt.

536. Tue native combinations of cobalt are the oxide, and
compounds of the metal with iron, nickel, arsenic, and sulphur.
At isalso found combined with arsenic acid. In the white and

ey Ay, S W A
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grey cobalt ores, the metal is combined with iron, and wi
arsenic : Some of the varieties are crystallized in cubes, oc-
toédrons and dodecagédrons. The red ore is an arseniate. Th
finest specimens are the produce of Saxony.

To obtain pure cobalt, the cobalt of commerce, in fin
powder, may be calcined with four parts of nitre, and wash
in hot water, by which arsenic is separated : then digest in dilu
nitric acid, and immerse a plate of iron, which will separa
the copper; filter and evaporate to dryness; digest the dry
mass i ammonia; expel the excess of ammonia by hea
taking care not to produce a precipitate, and then add soluti
of potassa, which throws down oxide of nickel; filter imm
diately, and boil, which will occasion the separation of oxide of
cobalt, and which, ignited with charcoal, furnishes the puvj

metal.

Cobalt is of a reddish grey colour, brittle, and difficultly
fusible. Its specific gravity is 7,7. . ‘

537. Cobalt and Oxygen unite in two proportions. The
protoxvide is formed by adding potassa to the nitrate, and drying
the precipitate; it appears very dark blue or nearly blacks
By exposure to heat and air, it absorbs an additional portion
of oxygen, and 1s thus converted into black perovide. The
protoxide, when recently precipitated and moist, is blue; and,
if left in contact of water, becomes a red hydrate. The com-
position of the protoside of cobalt, deduced from an experiment
upon the sulphate, is 100 cobalt + 17 oxygen, hence the re-
presentative number of the metal may be considered 43, and
the protoxide, consisting of one proportional of each of its
components, will contain 43 cobalt + 7,5 oxygen = 50,5.

This result is nearly the same as that published by Proust.
(Annales de Chimie, Vol. 1x.) but widely different from that.
of Rothoft; (Annals. of Phil. Vol. 111). It appears, however,
from the experiments of the latter chemist, that the peruxidéi
of cobaltcontains 100 metal + 36,7 oxygen, which, in reference
to the above deduction from the sulphate, would lead us to
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, consider it as containing one proportional of cobalt and two of
. oxygen, or 43 + 15 = 58.

538. Cobalt burns when heated in chlorine; but the chioride
q; #‘mﬁak has not been examined.

r 539. Iodide of Cobalt also remains unexamined.

l 540. Muriate of Cobalt is a deliquescent salt, of a blue green
| colour; it may be formed by digesting either oxide in muriatic
@ﬁd, when a little diluted, it becomes pink; the pale pink
&ﬁuﬂnn when written with, is scarcely visible ; but if gently

ted the writing appears in brilliant green, which soon vanishes

f the paper cools, in consequence of the salt absorbing the

aeérial moisture. This solution has been termed sympathetic ink.

; - 541. With nitric acid the oxide of cobalt furnishes a red
deliquescent aitrate of coball.

- 542. Sulphuret of Cobalt is formed by heating the oxide with
';Iphur. It is yellowish white.

? 43. Sulphate of Cobalt forms red rhombic crystals, soluble
in 24 parts of water at 6G0°. It may be made by dissolving the
~ protoxide in dilute sulphuric acid. In its crystallized state it
ists of one proportional of oxide, one of acid, and seven

r! water; or
i3 50,5 protoxide of cobalt.
2 37,5 sulphuric acid.
4 59,5 water.
: 147,5

¥ This sulphate forms triple compounds with potassa and with
“ammonia, which have not been examined.

P 544, Phosphuret of Cobalt 1s a white brittle compound.

S 545. Phosphate of Cobalt may be formed by double decom-

.Esitiun, as by adding phosphate of soda to muriate of co-
balt; it is insoluble, of a purple colour, and, if mixed with
ﬁght parts of gelatinous alumina, and heated, it produces a
’_ﬁieauli{'ul blue, which may sometimes be employed by painters

| as a substitute for ultramarine. (Thenard. Tom., II. p- 419.)
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546. Cerbonate of Cobalt is formed by decomposing the
nitrate, muriate, or sulphate of cobalt by carbonate of potassa,
or soda; a reddish blue powder is precipitated.

547. Hydmcqyanate of Potassa forms a grass-green precipil;
tate in solutions of cobalt,

548. The salts of cobalt all contain the protoxide; they are
decomposed by ammonia, which, if added in excess, re-dis-
solves the oxide: phosphoric, carbonic, arsenic, and uxaliﬁ‘
acids, produce by double decomposition, insoluble red cnmy
pounds in these solutions.

549. The alloys of cobalt are unimportant. The chief use oi
cobalt is as a colouring material for porcelain, earthenware, amﬁ
glass; it is principally imported from Germany in the state of
zaffre, and small or azure.

Zaffre is prepared by calcining the ores of cobalt, by w]uc&
sulphur and arsenic are volatilized, and an impure oxide of
cobalt remains, which is mixed with about twice its weight of
finely-powdered flints. ¢

Smalt and azure blue are made by fuzing zaffre with glass;
or by calcining a mixture of equal parts of roasted cobalt ore,
common potash, and ground flints. In this way a blue glass
is formed, which, while hot, is dropped into water, and after-
wards reduced to a very fine powder.

Segcrion XVILL  Uranium.

550. THE native oxide has been termed uranite. Its l:l‘]l'li
talline form is the cube and several modifications; it often
occurs in thin quadrangular plates. It exhibits various shades
of yellow and green. It has been found in France, and of
great beauty near Callington, in Cornwall. The native sul-
phuret of uranium was formerly mistaken for an ore of zing,
and called pechblende, till Klaproth, in 1789, demonstrated it
to contain uranium combined with sulphur. From this ore
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uranium may be obtained by the following process :—Reduce
it to powder, and expose it to heat in a muffle ; then digest m
dilute nitro-muriatic acid, and precipitate by excess of ammonia;
collect and wash the precipitate, and dry it at a heat approach-
- ﬁng redness.
~ When exposed to a violent heat with a small quantity of
charcoal powder, metallic uranium is obtained.
~ Uranium is of a grey colour, brittle, and very difficult of
fusion ; its specific gravity has not been ascertamed with pre-
- gision. Bucholz states it as = 9,0. (Gehlen’s Journal, 1v.)
~ 551. Very few experiments have hitherto been made upon
~ this metal. The oxide precipitated from its nitric solution by
~ alcalies is yellow, but by heating with charcoal it becomes
- black. The uranitic ore, called by the Germans uran glimmer,
t & a hydrate of the yellow oxide. The salts of uranium have a
~ yellow colour and an astringent metallic taste. Potassa forms in
- their solutions a yellow precipitate, and carbonate of potassa a
- white precipitate; both these precipitates are insoluble in
,, ijexcess of pure alcali, but dissolve in the carbonate.
~ According to Bucholz, the peroxide of uranium consists
- of 80 metal 4+ 20 oxygen = 100; so that if we consider it
~ as containing one proportional of metal and two of oxygen,
‘we obtain 60 as the representative number of uranmium; and as
:{it is probable that the protoxide contains half the quantity of
‘oxygen, the oxides would consist respectively of 60 uranium
+ 7,5 oxygen, and 60 uranium + 15 oxygen.

3} Secmion XIX. Titanium.

- 55. Thiranium exists in the state of oxide in two minerals,
“m titanite and in menachanite,

- Titanite is a nearly pure oxide of titanium; it is of a
“brown colour, and occurs embedded in the quartz and granite
of primitive countries, and sometimes traverses rock crystals
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in fine hair-like filaments. In this country it occurs at Bed-
gellert, in Cﬁemanrmlshire and near Killin, in Scotland. Th

finest specimens are those from the vicinity of Mont Blanc
and St. Gothard.,

The mineral known by the name of anatase, octoédrite, amif?f;
oysanite, is nearly of the same nature as titanite. 1t is found
in Bavaria, Norway, Switzerland, and in the valley of Dysanﬂv,
m France.

Menachanite consists principally of oxides of titanium and
iron; it is found in the bed of a small stream at Menachan,
in Comwall. Nigrine, iserine, and rutilite, or sphene, are also
ores of titanium. 3

e

553. The metal may be obtained from titanite by fusion
with potassa; the fused mass, washed with water, leaves oxide
of titanium, containing a little iron; it i1s to be dissolved
muriatic acid, and precipitated by oxalic acid. The oxalate
affords the metal by intense ignition with charcoal.

From menachanite, white oxide of titanium may be obtained
by fusing it with potassa, and adding muriatic acid to the
alcaline solution. \

554. Titanium is of the colour of copper. It is said to be
susceptible of three degrees of oxidizement, the colours of the
oxides being blue, red, and white,

The blue is formed by exposing the metal to heat and air;
the red is the native oxide; and the white is that which is pre-
cipitated from the alcaline sulutmn of titanite or menachanite
by muriatic acid. According to Vauquelin and Hecht, (Journal
des Mines, No. xv.), the white oxide contains 89 parts of red
oxide and 11 of oxygen.

555. The action of chlorine and of iodine upon titanium,
have not been examined. The carbonate of titanium dissolves.
in muriatic, nitrie, and sulphuric acids, and phosphoric acid
occasions a white precipitate in these solutions, Neither the:
muriate, nitrate, nor sulphate, are crystallizable.
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When the native oxides of titanium are fused with carbonate
. of potassa, a white carbonate of titanium is formed.

~ 556. The solutions of titanium are colourless, and afford
l‘!"‘h]t& precipitates with the alcalies; ferrocyanate of potassa
ives a green precipitate, and infusion of galls a red one.
ydmsulphuret of ammonia occasions a greenish precipitate.

SecrioNn X X. Cerium.

E 55‘? Tris metal has been obtained by Hisinger and Ber-
~ zelius, from a mineral found at Bastnas in Sweden, to which

-\.'

~ they have given the name of cerite. It is also contained in
l'Nc.'r.t.m.tf,, a mineral from Greenland, first distinguished as a
,Eeculmr species by Mr. Thomas Allan, of Edinburgh. It
{ﬁtmta.lns, according to Dr. Thomson’s analysis, about 40 per
i_ﬂmt of oxide of cerium.

- The ore is calcined, pulverized, and digested in nitre-muriatic

acid. To the filtered solution, saturated with potassa, oxalic

id 1s added, which occasions a precipitate; this, when dried

d ignited, is oxide of cerium.

- This oxide is extremely difticult of reduction. Mr. Children

- succeeded in fusing it by the aid of his powerful voltaic appa-

tus, and when intensely heated it burned with a vivid flame,
ind was partly volatilized. Vauquelin describes it as a hard

: !nrlnte brittle metal. (Annales de Chimie, Vol. 1v.)

538, Vauquelin and Hisinger have described two oxides of
%Enum The protoxide is white, and consists of cerium 100
4 oxygen 17,41. The peroxide is brown, and contains cerium
200 + oxygen 26,11. If we regard the first oxide as
containing 1 proportional of metal + 2 of oxygen, and the
second, 1 -+ 3, then the number representing cerium will be
86,2, and the oxides will consist respectively of 86,2 cerium
+ 15 oxygen, and 86,2 cerium + 22,5 oxygen.

e '-H-w'-il'\-'jl-i_-r-wq
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559. Muriatic and sulphuric acids dissolve the red pemxid‘é.
of certum: they afford yellow crystals. The muriate is
deliquescent; the sulphate difficultly soluble. The sulphate 3
the protoxide forms white crystals of a sweet taste. Nitrie
acid forms with the protoxide a deliquescent cﬂmpouﬁd, of a
sweet taste. The carbonate is precipitated from these solutions
in the form of a white powder. |

560. The salts of cerium are either white or yellow, as they
contain either the protoxide or peroxide. Their neutral solu-
tions taste sweet. Ferrocyanate of potassa, and oxalate of
ammonia, produce white precipitates, soluble in nitric and
muriatic acids.  Neither sulphuretted hydrogen, nor galli
acid, occasion any precipitate.

Secrion XXI. Tellurium.

561. Tue ores of tellurium are, 1. Native, in which tl
metal is combined with iron and a little gold. 2. Graphic ore,
which consists of tellurium, gold, and silver. 3. Yellow ore,
a compound of tellurium, gold, lead, and silver; and 4. Bla
ore, consisting of the same metals with copper and sulphur,

These ores have only been found in the Transylvanian mines,
and in Siberia. |

The metal 1s extracted from them by precipitating .
diluted nitro-muriatic solution by potassa, which is added m
excess : the clear liquor 1s poured off and saturated wit%
muriatic acid, which affords a precipitate of oxide of tellurium.
This, heated in a glass retort with charcoal, furnishes
metal. Tellurium is of a bright grey colour, brittle, easilg
fusible, and very volatile. Its specific gravity = 6,1. _

562. Ouwide of Tellurium.—Exposed to heat and air, tulh%i
rium readily burns, exhaling a peculiar odour, and formmg
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+ a yellowish white oxide, consisting, a{:{:urdmg to Klaproth,
ﬁB:eImge, Vol. IIL.) of

'.f Tellurium .. 100
8 Oxygen .... 20,5

Hence the number 36,5 may be adopted as the representative
the metal; and if the above be considered a protoxide, it

' ?ill contain
3 —— of oxygen.. = " 7,5

i Oxide of Tellurium .. = 44

1 proportional of tellurium = 36,5
|

i f 563. Chloride of Tellurium is a white fusible compound,
~ formed by heating the metal in chlorine. According to Davy,
& Elements, p. 410.) 1t consists of 2 tellurium + 1,85 chlorine,
‘which would give 1 proportional of each of its components, or

I 1T A e e 36,5
Ch]ﬂl‘ill& "TEE R T 33,5

v A

———

Chloride of tellurium .. 70

564. lodine readily combines with tellurium, forming a deep
rown iodide, which dissolves in water, forming the hydriodate
tellurium.
~ 565. Tellurium combines with hydrogen, producing telluretted
?_ydrogen gas. The soluble salts of tellurtum furnish white
recipitates, when neutrallized by alcalies, which are soluble in
: Flceas either of the solvent or precipitant.
566. The oxide of tellurium is readily soluble in muriatic,
-'.Illb,'lc, and sulphuric acids. The muriate affords a precipitate

on the addition of water. (Berzelius, Nicholson's Journal,
:kxxvl )

e q’-l-i.-..-- ol s e

3 e

- The salts of tellurium are decomposed by the alcalies, and
the precipitate is re-dissolved when they are added in excess.
Hydrosulphuret of ammonia forms a brown precipitate; ferro-
‘cyanate of potassa occasions no change. Zine or iron im-
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mersed into the solutions cause the separation of metallic
tellurium. , -

567. The oxide of tellurium combines with many of the
metallic oxides, acting the part of an acid, and producing ¢ :
class of compounds which have been called tellurates.

Tellurate of potassa may be formed by heating oxide of
tellurium with nitre, and dissolving the residuum in boiling
water, which, on cooling, deposits an imperfectly crystallized
white powder, difficultly soluble in water.

Solution of tellurate of potassa added to solutions of lime,
baryta, strontia, copper, and lead, forms insoluble tellurates of
the oxides of those metals. '

5 W e e

Secrion XXII. Selenium.

568. Tnis body is placed, rather from analogy than expert
ment, among the metals. It was discovered by Berzelius in
the sulphur of Fahlun in Sweden, and was first suspected to be
tellurium. [ts colour is grey; its lustre bright metallic. Tt
fuses at a few degrees above the boiling point of water,
when slowly cooled, assumes a granular fracture. It boils and
evaporates in close vessels at a temperature a little below re
ness. Heated before the blow-pipe it volatilizes with a very
powerful and peculiar smell, somewhat like that of horse-
radish. |

Selenium unites with the metals. With potassium it com-
bines with great energy, producing a greyish compound, with
metallic lustre, and which, when thrown mto water, evolves
selenuretted hydrogen gas, which is highly irritating to the
nostrils. It combines both in the dry and humid way with the
fixed alcalis, and forms red compounds. Heated to dryness
with nitric acid it forms a volatile and crystallizable compounds

S S o iy S Aplapiats e 1
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14;!1&:1 selenic acid, wlnch unites 1o some of the metallic oxides,
~ producing a distinct class of seleniates. (Annales de Chymie et
{'bsmqug, Tom. vit. Thomson'’s Annals, Vol. x1. and x11.)

SectioNn XXIII. Arsenic.

smmerce, by mixing it with half its weight of black flux¥, and
itroducing the mixture into a Florence flask, placed in a
and bath, gradually raised to a red heat: a brilliant metallic
ublimate of pure arsenic collects in the upper part of the
sk, The volatility of white arsenic prevents its easy reduc-
jon by charcoal alone ; but the potassa in the flux enables it
0 acquire a temperature sufficient for its perfect reduction.
Arsenic 1s of a steel blue colour, quite brittle, and of a
ecific gravity = 8,3. It readily fuses, and in close vessels
may be distilled at a temperature of 360°, which 1s lower than
s fusing point. Its vapour has a very strong smell, resembling
hat of garlic. Heated in the air it easily takes fire, burns with
 blue flame, and produces copious white fumes of oxide.
ixposed to a moist air it gradually becomes incrusted with a
y powder, which is an imperfect oxide. This metal and all
s compounds are virulent poisons.
 Native arsenic has been found in Saxony, Hanover, France,
&ohemm, and Cornwall. [t usually oceurs in rounded masses,
nodules, of a foliated lamellar texture, in the veins of primi-
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r This is an extremely useful compound for effecting the reduction of
¥ of the metallic oxides. [t consists of charcoal and saubearbonate of

and is best prepared by deflagrating in a crucible a mixture of
part of nitre and two of powdered tartar. The mixtare remains in

on at a red heat, and thus suffers the smalil globules of reduced metal
1o coalesce into a button.

T A
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tive rocks, and is often associated with silver, cobalt, lead,
nickel ores.

570. Arsenic and orygen.—There are two definite com-
pounds of arsenic and oxygen, which are both capable of
forming combinations with other metallic oxides. They are sour
and soluble in water, and have thence been properly termed
arsenious and arsenic acids.

The arsenious acid, or as it is commonly called, white
arsenic, or white oxide of arsenic, is the best known, and most
commonly occurring compound of this metal ; and as cases
of poisoning by it are frequent, every person should be well
- acquainted with its characteristic properties. |

Arsenious acid may easily be procured by the combustion of
the metal; but as it is formed during certain metallurgic pro-
cesses, that mode 1s rarely resorted to. It i1s abundantly
prepared at Joachimstahl, in Bohemia, from arsenical cobalt
ores, which are roasted in reverberatory furnaces, and the
vapours condensed in a long chimney, the contents of which,
submitted to a second sublimation, afford the white arsenic
commerce. It is white, semi-transparent, brittle, and of
vitreous fracture. Its specific gravity is 3,7. Its taste is acrid
accompanied by a very nauseous sweetness, and it is virulently

poisonous, producing inflammation and gangrene of the
stomach and intestines : it also proves fatal when applied to
wound ; and as the local injury is in neither case sufficient
cause death, it is probable that an induced affection of the
nervous system and of the heart is the cause of the mischief.

(Brodie’s Observations and Experiments on the Action ﬂg
Poisons, Phil. Trans. 1812.) To get rid of the poison by pm-%'
ducing copious vomiting and purging, and to pursue the usual
means for subduing and preventing inflammation, are the prin-
cipal points of treatment to be adopted in cases where this
poison has been taken. (Orfila Traité des Poisons, Tom. T
p- 123.)
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" By slow sublimation arsenious acid forms tetraédral crystals:
it is volatile at 380° and has no smell when perfectly free from
metallic arsenic. (Dr. Paris, Journal of Science and Aris,
Vol. vi.) According to Klaproth, 1000 parts of water at 60°
'@smlve 2,5 of white arsenic, and 1000 parts of water at 212°,
 dissolve rather more than 77 parts, and about 30 parts
are retained in permanent solution. The solutions: taste
acrid and nauseous, and redden vegetable blues. 80 parts. of
alcohol at 60°, dissolve one part of this acid. Its aqueous
s solution furnishes tetraédral crystals by slow evaporation.

8 571. The composition of the arsenious acid, as estimated by
l‘?muat, Thenard, and Thomson (Thomson’s System, Vol. 1.
p- 295) furnishes the following mean:

§ P

Arsenic. Oxygen. Arsenious Acid.
e 100 34 "= 194

If we consider this acid as a compound of one proportional
6 arsenic and one of oxygen, we obtain the number 44,11 as

&c representative of arsenic for

34 : 100 : : 15 : 44,11.

* Without material error, therefore, we may adopt 44 as the
representative of arsenic, and the arsenious acid will then con-
sist of 44 arsenic + 15 oxygen = 50.

This acid occurs native in prismatic crystals, and in a pulve-
‘rulent form : it is found in Saxony and Hungary.

- 572. The arsenious acid forms a distinct class of salts,
“called arsenites, which have been little examined.

The arsenites of ammonia, potassa, and soda, are eastly
uﬂuhle and uncrystallizable: they are formed by boiling the
‘acid in the alcaline solutions. Those of lime, baryta,
‘strontia, and magnesia, are difficultly soluble, and formed in
L ﬂle same way,

Arsenite of potassa produces a white precipitate in the .
T
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white salts of manganese; a dingy green precipitate in the
solutions of iron; a white precipitate in solutions of zine
and tin. Mixed with a solution of sulphate of copper, a
precipitate of a fine apple-green colour falls, called fmmlh
-discoverer, Scheele’s green, and useful as a pigment. In the
solutions of lead, antimony, and bismuth, it forms white preci-
pitates : added to mitrate of cobalt it forms a pink precipitate;
and bright yellow, with nitrate of uranium. With nitrate of
silver it forms a white precipitate, soon becoming yellow, and
very soluble in ammonia. All these precipitates are probably
arsenites of the respective metals, and, heated by a hlﬂw-pipé.
on charcoal, they exhale the smell of arsenic. The arsenite ¢
lead is found native in France, in Spain, and in Siberia. |

573. Arsenic acid is obtained by distilling a mixture of 4
parts of muriatic and 24 of nitric acid off 8 parts of arsenious
acid, gradually raising the bottom of the retort to a red heat :
the end of the operation. It may also be procured by distilli
nitric acid off powdered metallic arsenic.

Arsenic acid is a white substance, of a sour taste; it is de]l
quescent and uncrystallizable. Its specific gravity is 3,4. It
requires for solution 6 parts of cold and 2 of boiling water;
its solution reddens vegetable blues, and tastes acrid and
metallic.

574. It appears, from the experiments of Proust
Thomson, that the oxygen n the arsenic acid 1s, to that in the
arsenious acid, as 3 to 2; hence we regard it as a compound
1 proportional of arsenic = 44, and 3 proportionals of oxy
= 22,5, and its representative number will be 66,5.

575. The arseniates are produced by the union of this acl
with the metallic oxides; and many which are nsoluble ma
be formed by adding arseniate of potassa to their respective
solutions. The arseniate of potassa is formed by detovating in
a crucible a mixture of arsenious acid and nitre. It may b
crystallized, and is used in pharmacy. The arsenite of potassa
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constitutes the active ingredient in Fowler's mineral solution,
or tasteless ague drop.

Several of the metallic arseniates are found native; of these
the most important are, 1. The arseniate of iron, which occurs
in Cormnwall, usually in cubic crystals of various shades of
green. 2. Arseniate of copper, of which there are two princi-
pal varieties, the green and blue. The green is found n flattened
octoédra, in hexaédral tables, and in prisms with dihédral
summits. Sometimes it is massive, or fibrous, and radiated.
The blue variety is tetraédral, octoédral, and rhombic. These
beautiful minerals are almost peculiar to Cornwall. 3. Ar-
seniate of lead occurs in small hexaédral crystals, of a yellow,
green, or brown colour, transparent, and of a resinous lustre.
It has been found in Cornwall, France, and Spain. 4. Arse-
niate of cobalt, or peachblossom cobalt ore, is a rare mineral
found in Saxony and Cormwall. :

. 576. Arsenic and Chlorine.~Chloride of arsenic is formed

by throwing finely-powdered arsenic into chlorine ; the metal
~ burns and forms a whitish deliquescent and volatile compound;
it may also be obtained by distilling 6 parts of corrosive sub-
limate with 1 of powdered arsenic ; the chloride passes into
- the receiver in the form of an unctuous fluid, formerly called
 butter of arsenic. Mixed with water, the chloride of arsenic is
« decomposed, and white oxide or arsenious acid is deposited,
{ muriatic acid being at the same time produced. Hence it may
| be inferred, that the chlorine is to the arsenic in the same pro-
| portion as the oxygen, and, consequently, that it consists of 1
| proportional of arsenic 4+ 2 proportionals of chlorine, which,
| from Dr, Davy’s experiments, appears to be the case. Chlo-
ride of arsenic, therefore, is composed of

44 Arsenic + 67 Chlorme = 111 Chloride of Arsenic.

377. lodide of arsenic, obtained by heating the metal with
excess of iodine, is of a deep red colour, and volatile. When
T2
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acted upon by water, it produces hydriodic and arsenic acids,
whence it appears probable that it contains 1 proportional uf
arsenic and $ of iodine.

578. Arsenic and hydrogen.—Arsenuretted hydrogen gas.—
When arsenic is presented to nascent hydrogen, a portion of
the metal combines with thie gas. The compound is best oh-
tained by adding a portion of metallic arsenic, or of white
arsenic, to the mixture of zine filings and dilute sulphuric acid,
usually employed for the production of hydrogen. (136) The
gas may be collected over water, by which it is not !ennblﬁ
absorbed.

The specific gravity of this gas is liable to vary according

to the mode by which it is procured. I have always found it

heaviest when obtained from a mixture of 4 parts of zinc, 1 of
arsenic, and 3 of sulphuric acid, diluted with 4 or 5 of water,
After standing a day over water, it deposits a small quantity of
brown matter, which appears to be a hydruret of arsenic, and
then has a specific gravity of from 12 to 14, hydrogen be
= 1. This is considerably heavier than the usual estimation ‘ni%
the gas were composed of 1 proportional of arsenic and 2 of
hydrogen, without condensation, 100 cubical inches should
weigh 51,75 grains, and its specific gravity to hydrogen would
be 20,7. But Gay-Lussac and Thenard, (Recherches Pf;ysieci?;
Chimiques, Tom. L. p. 230) have shewn by decomposing it by
tin, that 100 parts expand to 140, which would still increase
its specific gravity, it being probable that 3 volumes of hydrogen
are condensed into 2. It is probable, therefore, that the M
hitherto described under the name of arsenuretted hydrogen, is
a mixture of the real compound with hydrogen.,
The gas obtained by the above-described process smells
strongly alliaceous; it extinguishes a taper, and burns with a pale
blue flame, and deposits arsenic and its oxide. If detonated
with about 4 volumes of oxygen, arsenious acid and water
are formed. According to Stromeyer, (Nicholson’s Journal,

.i’.
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Vol. x1x.) it requires for its perfect combustion 0,72 parts of
its bulk of oxygen; but this is probably not sufficient to bum
the arsenic.

If bubbles of chlorine be passed up into a jar of arsenuretted
hydrogen, standing over warm water, flame and explosion are
often produced, muniatic acid is formed, and a brown hydruret
18 deposited ; but if the gas be passed in the same way by suc-
cessive bubbles into chlorine, no inflammation results, absorp-
tion takes place, and muriatic acid and chloride of arsenic are
formed. If the chlorine be not very pure, and when the gases
are cold, inflammation seldom follows their mixture.

Chlorine, added to a mixture of sulphuretted and arsenuretted
hydrogen, causes a deposit of red sulphuret of arsenic.

Nitric acid suddenly decomposes arsenuretted hydrogen ;
water, oxide of arsenic, nitrous acid, and nitric oxide are the

results.

579, Arsenic and Sulphur.—By slowly fusing a mixture of
metallic arsenic and sulphur, or by heating white arsenic with
sulphur, a red sulphuret of arsenic is obtained. It is crystal-
lizable, and of a vitreous fracture : its specific gravity is 3,4, It
is usually known under the name of rea/gar, and occurs native
in Germany and Switzerland. Its primitive form is an acute
octoédron.

If white arsenic be dissolved in muriatic acid, and precipi-
tated by hydrosulphuret of ammonia, a fine yellow sulphuret
of arsenic falls, which it appears only differs in form from
realgar: it 1s usually called orpiment. According to Laugier,
(Annales de Chimie, Lxxxv.) these sulphurets are composed
of about 58 arsenic and 42 sulphur, which differs little from 1
proportional and 2, or

44 arsenic + 30 sulphur = 74 sulphuret of arsenic.

Native orpiment 1s of a bright lemon or golden colour. It
1s generally massive and lamellar.

Sulphuret of Arsenic and Iron is found uative in many parts
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of Europe. Itisof amore silvery colour than iron pyrites,
and when heated exhales the odour of arsenic. Itis calledié
arsenical pyrites, or mispickel.

580. Sulphuric acid is slowly decomposed when boiled uptm§
arsenic. Sulphurous acid is evolved, and difficultly soluble
crystalline grains of sulphate of arsemic are deposited as I:Ile"!t.
solution cools. "

581. Phosphuret of Arsenic is formed by heating the metal, 1_
or its oxide, with phosphorus; it is grey md brittle.

582. Phosphate of Arsenic is formed in difficultly soluble
crystalline grains, by boiling white arsenic in phosphoric acid. ‘l{

583. There appears to be no Carbonate of Arsenic.

584. Arsenic forms alloys with most of the metals, and they';
are generally brittle; with copper, however, it forms a white
malleable alloy. It readily combines with cobalt, and most of
the ores of that metal contain it, and it is difficultly separable.

585. As arsenic, either accidentally or intentionally taken, is
a very frequent cause of death, and often the subject of judicial
inguiry, it becomes of importance to point out the most effec-
tual modes of discovering its presence. Where arsenic proves
fatal, it is very seldom found in the contents of the stomach
after death, but is generally previously voided by vumitingf;-‘
or by stool; and we often can detect it in the matter thrown
off the stomach, in the form of a white powder, subsiding in
water. The inflammation of stomach which results is generally

a secondary effect, and takes place equally, whether r.hﬁ?
poison be swallowed or applied to a wound., :

If minute quantities of white powder be detected, however,
in the stomach after death, or in the matter vomited, it is to be
carefully collected, and treated as follows:

(a.) Mix a small portion of it with about two parts of black
flux ; introduce the mixture into a glass tube, and gradually
heat it red hot in the flame of a spirit lamp. If arsenic be 1

present, a steel-coloured sublimate will attach itself to the |
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'8 cooler part of the tube, which, heated in contact of air, evapo-
ites in a white smoke strongly smelling of garlic.

(b.) Boil the suspected matter in a little distilled water: and
when the solution has cooled, add a few drops of solution of
plphuretted hydrogen. If arsenic be present, a yellow preci-

itate will appear.
~ (¢.) To the solution & add a drop of solution of subcarbonate

{ of potassa, and then a drop or two of solution of sulphate of
wopper. An apple-green precipitate ndicates arsenic.

(d.) Add to the solution with potassa c, a drop of nitrate of
ilver. A yellow precipitate indicates arsenic.

It must be observed, in regard to these tests, that the first
only is unequivocal, and that the appearances produced by the
pthers may originate from the presence of other substances.
When, however, all the above appearances ensue, no doubt of
he existence of arsenic can be entertaimed. The several pre-
cipitates should be collected, and will, when placed upon a
‘Bed-hot iron, exhale the peculiar smell of arsenic. The reader
is referred for further particulars on this subject to Henry’s
Blements of Chemistry, Vol. 1L. p. 480, 8th Edit.: to Murray’s
WSystem, Vol. I1L. p. 441, 4th Edit.: to Dr. Bostock’s Paper,
nthe Edinb. Med. and Surg. Journal, Vol. v. p. 166: to Mr.
e’s Essay, in the Phil. Mag. Vol. xxx111.; and London

Med. and Phys. Journal, Vol. xxu1.: to Dr. Marcet’s Paper,
in the Medico-Chirurgical Transactions, Vol. 11., and to Mr,
WSylvester's Observations, in Nicholson's Journal, Vol. xxx1m.

¥

Secrion XXIV.  Molybdenum.

586. Tue sulphuret 1s the most common natural compound
of this metal. To procure the metal, the native sulphuret is
powdered and exposed under a red-hot muffle, till converted into
a grey powder, which is to be digested in ammonia, and the
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solution filtered and evaporated to dryness. The residuum is
dissolved in nitric acid, re-evaporated to dryness, and violently
heated with charcoal. The metal is of a whitish grey colour,
and of excessively difficult fusion. According to Hielm, its
specific gravity is 7,4: according to Bucholz, it i1s as high
as B,6.

587. Molybdenum and Oxygen—When exposed to heat, and
oxygen molybdenum is acidified, a white crystalline sublimate
of molybdic acid being formed.

There are two other compounds of molybdenum with oxygen;
the one brownish black, obtained by heating molybdic acid with
charcoal ; the other blue, and procured by immersing tin in
solution of molybdic acid; the black oxide consists of ‘

44 M. + 7,5 oxygen
the blue (molybdous acid) 44 M. + 15 '
the white (molybdic acid).. 44 M. + 22,5

Mr. Hatchett, in his “ Experiments on the Native Ma{yﬁdatr
of Lead,” concluded the metal to be susceptible of four degrees
of oxidizement, but his third oxide is probably a mixture of tlﬁ'
two acids.

The above numbers are taken from the analyses ﬁ
Bucholz, corrected by some experiments of my own, on the
molybdic acid ; our results are very nearly similar, W

These acids combine with certain bases, forming molybdites
and molybdates. Molybdate of silver, of mercury, of lead, and
of nickel, may be procured by adding molybdic acid to the re-
spective nitrates of those metals.

The native molybdate of lead occurs principally in crystals
of different shades of yellow. It was first discovered in
Carinthia, and has since been found in Mexico, Hungary, and
Saxony. According to Mr. Hatchett’s analysis, (Phil. Trans. I
1796) it contains 38 molybdic acid + 58,4 oxide of lead ; andﬂ
these numbers closely correspond with its theoretical compo- |
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, sition, which should be 1 proportional of molybdic acid = 66,5
+ 1 proportional of oxide of lead = 104,5.

Other molybdates may be obtained by adding molybdate of
 potassa to the metallic solutions. Molybdate of tin, thus pre-
 cipitated from muriate of tin, is of a fine blue colour, and it is
 probable that some of these compounds, were the metal more

abundant, would be useful in the arts.

588. Sulphuret of Molybdenum 1s a sectile compound of a
metallic lustre, composed of 44 M. + 30 S.

The native sulphuret is found in Bohemia, Sweden, and near
‘Mont Blane, disseminated in a grey granite. It has been found
in England, chiefly in Cornwall; and in Scotland, in Inverness-
shire. It rarely occurs crystallized ; generally massive, and
made up of easily separable lamine. It is soft and unctuous to
‘the touch, and m colour much like lead. It is found exclu-
sively in primitive rocks ; generally in granite and with quartz,

580, Little is known concerning the salts of molybdenum.

Sulphuric acid dissolves molybdic acid, and the solution is
colourless while hot, but becomes blue on cooling. Muriatic

~acid forms a yellowish green solution of molybdic acid. The
witric acid does not dissolve it. (Hatchett, Phil. Trans. Lxxxv1.)
- Its alloys are unimportant,

Secrion XXV. Chrome.

590. CuromE was discovered by Vauquelin in 1797. It may
~ be obtained by intensely igniting its oxide with charcoal. Its
colour resembles that of iron, and its specific gravity is 5,0. It
is brittle, and difficult of fusion.
- 591. Chrome and Oxygen.~When chrome is exposed to the
action of heat and air, it combines with oxygen, and a green
proforide is obtained. This oxide easily dissolves in acids.
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When nitrate of chrome is decomposed at a red heat, an
msoluble brown deutoxide is formed. It does not dissolve in the
acids; but when heated with muriatic acid, chlorine is evolved,
and a muriate, containing the protoxide, is formed.

The red peroxide, or chromic acid, is most easily procured by
the decomposition of the native chromate of lead, which may
be effected by reducing it to a very fine powder, and boiling it
in a solution of potassa or soda, An orange-coloured solution
of the alcaline chromate is thus formed, to which sulphuric
acid is to be added. Om evaporation red crystals of chromic
acid are formed, along with the sulphate of soda or of potassa.

Chromic acid may also be procured by the following process
from native chromate of iron, which is a more common mineral
than the chromate of lead. Reduce it to afine powder and expose
it to a red heat for two hours, mixed with half its weight of
“nitre ; wash the contents of the crucible, and add to the lixivium
nitric acid sufficient to neutralize the excess of potassa; in this
way a solution of nitrate and of chromate of potassais ob-
tained. Upon adding nitrate of mercury to this solution,
chromate of mercury is precipitated in the form of a red powder,
which, when washed, dried, and heated, is decomposed, and
either chromic acid or oxide is obtained.

The protoxide of chrome has been found native in France,
in the department of the Rhone, in the form of a green
incrustation. It is the colouring matter of the emerald, and
exists in a few other minerals,

Chromic acid imparts the red tint to the ruby, and is found
combined with oxide of iron and of lead. b4

Chromate of iron has been found in small cr}ratallme grains, *
of an octoédral form. It commonly occurs massive, of a black ¥
colour, with a slight metallic lustre, and hard enough to cut
glass, It has been found in Siberia, France, and America, and
~ promises to become useful in the arts as a source of some fine

pigments. _ ']
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Chromate of lead is a very rare mmeral, hitherto only found

in the Uralian mountains in Siberia; it occurs In prismatic
ystals, of a fine orange red colour, and is occasionally accom-
panied by small green crystals, supposed to be chromite of
lead, or a combination of oxide of chrome and oxide of
Satisfactory experiments on the composition of the oxides of
‘chrome are still wanting. According to Vauquelin, chromate
of baryta consists of 62,2 baryta + 37,4 chromic acid, or,
jpeaking in the equivalent numbers adopted in this work, of 1
proportional of baryta = 72,5 + 1 proportional of chromic acid

a Acmrding to Berzelius, the green oxide of chrome contains
alf the quantity of oxygen existing in the chromic acid. If,

refune, the latter be regarded as a deutoxide, the number
28,5 will represent chrome, and

Protoxide of chrome would consist of 28,5 chrome + 7,5
pxygen : and chromic acid of 28,5 chrome + 15 oxygen.
- 502. The chromates of ammonia, potassa, soda, lime, and
magnesia are soluble and crystallizable. The chromates of baryta
nd strontia are insoluble,and may be formed by adding chromate
of putassa or soda to their soluble saline compounds. The
other insoluble metallic chromates may be formed in the same
way, and their colours, which are various and beautiful, often

able us to judge of the nature of the metal present. Thus
chromate of soda forms insoluble precipitates in solutions of
silver, mercury, lead, copper, iron, and uranium; the colours
wre crimson, red, orange or yellow, apple-green, brown, and
yellow. It forms no precipitate in solutions of nickel,
zine, tin, cobalt, gold, or platinum; whence, perhaps, it may
be inferred, that the chromates of the latter metals are
soluble.

The green oxide of chrome is occasionally used in porcelain

h
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and enamel painting; and the artificial chromate of lead forms
a rich and durable yellow. r

The remaining compounds of chrome are as yet unexamin@_

+
2 |
593. Tris metal is obtained by exposing a mixture §
tungstic acid and charcoal to a strong heat, It is difficult o
fusion, very hard, brittle, and of an iron colour, Its speci i'-;
gravity 17,5. By the action of heat and air, tungsten is con-
verted into an oxide which is of a yellow colour, It has he: 4
called by some scheelium, by others wolframium. o |
594. Peroxide of Tungsten or Tungstic Acid, may be ob-
tained from two native combinations ; the one called wolfram,§
the other tmtéstate of lime.
Wolfram is found in primitive countries generally accom
panying tin ores; its colour is brownish black, it occurs mas-
sive and crystallized, its primitive form being a rectangular
parallelopiped. It abounds in Comwall. It consists of tung-§
stic acid united with iron and manganese. It may be decom-
posed by ignition with three times its weight of nitre ; the fused §
mass digested in boiling water and filtered, furnishes a preei-§
pitate of perovide of tungsten upon the addition of muriatic §
acid. ¢
Tungstate of lime is a whitish semi-transparent substance,
found in England, Saxony, Bohemia, and Sweden, and occur-
ring crystallized and massive. Its most usual form is the octo-
edron. It may be decomposed by fusion'with four parts ol
carbonate of potassa, the fused mass is digested in about
twelve parts of boiling water, and filtered. Nitric acid preei-
pitates the peroxide.

Section XXVI. Tungsten.
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Peroxide of Tungsten is tasteless and insoluble in water ; its
pecific gravity is 6. When violently heated it becomes green,
arey, and black, probably from the loss of oxygen. It com-
pines with several of the metallic oxides, and was found by
B Guyton to give considerable permanence to vegetable colours;
ience it probably might prove useful in the art of dyeing, were
it more abundantly procurable.

According to Dr. Thomson (System, Vol. I. p. 553) Tung-
stic acid is a compound of

> Tungsten 100
Oxygen 25

and he regards it as containing one proportional of metal and
Bithree of oxygen. Upon these data the number 90 would re-
§j present tungsten and the peroxide would contain

00 Tungsten
22,5 Oxygen

112,5 Tungstic acid,
' und tungstate of lime would consist of

one proportional of tungstic acid = 112,5
lime—— = 26,5

139
| but this does not agree with Klaproth’s experiments, who found
tungstate of lime to consist of

77,5 acid
22.5 lime

100

though it is consistent with Berzelius’s statement, as reported

by Thomson, and which probably is founded on calculation,
The remaining compounds of tungsten have scarcely been

investigated, and appear of little interest or importance.
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Section XXVII. Columbium.

595, Twuis metal was first discovered by Mr. Hatchett i
a mineral from North America. It is found combined wi
the oxides of iron and manganese, and also with yttria, in the
minerals called tantalite and vttro-tantalite. Tantalite i
chiefly found in octoedral crystals, and in masses of a black
gray colour, in Finland. Its specific gravity is 7,9 and it ::-:m-i
tains, according to Ekeberg,

80 oxide of columbium
12 oxide of iron i
8 oxide of manganese.

Y ttro-tantalite 1s found at Ytterby in Sweden, accompanying
Gadolinite (Section XLI.) It contains about 45 per cent of
oxide of columbium. Its colour is dark grey, its lustre shining
and somewhat metallic,

Columbium was discovered in these minerals by M. Ekeberg,
and considering it as a new metal he called it tantalum. In
1809. ( Phil. Trans.) Dr. Wollaston examined these and the
original mineral in the British Museum, and demonstrated the
identity of columbium, and tantalom. As the former name
was given to this body by its original discoverer, it is here
retained.

Columbium may be procured from columbite or tantalite, by
the following process. Mix 5 parts of the finely-powdered
mineral with 25 of carbonate of potassa, and 10 of borax, fuse
the mixture, and when cold digest it in muriatic acid, which dis-
solves every thing except the oxide of columbium, which remains
in the form of a white powder (Wollaston, Phil. Trans. 1809.
p- 248). From 5 grains of columbite, Dr. Wollaston obtamed
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Oxide of Columbium 4 grams

Iron vy

Manganese i

From five grains of tantalite he procured

Oxide of Columbium 4} grains
Iron 3

Manganese <%

1]

506. Berzelius is the only person who has obtained metallic
columbium. He describes it as of iron colour, very hard and
brittle, and buming at a red heat into a whitish oxide.

507. The characters of white oxide of columbium are very
well marked. It is nearly insoluble in muriatic, nitric, and sul-
phuric acids; it is very soluble in potassa, and carbonate
of potassa; 8 grains of the latter, fused with | of the oxide,
render it soluble in water. It is much less soluble m soda,
and only retained while hot. Acids precipitate the white oxide
from its alcaline solution,

If the excess of alcali be carefully neutralized with nitric
acid, infusion of galls, added to the solution, produces a very
characteristic orange-coloured precipitate.  Neither ferro-
cyanate of potassa, nor hydrosulphurets, occasion any change.

There is another character very peculiar to the oxide of
columbium, which is its ready solubility in tartaric, citric, and
oxalic acids. In all these cases the newly-precipitated oxide
must be used, for when dned it becomes very intractable.

From the readiness with which this oxide combines with
‘potassa, Mr, Hatchett called it columbic acid.

According to Berzelius, 100 parts of columbium combine
with 5,485 of oxygen; so that the representative of the metal
in our numbers will be 139, and of the oxide 139 + 7,5 =146,5.
(Thomson, Vol. L. p. 558.)

The remaining properties of columbium have not been in-
vestigated.
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Secrion XXVIII. Nickel.

598. Nicker is found native, combined with arsenic, and
with arsenic acid. It is procured pure by the following pro-
cess: Dissolve the metal sold under the name of nickel, i
dilute nitric acid to saturation, and evaporate to dryness; .
dissolve in water, and add nitrate of lead sufficient to pre- ‘
cipitate the arsenic acid*: filter, and immerse a plate of iron to
separate copper; filter again, and add solution of carbonate of
potassa; wash the precipitate thus occasioned, and put it, while
moist, into liquid ammonia, which dissolves the oxides of
nickel and cobalt, leaving impurities to be separated by a
filter; add potassa to the ammoniacal solution, which precipi-
ates the oxide of nickel, and which, by ignition with charcoal,
affords a globule of the pure metal. Nickel is a white metal,
which acts upon the magnetic needle, and is itself capable of
becoming a magnet. It is difficultly fusible, but absorbs
oxygen readily when heated red-hot. It is malleable, and its'
specific gravity is about 8,5. .

599. Nickel and Oxygen.—Oxide of Nickel is obtmned by
adding potassa to the solution of the nitrate—a precipitate fa
of a pale green colour, which is a hydrate, or compound of
oxide of nickel with water; this, heated to redness, affords a.
grey oxide, consisting of 28 nickel+ 7,5 oxygen = 35,5. :

According to Thenard, if chlorine be passed through o
mixture of the hydrate of nickel and water, a black perovide j
formed, which, when acted upon by the acids, evolves oxygen
and returns to the state of prﬂtoxide

The oxide of nickel dissolves in ammonia, forming a blu j

* The arsenic acid is more easily separated by boiling the E“l“‘"’“
nitrate with the potassa.
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ssolution; of this property we sometimes avail ourselves to
sseparate nickel from other metals, of which the oxides are
¢ insoluble 1n ammomia.

- 600. Chlorideof Nickel—When nickel is heated in chlorine
a chloride results. This compound may also be obtained by
heating muriate of nickel to redness in a glass tube; a yellow
scaly body 1s obtained, consisting of 55,5 nickel 467 chlorine.
~ 601. Iodide of Nickel may be formed by adding solution of
dide of potassium to sulphate or nitrate of nickel; it is of a
greenish yellow colour and insoluble.

502 Nitrate of Nickel is a green deliquescent salt, difficultly
erystallizable in rhomboids. The analyses of this salt are much
‘_. t varlance, but it probably consists of 1 proportional of each of
fits components, or
1 35,5 oxide of nickel.
| * 50,5 nitric acid

86
5\ 603. Sulphuret of Nickel may be formed by fusion. Itis a
- ittle yellow compound.
 604. Sulphate of Nickel is formed by digesting the oxide in
lilute sulphuric acid. A bright green solution is formed, which
affords quadrangular prismatic crystals, very soluble in water,
!:- which effloresce by exposure. The crystallized salt con-
tains 7 proportionals of water, and consequently is com

W

posed of

fi
1 proportional of oxide = 35,5

1 acid .= 87,5
7 water = 59,5
132,5

iﬁﬁ& Sulphuretted h} drogen and hydrosulphuret of ammonia
produce a black precipitate of hydrosulphuretted oxide of
ickel, when added to the solution of the metal,

606. Phosphuret of Nickel is a brittle whitish compound.

- 607. Phosphate of Nickel being neaily insoluble, is preci-

u
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pitated upon adding phosphate of soda to a solution of nickel.
It is of a pale green colour. |

608. Carbonate of Nickel is precipitated in the formu of &8
green powder, when carbonate of potassa is added to sulphate
of nickel. It is probably a compound of 1 proportional o
each of its components.

35,5 oxide of nickel.
20,7 carbonic acid.

50,2

609. Borate of Nickel is a pale green insoluble compound,

610. The salts of nickel are distinguished by the fine green
colour of their solutions, and by affording a green precipita
with ammonia soluble in excess of that aleali. The yellow
green precipitate afforded by hydriodate of potassa is very
characteristic of nickel; but the nicest test of its presence is
the ferrocyanate of potassa, which produces a greenish white
precipitate in all the solutions of the metal.

611. There is only one alloy of nickel which requires notice,
namely, that with iron, which forms the principal metallic ingre-
dient in those lapideous masses, which, in different countries,
have fallen upon our globe, and which have been termec
meteoric stones. Though we really know nothing of the soure
or origin of these bodies, it has been ascertamed upon the mos
satisfactory and indisputable evidence, that they are not of ter
restrial formation ; and, consequently, since men began to thin|
and reason correctly, their visits to our planet have awakene
much speculation, and some experimental research.

In the first place, it deserves to be remarked, that we have
very distinct evidence of the falling of stony bodies from the
atmosphere in various countries, and at very remote periods.
For, to say nothing of the fabulous narrations which encumber
the amnals of ancient Rome, or the extended catalogue of
wonders flowing from the lively imagination of oriental writers,
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¥ . such events are recorded in holy writ, and have been set down

| by the most accredited of the early historians; and although
| philosophic scepticism long contended agamst the admission of

- l__ﬁa fact, it has in modern times received such unanswerable

| proofs, as to be allowed by all who have candidly considered
| the evidence, and is only rejected by the really ignorant, or by
i those who, for the sake of singularity, affect disbelief.

.1.- The first tolerably accurate narration of the fall of a meteoric
r one relates to that of Ensisheim, near Basle, upon the Rhine.

? 'he account which is depesited m the church runs thus: A.D.

| 1492, Wednesday, 7 November, there was a loud clap of
thunder, and a child saw a stone fall from heaven: it struck

- "m a field of wheat, and did no harm, but made a hole there.

i
. I

.!1,

'.l..

g

he noise it made was heard at Lucerne, Villing, and other
wces ; on the Monday, King Maximilian ordered the stone to
> brought to the castle, and after having conversed about it
i ith the noblemen, said the people of Ensisheim should hang
| up in their church, and his Royal Excellency strictly forbade

¢ body to take any thing from it. His Excellency, however,
-_ 0ok two pieces himself, and sent another to Duke Sigismund of

Austria. This stone weighed 255 1bs.

In 1627, 27th November, the celebrated Gassendi saw a
w’ ning stone fall on Mount Vaisir, in Provence: he found it
10 weigh 59 Ibs.
~ In 1672, a stone fell near Verona, weighing 300 Ibs.  And
ILucas, when at Larissa, in 1706, describes the falling of a

one, with a loud hissing noise, and smelling of sulphur.

- ln September, 1753, de Lalande witnessed this extraordinary

, _,: enomenon, near Pont de Vesle. In 1768, no less than three

¢

ones fell in different parts of France. In 1790, there was a
shower of stones near Agen, witnessed by M. Dar{:et, and
several other respectable persons. And on the 18th of Decem-
ber, 1705, a stone fell near Major Topham’s house, in York-
shire; it was seen by u ploughman and two other persons, who

U 2
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immediately dug it out of the hole it had buried itself ;i -:_
weighed 56 Ibs.
We have various other, and equally satisfactory accounts of
the same kind. All concur in describing a luminous meteor,
moving through the air in a more or less oblique dircction,
attended by a hissing noise, and the fall of stony or semi=
metallic masses, in a state of ignition. We have, howeve
evidence of another kind, amply proving the peculiarities of
these bodies. It is, that although they have fallen in very
different countries, and at distant periods, when submitted to-
chemical analysis they all agree in component parts; the
metallic particles being composed of nickel and ironj the
earthy, of silica and magnesia.
Large masses of native iron (See Section IX.) have been
found in different parts of the world, of the history and origin
of which nothing very accurate is known. Such are the great
block of iron at Elbogen, in Bohemia; the large mass dis-
covered by Pallas, weighing 1,600 Ibs. near Krasnorjark in
Siberia; that found by Goldberry, in the great desert of Zahra,
in Africa; probably, also, that mentioned by Mr. Barrow, on
the banks of the great fish river in Southern Africa; and those
noticed by Celis, Bruce, Bougainville, Humboldt, and others
in America, of enormous magnitude, exceeding 350 tons it
weight. That these should be of the same source as the othe
meteoric stones, seems at first to startle belief; but when the
are submitted to analysis, and the iron they contain foun
alloyed by nickel, it no longer seems credulous to regard them
as of meteoric origin. We find nothing of the kind in the earth
To account for these uncommon visitations of metallic
lapideous bodies, a variety of hypotheses have been suggested.
Are they merely earthly matter, fused by lightning ?
they the offspring of any terrestrial volcano? These were once
favourite notions; but we know of no instance in which similar
bodies have in that way been produced, nor do the lavas of

|
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known volcanos in the least resemble these bodies, to say
nothing of the inexplicable projectile force that would here be
wanted. This is merely explaining what is puzzling, by
assuming what is impossible ; and the persons who have taken
up this conjecture, have assumed one impossibility to account
for what they conceive to be another, namely, that the stony
‘bodies should come from any other source than our own
globe.
~ The notion that these bodies come from the moon, 1s, when
:'_-i_]:npm*l:ilall:,-r considered, neither absurd nor impossible. It is
- quite true, that the quiet way in which they visit us is against
such an origin; it seems, however, that any power which would
move a body 6,000 feet in a second, that is, about three times
the velocity of a cannon-ball, would throw it from the sphere of
“the moon’s attraction into that of our earth. The cause of this
projective force may be a volcano, and if thus impelled, the
]wd}* would reach us m about two days, and enter our atmos-
'j)here with a velocity of about 25,000 feet in a second. Their
~dgnition may be accounted for, either by supposing the heat
generated by their motion in our atmosphere sufficient to
E;]itﬁ them, or by considering them as combustibles, ignited
! i‘ry the mere contact of air,
~ While we are considering the possibility of these opinions,
il. may be remembered, that in the great laboratory of the
atmosphere, chemical changes may happen, attended by the
~ production of iron and other metals; that at all events such a
circumstance 1s within the range of possible occurrences; and
that the meteoric bodies which thus salute the earth with stony
showers, may be children of the air, created by the union of
simpler forms of matter. The singular relationship between
“ron and nickel, and magnetism, and the uniform nfluence of
meteoric phenomena, on the magnetic needle, should be taken
Into account in these hypotheses.
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Seerion XXIX.  Mercury.

6G12. Tue principal ore of this metal is the sulphuret, or
native cinnabar, from which the mercury 1s separated by dis-
tillation with quicklime, or iron filings.

Mercuryis a brilliant white metal, having much of the colour
of silver, whence the terms hydrargyrum, argentwm vivum, and
quicksilver. It has been known from very remote ages. Itis
liquid at all common temperatures, solid and malleable at—40°,
and gaseous at G70° Its specific gravity is 13,5.

613. Mercury and Oxygen—~There are two oxides of mer-
cury. The bluck, or protovide, may be obtained by long
agitation of the metal in contact with oxygen, or by washing
the chloride of mercury (calomel) with hot lime-water. It is
msipid, and insoluble in water, and was called in old pharmacy
Ethiops per se.

The red or peroxide of mercury is produced by exposing the
metal heated nearly to its boiling point to the action of air. T
becomes coated with red scales, spangles, and crystals, and is
ultimately entirely converted into a red shining mass,
called in old pharmaceutical works, precipitate per se.
It is most easily obtained by introducing into a flat-bot-
tomed matrass, of the aunexed shape, about 4 oz. of
mercury, and placing it in a sand bath, heated nearly to
the boiling point of the metal. In about a month’s
time the whole is converted into oxide. Air is freely
admitted by the tube, while its length prevents the
escape of mercurial vapour, which condenses and falls
back mto the body of the vessel.

Peroxide of mercury has an acrid metallic taste, and 18
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i poisonous: it dissolves very sparingly m water. When heated,
1 it acquires a black colour, but becomes again red on cooling;
sat a red heat it evolves oxygen, and is reduced to the metallic
-state. It should be entirely volatilized when placed upon a red-
bt irom.

~ G14. Though it is difficult to obtain a perfectly pure black
‘oxide of mercury, it appears to have been demonstrated that it
f ﬁnntams just half the quantity of oxygen contained in the red
oxide.

1 The best analyses of the red oxide give as its component

Mercury.... 92,7
Ozxygen .... 7,3

100.0

i If we consider this as a compound of 1 proportional of mer-
fury and 2 of oxygen, we obtain the number 190 as the repre-
ntative of mercury; for

se

"3 7,3 : 92,7 : : 15 : 190.
]

l

i,

"

2

1

The protoxide, therefore will consist of
190 Mercury + 7,5 Oxygen = 197,5 Protoxide.
And the peroxide of
t 190 Mercury + 15 Oxygen = 205 Peruxldc.

 The black oxide exists in the pilula hydrargyri, and in the
mercurial ointment of the Pharmacopeia.

~ G15. Mercury and Chlorine combine in 2 proportions, and a
chloride and bi-chloride of mercury are the results. These
compounds are usually called calpmel and corrosive sublimate,
In the London Pharmacopaia they have received the improper
names of submuriate of mercury and oxymuriate of mercury.

- 616, Chdoride of Mercury—"This compound, commonly
termed calomel, 15 first mentioned by Crollius, early in the
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seventeenth century. The first directions for its preparation
are given by Beguin, in the Tirocinium-Chemicum, published i
1608. He calls it draco mitigatus. Several other fanciful
names have been applied to it, such as aquila mitigata,
manna metallorum, panchymagogum wminerale, sublimatur
dulce, &ec.

The most usnal mode of preparing calomel consists in
turating two parts of corrosive sublimate with one of mercury,
until the globules disappear, and the whole assumes the appear~
ance of an homogeneous grey powder, which is introduced into
a matrass, placed in a sand heat, and gradually raised to red-
ness. The calomel sublimes, mixed with a little corrosive
sublimate, the greater part of which, however, being more
volatile than the calomel, rises higher in the matrass; that
which adheres to the calomel may be separated, by reducing
the whole to a fine powder, and washing in large quantities of
hot distilled water. Pure calomel, in the form of a yellowish
white insipid powder, remains.

It was formerly the custom to submit calomel to very
numerous sublimations, under the idea of rendering it mild;
but these often tended to the production of corrosive sublimate;
and the calomel of the first sublimation, especially if a little
excess of mercury be found in it, is often more pure than that
afforded by subsequent operations.

The following are the directions given in the last London
Pharmacopaia :

“ Take of oxymuriate of mercury 11Ib.
——— purified mercury, by weight, 9 oz.
Rub them together, until the metallic globules disappear
then sublime: take out the sublimed mass, reduce it to
powder, and sublime it in the same manner twice more suc-
cessively. Lastly, bring it to the state of a very fine powder?
throw this into a large vessel, full of water; then stir it, and

4

1
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after a short interval, pour the supernatant turbid solution
into another vessel, and set it by, that the powder may subside.
Lastly, having poured away the water, dry the powder.”
(Powel's Translation of the London Pharmacopaia, Lond. 1815,
p- 144 and 99.)
J It will be observed, that in these processes the operation
“consists in reducing the bichloride to the state of chlonde by
-'5;ﬁ1e addition of mercury. Various modes have, however, been
“adopted for the direct formation of calomel : two of these may
“here be noticed, of which the first is in the humid way, as
devised by Scheele and Chenevix. 1t is as follows:
~ Form a nitrate of mercury, by dissolving as much mercury as
‘possible in hot nitric acid; then dissolve in boiling water a
"ﬂ{uantit} of common salt, equal to half the weight of the mer-
~eury used, and render the solution sensibly sour by muriatic
icul and pour the hot nitrate of mercury into it, Wash and dry
e precipitate.
,f If this process be carefully performed, and the precipitate
~ thoroughly edulcorated, the calomel is sufficiently pure.
~ The second process, however, or that by which calomel is
“directly formed in the dry way, appears, on the whole, the least

hcepnuuable for the production of this very important article
,,ﬂf pharmacy ; it is the method followed at Apothecaries’ Hall,

’iam:hun having been obtained for its adoption from the Collcge

of Physicians,

- 40 Ibs. of mercury are boiled with 70 1bs. of sulphuric acid,
k dryness, in a cast-iron vessel: 621bs. of the dry salt are
triturated with 401 Ibs. of mercury, until the globules disappear,
- and 34 1bs. of common salt are then added. This mixture is
submitted to heat in earthen vessels, and from 95 to 1001bs. of
~ ealomel are the result. 1t is to be washed in large quantities of
 distilled water, after having been ground to a fine and impal-
pable powder.
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G17. Chloride of mercury is usually seen in the form of a
white mass, of a crystalline texture; and when very slowly
sublimed, it often presents regular four-sided prisms, perfectly
transparent and colourless. Its specific gravity is 7,2. Itis
tasteless, and very nearly insoluble in water. ;t can scarcely
be called poisonous, since in considerable doses it only proves
purgative. By exposure to light it becomes brown upon its
surface.  If scratched, it gives a yellow streak, which is very
characteristic, and does not belong to sublimate,

It consists of 1 proportional of mercury 190 + 1 pro-
portional of chlorine 33,5 and its representative number
18 223,5.

Native chloride of mercury, or mercurial horn ore, has been
found in Gennany, France, and Spain, usually crystallized, and
sometimes incrusting and massive. -

G18. Bichloride of Mercury, or corrosive sublimate, may be
obtained by a variety of processes.

When mercury is heated in chlorine, it burns with a pale
flame; the gas is absorbed, and a white volatile substance
rises, which is the bi-chloride.

It may also be obtained by dissolving peroxide of mercury
in muriatic acid, evaporating to dryness, re-dissolving in water,
and erystallizing.

The ordinary process for making corrosive sublimate, consists.
in exposing a mixture of chloride of sodium, (common salt) and
oxysulphate of mercury, to heat in a flask, or other proper
subliming vessel; a mutual decomposition ensues. The chlo-
rine of the common salt unites to the mercury of the sulphate,
and forms bi-chloride of mercury. The oxygen of the oxide of
mercury converts the sodium of the salt into soda, which, with 4

the sulphuric acid produces sulphate of soda. This decom-
position is exhibited by the following diagram.
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I proportional of Bi-chlorde of Mercury = 257.

. Chlorine 67 - Mereury 100 | 1 propor-

 proportionals tional of

of common salt b 4 Buxyﬂulpha!e

&= 111 cc-nsistﬁ 8 of mercury

0 Sulphuric = 280 con-
Sodium 44 acid .. 75 |sists of

i

2 proportionals of Sulphate of Soda = 134.

" The following are the official directions of the Loudon
Pharmacopaia, for the preparation of corrosive sublimate,
ere termed oxymuriate of mercury. ;

“ Take of purified mercury, by weight, 2 lbs.
sulphuric acid, by weight, 30 oz.

dried muriate of soda, 4 Ibs.

I Boil the mercury with the sulphuric acid in a glass vessel,
until the sulphate of mercury is left dry. Rub this when it is
tcold with the muriate of soda in an earthen-ware mortar ; then
sublime 1t in a glass cucurbit, mcreasing the heat graaually.”
{(Powell's Translation.)
The quantity of common salt employed in this process is
abviously too large; in practice, however, we find that more
than the real quantity decomposed, and shewn in the above
table, is required.
~ By the quantity of chlorine absorbed by a given weight of
' mercury, we leamn that the bi-chloride of mercury consists of 1
| proportional of mercury = 190 + 2 proportionals of chlorine
B = (7, consequently, its representative number is 257.
619. Bi-chloride of mercury is usually seen in the form of a
| perfectly white semi-transparent mass, exhibiting the appear-
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ance of imperfect crystallization. It is sometimes procured in
quadrangular prisms. Tts specific gravity is 5,2. Its taste
acrid and nauseous, and leaving a peculiar metallic and astrin-
gent flavour upon the tongue. It dissolves in 20 parts of water
at 60° and in about half its weight at 212°. It is more soluble
in alcohol than in water. When heated, it readily sublimes in
the form of a dense white vapour, strongly affecting the nose
and mouth. It dissolves without decomposition in muriatie,
nitric, and sulphurie acids: the alcalis and several of the metals
decompose it. It produces, with muriate of ammonia, a very
soluble compound; hence a solution of sal-ammoniac is used
with advantage in washing calomel to free it from corrosive
sublimate.

620. Chloride and bi-chloride of mercury are decomposed
by potassa, soda, and lime; the former affords black, the
latter red, oxide of mercury; and the chlorides of potassium
sodium, and caleium, are produced. The following diagrams
shew the interchange of elements that takes place in the case
of adding a solution of potassa to chloride and bi-chloride of

mercury.

1 proportional of Chloride of Potassium = 71.

=

l Chlorine Potassium

l,iml::?p::;- 33,5 + A e
chloride of < > tional of po-
mercury Mercury Oxygen tassa = 45.
223,5. g o i

1 proportional of Protoxide of Mercury = 197,5.

[ # -\-* :
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2 proportionals of Chloride of Potassium = 142.

- Chlorine Potassium

propor-

tional of bi- 67 5 12 2 propor-

chloride of | ) tionals of po-
;-g';:w = Meroury Ozygen tassa = 90.
y 19 + 15

) o
1 proportional of Peroxide of Mercury = 205.

q 621. When solution of ammonia is poured upon calomel,
protoxide of mercury, and muriate of ammonia, are the results;
but ammonia, added to a solution of corrosive sublimate, occa-
L.:a'mns a white precipitate of a triple muriate of ammonia and
mercury.

A compound of this kind has long been used in pharmacy,
- under the name of calx hydrargyri alba, or white precipitale.
The London Pharmacopeia directs the following process for
its formation.

- “ Take of oxymuriate mercury j Ib.

i muriate of ammonia 4 oz.
; solution of subcarbonate of potassa § pint.

distilled water 4 pints.

i
First dissolve the muriate of ammonia, then the oxymuriate
of mercury, in the distilled water, and add thereto the solution
of subcarbonate of potassa. Wash the precipitated powder
until it becomes tasteless : then dry it.”

Muriate of ammonia renders corrosive sublimate more so-
luble in water, one part rendering five parts soluble in rather
less than five of water. By evaporation a triple salt is ob-
tained, formerly called sal alembroth. The addition of potassa
or soda throws down the above-mentioned white precipitate.

022. Mercury and Iodine unite in two proportions. These
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compounds may be procured either by gently heating mercury
with iodine, or by adding hydriodic acid to solutions of mer-
cury., The protiodide is yellow, and the periodide red. They
respectively consist of 1 proportional of mercury - 1
iodine and 1 + 2. They are both insoluble in water.

623. Mercury and Nitric Acid. Nitric acid is rapidly de-
composed by mercury ; nitrous acid, and nitric oxide gases
evolved, and either a nitrate or an oxynitrate of mercury are
obtained, aceording to the mode in which the solution is pe
formed.

G24. Nitrate of Mercury is best obtained by dissolving the
metal i a cold and dilute acid, consisting of one part of
acid and three of water; the metal should be added in small
successive portions until the acid ceases to act upon it, and
care should be taken to keep the whole cold. This solution
deposits transparent crystals which appear to be modified
octoédra, and which consist of the protoxide of mercury
combined with nitric acid They are soluble without de-
composition in cold water, and the solution affords black
precipitates of protoxide, upon the addition of the alcalis.

625. Ouxynitrate of Mercury. When mercury is dissolved
in hot and concentrated nitric acid, it becomes peroxidized, and
furnishes prismatic erystals of oxynitrate. Their solution
furnishes yellow or red precipitates of peroxide of mercury,
upon the addition of potassa or soda, and ammonia forms a
white precipitate, which is a triple nitrate of mercury and
ammonida. | ;

626. When hot water is poured upon oxynitrate of mercury,
a yellow insoluble powder separates from it, which is a sub=
oxynitrate, and a superoxynilrate vemains in solution. It
seems probable that the nitrate is also capable of affording a
sub and a super nitrate ; but all these compounds have hitherto.
been but imperfectly investigated, and new researches
wanting to establish their nature and composition.
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If the nitrate and oxynitrate be composed of one propor-
| tional of each of the oxides with one of acid and with two of
i acid, the following will be their component parts.

197,5 protoxide. 205 peroxide.
50,5 nitric acid. 101 nitric acid.
248, nitrate of mercury. 306 oxynitrate of mercury.

-

- The suboxynitrate has been analysed by M. M. Praamcamp
rand Oliva, (Thomson, Vol. 1L p. 635), and they report its
. composition at

f 12 acid.

A 88 peroxide.

T iy

100

If its composition in theory be 2 proportionals of peroxide
;g: 410 + 1 proportional of nitric acid = 50,5, these numbers
- are not much at variance with the above experimental result.
When these nitrates of mercury are exposed to heat gra-
dually raised to dull redness, nitric acid is given off; and a
brilliant red substance remains, consisting of peroxide of
-ﬁe.rcury with a small portion of adhering nitrate. This is
?aed in pharmacy as an escharotic, and is called in the London
Pharmacopeia, hydrargyri nitrico oxidum.
- When the precautions in forming the nitrates above de-
scribed are not attended to, the solution usually contains a
mixture of the two nitrates, and fuinishes a precipitate with
the alcalis, composed of both oxides. The oxynitrate is
most certainly formed by dissolving the red oxide in nitric
acid.
- 627. Mercury and Sulphur. When mercury is triturated
with sulphur, a black tasteless compound is obtained, which
was called in old pharmacy Ethiops Mineral. 'The same
substance is more readily formed by pouring mercury into
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melted sulphur.  According to Guibourt, (Annales de Chimie
et Phys. Tom, 1.) it consists of 100 oyt 8,2 sulphur,
numbers which correspond to : |

1 proportional mereury = 100
] sulphur = 15

Sulphuret of mercury = 205
6G28. When this black sulphuret is heated red hot in a flask,

a portion of mercury evaporates, and a sublimate of a stee
gray colour is obtained, which, when reduced toa fine powder,
assumes a brilliant red colour, and is called vermilion, o

cinnabar. It is, in fact, a bisulphuret of mercury, and consists
of

1 proportional of mercury = 190
2 sulphur = 30

Bisulphuret of mercury = 220

Native cinnabar is the principal ore of mercury: it oc=
curs massive and crystallised in six-sided prisms, rhombs,
and octoédra. It is of various colours, sometimes appearing
steel gray, at others bright red. It occurs in Hungary,
France, and Spain, in Europe: in Siberia, and Japan, in Asia:
and in considerable quantities in South America. The mines
of Almaden and of New Spain are the most productive, and
furnish the finest cabinet specimens. Native mercury and
native amalgam of silver sometimes accompany it. :

620. Mercury and Sulphuric Acid. When mercury is boiled
in its weight of sulphuric acid, sulphurous acid gas is evolved,
a part of the metal is oxydized and dissolved, and a white
deliquescent mass is obtained, which, washed with cold water,
affords a very difficultly soluble white salt, which is a sulphate
of mercury. It requires 500 parts of water for its solution, and
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erystallizes in prisms. According to Fourcroy (Annales de
Chimie X.), 1t consists of

12 sulphuric acid

83 protoxide of mercury

5 water
According to theory, it should consist of one proportional of

sulphuric acid + 1 of protoxide, or

37,5 sulphuric acid

197,5 protoxide of mercury

—_—

235 sulphate of mercury.

The alcalis precipitate black oxide of mercury from this salt.

630. If three parts of sulphuric acid be boiled to dryness

- with one of mercury, a white mass of oxysulphate of mer-

- cury is obtained; itis more soluble than the sulphate, and

'r crystallizes in prisms. According to Braamcamp and Oliva,
it is composed of

's 31,8 acid
g 63,8 peroxide
: 4,4 water

o 100,0
It should consist, according to theory, of 1 proportional of
iﬂoxide + 2 proportionals of acid.
~ 631. When hot water is poured upon oxysulphate of
mercury, a yellow insoluble suboxysulphate is formed, which
used to be called Turpeth mineral. It appears to consist of
1 proportional of peroxide + 1 of acid, or
; 205 peroxide of mercury

37,5 sulphuric acid

242,5 suboxysulphate of mercury.
- A superoxysulphate remains in solution.
The solutions of oxysulphate of mercury furnish red preci-
pitates with the fixed alcalis, and white with ammonia, the
latter being a triple sulphate of ammonia and mercury.
X
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(i32. Sulphuretted hydrogen produces a black precipitate in
solutions of mercury. |
(35, Phosphuret of Mercury may be formed by heating
phosphorus with oxide of mercury. It is a sectile solid of a
bluish black colour.
634. Mercury and Phosphoric Acid. When phosphate of
soda is added either to nitrate or oxynitrate of mercury, a
white precipitate i1s formed. ‘There is probably a phosphate
and an oxyphosphate. The latter is soluble in excess of acid.
635. Mereury and Carbonic Acid. Alcaline carbonates pro-
duce white precipitates in solutions of both oxides of mercury..
These are probably the carbonate and the oxycarbonate.
636. Mercury and Cyanogen. By boiling red oxide of mer-
cury with hydrocyanate of iron, a solution is obtained which
deposits yellowish white crystals, consisting, according to 5
Gay-Lussac, of 80 mercury + 20 cyanogen. They are,
therefore, a cyanuret of mercury. They are decomposed by
heat, as in the process for obtaining cyanogen (p. 160); and
if distilled with muriatic acid, hydrocyanic acid and chloride of
mercury are formed. Cyanuret of mercury is probably a
compound of 1 proportional of mercury = 190 4 2 of |
cyanogen = 48,8, 7
637. Borate of Mercury, obtained by a double decomposi~
tion, is a yellow insoluble powder.

pitates with ferrocyanate of potassa, and black with sulphuretted
hydrogen. A plate of copper, immersed into their solutions,
occasions the separation of metallic mercury.
The insoluble mercurial salts are volatile at a red heat ; and,
if distilled with charcoal, afford metallic mercury. ‘
639. Mercury combines with most of the other metals, and
forms a class of compounds which have been called amalgams.
These are generally brittle or soft. One part of potassium
with 70 of mercury produce a hard brittle compound.
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mercury be added to the liquid alloy of potassium and sodium,
an instant solidification ensues, and heat enough to inflame the
latter metals is evolved, The use of an amalgam of zinc and
mercury has already been adverted to for the excitation of
electrical machines, p. 41, The amalgams of gold and silver
are employed in gilding and plating *.

Section XXX, Osmium.

(40. Osmrum, and the metals described in the three following
sections, are contained in the ore of platimum. This ore is
digested in nitro-muriatic acid, by which the greater portion is
dissolved, and there remains a black powder, which, when fused
with potassa and washed, furnishes a yellow alcaline solution
of oxide of osmium. Saturate the alcali with sulphuric acid,
pour the mixture into a retort, and distil. A colourless
solution of the oxide of osmium passes into the receiver; it has
a sweetish taste and a very peculiar smell, somewhat like that
of new bread. When mercury is shaken with this solution it
becomes an amalgam, which 1s decomposed by distillation,
and pure osmium remains.

Osmium has a dark grey colour, and is not volatile when
heated in close vessels. But heated in the air it absorbs
oxygen, and forms a volatile oxide. It has not been fused.

The leading characters of osmium are its insolubility in the
acids, its ready solubility in potassa,the facility with which it is

* When mercury is negatively eclectrized in a solution of ammonia, or
when an amalgam of potassium and mercury is placed upon moistened
muriate of ammonia, the metal increases in volume, and becomes of the
consistency of butter, an appearance which has sometimes been called the
metallization of ammonia. The compound appears only to contain am-
monia and wmercury, though its real nature has not been satisfactorily
ascertained. It has suggested some hypotheses concerning the nature of
ammonia and the metals, which are not worth recording,

X
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oxidized, the singular smell of its oxide, its great volatility, and.
the purple or blue colour produced in its solution by tincture
of galls. The other compounds have scareely been examined.

Scerion XXXI. Iridium.

G41. Tue black powder mentioned in the last section con-
tains iridium, which resists the action of potassa, and conse
‘quently remains after the separation of osmium. A solution of
its oxide may be procured by digesting it in muriatic acid,
which first becomes blue, then olive-green, and, lastly, red.
By alternate treatment with potassa and muriatic acid, the
whole of the black powder will be dissolved. By evaporating
the muriatic solution to dryness, dissolving the dry mass in
water, and evaporating a second time, octoédral crystals of
muriate of iridium are obtained.

Iridium is obtained by immersing a plate of zinc into a so-
lution of the muriate, or by violently heating the octoédral
crystals. It is of a whitish colour, and, according
Mr. Children, who succeeded in fusing it by means of his large
galvanic apparatus, its specific gravity is above 18. [ts most
marked character is extremely difficult solubility in the acids.

In crude platinum Dr. Wollaston discovered some flat white
grains which resisted the action of the acids, and which
ascertained to consist of osmium and iridium.

Osmium and iridium were discovered by Mr. Tennant in 1803,
The name of the former is derived from the peculiar smell of
its oxide ; that of the latter, from the varietyof colours exs
hibited by its solution. (Phil. Trans. 1804.)

SectioNn XXXII. Rhodium.

642. Ruopium and Palladium were discovered by Dr. Wol-
laston in 1803. These, like the two last-described metals,
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exist in the ore of platinum, from which Rhodium may be
obtained by the following process. Digest crude platinum in
a small quantity of nitromuriatic acid, filter the saturated solu-
tion, and pour it into a solution of sal ammoniac, by which
the greater proportion of the platinum is precipitated. Decant
the clear liquor and immerse a plate of zinc, which becomes
coated with a black powder. Separate this and digest it in
dilute nitric acid, by which a little copper and lead are taken
up. Then wash and digest in dilute nitro-muriatic acid, to
which add some common salt, evaporate to dryness, and wash
the dry mass repeatedly with alcohol. A deep red substance
remains, which, when dissolved in water, furnishes a black
precipitate upon the immersion of a plate of zine. This,
strongly heated with borax, assumes a white metallic lustre,
and is rhodium,

Rhodium is very difficult of fusion ; its specific gravity is10,6.
When an alloy of lead and rhodium is digested in nitro-muriatic
acid, it is dissolved, and by evaporation a red compound 1s ob-

tained, from which muriate of rhodium may be separated by
water, or more perfectly by alcohol. The rose-colour of this com-
pound suggested the name which has been applied to the metal.

Rhodium forms malleable alloys with the malleable metals,
several of which have been examined by Dr. Wollaston, ( Phil.
T'rans. 1804. Thomson's System, Vols. L. and I1L.)

SectioNn XXXIII. Palladium.

G43. Parrapium is most easily obtained by the following
process. (Wollaston Phil. Trans., 1805.) Digest the ore of
platinum in nitro-muriatic acid, neutralize the redundant acid
by soda, throw down the platinum by muriate of ammonia, and
filter. To the filtered liquor add a solution of cyanuret of
mercury (636); a yellow flocculent precipitate is soon de-
posited which yields palladium on exposure to heat,
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Dr. Wollaston has ascertained the existence of native pal-
ladium in the ore of platinum. It is in small fibrous grains,
Palladium is of a dull white colour, malleable and ductile.
Its specific gravity is about 11. It is hard. It fuses ata tem-
perature ahove that required for the fusion of gold.

644. Muriatic acid boiled upon palladium acquires a fine
réd colour. Sulphuric acid becomes blue. Nitric acid rea-
dily dissolves it, but its best solvent is the nitro-muriatic, which
forms a fine red solution. The alcalis throw down an orange-
coloured precipitate from these solutions, sparingly soluble in
the alcalis. Ferrocyanate of potassa gives an olive-green pre-
cipitate, and sulphuretted hydrogen, ome of a dark brown
colour.

Secrion XXXIV. Silver.

645. SiLveRr is found native, and in a variety of combi-
nations. _ :
Native silver has the general characters of the pure metal,
It occurs in masses ; and arborescent, capillary, and, sometimes,
crystallized in cubes and octoédra. It is seldom pure, but
contains small portions of other metals, which affect its colour
and ductility. It is chiefly found in primitive countries. In
Peru and Mexico are the richest known mines of native silver.
The mines of Saxony, Bohemia, and Swabia, and those of
Kongsberg in Norway, are the richest in Europe. It has been

found in Cornwall and Devonshire.

Pure silver may be procured by dissolving the standard silver
of commerce in pure nitric acid, diluted with an equal measure
of water. Immerse a plate of clean copper into the solution,
which soon occasions a precipitate of metallic silver ; collect
it upon a filter ; wash it with solution of ammonia, and then
with water, and fuse it into a button.
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It may also be procured by adding to the above solution of
standard silver a solution of common salt; collect, wash, and
dry the precipitate, and fuse it with its weight of subcarbonate
of potassa. A button of the pure metal is thus obtained.

- Silver has a pure white colour, and considerable brilliancy.
Its specific gravity is 10,5. It is so malleable and ductile, that
it may be extended into leaves not exceeding a ten thousandth
of an inch in thickness, and drawn into wire considerably finer
than a human hair.,

Silver melts at a bright red heat, and when in fusion appears
~ extremely brilliant. It resists the action of air at high tem-
~ peratures for a long time, and does not oxidize; but if an
- electric explosion be passed through fine silver wire, it burns
“into a black powder, which is an oxide of silver. Exposed to
~an intense white heat, it boils and evaporates. If suddenly

cooled, it crystallizes during congelation, often shooting out
like a small cauliflower, and throwing small particles of the
metal out of the crucible.

- 646. Ouide of silver may be obtained by adding lime-water
to the solution of nitrate of silver, and washing the precipitate.
It s of a dark olive colour, tasteless, insoluble in water, and,
when gently heated, is reduced to the metallic state.

- The composition of oxide of silver has been very variously
given, probably from the difficulty of obtaining it of similar
purity. If its composition be inferred from the chloride, or
from the sulphuret, we obtamn the number 102,5 as the repre-
sentative of silver, and the oxide will consist of

102,5 silver.
7,2 oxygen.

110  oxide of silver®

* Mr. Faraday has rendered it probable that there is another combina-
~ Bion of silver and oxygen containing a smaller proportion of oxygen than
* the above, but it is not capable of combining with the acids, By a direct
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647. This oxide of silver readily dissolves in ammonia, a :
by particular management, a fulminating silver, composed
the oxide combined with ammonia, may be obtained. It w
discovered by Berthollet, (Annales de Chimie, Tom. 1.)
best process for obtaining it, is to pour a small quantity o
liquid ammonia upon the oxide; a portion is dissolved, and a
black powder remains, which is the detonating compound. Tt
explodes when gently heated; nitrogen and water are instan-
taneously evolved, and the silver is reduced. (Faraday, Jou |
of Science and the Arts, Vol. 1v. p. 270.) |

648. Silver and Chlorine—Chloride of Silver~This com-
pound is easily procured by adding a solution of chlorine, of |
muriatic acid, or of common salt, to a solution of nitrate of
silver: it falls in the form of a heavy insoluble tasteless powder
of a white colour, but which, by exposure to light, becomes
brown, and ultimately black. When moist, it is rapidly reduced
by hydrogen. When dry chloride of silver is heated in a silver
crucible 1t does not lose weight, but fuses; and, on cooling,
concretes into a grey semi-transparent substance, which has
been called horn silver, or luna cornea. 1f fused with twice its
weight of potassa or soda, it is decomposed, and a globule of
metallic silver is obtained.

Chloride of silver is very soluble in ammonia, a circumstance
by which it is usefully distinguished from some other chlorides,
which, like it, are white, and formed by precipitation. The

g P .n—-i...-_h!.:'-rﬂ'ﬂ-!!!r.'ﬁ.* "l-I'a-I'"'--r

experiment upon the oxide of silver, precipitated by potassa from the
nitrate, he found that 40 grains gave 7,0 cubical inches of oxygen, and
36,4 grains of silver remained; the 7,9 cubic inches would weigh 2,686
grains, and

o Ay T o e b

Oxygen. Silver. Oxygen. Silver.
2686 : 364 :: 7,6 : 101,6.

I have preferred the number 102,5 as being deduced from the chloride,
which is a more uniform compound than the oxide.
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‘8 solution furnishes crystals, which, when exposed to air, or put
into water, lose their transparency, ammonia is evolved, and
they crumble into chloride of silver. The fused chloride,

‘§exposed to ammoniacal gas, absorbs a considerable portion,

‘Eewhich is given off by heat. If the dry chloride, thus saturated
with ammonia, be thrown into chlorine, the ammonia spon-
aneously inflames. (Faraday, Journal of Science and Aris,

“SVol. v. p. 75.)

®  649. As chloride of silver is insoluble, and very readily

formed, it is often employed in analysis, as a means of ascer-

."'g the proportion of chlorine present in various com-

nds.

The following are three of the best analyses, and their close

correspondence is no small test of their accuracy.

M Marcet. Gay-Lussac. John Davy.

B Silveriase THAT ‘diieia 7585 seien. 75,5

g Chlorine .. 24,58 scesse 24,75 cusses 24,5

¥
-
ru
: - 100,00 100,00 100,0
A 2 The mean composition deduced from these experiments may
Hoe called
' Sih’ﬂrl-t--i---r 75‘,4
* Chlorine . ...... 24,6
i . = R
™ 100.
And we may accordingly, without material error, consider
he chloride of silver as composed of

1 proportional of silver = 102,5
1 chlorine 33,5

136 chlonde of silver.

Native chloride of silver has been found n most of the

jer mines; it occurs massive and crystallized in small
1 s_'

T R W
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650. Iodide of Silcer is precipitated upon adding hydriodic
acid to a solution of nitrate of silver. It is of a ‘m
yellow colour, insoluble, and decomposed when heated with
potassa. .

651. Nitrate of Silver~Nitric acid, diluted with thr ,
parts of water, readily dissolves silver, with the disengagemen
of nitric oxide gas. If the acid contain the least portion
muriatic, the solution will be turbid, and deposit a white
powder; and if the silver contain copper, it will have a greenish
hue, or if gold, that metal will remain undissolved in the form@
of a black powder. |

The solution should be perfectly clear and colourless:
it is caustic, and tinges animal substances of a deep yellow,
which, by exposure to light, becomes deep purple, or black,
and is indelible. It may be obtained in white crystals,
in the form of four and six-sided tables, of a bitter and metallie
taste, and soluble in their own weight of water at 60°. [i
blackens when exposed to light.

652. When heated in a silver crucible it fuses, and if cast
mto small cylinders, forms the lapis infernalis, or lunar caust
of pharmacy, the argenti nitras of the Pharmacopaia. In
forming this preparation, care should be taken not to overhe
the salt, and the moulds should be warmed. Exposed to a rec
heat, the acid is partly evolved and partly decomposed, ai
metallic silver obtained. :

653. Sulphur, phosphorus, and charcoal, readily decompaose
this salt. A few grains mixed with a little sulphur, and struck
upon an anvil with a heavy hammer, produces a detonation;
phosphorus, in the same way, occasions a violent explosion;
and if heated with charcoal, it deflagrates, and the metal i
reduced. E

A stick of phosphorus, introduced into a solution of nitrate
¥

g
:
S |
‘{ |-
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f silver, soon becomes beautifully ncrusted with the metal.

' 1 plate of copper occasions a brilliant precipitation of silver;
yd if mercury be introduced into it, a beautiful crystalline
eposit of silver ensues, called the arbor Dianc.

%' The alcaline metallic oxides decompose this salt of silver
i is also decomposed by muriatic, sulphuric, phosphoric, and
oracic acids. :

# ' Nitrate of silver is of much use, as a test for chlorine,
uriatic acid, and their compounds. It is employed for

@iriting upon linen, under the name of indelible or marking ink,
id is an ingredient in many of the liquids, which are sold for
se purpose of changing the colour of hair.
§54 Sulphuret of Silver.—Silver readily combines with sul-
tur, and produces a grey erystallizable compound, considerably

| fusible than silver. It is this which forms the tarnish

lP":.--'.- silver plate. It consists of 1 proportional of each of its
pmponents,

L Silver. . 102,5
: B Sulphur 15
e

o 117,5 sulphuret of silver.

 Sulphuret of silver occurs native, forming the vitreous silver
p ! [t is found in various forms, and when crystallized, is in
ibes, octoédra, and dodecaédra. It is soft and sectile. The
est specimens are from Siberia.

A triple combination of silver and antimony with sulphur,

e atutes the red or-ruby silver ore; it 1s found massive and
ystallized in hexaédral prisms. It consists of about 70 parts
‘sulphuret of silver, and 30 sulphuret of antimony. It occurs
i all the silver mines, and 1s sometimes accompanied by the
tittle sulphuret of silver, or silver glance.

1655, Sulphate of Silzer is deposited when sulphate of soda
mixed with nitrate of silver. It requires about 90 parts of
ater at 607 for its solution ; in hoiling water it is more soluble
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and is deposited, as the solution cools, in small prismat
crystals: it is decomposed at a red heat. It consists of

1 proportional of oxide of silver =110
1 sulphuric acid = 37,5

147,5 sulphate of silver

656. Hydrosulphuret of ammonia forms a black precipitat
in solutions of silver,

657. Phosphuret of Silver is a white brittle compound.

658. Phosphate of Silver is formed by dropping a solutic
of phosphate of soda into nitrate of silver. It is of a yello
colour, and consists, according to Berzelius, (Annales de Chim
et Phys. Tom. I1.) of

83 oxide of silver.
17 phosphoric acid.
100
so that it may be considered as a compound of 1 proportion:
of oxide of silver = 110+ 1 proportional of phosphoric aci
= 26.
659. Carbonate of Silver is precipitated in the form of

white insoluble powder, by adding carbonate of potassa ¢
nitrate of silver. It blackens by exposure to light. It consists ¢

1 proportional of carbonic acid = 20,7
1 oxide of silver = 110

Carbonate of silver = 130,7

660. Ferrocyanate of potassa causes a white precipitate
solutions of silver. e
G61. Borate of Silver, formed by double decomposition, i
an insoluble white powder. :
G62. The soluble salts of silver are recognized by furnis
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nd by affording metallic silver upon the immersion of a plate
of copper. The salts insoluble in water are soluble in liquid
mmonia, and when heated on charcoal before the blowpipe
hey afford a globule of silver.

- 663. Alloys of Silver—Silver readily combines with the
“ugreater number of the metals; of these the alloy with copper
s of the most importance, as it constitutes plate and coin. By
ithe addition of a small proportion of copper to silver, the metal
is rendered harder and more sonorous, while its colour is
searcely impaired.

- The standard silver of this country consists of 112 pure
silver and 1 copper. A pound troy, therefore, is composed
of 11 oz. 2 dwts. pure silver, and 18 dwts. of copper, and it is
is coined into 66 shillings.

- 664. The analysis of alloyed silver 1s a very important pro-
cess, and in continual practice by refiners and assayers. It
ay be performed in the humid way by dissolving the alloy in
mitric acid, precipitating with muriatic acid, and either reducing
ithe chloride in the way above-described, (648) or estimating
'the quantity of silver which it contains. The usual method,
‘however, which is employed at the mint, and by the refiners,
| 8 cupellation.

- Of the useful metals, there are three only which are capable
¢ of resisting the action of air at high temperatures; these are
s silver, gold, and platinum; the others, under the same circum-
stances, become oxidized; it might, therefore, be supposed,
that an alloy, containing one or more of the former metals,
would suffer decomposition by mere exposure to heat and air,
¢ and that the oxidable metal would burm away. This, however,
118 not the case; for if the proportion of the latter be small, it
18 protected as it were by the former; or, in other cases, a film
t of oxide coats the fused globule, and prevents the further
‘action of the air. These two difficulties are overcome by
| mereasing the relative proportion of the oxidable metal, or by
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adding to the alloy some highly oxidable metal, the oxide of
which is fusible. Lead is the metal usually selected for thi
purpose, though bismuth will also answer. Supposing, there
fore, that an alloy of silver and copper is to be assayed, or
analyzed by cupellation: the following is the mode of pro-
ceeding.
A clean piece of the metal, weighing about 30 grains, is
laminated, and accurately weighed in a very sensible balance. It
is then wrapped up in the requisite quantity of sheet lead, (pure
and reduced from litharge) and placed upon a small cupel, o
shallow crucible, made of bone earth, which has been pre
viously heated. The whole is then placed under the muffle,
heated to bright redness ; the metals melt, and by the action of
the air which plays over the hot surface, the lead and copper
are oxidized and absorbed by the cupel, and a button of pure
silver ultimately remains, the completion of the process bein,
judged of by the cessation of the oxidation and motion u
the surface of the globule, and by the very brilliant appearance
assumed by the silver when the oxidation of its alloy ceases.
The button of pure metal is then suffered to cool gradually,
and its loss of weight will be equivalent to the alloy, which has
been separated by oxidation.
To perform this process with accuracy, many precautions
are requisite, and nothing but practice can teach these, so as |
to enable the operator to gain certain results. An excellent
article upon the subject will be found in Aikin’s Chemica #
Dictionary. !
Amalgam of silver is sometimes employed for plating ; it is
applied to the surface of copper, and the mercury being eva=
porated by heat, the remaining silver is burnished. The better |
kind of plating, however, is performed by the application of
a plate of silver to the surface of the copper, which is afte
wards beaten or drawn out.
A mixture of chloride of silver, chalk, and pearlash,
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ployed for silvering brass : the metal is rendered very clean,
the above mixture, moistened with water, rubbed upon its
face. In this way, thermometer scales and clock dials are
ually silvered.

s SectioNn XXXV, Gold.

-

665. GoLp occurs In nature in a metallic state, alloyed with
 little silver or copper, and in this state is called native gold.
colour is various shades of yellow; its forms massive, ra-
ose, and ecrystallized in cubes, and octoédra. The wveins
gold are confined to primitive countries, but large
tquantities of this metal are collected in alluvial soils and m the
ds of certain rivers, more especially those of the west coast
of Africa, and of Peru, Brazil, and Mexico. In Europe, the
streams of Hungary and Transylvania have afforded a respect-
le quantity of gold; it has been found also in the Rhine,
tthe Rhone, and the Danube. Small quantities have been col-
Jected in Comwall, and in the county of Wicklow in Ireland.
- Gold may be obtained pure by dissolving it n nitro-mu-
iriatic acid, evaporating the solution to dryness, redissolving
i the dry mass in distilled water, filtering and adding to it a
1solution of sulphate of iron; a black powder falls, which,
i after having been washed with dilute muriatic acid and distilled
* water, affords on fusion a button of pure gold.

~ Gold is of a deep yellow colour. It melts at a bright red
! heat, and, when in fusion, appears of a brilliant green colour.
It shows no tendency to unite to oxygen when exposed to its
i action in a state of fusion; but if an electric discharge be
- passed through a very fine wire of gold, a purple powder is
- produced, which has been considered as an oxide,

Gold is so malleable that it may be extended into leiives which

- do not exceed 54555 of aninch in thickness. It is also very
ductile.




320 SALTS OF GOLD,

6G6. Ouide of gold may be obtained by adding a solution o
potassa to a solution of muriate of gold ; the precipitate mug
be washed first with weak solution of potassa, and then wi ,
water, and dried at a temperature of 100°. If this be re
garded as a protoxide, that is, as consisting of 1 proportiona
of gold + 1 of oxygen, then the number 97 will represen
gold, and this oxide will consist of 97 gold, + 7,5 oxygen =
104,5 *.

667. Chloride of Gold. When gold in a state of minute
division is heated in chlorine, a compound of a deep yelloy
colour results, which consists of 97 gold 4+ 88,5 chlorine
When acted upon by water, a muriate of gold is produced.

668. The action of iodine on gold has scarcely been ex
amined.

6G69. Nitrate of Gold. The nitric acid has scarcely :
action upon gold, but it readily dissolves the oxide, forming 2
yellow styptic deliquescent salt. e

The true solvents of gold are solution of chlorine and nitro.
muriatic acid; the latter is usually employed, composed of
two parts of muriatic and one of nitric acid. By evaporation,
the saturated solution affords prismatic crystals of muriate of
gold. 'These solutions are of a yellow colour; they tinge the
skin deep yellow, which becomes purple by exposure; they
afford a precipitate of a purple colour with muriate of tin
which has been called purple of Cassius; sulphate of iron
produces a greemish brown precipitate of finely-divided
metallic gold; the fixed alcalis throw down oxide of
gold; and ammonia furnishes a yellow precipitate of fulmi-
nating gold. It appears to be a compound of ammonia anc
oxide of gold, and detonates when gently heated. The results
of its decomposition are metallic gold, water, and nitrogen.

* These numbers are deduced from Proust’s experiments. (Nicholson's
Journal. Vol. xiv.) .
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If a solution of muriate of gold be mixed with sulphuric ether
it combines with the oxide, and an ethereal solution of gold,
is obtained. Polished steel dipped into this solution acquires
a coat of gold, and it has hence been employed for gilding
delicate cutting instruments. The combinations of oxide of
gold with the other acids have scarcely been examined.

670. Sulphuret of Gold is procured by passing sulphuretted
hydrogen through an aqueous solution of muriate of gold. It
is a black substance cousisting of 97 gold + S0 sulphur.

(Oberkampf. Ann. de Chim. Tom. Lxxx.)

671. Phosphuret of Gold is obtained by heating gold
leaf with phosphorus, in a tube deprived of air. It is a grey
substance of a metallic lustre, and consists probably of 97
gold + 11 phosphorus.

672. Alloys of Gold. Gold coin is an alloy of eleven parts
of gold and one of copper; of this alloy, twenty troy pounds
are coined into 934 sovereigns and one-half sovereign; one
pound used to produce 44} guineas; it now produces 4632
sovereigns. :

A very curious detail of an extended and accurate series of
experiments upon the alloys of gold has been published in the
Philosophical Transactions for 1803, by Mr. Hatchett.

The assay of gold is more complicated than that of silver, in
consequence of the high attraction which it has for copper,
-and which prevents its complete separation by mere cupellation.
An alloy, therefore, of copper with gold, is combined with a
certain quantity of silver, previous to cupellation; this is then
cupelled with lead in the usual way, and the silver 1s after-
wards separated by the action of nitric acid.

The real quantity of gold or silver taken for an assay is very
small; from 18 to 36 grains, for instance, for silver, and from
6 to 12 for gold ; whatever the quantity may be it is called the
‘assay pound. 'The silver assay pound is divided into 12
ounces, and each ounce mto 20 penny-weights. The gold

Y
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assay pound is subdivided into 24 carats, and each carat into 4
assay grains. (Aikin's Dictionary. Art. Assay.)

Mercury and gold combine with great ease, and produce a
white amalgam much used in gilﬁing. For this purpose the
amalgam is applied to the surface of the silver; the mercury is
then driven off by heat, and the gold remains adhering to the
silver, and is burnished. This process is called water gilding.

In gilding porcelain gold powder is generally employed, ob-
tained from the decomposition of the muriate; it is applied
with a pencil, and burnished after it has been exposed to the
heat of the porcelain furnace.

Stcerion XXXVI. Platinum.

673. Twuis metal 1s found in small grains in South America,
confiped to alluvial strata in New Granada. These grains, be-

sides platinum, contain generally gold, ivon, lead, palladium,

rhodium, iridium, and osmium.

The pure metal may be obtained by dissolving crude pla-
tinum in nitro-muriatic acid, and precipitating by a solution
of muriate of ammonia. This first precipitate is dissolved in
nitro-muriatic acid, and again precipitated as before. The

second precipitate is heated white hot, and pure platinum re-

mains. It is a white metal, extremely difficult of fusion, and
unaltered by the joint action of heat and air. Its specific
eravity is 21,5, It is very ductile, malleable, and tenacious.

674. Platinum and Oxygen. When nitrate of mercury is .
added toa dilute solution of murate of platinum, a black

powder falls, which, when carefully heated, gives off calomel,
and leaves a black oxide of platinum, composed, according to

Mr. Cooper, of 100 platinum + 4,5 oxygen. (Journal of

Science and the Arts. Vol. IIL)

.
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Berzelius obtained an oxide of platinum by decomposing the
muriate by sulphuric acid, and adding excess of potassa to the
sulphate; a yellowish brown powder was obtained, which
became nearly black on being dried, and consisted of 100
platinum + 16,4 oxygen. (Thomson, Vol. 1. p. 501.); but,
according to Mr. Davy, the oxide which is contained in the
salts of platinum, consists of platinum 100, oxygen 11,8.

675. Chloride of Platinum 1s obtained by evaporating the
muriate and exposing it nearly to a red heat. Its colour is
brown, and it is scarcely soluble in water. It gives off chlo-
rine by a red heat. According to Mr. Edmund Davy, to whom
we are principally indebted for our knowledge of the combina-
tions of platinum, (Phil. Mag. Vol. x1.), it consists of 100
platinum, + 37,9 chlorine.

676. Nitro-muriatic acid is the readiest solvent of platinum.
The solution affords erystals which are very deliquescent and
acrid; they are a muriate of platinum. 'The solution of this
muriate 1s distinguished from all other metallic solutions by
affording a precipitate upon the addition of muriate of am-
monia, which is an ammonio-muriate of platinum. Prussiate
of potassa affords no precipitate. The addition of potassa

~occasions a precipitate of a triple compound of the aleali

and muriate. Sulphuretted hydrogen occasions a black pre-
cipitate : ether separates the oxide of platinum in the same
way as that of gold. Muriate of tin occasions a very charac-
teristic red precipitate in very dilute solution of platinum,

677. There are, according to Mr. Davy, three sulphurets of
platinum. The first formed by heating the finely-divided
metal with sulphur; the second by precipitating nitro-muriate
of platinum by sulphuretted hydrogen, and the third by heat-
ing S parts of the ammonjo-muriate with 2 of sulphur.

678. According to the same authority there are two phos-
phurets, The first obtained by heating phosphorus with the

Y <2
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metal; the second, by heating phosphorus with the ammonio-

muriate of platinum.

679. The salts of platinum have been but little examined.

Proust and Davy have described a sulphate, obtained by aci-
difying the sulphur in the sulphuret by means of nitric acid. It
is of a brown colour, and very soluble, and with soda, potassa,
and ammonia, it forms triple salts,

Mr. E. Davy found that the precipitate, by a slight excess
of ammonia, when boiled in potassa, washed and dried, was a
fulminating platinum ; it explodes at about 420°, with a very

loud report, and appears to be a compound of oxide of pla-

tinum, ammonia, and water. (Phil. Trans. 1817.)

680. Experiments upon the composition of the various
combinations of platinum are so entirely at variance with
theory, that in the present state of our knowledge it is scarcely
possible to deduce the number for platinum.

If the black oxide deseribed by Mr. Cooper be considered
as a protoxide, the number 176 will represent platmum, and
the chloride (674) will contain 1 proportional of platinum and
2 of chlorine. But the peroxide, the phosphurets, and the
sulphurets, will not accord with this number.
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681. The alloys of platinum have not been applied to any
useful purposes. By combining 7 parts of platinum with 16

of copper and 1 of zinc, Mr. Cooper obtained a mixture much
resembling gold.) Journal of Science and Arts. Vol L1L. p. 119.)

Zinc, bismuth, tin, and arsenic readily combine with pla-
tinum, and form fusible alloys. It also unites, though less

readily, with copper, lead, and iron. It combines with gold,

= et

and unless there be great excess of the latter, the colour of the

alloy resembles platinum,
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SEctioN XXXVIIL Silicium.

682. It has been assumed that the earth silica consists of a
metallic basis, united with oxygen, and that it contains 50 per
cent. of each of its components; so that, if the earth be con-
sidered a deutoxide, it will consist of

15 Silicium

15 Oxygen

309,

683. Ouxide of Silicium, Sitica, or Siliceous Earth, is a
very abundant natural product. It exists pure in rock-crystal,
and nearly pure in flint. It may be obtained by heating rock-
crystal to redness, quenchingit in water, and reducing it to a
fine powder. Fuse 1 part of this powder with 3 of potassa in a
silver crucible.  Dissolve the mass formed in water, and eva-
porate to dryness. Wash the dry mass in boiling distilled water
upon a filter, and the white substance which remains is pure
silica‘t. Its colouris white ; its specific gravity 2,66. It fuses
at a very high temperature. In its ordinary state it is insoluble
in water ; but it dissolves in very mmute portions n that flud,
when recently precipitated in the form of hydrate; and mn the
same state it dissolves sparingly in the acids. It readily unites
with the fixed alcalis, and forms glass; or, if the alcali be in
excess, a liquid solution of the earth may be obtained, (liguor
silicum) whence it is precipitated in the state of a gelatinons
hydrate by acids,

684. The only body which acts energetically upon silica is

* This estimate of the composition of Silica is dedueed from the quan-
lity of potassium which is required for its decomposition, but the subject
requires farther elocidation.

t This is the usual process, but the silica always retains potassa, and
the earth obtained by simply reducing the coleurless rock erystal to
powder, is more pure
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the hydrofluoric acid. The result of this action is a gaseous
compound, which has been called silicated fluoric acid; or
Jluo-silicic acid; it 1s probably a compound of siliciom and
fluorine. To obtain this gas, three parts of fluor spar, and
one of silica finely powdered, are mixed in a retort with an
equal weight of sulphuric acid ; a gentle heat is applied, and
the gas evolved is to be collected over mercury.

Silicated fluoric acid is a colourless gas ; its odour is acrid,
much resembling muriatic acid ; its taste very sour; its specific
gravity 3,574, compared with air; 100 cubic inches = 110,78
grains, so that its specific gravity to hydrogen is 49,2,
It extinguishes burning bodies. It produces. white fumes
when in contact with damp air; and when exposed to
water, two compounds of silica with fluoric acid are formed;
the one acid, and dissolved in the water; the other con-
taining excess of earth, and insoluble. The dry com-
pound contains 62 per cent. of silica; the aqueous solution
~ only retains 55 per cent. Water dissolves 260 times its bulk
of this gas.

When one volume of silicated fluoric acid is mixed with two
of ammonia, a total condensation ensues, and a dry silico-fluate
of ammonia results.

Potassium, when heated in this gas, burns and produces a
brown compound, which, when dissolved in water, affords

Auate of potassa.

685. The uses of silica are numerous and important; it

forms an ingredient in pottery and porcelain, and with alcali it

forms glass.

It appears from the experiments of Mr. J. F. Daniell, that
silicium exists in some of the varieties of cast iron: (Journal 1
of Science and Arts, Vol. IL.), and an alloy containing it has
been formed by M. M. Stromeyer and Berzelius, (Gilberts
Annalen, xxxv111.) by exposing a mixture of pure iron, silica,
and charcoal, to an intense heat. - ‘
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686. The fossils consisting of silica, pure, or nearly so,
are principally the following :—

Rock-crystal, or Quartz, which may be considered as pure
silica. It crystallizes in the form of a six-sided prism, ended
by six-sided pyramids; some varieties are perfectly trans-
parent and colourless ; others white and more or less opaque.
Its specific gravity is 2,6. It isso hard as to give sparks
when struck with steel, and is nearly infusible. The primi-
tive crystal, which is very rare, is an obtuse rhomboid, the
angles of which are 94° 24, and 85¢ 36". The finest spe-
cimens are brought from Madagascar and the Alps. Some
of the perfectly transparent erystals found near Bristol,
and in Comwall, are sometimes called Bristol and Cornish
diamonds. The fine crystals are cut into omaments, and
sometimes used as a substitute for glass "in spectacles ; they
are then termed pebbles, and do not so readily become scratched
as glass. :

Brown and yellow crystals of Quartz are found in great
beauty in the mountain of Cairn Gorm in Scutlandr and are
much admired for seal stones, &c.: they are sometimes 1m-
properly termed topazes. ) e

Purple quartz or amethyst is tinged with a little iron and
manganese. [Rose quartz derives its colour from manganese.
Prase, or green quartz, contains actinolite ; and cﬁ::ymprase- 15
tinged of a delicate apple-green by oxide of nickel. Avanturine
is a beautiful variety of quartz, of a rich brown colour, which,
from a peculiarity of texture, appears filled withihr'ight spangles ;
the finest specimens are from Spain ; it is often 1ml1tated. : Small
crystals of quartz, tinged with iron, are found m Spain, and
have been termed hyacinths of Compostella.

Flint, Chalcedony, Cornelian, Onyz, Bloodstone, and the nu-
merous varieties of Agates are principally composed of quartz,
with various tinging materials. 1

Opal is among the most beautiful productions of the mi-
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neral world; it is a compound of about 90 silica and 10
water, and is distinguished by its very brilliant play of colours,
The finest specimens come exclusively from Hungary. There
15 a variety of opal called Hydrophane, which is white and
opaque till immersed in water; it then resembles the former,
Common opal is usunally of a dirty white, and does not ex-

hibit the colours of the noble opal ; it contains silica and water,

with a little oxide of iron, and is not of unfrequent occur-
rence. The substance called menilite from Menil Montant,

near Paris, is nearly allied to common opal. It is found in

irregular masses in a bed of clay.

. Pitchstone, so called from its resinous appearance, contains
73 per cent. of silica, Obsidian, probably a volcanic product,
contains 78 per cent of silica, and much resembles glass n
appearance ; and the different kinds of pumice are nearly of
similar composition.

Sectrion XXXVIIL. _Alumium.

687. Tue earth alumina constitutes some of the hardest
gems, such as the sapphire and ruby, and it gives a peculiar
softness and plasticity to some earthy compounds, such as the
different kinds of clay. It is analogically considered as a
metallic oxide.

To obtain pure alumina we add carbonate of ammonia to a

solution of alum, wash and ignite the precipitate; it is a taste-
less white substance, forming a cohesive mass with water, and
retaining water even at a red heat. Its specific gravity is 2.
It is soluble in soda and potassa, and forms compounds with
baryta, strontia, lime, and silica. It is an essential ingredient
in pottery and porcelain.

688. One of its saline combinations is of important use in
the arts, namely, alum; a triple sulphate of alwmina and

vl g ey il -...W
3
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 potassa. This salt is usually prepared by roasting and lixiviating
certain clays containing pyrites ; to the lyes, a certain quantity
of potassa is added, and the triple salt 15 obtained by crystal-
lization®.

Alum has a sweetish astringent taste. It dissolves in 5 parts
of water at 60°, and the solution reddens blues. It furnishes
octoedral crystols. When heated, it loses water of crystal-
lization, and a part of its acid, and becomes a white spongy
mass. In its crystalline form it consists, according to some
recent experiments made by Mr. R. Phillips, of

Sulphate of alumina ..... 128,00

Bisulphate of potassa .... 119,52
waterl EE R R E R AR ae @@ 18?’m

429,32

Mr. Phillips adopts the number 24 as the representative of
alumina, and considers alum as a compound of 2 proportionals
of sulphate of alumina, 1 of bi-sulphate of potassa, and 22
of water. These proportions, therefore, would be

Bisulphate of potassa........ =120
Sulphate of alumma 61,5 x 2= 123
Water . ciwisiven doe - Bidix 28 = 187

430

680. When alum is ignited with charcoal, a spontaneously
inflammable compound results, which has long been known
under the name of Homberg’s pyrophorus. The potassa is
probably decomposed in this process, along with the acid of
the alum, and pyrophorus is a compound of sulphur, charcoal,
and potassium, with alumina.

Pyrophorus is most successfully prepared by the following

* Sulphate of alumina will vot crystallize ; but if a solution of sulphate
of potassa be added to solution of sulphate of alumina, small octoédral
crystals of alum are precipitated.
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process. Mix equal parts of honey, or of brown sugar aud
powdered alum, in an iron ladle, melt the mixture ove
fire, and keep it stirred till dry: reduce the dry mass
powder, and introduce it into a common phial coated with clay,
and placed in a crucible of sand. Give the whole a red heat,
and when a blue flame appears at the neck of the phial, allow
it to burn about five minutes, then remove it from the fire:
stop the phial, and allow it to cool, taking care that air cannot
enter it. ,

690. When alum is exposed to an intense heat, it loses
water and a portion of acid; but the whole of the acid cay
not be expelled. It becomes light and spongy; and in this
state 1s called in the Pharmacopeeia, alumen ustum, or exsiccatum.

Alum is of extensive use in the arts, more especially in
dyeing and calico-printing, in consequence of the attraction
which alumina has for colouring matter,

"The remaining salts of alumina, with the exception of the
acetate which remains to be deseribed, are of little importance ;
what is known respecting them is fully detmled by Dr.
Thomson, (System, Vol. IL. p. 510.)

691. Under the term corundum, certain mineral substances
have been included, composed of alumina, nearly pure. Per-
Sfect corundum occurs crystallized in six-sided prisms, trans-
parent and colourless. Its specific gravity is about 4. When
blue, it constitutes the sapphire; when red, the ruby; when
yellow, the oriental topaz, or chrysolite. These gems are
principally found in alluvial deposits. They are mostly pro-
cured from Ceylon and Pegu; they have also been found in
France and in Bohemia.

Imperfect corundum, or adamantine spar and emery, are

5 per cent. of silica and 1 to 2 of oxide of iron.
Spinelle, or balass ruby, is found in octoédral crystals, of ==.'
red colour. It is composed of 74,5 alumina, 15,5 silica, 3,2
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magnesia, 1,5 oxide of iron, and traces of lime and oxide of
chrome. The ceylanite, or pleonaste, is a variety of spinelle.
A variety, containing oxide of zinc, 1s called, zinc spinelle, or
automalite.

The mineral, called wazvellite, or hydrargillite, is a com-
pound of alumina and water. It is found in Devonshire, in
small radiated nodules upon clay-slate.

The occidental topaz, found chiefly in Saxony, Siberia,
Brazil, and Scotland, consists of alumina, silica, and fluoric
acid. The schorlous beryl or pycnite, and the pyrophysalite,
are nearly of the same composition.

Cryolite, a rare substance hitherto only found in Greenland,
consists of alumina, soda, and fluoric acid. It 1s white, amor-
phous, and translucent.

A mineral, called native alumina, 1s found upon the Sussex
coast, near Newhaven. 1t is white and friable, and occurs
massive and incrusting. It contains alumina and sulphate of lime.

692. A very numerous and important class of minerals con-
sist of a combination of silica with alumina, in various pro-
portions, and with the occasional addition of the fixed alcalis
or alcaline earths, and a few of the other metallic oxides: the
principal of these, which are not elsewhere mentioned, are the
following:

Zeolite.—Of this mineral there are several varieties. The
principal are the radiated or mesotype; the nacreous or stilbite;
the efflorescent or laumonite, and the cubic or analcime. These
minerals fuse and intumesce before the blowpipe, and mostly
form gelatinous solutions in the acids. The following is Vau-
quelin’s analysis of a radiated or acicular zeolite.

OHCE savebataines sass e LN
Alololil s isicaains cenpas S
LiMe coseeionsenees cses 9,46
Water cociiecsnocsnnssess. WHOU
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Apophyllite and Chabasite are nearly of the same COmposi-
tion; except that the latter contains about 9 per cent.
potassa and soda.

Garnet occurs massive, but generally crystallized in dode
caédra. The precious garnet is red and «transparent ; the com-
mon garnet, red, brown, or green. According to Vauquelin,
the precious gamet consists of

o e R S
o R R e L L )
DS oM S s ihsesns: 41
LONA « wnsmint o on e Ay

Melanite, or black garnet, contains, upon the same authority,

ISTMOR join oo o i g i corsnse 30
SRINUNE " 5 s s cvin s uh ivm winsicn, w Al
i e s oo B ey
Oxides of iron and manganese 25

The cinnamon stone of Ceylon is nearly of similar com-

position.

Leucite, or white volcanic garnet, contains, according to
Klaproth,

BINCR .vuv s vsiqubsnss senssn S

8l P i Al

FORBEN csh avirrs s rueeroe 11

Fesuvian, or idocrase, is brown or yellow red, and is
found crystallized i the masses of rock ejected by Vesuvius
and Etna. It has also been found in the Alps and in Siberia,
The Neapolitan lapidaries call it chrysolite of Vesuvius. In com-
position it differs little from melanite.

Staurotide, or grenatite, crystallizes in four and six-sided
prisms ofteu crossing each other. It consists of
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Silica sessscvsssoncsvensss 33
Alumina ...cvvvovscscnesse 44
Lt coobat AR ve | 3,8
Oxides of iron and manganese 14
Sodalite, or natrolite, has hitherto only been found in
Greenland. Its colour is light green, and it occurs massive

and crystallized in rhomboidal dodecagdra. It consists, according

to Dr. Thomson, of
38,42 silica.

27,48 alumina.
23,50 soda.
270 lime.
3.00 muriatic acid.
1.00 oxide of iron.
2.10 volatile matter.

Prehnite is of a greenish colour, and radiated fracture. It
occurs massive and crystallized in prisms. A lamellar variety
has been called koupholite. It is found near the Cape of Good
Hope, and in France and Scotland.

Spodumene, or triphane, is a mineral already alluded to in the
section on Lithium. It is nearly allied to feldspar, and con-

sists of
65 silica.

25 alumina,

8 lithia,

2 oxide of iron.
100

Scapolite, and Elaolite, or Fettstein, are minerals hitherto
found only in Norway : they contain about 45 per cent. of silica,
and 33 of alumina. The scapolite contains about 18 per cent,
of lime; the elaolite, the same proportion of potassa and
soda.

Nephritic stone, or jade, which is found in the Alps, and in
China and India, contains, according to Saussure,
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58,7 silica.
12,7 lime. ‘
7 oxide of iron and manganese.
10,7 soda.
8,5 potassa.
7,4 water and loss.
100,0%

The Chinese cut this substance into figures, and it is some-
times used for the handles of cutting instruments. In New
land, and other islands of the Pacific Ocean, it is used for
cutting instruments, in consequence of its hardness and tough-
ness. Hence it has been called axe stone.

Schorl and Tourmalin consist principally of silica, alumina,
and oxide of iron. They occur in prismatic crystals of a black
colour.
 Thallite, epidote, or pistacite, is nearly allied in composi-
tion to schorl. It occurs in green prismatic crystals.

Axinite, or thumerstone, is found crystallized in flat oblique
rhombs, of a brown, bluish, or grey tint, and transparent. It
consists, according to Vauquelin, of

SHIEE s 6'sarinhaiwnan ot aiias ik
AlGERIng . o5 s esbaaaiecsh s I8
Liie  wevessstsaivpsdeses 10
Ozxide of Iron .esvivossess 14
Oxide of manganese.. cevse 4

Cyanite is of a blue and grey colour, translucent, and occurs
massive and prismatic. It consists, according to Klaproth, of

Alumiﬂﬂ. Fs e M ea e BEEaEE 55,5-
Siliﬂa sa s s B EEE N BE R RN 4‘3,ﬂ
Oxide of 1ron «esesessscass 00

* At page 244, par. 408, this mineral is erroncously stated to contain
maguesia,
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Lepidolite occurs massive, and of a purplish colour and
IHamellar texture. According to Klaproth, it contains
SIHCE v o o JHENE NG SRS e TS
Aleming ' .. .:diek sl e 88,25
PothaBan. . ¢ s vwdh 08 Ginuranad. ol
Oxide of iron and manganese 0,75
Actinolite 1s of a green colour, and generally occurs m
rageregated masses of prismatic crystals. It contains
BN s remarn inmon ateini v - DD
IR RSO, S A o S . [
Magnesin. . cs oo sssncassss 19,2 .
Alamine.. s sesh sesinssese 0,7
Oxides of chrome and iron.. 8
Tremolite 1s nearly white, fibrous and semi-transparent. It

contains
siliﬂﬂ- LU B R B L O ﬁﬂ

{57 RS COe S T BT
Magnesia.. coaeennosossse 18
Oxde of ron e+ essveeeee 6
Asbhestos 1s a soft fibrous flexible mineral, of a white or
greenish tint, composed of
SR winio o000 mainnin n e, WD
Megnesia.cooisesssonssee 50
LA00 conns srnnssnssnsass O
L S T |
Amianthus, mountain cork, and mountain wood, are varieties
of asbestos.
Lapis lazuli consists of
7T e MR e
Carbonate of lime ..,...... 28
8. et Mt e
Sulphate of lime ,........ 6,5
Oxide of iron and water .... 5
The blue colour is probably derived from some principle
which has hitherto escaped analysis.
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Harmotome, Staurolite, or Cross-stone, occurs in small
quadrangular prisms, terminated by four rhombic planes
crossing each other, It is also found in single crystals. It is
found at Andreasberg, in the Hartz, and at Strontian, in Scot-
and, It consists, according to Klaproth, of

SRHCS o s sninshain siek: L 40
Aluronn s s sswsvncnnpssn 16
Bapghta !, . ovuteciun vais kg o 1B
DR winssaaisnnnssnsins 15

Augite i1s a mineral of a black or brownish green colour,
found in volcanic products, and in some basalts. Sahlite and
coccolite are varieties of augite. It is composed of

SIlIen.. wvitsie adve da e OB
Lime. vccevesssnenanees 13
Oxide of iron and manganese 16
Magnesia essssssssssecsss 10
T e e B S A ¢

The different kinds of ochre and clay consist essentially of
siliceous and aluminous earth ; they often contain lime, mag-
nesia, and oxide of iron.

Datholite is a combination of

Silica . sesessensrssenssne 38

FiMiB. svanswiravinsanssendn S

Boracic acld ,cven sseeasss 22

MPBEAE «i.qnir Foh sn it ngntoe vy 4
It has only been found in Norway.

Section XXXIX. Zirconium.

693. THE earth zircon, or the ovide of zirconium, s a white
insipid substance; specific gravity 4,8 : it is found in the zircon
or jargon of Ceylon. It is characterized by insolubility in pure
alcalies, but is soluble in alcaline carbonates, lts combinations
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with the acids are of difficult solubility or msoluble, and have
been very little inquired into. '

The zircon, or jargon, is a mineral, usually of a grey,
yellowish, or reddish-brown colour, crystallized in octoédrons
and four-sided prisms, and generally semi-transparent.

Zirconia is contained in the hyacinth, which is also found
in Ceylon, and in various parts of Europe. Its usual
colour 1s red, or reddish, and its crystals small flattened
octoédra, or four-sided prisms. These minerals contain about
70 per cent. of zirconia each, the remainder being silica, with
a trace of oxide of iron, (Klaproth’s Beitrage, Vol. I. pp. 222
and 231.)

694. Zirconia 1s obtained by the following process:—

Reduce the stone to a fine powder, having previously heated
it to redness, and quenched it in water. Mix the powder with
nine times its weight of pure potassa, and gradually project it
into a red-hot silver crucible, and keep it in perfect fusion for
two hours. When the crucible has cooled, reduce the mass to
a fine powder, and boil it in distilled water. Boil the undis-
solved residue in muriatic acid; filter, and evaporate to dryness.
re-dissolve the dry mass in distilled water, and precipitate by
carbonate of soda. The carbonate of zircomia which falls may
be decomposed by heat.

The composition of zirconia has been estimated by Sir H.

Davy, (Elements of Chemistry, Phil. p, 361) at
h 35 zirconium.
7,5 oxygen.

—————

42.5

SecrioNn XL. Glucinum.

695. Tue earth glucine was discovered by Vauquelin in the

beryl; it also exists in the emerald of Peru. It is white and
z



338 GLUCINA.

msipid; its specific gravity = 2,97, It dissolves in canstic,
potassa and soda, and thus resembles alimine, but differs from
yttria. Again it differs from alumine, but resembles yttria, in
being soluble in carbonate of ammonia ; it is much more soluble
in this solution than yttria. With the acids it forms salime com-
pounds of a sweetish astringent taste.

The beryl is found in primitive rocks in many parts of the
world, but especially fine in Siberia. It is usually transparent,
and pale green or blue. [t crystallizes in six-sided prisms.

The emerald is principally found in Peru, crystallized in
regular six-sided prisms, the edges or angles of which are
sometimes replaced by facets. Its colour is green, and it is
either transparent or translucent. The following are their
component parts. (Vauquelin, Journal des Mines, No. xxxv1.
and No. xriin.)

Beryl. Emerald.
31T P L . R A Y
0L T S ¢, R |
HOCINE S v i kn IN Rdidd st LY
Oxide of chrome .. — suseeeese 3
DR O HOI cese 0 sssenies =8
AR e v chiade B saesasme AN
VEROE sadaesrees "= vosasiin B

—— e—

100 100

696. To obtain glucine from either of these minerals proceed
as follows :—Reduce it to afine powder, and fuse it with thrice
its weight of potassa; dissolve in a dilute muriatic acid; eva-
porate to dryness ; re-dissolve in water, and precipitate by car-
bonate of potassa. Dissolve this precipitate in sulphuric acid
and add a little sulphate of potassa, and on evaporation crystals
of alum will be obtained. These being separated, add excess of
carbonate of ammonia to the residuary liquor, which will retain
glucina in solution, butthe alumina will be precipitated ; filter,
and evaporate to dryness, and apply a red heat; glucina remains.

wats

B e A Tl A
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From the experiments of Davy this earth may be regarded

as consisting of
20  glucinum,

7,5 oxygen.

———

27,5 glucina.

Glucine is also found in the euclase, a very scarce Peruvian
mineral.

SecrioNn XLI. Yttrium.

007. Ix 1794 Professor Gadolin discovered a new earth in
a mineral from the quarry of Ytterby in Sweden, to which
Ekeberg, in 1707, gave the name of Yitria. The mineral
has since been termed gadolinite. Oxide of yttrium, or yttria,
may be obtammed by the following process. Pulverise the
mineral and boil in repeated portions of nitro-muriatic acid ;
evaporate nearly to dryness, dilute with water, and filter;
evaporate to dryness, ignite the residue for some hours in a
close vessel, re-dissolve and filter. To this solution add
ammonia, which throws down yttria and oxide of cerium ; heat
the precipitate red hot, and dissolve in nitric acid, and eva-
porate to dryness ; dilute with 150 parts of water and put crys-
tals of sulphate of potassa into the liquid. The crystals gra-
dually dissolve, and, after some hours, a white precipitate
appears of oxide of cerium, the whole of which must be sepa-
rated by a repetition of this process. The liquor is then to be
filtered, and the addition of pure ammonia forms a precipitate
of yttria, which is to be washed and heated red hot. (Berze-
lius in Thomson’s Chemistry. Vol. L. 357.)

Ittria is insipid, white, and without action on vegetable
colours. It is insoluble in water, but very retentive of it.
Insoluble in pure alcalis, but readily soluble in carbonated
alcalis, [t forms salts which have a sweetish austere taste,

7z @
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CHAPTER VL

Of Vegetable Substances.

699. HAVING in the preceding chapters considered the
properties of the elementary substances, and such of their
compounds as can be artificially formed, or are found in the
mineral world, we proceed in this and in the succeeding chap-
ter to examine the states of combination in which they occur
in organic substances.

The several sections of the present chapter will relate to the
formation of vegetable substances and their chemical physiology;
to the analysis of vegetable products, and the properties of
their proximate component parts ; and to the phenomena and
products of fermentation.

SectioN L. Of the Structure and Growth of Plants, and of
the chemical Phenomena of Vegetation.

700. In examining the external structure of a perfect and
full-grown vegetable, or plant, the essential organs of which
it 1s observed to comsist are the root, the stem, the leaves,
the flowers, and the seeds.

The root serves to attach the plant to the soil, and 1s one of
its organs of nutriment ; in its structure it closely resembles the
stem, of which it may be regarded as a continuation, termi-
nating in more or less minute ramifications, analogous to the
branches deprived of leaves. The stem 1s usually erect and
subdivided into branches which bear the leaves and _flowers, and
upon which the seeds are ultimately produced,

701. When a branch of a tree 1s cut transversely it exhi-
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bits a cortical portion, or bark; wood ; and pith, or central
medullary substance.

The bark 1s subdivisible into an extemal layer or cuticle,
under which is a cellular substance lying upon the innermost
part, or cortical layers.

The cuticle extends over every part of the plant; it admits
of absorption and transpiration, and being generally transpa-
rent, at least upon the leaves and flowers, it admits the in-
fluence of light. The cuticle varies in texture and appearance
in different plants, On the currant and elder tree it is smooth
and scales off : on the fruit of the peach, and on the leaf of
the mullein, it is covered with wool; on the leaf of the white
willow, it is silky ; in several plants, it is covered with hair and
bristles, which in the nettle are perforated and contain a venom-
ous fluid