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THE small volume, which I now offer
to the public, is one of humble preten-
sions; yet its plan and objects appear to
me sufficiently distinct, from those of eve-
ry other compendium of chemistry, to au-
‘thorise the addition of one more to the
extensive list of e]ementﬁry works. The
“ Chemical Pocket-Book” of Mr Par-
kinson, and the ¢ Description of a por-
table Chest of Chemistry,” translated from
the German of Gottling, and published
a 2
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in the year 1791, might perhaps, from
the similarities of title and size, be sup-
posed to have precluded the necessity of
this publication. A very cursory compa-
rison, however, of Mr Parkinson’s work
with this manual will evince, that the

plan and objects of the two books are to-

tally different. -To the work of Mr'Got-

tling, the present bears, indeed, a nearer
resemblance, but the coincidence is not
such as to supersede the utility of this Epi-
tome. The enumeration of tests for mi-
neral waters, the instructions for applying
these reagents, and the rules for detecting
adulterations, are subjects common to
both. But the progress of chemical know-
ledge, during the last ten years, has been

so rapid, as to enable me to make nume-
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rous additions to the information of Mr
Gottling, and to induce me materially to
vary the arrangement under which it was
offered. It may be added, that the an-

tient nomenclature of chemistry, employed
throughout Mr Gottling’s work, must ren-

der it nearly unintelligible to students of

the reformed system.

The arranged series of experiments was
suggested to me as proper for publication,
by a written catalogue, which I drew up,
more thantwo years ago, of the experiments
performed during my course of chemical
lectures. This I deem it necessary to state,
because something similar is to be found in
an excellent manual, lately published by

Bouillon la Grange.

a 3
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Another object, which I prﬁpose to be
fulfilled by this Epitome, ‘is, that it may
Serye as a companion to the collections
of chemical substances, which I have béen
induced, by the repeated applications of
students of this science, to fit up for public

sale®.  The utility of these collections has,

hitherto, been limited, by the want of a
concise but comprehensive code of instruc-
tions for their use. With ‘the concurrent
aid of the first part of this work, and of a
corresponding chest of chemical reagents,
the labours of the student cannot fail to
be much facilitated ; for one of the princi-
pal difficulties in studying the science of
chemistry, experimeﬁfally, is the acquisi-

tion of a great variety of substances, ma-

# See the advertisement at the end of the work,
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ny of which ar¢ not casy of attainment.
The directions for analyzing waters, and
mineral bodies in generai, I shall enable
 any one to apply practically, by corres-
ponding collections of chemical tests, of
so small a bulk, as to add, in the least

possible degree, to the ihcumbrances of

I the traveller.

In a work, professedly compiled from
others, new ‘and original information is
not to be ‘expected, and it cannot be ne-

cessary ' to quute 41F ‘the' authotities for

-

-
-
Foa

facts. If there be’ any one author, to

*‘ whom I o most, It is cer’c‘ame to Mr

K-lrwan, whose 1nterest1ng and. masterly
works comprehend almost every subject

of chemical inquiry. The 'directions for,
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analyzing minerals are translated, with
considerable additions and alterations, |
from Vauquelin’s paper, in the 30th vo-
lume of the Annales de Chimie.

The introductory part of the work
formed, originally, the first of a series of
lectures delivered in Manchester, and was
afterwards published under the title of
«“ A general View of the Nature and
Objects of Chemistry and of its Applica-
tion to Arts and Manufactures.” As the
readers of an elementary book may be
presumed to require a similar plan of in-
struction with the hearers of a popular
éourse of lectures, I have thoughe it un-
ﬁecessary to alter the form under which

the essay first appeared, though a few
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passages are applicable chiefly to the per-
sons originally addressed in it. Another
motive for prefixing it to this edition is,
that the impression is sold, and that I
‘have no intention of reprinting it in a

separate form.

To this edition I have added the
recent discoveries that have been an-
nounced since the former ones. Errors
and omissions, however, I fear will still
-_].;}E discovered ; and to the candid sug-
- gestions of others, both through the chan-
nels of public and private communication,
- to which I am already much indebted, I

trust for their future correction.

Manhester,
November 6, 1802,
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INTRODUCTION.

ITHE custom of prefacing a course of lectures
 with the history of the science which is their
~ subject has been so long established, that it may
be necessary to state, briefly, the reasons that
have induced me to depart from -this unvaried
usage.

The history of chemistry may either be a
mere history of the science, that is, of the gra-
- dual developement of the facts and doctrines of
- which the science 1s composed, or it may com-
* prehend, also, the biography of chemists. The
~ detail of the progress of discovery, however, con-
- cerning particular objects of chemical research,
~ would certainly be premature at so early a pe-
riod of the course. Respecting chemists them-
 selves little can be said, at present, that can
- contribute to information or amusement; for, their

lives, devoted to the abstract pursuits of science,
b3
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have seldom been productive of events that are
suited to awaken or gratify general curiosity.
Our interest, indeed, respecting philosophers is
seldom excited, unless by a knowledge of the
additions they have made to the facts or theo-
ries of a science ; and with these a lecturer may
fairly presume, however the fact may really be,
that his hearers, at the commencement of a
course, are wholly unacquainted. It may be
added, that the history of chemistry admits of
little illustration from experiment; and I shall
always be reluctant to bestow time on those
subjects, which, requiring not the aid of an ap-
peal to the senses, are equally well- adapted for
private study.

On these grounds, therefore, I hope to be ex-
cused for infrmging the general plan of lectures
on chemistry, and devoting to other purposes
the time that would have been allotted to the
history of the science. For this will be substi-
tuted a brief view of the nature and objects of
chemistry, — of its connection with the arts and
with other sciences, — and an outline of the
plan on which the following lectures will be
conducted.

Natural philosophy, in its most extensive sense,
is a term comprehending every science, that has
for its objects the properties and affections of
matter. But it has attained, by the sanction of
common language, a more limited signification ;

u
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and chemistry, though strictly a branch of natu-
ral philosophy, is generally regarded as a distinct
science. Between the two it may, perhaps, be dif-
ficult to mark out precisely the line of separation :
but, an obvious character of the facts of natural
philosophy is, that they are always attended with
sensible motion ; and the determination of the
laws of motion is peculiarly the office of its
cultivators.  Chemical changes, on the other
hand, of the most important kind, often take
place without any apparent motion, either of
the mass or of its minute parts, and where the
eye is unable to perceive that any change has
occurred. The laws of gravitation, of central
forces, and all the other powers that fall under
the cognizance of the natural philosopher, pro-
duce, at most, only a change of place in the
bodies that are influenced by them. But, in

chemical changes, we may always observe an

important difference in the outward properties of
things. Two highly corrosive substances, by
uniting chemically together, may become mild
and harmless ; the combination of two colour-
less substances may present us with a com-
pound of brilliant complection; and the union

of two fluids, with a compact and solid mass.

Chemistry, therefore, may be defined that
science, the object of which is to discover and ex-
plain the changesof composition, that occur among
the integrant and constituent parts of bodies.
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From this r]eﬁmtmn, it may readily be con-
ceived how wide is the range of chemical in-
quiry ; and, by applying it to the various events
that daily occur in the order of nature, we shall
be enabled to separate them with accuracy, and
to allot to the sciences of natural philsophy and
chemistry the proper objects of the cultivation
of each. Whenever a change of place is a
necessary part of any event, we shall call in the
aid of the former. When this condition may be
dispensed with, we shall resort to chemistry
for the light of its principles. But it will be
often found, that the concurrence of the two
sciences is essential to the full explanation of
phenomena. The water of the ocean, for ex-
ample, is raised into the atmosphere by its che-
mical combination with the matter of heat; but
the clouds, that are thus formed, maintain their
elevated situation by virtue of a specific gravity
less than that of the lower regions of the air,
a law, the discovery and application of which are
due to the natural philosopher, strictly so called.

Chemistry may be considered in two views;
- first, as a science, that is, as a collectioh of
general - principles, or general laws, under which
are arranged individual facts; and, secondly, as
an art, instructing us in the practical use and ap-
plication of these laws to the purposes of com-

mon life.
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The possession of its general principles en-
ables us to comprehend the relation to each other
of a great variety of events that form a part of
_the established order of the universe, and of which
we are only spectators, devoid of all power of

| directing -or changing them. That knﬂwIm?ge,
. it may be objected, however, can be Dfl little
utilicy which does not enable us to alter, in the
minutest circumstance, the fixed and immutable
succession of things. But the indulgence of an
enlightened and liberal curiosity is, surely, no
mean reward of the attainment of knowledge ;
and the mind is not only gratified but improved,
in its moral viess, by tracing the connection and
dependencies of all the smaller parts that fill up
the great plan of Providence.

The class of natural events, that call for the
‘explanations of chemical science, 1s of very con-
siderable magnitude ; and the natural philosopher
(using this term In its common acceptation) is
wholly incompetent to unfold their connection.
He may explain, for example, on the principles
of his own science, the annual and diurnal revo-
lutions of the earth, and part of the train of con-
sequences depending on these rotations : but here
he must stop, and the chemist must trace the ef-
fects, on the earth’s surface, of the heat and
light derived from the sun ; the absorption
of heat by the various bodies on which it
 falls ; the consequent fluidity of some and vola-
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tilization of others ; the production of clouds
and their condensation in the form of rain : and
the effects of this rain, as well as of the sun’s
heat, on the animal, vegetable, and mineral, king-
doms. TIn these minuter changes, we shall find,
there is not less excellence of contrivance, than
in the stupendous movements of the planetary
system. And they even interest us more nearly ;
because, though not more connected with our
existence or comforts, yet they occur more within
our sphere of observation, and our acquaintance
with their laws admits of a more direct applica-
tion to human affairs.

But the science of chemistry demands respect
and attention, on grounds that are more likely to
ensure them, even than the indulgence of an en-
lightened curiosity ; for, it is capable of minis-
tering to our wants and our luxuries, and teaches
us to convert, to the purposes of common life,
many substances, which nature presents to us in
a rude and useless form. The extraction of
metals from their ores; the conversion of the
rudest materials into the beautiful fabrics of glass
and porcelain ; the production of wine, ardent
spirits, and vinegar ; and the dying of linen and
woollen manufactures ; *are only a few of the
arts that are dependent on chemistry for their im-
provement, and even for their successful practice.

It cannot, however, be denied, that all the arts,

which have been mentioned, were practised in
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times when the rank of chemistry, as a science,
was greatly degraded, and that they are daily the
“employment of unlettered and ignorant men. 3But
to what does this confession amount, and how far
does it prove the independence of the above arts
on the science of chemistry ?
The skill of an artist is compounded of know-
ledge and of manual dexterity. The latter, it is
obvious, no science can teach. But the acquire-
ment of experience, in other words, a talent for
‘accurate observation of facts, and the habit of
arranging facts in the best manner, may be greatly
facilitated by the possession of scientific principles.
Indeed, it 1s hardly possible to frame rules for the
practice of a chemical art, or to profit by the
tules of others, without an acquaintance with
the general doctrines of the science. For, in all
rules it is implied, that the promised effect will
only take place when circumstances are precisely
the same as in the case under which the rule was
formed. To insure an unerring uniformity of re-
sult, the substances employed in chemical pro-
cesses must be of uniform composition and excel-
lence ; or, when it is not possible to obtain them
thus unvaried, the artist should be able to judge
precisely of the defect or redundancy, that he may
proportion his agents according to their qualities.
Were chemical knowledge more generally pos-
sessed, we should hear less of failures and disap-
pointments in chemical operations ; and the artist

N
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would commence his proceedings, not, as at pre-
sent, with distrust and uncertainty, but with a
well-grounded expectation of success.

No one will be presumptuous enough to con-
tend, that any art has hitherto attained the extent
of its possible perfection. - In all there is yet a
wide scope for improvement, and an extensive
range for ingenuity and invention. But from
what class of men are we to expect useful dis-
coveries !  Are we to trust, as hitherto, to the
favour of chance and accident, — to the fortu-
itous success of men not guided in their expe-
riments by the light of any principles? Or shall
we not rather endeavour to inform the artist, and
to induce him to substitute, for vague and ran-
dom conjecture, the torch of induction and of
rational analogy? In the present imperfect state
of his knowledge, the artist is even unable fully
to avail himself of those fortunate accidents, by
which improvements sometimes occur in his pro-
cesses ; because, to the eye of common observa-
tion, he has acted agreeably to established rules,
and has varied in circumstances, which he can
neither perceive nor appreciate. 'T'he man of
science, in these instances, sees more deeply, and,
by availing himself of a minute and fortuitous
difference, contributes at once to the promotion .
of his own interest, and to the amendment of:

his art.
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But it is the union of theory with practice that
is now contended for. ¢ And, when theoretical
- knowledge and practical skill are happily com-
bined in the same person, the intellectual power
- of man appears in its full perfection, and fits him
equally to conduct, with a masterly hand, the de-
tails of ordinary business, and to contend success-
fully with the untiied difhculties of new and per-
plexing situations. In conducting the former,
mere experience may frequently be a sufficient
guide, but experience and speculation must be
combined, to prepare us for new combinations of
circumstances.”* ¢ Expert men,” says Lord
Bacon, ¢ can execute and judge of particulars
one by one; but the general counsels, and the
plots, and the marshalling of affairs, come best
from those that are learned.”

 This recommendation of the acquirement of
scientific knowledge to artists is happily sanc-
tioned by the illustrious success, in our days, of
‘the application of theory to the practice of cer-
tain arts. Few persons are ignorant of the bene-
fits that have resulted to the manufactures of this
country from the inventions of Mr Watt and
Mr Wedgwood; both of whom have been not
less benefactors of philosophy than eminent for
;Pmctical skill.  The former, by a clear insight
mto the doctrine of latent heat, resulting, in a great

* Stewart’s Elements of the Philosophy of the Human Mind,
Cc

m'.. J— P o Tmgmn. | T » g e
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measure, from his own acuteness and patience of
investigation, and seconded by an unwsual .share
of mechanical skill, has perhaps brought the
steam-engine to its acme of perfection. Mr
Wedgwood, aided by the possession of extensive
chemical knowledge, made rapid advances in the
improvement of the art of pottery ; and, besides
raising himself to great opulence and distinction,
has created for this country a source of most
profitable and extensive industry. In an art, also,
which is nearly connected with the manufactures
of our own town, and the improvement of which
must, therefore, “come home to our business
and bosoms,” we owe unspeakable obligations to
two speculative chemists, — to Scheele, who first
discovered the oxygenated muriatic acid ; and
to Berthollet, who first instructed us in its ap-
plication to the art of bleaching.

Examples, however, may be urged against in-
dulgence in theory; and instances are not want-
ing, in which the love of speculative refinement
has withdrawn men entirely from the straight
path of useful industry, and led them on gra-
dually to the ruin of their fortunes. But from
such instances it would be unfair to deduce a
general condemnation of theoretical knowledge.
It would be the common error of arguing against
things that are useful, from their occasional abuse.
— In truth, projects which have, for their foun-
dation, a dependence on chemical principles, may .
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be undertaken with a more rational confidence,
than such as have in view the accomplishment of
mechanical purposes; because, in chemistry, we
are better able, than in mechanics, to predict,
from an experiment on a small scale, the pro-
bable issue of more extensive attempts. No one,
from the successful trial of a small machine, can
affirm, with unfailing certainty, that the same
success will attend one on a greatly enlarged plan:
for, the amount of the resistances that are opposed
to motion, increases often in a ratio greater than,
- from sheory, could ever have been foreseen. But
the same law, by which the mineral alcali 1s ex-
tracted from a pound of common salt, must
equally operate on a thousand times the quantity ;
and, even when we augment our proportions in
this great degree, the chemical afhinities, by which
so large a mass is decomposed, are exerted only
between very small particles. The failures of
the mechanic, therefore, arise from the nature of
things ; they occur, because he has not in his
power the means of foreseeing and calculating
the causes that produce them. But, if the chemist
fall in perfecting an economical scheme on a
large scale, it is either because he has not suf-
ficiently ascertained his facts on a small one, or
has rashly embarked in extensive speculations,
without having previously ensured the accuracy
of his estimates.

C %
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‘The benefits we are entitled to expect from the
efforts of the artist and the man of science,
united in the same character, and at the same
time tempered and directed by prudential wisdom,
affect not only individual but national prosperity.
To the support of its distinction, as a commer-
mercial nation, this country is to look for the
permanency of its riches, its power, and, perhaps,
even of its liberties : and this pre-cminence is to be
maintained, not only by local advantages, but on

the surer ground of superiority in the productions

.of its arts. Impressed with a full conviction of
this influence of the sciences, our neighbours and
rivals, the French, offer the most public and re-
spectful mcitements to tlhe application of tﬁenry
in the improvement of the chemical arts; and,
with the view of promoting this object, national
institutions have been formed among them, which
have been already, in several instances, attended
with the most encouraging success. It may be
sufficient, at present, to mention, as an example,
that France has supplied, from her own native
resources, her enormous, and, perhaps, unequalled,
consumption of nitre.

The general uses of Chemistry have been thus
fully enlarged upon, because it is a conviction of
the utility of the science that can alone recom-
mend ‘it to attentive and persevering study. It
may now be proper to point out, in detail, a few

of its more striking applications.
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I. The art which is, of all others, most inte~
resting, from its subserviency to wants that are
interwoven with our nature, is agriculture, or the
art of obtaining, from the earth, the largest crops
of useful vegetables at the smallest expense.

The vegetable kingdom agrees with the animal
one, in the possession of a living principle. Every
individual of this kingdom is regularly organized,
and requires for its support an unceasing supply
of food, which is converted, as in the animal
body, into substances of various forms and qua-
hties. Each plant has its periods of growth,
health, disease, decay, and death ; and is affected,
in all these particulars, by the varying condition
of external circumstances. A perfect state of
agricultural knowledge would require, therefore,
not only a minute acquaintance with the struc-
ture and economy of vegetables, but with the
nature and effects of the great variety of external
agents, that contribute to their nutriment or in-
fluence their state of health and vigour. The
former attainment, it can hardly be expected, will
ever be generally made by practical farmers ; and
it 1s in bringing the agriculturist acquainted with
the precise composition of soils and manures, that
chemistry promises the most solid advantages.
Infiﬁﬂd, any knowledge that can be acquired on
this subject, without the aid of chemistry, must
be vague and indistinct, and can neither enable
i3 possessor to, produce an intended effect with

L8
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certainty, nor be communicated to others in lan-
guage sufficiently intelligible. Thus we are told,
by Mr Arthur Young, that in some parts of
England any loose clay is called marl, in others
marl is called chalk, and in others clay is called
loam. From this confused application of terms,
all general benefits of experience in agriculture
must be greatly limited.

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

It has been said, by those who contend for
pure empiricism in the art of agriculture, that it
has remained stationary, notwithstanding all im-
provements in the sciences, for more than 2000
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years. ¢ To refute this assertion,” says Mr
Kirwan, “ we need only compare the writings
of Cato, Collumella, or Pliny, with many mo-
dern tracts, or, still better, with the modern
practice of our best farmers.” ¢ If the exact
connection of effects with their causes,” he adds,
has not been so fully and extensively traced
in this as in other subjects, we must attribute it
to the peculiar difficulty of the investigation.
In other subjects, exposed to the joint operation
of many causes, the effect of each, singly and
exclusively taken, may be particularly examined,
and the experimenter may work in his laboratory
with the object always in his view. But the
secret processes of vegetation take place in the
dark, exposed to the various and indeterminable
mfluences of the atmosphere, and require, at
least, half a year for their completion. Hence
the difficulty of determining on what peculiar
circumstance success or failure depends ; for, the
diversified experience of many years can alone
afford a rational foundation for solid, specific,
conclusions®,”’

II. To those who study medicine as a branch
of general science, or with the more important
view of practical utility, chemistry may be recom-
mended with peculiar force and propriety. — The
animal body may be regarded as a living machine,
obeying the same laws of motion as are daily ex-

* See Kirwan on Manures,
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emplified in’ the productions of human art. The
arteries are long, flexible, and elastic, canals, ad-
mitting, in some measure, the application of the
doctrine of hydraulics; and the muscles are so
many levers of precisely the same effect with those
which are employed to gain power in mecha-
nical contrivances. But there is another view,
in which, with equal justice, the living body
may be contemplated. It is a laboratory, in
which are constantly going forwards processes
of various kinds, dependent on the operation
of chemical affinities. The conversion of the
various kinds of food into blood, a fluid of
comparatively uniform composition and qua-
lities; the production of animal heat by the
action of the air on that fluid, as 1t passes
through the lungs; and the changes, which the
blood afterwards undergoes in its course through
" the body ; are all exclusively subjects of che-
mical inquiry. To these, and many other
questions of physiology, chemistry has of late
years been applied with the most encouraging
success ; and it is to a long continued prosecution
of the same plan that we are to look for a
system of physiological science, ~which shall
derive new vigour and lustre from the passing
series of years. It would be easy to enlarge
on this subject, but there are others more ge-
nerally interesting, and to them, therefore, let

us hasten.
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III. There is an extensive class of arts, form-
ing, when viewed collectively, a great part of
the objects of human industry, which do not,
on a loose and hasty observation, present any
general principle of dependency or connection.
. But they appear thus unconnected, because we

have been accustomed to attend only to the pro-
ductions of these arts, which are, in truthy sub-
servient to widely different purposes. Who
would conceive, for mstance, -that iron and com-
mon salt, the one a metal, the use of which results
from its hardness, ductility, and malleability, the
other a substance, chiefly valuable from its acting
as a preservative and seasoner of food, are fur-
nished by arts alike dependent on the general
principles of chemistry? The application of
science, in discovering the principles of these
arts, constitutes what has been termed econo-
mical chemistry ; amongst the numerous ob-
jects of which, the following stand most dis-
tinguished :

1st. Metallurgy, or the act of extracting
metals from their ores, mmprehending that of
assaying, by which we are enabled to judge,
from the composition of a small portion, of the
propriety of working large and extensive strata.
To the metallurgist, also, belong the various
modlﬁc:atiﬂns of the metals when obtained, and
the union of them together, in different pro-
portions, 5o as to afford compounds adapted to
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particular uses. == Throughout the whole of this
art, much practical knowledge may be suggested
by attention to the general doctrines of chemis-
try. ‘Lhe artist may receive useful hints re-
specting the construction of furnaces for the fu-
sion of ores and metals ; the employment of the
proper fluxes ; the utility of the admission or ex-
clusion of air; and the conversion of the refuse
of his several operations to useful purposes.
When the metals have been separated from their
ores, they are to be again subjected to various
chemical processes.. Cast or pig iron is to be
changed into the forms of wrought or malle-
able iron and of steel. Copper, by combination
with zinc or tin, affords the various compounds
of brass, pinchbeck, bell-metal, gun-metal, &c.
Even the art of printing owes something of its
present unexampled perfection to the improve-
ment of the metal of types.

2d. Chemistry is the foundation of those
arts that furnish us with saline substances, an
order of bodies highly useful in the businesses
of .common life. Amongst these, ﬂ}e most con-
spicuous are, sugar in all its various forms; the
vegetable and mineral alcalis, known in com-
merce by the names of potash, pearlash, and
barilla ; common salt ; green and blue vitriol,
and alum ; nitre or saltpetre; sugar of lead;
borax ; and a long catalogue, which it is need-
less to extend farther.
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3d. The manufacturer of glass, and of var-
ous kinds of pottery and porcelain, should be
thoroughly acquainted with the nature of the sub-~
stances he employs; with their fusibility, as
affected by difference of proportion, or by the
admixture of foreign ingredien’s ; with the means
of regulating and measuring high degrecs of heat ;
with the principles on which depend the hard-
ness of his products, and their fitness for bear-
ing the vicissitudes of heat and cold; and with
the chemical properties of the best adapted co-
lours and glazings. — Even the humble art of
making bricks and tiles has reccived, from the
chemical knowledge of Bergman, the addition
of several interesting facts.

4th. The preparation of various kinds of
fermented liquors, of wine, and ardent spirits,
is intimately connected with chemical princi-
ples. Malting, the first step in the production
~of some of these liquors, consists in the con-
version of part of the grain into saccharine
matter, essential in every instance to the success
'ﬂf the fermentative change.  To acquire a pre-
<ise acquaintance with the circumstances, that
favour or injure the process of fermentation,
o small share of chemical knowledge is re-
quired. The brewer should be able to ascer-
fain and regulate exactly the strength of his
'-mfusiings, which will vary greatly when he has
seemingly followed the same routine. < He should
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be aware ‘of the influence of minute changes
of temperature in retarding or advancing fer-
mentation ; of the means of promoting it by
proper ferments; and of the influence of the
presence or exclusion of atmospherical air. A
complete acquaintance with the chemical prin-
ciples of his art can hardly fail to afford him
essential aid in its practice.

The production of ardent spirits is only a
sequel of the vinous fermentation, and 1s, there-
fore, alike dependent on the doctrines of che-
mistry. -

sth. The arts of bleaching, dyeing, and print-
ing,are throughout a tissue of chemical operations.
It is not unusuval to hear the new mode of
bleaching distinguished by the appellation of the
chemical method ; but it is, 1n fact, not more

pendent on the principles of this science than
the one which it has superseded, nor than the
kindred arts of dyeing and printing. In the
instance of bleaching, the obligation due to the
speculative chemist is universally felt and ac-
knowledged. But the dyer and printer have yet
to rcceive, from the philosopher, some splendid
invention, which shall command their respect,
and excite their attention to chemical science.
From purely speculative men, however, much
less 15 to be expected than from men of en-
]ightf:ned experience, who endeavour to discover
the design and reason of each step in the pro-
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cesses of their arts, and fit themselves for more
effectual observation of particulars, by diligently
possesing themselves of general truths.

The objects of inquiry, that present themselves
to the dyer and printer, are of considerable num-
ber and importance. The preparation of goods
for the reception of colouring matter; the ap-
plication of the best bases, or means of fixing
fugitive colours ; the improvement of colouring
ingredients themselves; and the means of ren-
dering them permanent, so that they shall not
be affected by soap, or by the accidental contact
of acids, or other corrosive bodies ; are amongst
the subjects of chemical investigation. It is the
business of the dyer, therefore, to become a che-
mist ; and he may be assured, that, even if no
brilliant discovery should be the reward of the
acquistion, he will yet be better fitted by 1t fer
conducting common operations with certain and
unvaried success.

Many other chemical arts might be men-
~ tioned; but enough, I trust, has been said, to
evince the connection between practical fkill
and the possession of scientific knowledge.* I
shall now proceed to develop the plan, on which
the following course of Lectures will be con-
- ducted.

So much has been said of the importance of
chemistry in promoting the improvement of
the arts, that the Lectures, which are now to
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to. be deuvercd, may, perhaps, be expected to
point out, in detail, all the practical uses that
may be made of the doctrines of this science.
Such, however, is not the purpose of the pre-
semt course, which will be lunited n its objects
to the general principles of the science only, and
their illustration by the most apposite facts. It
would be a tedious and uscless labour, to enter
at present into all the minuteness of technical
description ; for, the mind requires to be well
grounded in the general truths of a science,
“before it can successfully direct them to the ad-
vantage of the arts. Thus, before any profi-
_ciency can be made in the arts of navigation,
tactics, surveying, &c. the general principles of
mathematics must first be clearly apprehended.
Just so 1n chemistry: — A full and accurate
knowledge must be gained of its principles, be-
fore any practical benefits can result from the
attainment ; and to the artist, who attﬂntimcl}
qtudms this science, many applications of its
doctrines will occur, ulthout their being spe-
"cifically pointed out. At some future period,
however, it will, perhaps, be the object of a
“distinct course of Lectures to trace the various
useful applications of chemistry, especially in
those arts that are most interesting from therr
connection with the manufactures of this town.

There are two methods of delivering the
g.f:'néral doctrines of ehemistry, and the facts




oxsmx . )

connected . with them. The one consists in a
historical detail of the gradual progress of the
science ; and, in pursuing this plan, we follow
the natural progress of the human mind, ascend-
ing from particular facts to the establishment
of general truths. Buta strong objection to its
adoption is, that we are thus led into a minute-
ness of detail, that is ill suited to the plan of
elementary lectures. In the other mode of ar-
rangement, we neglect wholly the order of time
in which facts were discovered, and class them
under general divisions, so framed as to assist
the mind in apprehending and retaining the almost
infinite variety of particular truths. The latter
method appears most eligible, and 1 shall begin,
therefore, with the exposition of those princi-
ples, that are most extensively concerned in the
production of chemical effects. '

Attraction, or affinity, is the great cause of
all chemical changes; and has, thercfore, the
first claim to attentive consideration. Next to
that of attraction, the influence of heat over
the forms and qualities of bodies is the most
generally observed fact; and, as thisis a power
that often counteracts chemical affinity, there
i:} the more propriety in contrasting the opera-
tions of the two. The phenomena and laws of
heat will conduct, naturally, to the great source
or reservoir of it, which will be traced to a cluss
of bodies, agreeing, in many properties, with

d 2
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the air of our atmosphere, and called airs and
gasses.  These gasses, we shall find, consist
partly of solid gravitating matter, and partly of
an extremely subtile fluid, which impresses on
our organs the sensation of heat, and is termed
~caloric. When the solid ingredients of these
gasses, usually called their bases, combine to-
gether, or with other bodies, caloric is given
out, and new compounds formed. And as the
gaseous bases are, generally speaking, simple or
elementary substances, the consideration of the
gasses, m this early period of the course, will
be strictly conformable to the plan of beginning
with simple substances, and proceeding gradually
to the mocre complex. In treating of compound
substances, those will first come under our re-
view, that are formed by the action of the
gaseous bases on each other, as water and the
alcalis. We shall then be prepared to understand
the most remarkable qualities of various other
elementary bodics, which qualities appear gene-
nerally in their action on the gasses. ‘Thus, for

example, the most remarkable property of sul-

phur is its forming with the basis of oxyge-
nous gas, the sulphuric acid, or oil of vitriol.
As the acids are a very important class of the
objects of chemustry, they will be introduced
carly in the course, and their effects will be
exhibited and explained on the bodies, which
may have been already described ; reserving the
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display of their action on other substances till
these come to be separately considered. In
treating of the sulphuric acid, for example, its
relation to water and the alcalis only will be
then described ; for, it would be unseasonable to
detail its effects on metallic and earthy bodies
before this class of substances has been speci-
- cally discussed.

Having dismissed the consideration of such
elementary bodies as are distinguished by afford-
ing acids when combined with oxygen; of the
properties of the acids thus generated; and of
the compounds afforded by the union of acids
with alcalis; two interesting divisions of ele-
mentary substances will next claim our atten-
tion, viz. the earths and the metals. In the
. introduction of the earths before the metals
I have been influenced by reflecting, that the
natural history of the latter, of which it will be
proper to present a general view, cannot be well
understood, till that of the earths has been fully
developed.

The more complex productions of the ve-
getable and animal kingdoms will be the next
step in our progress through the science. The
economy of the vegetable tribes hus, of late
years, received so much elucidation from che-
mistry, that it would be unpardonable to omit
an account of the functions and productions
of vegetable life, especially as this is a subject
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of extensive utility, from its connection with
agricultural improvement. The course will be
concluded by a view of the chemistry of the
animal creation, and of the beautiful connec-
tion and subserviency to each other of the ve-
getable and animal kingdoms.

For the exclusive adoption of the new doc-

trines of chemistry, and of the nomenclature
connected with them, no apology is necessary.
Every one, who will be at the pains of atten-
tively comparing the new with the old theory,
I can venture to predict, will prefer the lucid
arrangements and precision of the former to
the confused order and illogical inferences of
- the phlogistic sect. From those who have been
in the habit of teaching chemistry, both be-
fore and since the revolution 1n this science, we
have the strongest testimony, that the labour of
acquiring a knowledge of it is diminished be-
yond all comparison. — ¢ I have adopted the
new nomenclature,” says Mr Chaptal, * in
my lectures and writings, and 1 have not failed
to perceive how very advantagecus it is to the
teacher; how much it relieves. the memory ;
how greatly it tends to produce a tafte for
chemistry ; and with what facility and pre-
cision the ideas and principles concerning the
nature of bodies fix themselves in the minds
of the auditors.” “We have the approbation,
also, of the most distinguished metaphysicians
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of the age, of the connection of new doctrines
with a new and more accurate language. ¢ The
new nomenclature of chemistry,” it is ob-
served by Mr Dugald Stewart, in his Ele-
ments of the Philosophy of the Human Mind,
¢ seems to furnish a striking illustration of the
effect of appropriate. and well defined expres-
sions, in aiding the intellectval powers, and
the period is probably not far distant, when
similar innovations will be attempted in other
sciences.”

These doctrines, and the nomenclature depen-
dent on them, have not, it muft be acknowleged,
been long established; and though the progress
of chemistry, during and since their develop-
ment, has advanced with unexampled rapidity,
we should still so limit our approbation as not
to efteem them beyond the reach of improve-
ment. — For my own part, I adopt them, not
from a belief that they are perfect, but because
they are better adapted, than any hitherte offered,
for explaining and classing phenomena, and with
this qualification I strongly recommend them to
general acceptance,
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OF

CHEMISTRY.

PART I. — SECTION 1.

Advice to Persons who are entering on the Study of
Chemistry

THE few suggestions which I am about to offer, are
addressed peculiarly to those who have not the oppor-
tunity of attending chemical lectures; and who have no
means of acquiring a knowledge of chemistry, except

from books, and from the evidence of experiments,

The principal difficulty experienced by all who em-
~ bark in a scientific pursuit, unaided by the advice of an
instructor, is the attainment of the best adapted books.

- In Chemistry, fortunately, this difficulty is limited to
selection only: for we have, in the English language,
~many elementary works, both original and translated,
of great merit. I shall, at present, however, contine
myself to the mention of very few ; of such only as are
sufficient {o convey, to a person of tolerable understand-

ing and competent education, a general acquaintance

- with chemical science; and I shall afterward subjoin
a list of other books, necessary to those who intend (o

“ pursue the study more extensively,

A
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Of all the introductory treatises on Chemistry, that
of Mr :@.avuisier 15 certainly the one from which a
person, -‘entering, for the first time, on this study, will
derive most pleasure and advantage. The first part of
this work, comprehending the more general doctrines
of Chemistry, should be perused with attention, and
clearly understood, before the reader proceeds any far-
ther. It may even be necessary, that, previously to the
remainder of this work, he should study other elemen-

son, and Thomson®*. These works will supply the de-
ficiencies of lLavoisier’s Elements, especially on the
subject of chemical affinity, the divisions and laws of
which are essential to be known, as the ground-work of
all chemical explanatiens. Alfter having made himself
master of the more general truths of Chemistry, as de-
livered in the first part of Lavoisier’s, and in the first
volume of Chaptal’s, Elements, and also of the princi-
ples of the new nomenclature, the. student will be gqua-
lified. to reap advantage from t.lhf: pﬂfihrmam_:t: of expe-
riments. In repeating these, he may either follow the
order which I shall presently point out, or he may as-

sume, asthe basis of his arrapgement, the general pro-

positions laid down by Chaptal or Fourcroy, referring to
the following section, for more minute and specific di-
rections.

In the cdnducting of experiments, I would recom-
mend great attention to neatness and to order. Let
‘every jar or vial have a label affixed to i, denoting the
substanices it may contain, (except in cases where the

% Dy, Themson’s ¢ System ol Chemistry” is the work to'
which I refer.  Seethe List of Elementary Books at the end.

~tary books, such as those of Chaptal, Fourcroy, Nichol-
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natare of the contents is evident from mere inspection,)
and the date and object of the experiment. 1 would
caution the student, not to engage in many different ex-
periments at once ; the consequences of “which are, that
the attention is distracted, and that many interesting
changes pass unnoticed. It will contribute to form a
habit of accurate observation, if the appearances that
" oceur in experiments be regularly and distinctly noted
- down; and such an exercise will tend also to facilitate
the acquirement of the art of describing chemical phe-
- nomena ; 1o do which, with selection and precision, is far
from being a universal talent.

In advising an attention to neatness, however, I by no
means recommend a frivolous regard to show, or even
too scrupulous a nicety about the appearance of appa-
ratus. With the aid merely of Florence flasks, of com-
mon vials, and of wine glasses, some of the most inte-
resting and useful experiments may be made ; and, in
converting these vessels to the purpose of apparatuﬁ, a

. considerable saving of expense will accrue to the expe-
rimentalist. '

SECTION II.

An arranged Series of Experiments, which should, either
. Wholly or in Part, be performed by the Student of
Chemistry.

In the selection of these experiments, I shall generally
choose such as may be undertaken by persons not pos-
sessed of an extensive ‘chemical apparatus. On some
occasions, however, it may be necessary, in order to

- gomplete the series, that others should be included, res
A2
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quiring, i_"nr their performance, instruments of consider-
able nicety. The same experiment may, perhaps, in a
few instances, be repeatedly introduced, in illustration
of different principles; but this repetition will be avoid-
ed as much as possible. Each experiment will be pre-
ceded by a brief enunciation of the general truth which
it is intended to illustrate.

Art. I. — Chemical Affinity, Solution, &ec.

““ For these experiments, a few wine glasses, or, in pre-
ference, deep ale glasses, will be required, and a Flo-
rence flask for performing the solutions.

1. Some bodies have no affinity for each other. Oil
and water, or mercury and water, when shaken toge-
ther, do not combine, the oil or water always rising to
the surface, and the mercury sinking to the bottom.

2. Excmples of solution. Sugar or common salt in
water; chalk in dilute muriatic acid®.

3. Influence of mechanical division in promoting the
action of chemical affinity, or in favouring solution. Lumps
of chalk or marble dissolve much more slowly in dilute
muriatic acid, than equal weights of the same bodies in
powder. In the common arts of life, the rasping and
grinding of wood ‘and other substances are familiar
examples.

‘4. Hot liquids are more powerful solcents than cold
ones. To four ounce measures of water, at the tempe-
rature of the atmosphere, add three ounces of sulphate.
of soda in powder. Only part of the salt will be dis-
solved, even after bejng agitated some time. Apply

* I omit, purposcly, the distinction between solution and dis-

solution. "

i




(454)

heat, and the whole of the salt will disappear. When
the liquor cools, a portion of salt will separate again in
a regular form. This last appearance affords an in-
stance of crystallization. :

5. A very minute division of bodies is effected by solu-
tion. - Dissolve two grains of sulphate of iron in a quart
of water, and add a few drops of this solution to a wine
glaf;ﬁ full of water, into which a few drops. of tincture
of galls have been fallen. The dilute infusion of galls
will speedily assume a purplish hue. This shows that
every drop of the quart of water, in which the sulphate
of iron was dissolved, eontains a notable portion of the
salt.

6. Some ‘bodies dissolve much more readily and copi-
ously than others. Thus an ounce measure of distilled
water will dissolve one third its weight of sulphate of
soda; one sixteenth of sulphate of potash; and only one
five-hundredth its weight of sulphate of lime.

7. Mechanical agitation facilitates solution. Into a
wine glass full of water, tinged blue with the infusion
of litmus, let fall a small lump of solid tartarous” acid.
The acid, it left at rest, even during some hours, will
only change to red that portion of the infusion which
1s in immediate contact with it. Stir the liquor, and the
whole will immediately become red.

8. DBodies do not act on each other, unless either one or
- both be in a state of solution. A. Mix-some dry acid of
tartar with dry carbonate of potash. No combination
will ensue till water is added, which, acting the part of
a solvent, promotes the union of the acid and alcali, as
appears from the violent effervescence.
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B. Spread thinly, on a piece of tinfoil, three or four
inches square, some dry nitrate of copper®, and wrap it
‘up. . No effect will follow. Unfold the tinfoil, and, hav-
ing sprinkled the nitrate of copper with very little
water, wrap it up again as quickly as possible, pressing
down the edges closely. Considerable heat, attended
with fumes, will now be excited ; and, if the experi-
ment has been dexterously managed, even light will be
evolved. This shows that nitrate of copper has no action
on tin, till in a state of solution.

9. Two hodies, having no affinity for each other, unite
by the intervention of a third. Thus, the oil and water
which, in Expt 1st, could not, by agitation, be brought
into union, unite immediately on adding a little solution
of caustic potash. The alcali, In this case, acts as an
intermedium. : :

10. Saturationillustrated. Water, after having taken
up as much common salt as it can dissolve, is said to be
saturated with salt. Muriatic acid, when it has ceased
to act any longer on lime, is said to be saturated.

11. The properties characterizing bodies when separate
ave destroyed by chemical combination. Thus, muriatic
acid and lime, which, in a separate state, have each a
most corrosive taste, lose tliis entirely when mutuoally
saturated ; the compound is extremely soluble, though
lime itself 1s very difficult of solution; the acid no

* To prepare nitrate of copper, dissolve the filings or turnings of
that metal in a mixture of one part nitrous acid and three parts
water ; decant the liguor when it has ccased to emit fumes; and
evaporate it Lo dryness, in a copper or carthen dish, The dry mass
niust be kept in a bottle,
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longer reddens sirup of violets; nor does the lime
change it, as before, to green.
- 12. Simple elective affinity illustrated. ~ (A) Add to
the combination of oil with alcali, formed in Expt Sth,
a little dilute sulphuric acid. The acid will seize the
alcali, and set the oil at liberty, which will rise to the
top. In this instance, the affinity of alcali for acid 1s
greater than that of alcali for oil.  (B) To a dilute solu-
tion of muriate of lime, (prepared in Expt2d,)add a little
of the solution of pure potash. The potash will seize
the muriatic acid, and the lime will fall down, or be
precinitated. - .
13. Double elective affinity exemplified. In a watery so-
lution of sulphate of zinc, immerse a thin sheet of lead.
The lead will remain unaltered, as will also the sul-
phate of zinc; because zinc attracts sulphuric acid
more strongly than-lead. But let acetite of lead be mix-
ed with sulphate of zinc. The lead will then go over to
the sulphuric acid, while the zinc passes to the acetous.
The sulphate of lead, being insoluble, will fall down in
the state of a white powder; but the-acetite of zinc
will remain in solution. The changes that occur in
this experiment will be better understood from the
tollowing scheme, '

Acetite of Zinc.
A

p
Sulphate {Zincand Acetous acid,'} Acetite
* of Zinc of
consisting of | Sulphc. acid and Lead Lead
- L J

I i
Sulphate of Lead
Thevertical brackets include the original compounds

viz. sulphate of zine, and acetite of lead ; and 'the hori-
zontal brackets point ont the new ones, viz. acetite
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of zinc and sulphate of lead. By the point of the

bracket turning upwards, it is denoted, that the acetite

of zinc remains in solution ; and, by that of the lower
one being directéd downwards, it is meant to express,
that the sulphate of lead falls down, or is precipitated.
In cases of double decomposition, where both sub-
stances are precipitated, they are both placed beneath
the lower bracket; and, when both remain in solution,.
dbove the upper one.

]
Art. II. — Properties and Effects of the Malter of ;
Heat, or Caloric*.

Effects of Caloric- of Temperature, or uncombined
Caloric. .
. Caloric expands all bodies. (A) The expansion

of liquids is shown by that of the mercury of a

thermometer. (B) That of the aérifrom bodies, by
bolding, near the fire, a bladder partly filled with
air, the neck of which is closely tied, so as to pre-
vent the enclosed air from escaping. The bladder
will soon be fully distended, and may even be burst
by confinuing and increasing the heat. (C) The
expansion of solids is shown, by heating a rod of
iron, of such a length as to be included, when cold,
between two points, and the diameter of which is

* [ omit giving a connected series of experiments on Light,
because the effects produced by this agent are, generally
speaking, more complicated than those of Caloric. Thus, for ex-
ample, the action of light frequently depends on its property of
deoxidating bodies; and facts of this kind cannot be understood,
without an acquaintance with the class of metallic oxyds. 1In the
progress of this section, however, many instances will be given of
the chemical cfficiency of Light, 3
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such,-as barely to allow it to pass through an iron
ring, When heated, it will bave become sensibly
Jonger; and it will be found incapable of passing
through the ring. : ‘

All the above bodies return again, on cooling, to

 their former dimensions.

9. Constructions of the thermometer founded on the
principle of “expansion. For an excellent account
of the method of constructing thermometers, which
is too long to be inserted in this place, see Nicholson’s
Principles of Chamistry, Book 1st, chapter 3d.

3. Equal increments or decrements of heat produce
equal increments or decrements of expansion in the mer-
cury of the thermometer. Mix a pound of water, at
172°, with a pound at 32°. Hall the excess of the
uncombined Caloric, in the hot water, wtll pass to the
colder portion ; that is, the hot water will be cooled
70°, and the cold will receive 70° of temperature ;

therefore, 172—70, or 32470, = 102, will give the
~ heat of the mixture. To attain the arithmelical
mean, exactly, several precautions, however, must be
~observed. (See Crawford on Animal Heat, p. 95. &c.)
4. Uncombined caloric has a tendency to an equi-
librium. Any number of different bodies, at various
“temperatures, if placed under similar circumstances of
exposure, all acquire a common temperature. Thus, if
in .an atmosphere at 60°, we place iron filings heated
~ to redness, boiling water, and various other bodies
of different temperatures, they will soon affect the ther-
mometer i the same degree.

5. Power inherent in bodies of conducting Caloric; and
the conducting power various in differeiit bodies,

\
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A. Solid bodies convey heat in all directions, up-
wards, downwards, and laterally ; as may Le shown
by heating one end of an iron rod, and holding it in
different directions

B. Some bodies conduct caloric much more quickly
_thanothers. Coat two rods, of equal length and thick-
ness, the one of glass, the other of iron, with wax, at
one end of each only ; and then apply heat to the un- .
coated ends. The wax will be melted much sconer
from the end of the iron rod, than from the glass one;
which shows, that iron conducts heat more quickly
than glass. ;

C. Liquid and aériform bodies convey heat on a
different principle from that observed in solids, viz.
by an actual change in the situation of their particles..

cke a glass tube, eight or ten inches long, and about
an inch in diameter. Pour into the bottom part, for
ahﬂuE the depth of an inch, a little water tinged with
litmus, and tnen fill up the tube with common water,,
pouring on the latter extremely gently, so as to keep
the two strata quite distinct, When the tube is heat-
ed at the bottom, the cold infusion will ascend, and
will tinge the whole mass. But, if the upper part of
the tube be heated, the coloured liquor will remain
at the bottom. Other experiments, illustrating the same
pr]ncripl'e, ma}fbe found in Count Rumford’s Essays ;
especially in Essay 7th*. Thus a cake of ice will

* It is by no means decided, by Count Rumford’s experiments,
whether water be og be not an absolute nonconductor of heat,
The reader who wishes to examine the objections and experiments
ghat have been urged against the Count’s theory, may .consult the
papers of Dr Thomson and My Murray, in Nicholson's Journal
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remain unmelted, during several hours, when con-
fined at the botiom of a. jar of i:ot water, which, if

~ fixed at the surface, would be liquefied in a few mi-
nutes: and water may even be kept boiling, a con-
siderable time, in a glass tube, over ice, without melt-
ing it. -

5. The boiling point dijers in various liquors. Thus
Ether ‘boils at 104°, Alcohol at 182°, and waler at
212°. It.varies, also, in the same liquor, under dif-
ferent degrees of atmospheric pressure. Thus water
will boil, under the exhausted receiver of an air pump,
at 180°, or even much less, of Faht; as may be proved
by placing water, which has been removed from the
fire and ceased to boil, under the receiver of an air
pump, when, on exhausting the air, the ebullition will
be renewed. The same fact may be proved by the
following simple experiment: place, over a lamp, a

- Florence flask about # filled with water; let it boil
briskly, during a few minutes ; and, unmediately on

“removing it from- the lamp, cork it tightly up. The
-water will now cease to boil ; but, on cooling the upper
part of the flask by a wet cloth, the boiling will be re-
newed. This renewal of the ebullition, by the appli-
cation of cold, (an apparent paradox), is owing to the
Ehnatiun of an imperfect vacuum over the hot water,
l:y the condensation of the steam. Hence the par-
ticles of Caloric are mutually repulsive, and they
‘communicate-this repulsive tendency to other bodies
in which Calorie is contained. This repulsive power
tends to change solids into fluids, and liquids into

_4to, vol. iv and v, and inthe st vol. ofithe Bva series of the same
work.,
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adriform bodies, and is chiefly counteracted by the
pressure of the atmosphere. See some beautiful ex-
periments, illustrating this position, in Lavoisier’s Ele-
ments, chap. 1 ; and also the experiments in page 20
of this Epitome. |

On the contrary, by considerably increasing the pres-
sure, water may be heated to above 400°, without
being changed into vapour®,

6. Uncombined Caloric promotes the action qof chemical
affinity. Thus lead and tin do not combine, till melted
together. In other instances, Caloric serves as the
mean of separating bodies already united. Thuslead and
sulphur are disunited by exposure in a high tempera-
ture, In favouring the operation of affinity, Caloric
seems to act as a solvent ; and, in decomposing bodies,
its effects are perhaps explicable on the principle of
elective affinity. Tlus, in the foregoing example,
sulphur, in a high temperature, or when surrounded by
a great quantity of uncombined caloric, is more power-
fully attracted: by caloric than by lead.

‘Combinations of Caloric — The Cause of Fluidity.

7. The sensible Leat, or temperature, of ice, not changed
by liquefaction. A thermometer in pounded ice stands
at 32°, and at the very same point in the water, which
results from the liquefaction of ice.

8. Yei the ice, during liquefaction, must absorb much
caloric. Expose a pound of water at 32°, and a pound
of ice at 32°, in a room, the temperature of which. is
several degrees above the freezing point, and uniformly

# To effect this, a strong iron vessel, called a digester, is

necessary.
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the same during the experiment. = The. water will ar~
rive at the temperature of the room, several hours be-
fore the ice is melted; and the melted ice will give, as
before its liquefaction, the temperature of 32°. Yet
the ice must, during the whole of this time, have been
receiving caloric, because, according to expt. 4, a hotter
body can never be in contact with a colder one, with-
out imparting heat to the latter. The caloric, therefore,
which has entered the ice, but is not to be found in
it by the thermometer, must be chemically combined ;
just as muriatic acid, by union with lime, loses all its
characteristic properties.

9. The quantity of uncombined caloric that enters into
a pound of ice, and becomes united, during liquefuction,
may be learned by experiment. To a pound of water, at
172°, add a pound of ice at 32°. The temperature
will not be the arithmetical mean, as in expt. 6, but
‘much below it, viz. 32°. All the untombined caloric of
the hot water has, therefore, disappeared. From 172°,
take 32°; the remainder, 140, shows the quantity of
caloric that combines with a pound of ice, during lique-
faction ; that is, as mueh caloric is absorbed by, and
unites chemically with, a pound of ice, during its con-
version into water, as would raise a pound of water
from 32° to 172°.

Other examples of the absorption of caloric, during
the liquefaction of bodies, are furnished by the mix-
ture of snow and nitric acid, or of snow and
gommon salt, both of which, in common language,
produce intense cold*. Most neutral salts, also,

* The extraordinary powers of muriate of lime and snow, In
generating cold, will be descriibed hercafter,

B
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during solution in water, absorl¥ much caloric, and
the cold thus generated is so intense as to freeze water,
and even to congeal mercury. The former experi-
ment, however, (viz. the congelation of water,) may
easily be repeated on a summer’s day. Add to 32
drachms of water, 11 drachms of muriate of ammonia ;
. mlﬂl'nitrate of potash ; and 16 of sulphate of soda; all
finely powdered. The salts maybe dissolved, separate-
ly, in the order set down. A thermometer, put into the
solution, will show that the cold produced is-at or be-
low freezing; and a little water, in a thin glaﬁs tube,
being immersed in the solution, will be frozen in a few
minutes. Various other freezing mixtures are de-
scribed in. Mr Walker’s papers in the Philosophical
Transactions for 1787, 88, 89, 95, and 1801.

10. On the contrary, liquids, in becoming solid, ezolce

or gice oul caloric, or, in common a’a};gmgr, produce heat.

A. Water, if kept perfectly free from agitation, may
be cooled down below 32°; but, on shaking it, it im-
mediately congeals, and the temperature rises to 32°.

B. Expose water to the air, when at 20° of Faht. or
thereabouts. The water will remain, some time,
stationary at 32°, during which it must be giving out
heat to the atmosphere. The heat, thus evolved, is
ihat which constituted the fluidity of the water. This
experiment 1s the converse of No. 8.

C. To a saturated solution of sulphate of potash in
water, or of any salt that 15 msoluble in alcohol; add an
equal measure of alcohol. The alcohol, attracting the
water more strongly than the salt retains it, precipitates
the salt, and considerable heat is preduced.
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Culoricithe Cause of Vapour.

1. Steam has exactly the same temperature as boiling
water. ket a tin vessel be provided, having a hole in
its covep; just large enough to admit a thermometer.
Fill it partly with water, and let the bulb of the ther-.
mometer be an inch or two above the surface of the
~ water. When the water boils, the thermometer, sur-
| rounded by steam, will rise to 212°, which is precisely
the temperature of the water beneath. Yet water,
placed on a fire, continues to reccive heat, very abund-
antly, even when boiling hot; and as this heat is not
appreciable by the thermometer, it must exist in the
steam, in a state of chemical union.

12. The ahsorpiion of caloric, during evaporation,
shown by experiment.

Moisten a thermometer with alchohol, or with ether,
- and expose it to the air, repeating these operations al-
ternately. The mercury of the thermometer will sink
at each exposure, because the volatile liquor, during
evaporation, robs it of its heat. In this way, (especi-
‘ally with the aid of an apparatas described by Mr Ca-
vallo, in the Phil. Trans. for 1781, p. 509,) water may
be frozen in a thin and small glass ball, by means of
ether; and also by immersing a tube, containing water
atithe bottom, in a glass of ether, placed under the re-
ceiver of an air pump; or the ether may be allowed (o
float on the surface of the water. During ‘the exhans-
tion of the vessel, the ether will evaporate rapidly ;
and, robbing the water of heat, will com pletely freeze it.

13. On the contrary, vapours, during ffzfir-c‘mai'n’r&s}};—t
"I"t” a liquud form, evolte, or give out, much calovic. The
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heat given out, by the condensation of steam, is ren-

dered apparent by the following experiment, Mix 100

gallons of water, at 50°, with one gallon of water at

212°*, The temperature of the water will be raised

about 14 degree. Condense, by a common still-tub,

one gallon of water, from the state of steam, by 100

; gallons of water, at the tem perature of 50°. The
water will be ratsed 11 degrees. Hence, eight pounds
of . water, condensed from steam, raise 100 gallons of
~ cold water, 91 degrees more than eight pounds of boil-
mg water ; and, by an easy calculation, it appears, that
the caloric imparted to the hundred gallons by the
steam, if it could be condensed in one gallon of water,.
would raise it to 950°. A pound of water, therefore,
in the state of steam, contains more caloric than a pound.
of boiling water, in the proportion of 950 to 212.

Arr. III. — Gasses in General.

For performing the necessary experiments on gasses,
many articles of apparatus are essential that cannot be
included in a portable chemical chest; which may yet,
however, contain the materials for procuring gasses. It

-may assist the student in obtaining the necessary instru-.
ments, if a few of the most essential be here enumera-
ted. I shall mention none, however, except such as are
necessary in making a few general experiments on this
interesting class of bodies. |

The apparatus, required for experiments on gasses,
consists partly of vessels fitted for containing the mate-
rials that afford them ; and partly of vessels adapted for

#* This experiment will be equally conclusive, if repeatedtona

smaller scale. :
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the reception of gasses, and for submitting them to ex-
periment. '

1. For procuring such gasses as are producible without
a very strong heat, glass bottles, furnished with ground
stoppers and bent tubes, are sufficient. Of these seve-
ral will be required, of different sizes and shapes,
adapted to different purposes. If these cannot be pro-
cured, a Florence flask, with a cork perforated by a

" bent glass tube, or even a tin pipe, will serve for ob-
taining some of the gasses. '

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

2. For receiving the gasses, glass jars, of various
sizes, are required, some of which should be furnished
‘with necks at the top, fitted with ground stoppers.

These jars will also be found extremely useful in ex-
periments on the properties and effects of the gasses.
Some of them should be graduated into eubical inches.

To contain these jars, when in use, a vessel will be
‘necessary, capable of holding a few gallons of water.

This may either be of wood, if of considerable size ; or,
Al small, of tin, japanned or painted. Its size may vary

*‘Vtrj" compact earthen retorts and tubes are made by Messrs
Wedgwoods and Byerly, of Etruria. Others also, less close in
{ih:ir texture, but less apt to break in the firc, may be had of
Messts Pugh and Speck, of Booth Street, Spitalfields, Lendon,
who make portable furnaces, crucibles, &c.
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with that of the jars em ployed ; and, about half an inch
from the top, it should have a shelf, on which the jars
may be placed, when filled with air, without the risk
of being overset.

A glass tube, about 18 inches Jong, and three-quarters
of an inch diameter, closed af one end, and divided into
cubic inches and tenths of inches, will be required for
ascertaining the purity of air by nitrous gas. It should
be accompanied also with a small measure, containing
about two cubic inches, and similarly graduated. For
employing the solution of nitrous gas in liquid sulphate
of iron, (a happy invention of Mr Davy, which leaves
nothing to be desired in eudiometry,) glass tubes, about
five mches long, and half an inch wide, divided deci-
mally, are also necessary. Besides these, the experi-
menter should be furnished with air funnels, for trans-
ferring gasses from wide to narrow vessels. These,
and almost every other article of apparatus, necessary
for experiments on gasses, may be seen figured in the
plates to Dr Priestley’s Experiments on Air, in 3 vols
8vo; and in those subjoined to Lavoisier’s Elements.

For those gasses that are absorbed by water, a mer-
curial trough is necessary. For the mere exhibition of
a few experiments on these condensible gasses, a small
wooden trough, 11 inches long, 2 wide, and 2 deep,
cut out of a solid block of mahogany, is sufficient ; but,
for experiments of research, one of tonsiderable size is

Previously to undertaking experiments on other
gasses, it may be well for an unpractised experimen-
talist to accustom himself to the dexterous managemeng
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of gasses, by transferring common air from one vessel
to another, of different sizes.

Of experiments illustrative of the nature of gasses in
general, it may be proper to mention one or two that
show the mode in which caloric exists in this class of
bodies. In vapours, strictly so called, as the steam of
water, caloric seems to be retained with but little torce;
for it quits the water when the vapour is merely ex-
posed to a lower temperature. But, in gasses, caloric
is united by very forcible aftinity, and no diminution of
temperature, that has ever yet been effected, can sepa-
rate it from some of them. Thus the air of our atmo-
~ sphere, in the most intense artificial or natural cold, still
remains in the aeriform state. Hence is derived one
character of gasses, viz. that they shall remain aeritorm,
‘ander almost all variations of pressure and temperature;
and in this class are also included those aenal bodies
which, being condensed by water, require confinement
~over mercury. The following experiment will show
that the caloric, contained in gasses, is chemically com-
bined.

Into a small retort, put an ounce or two of well dried
common salt, and about halt its weight of sulphuric
acid. By this process, a great quantity of gasis pro-
duced, which might be received and collected over
mercury. But, to serve the purpose of this experiment,
let it pass through a glass balloon, having two openings
(as in the 4th plate of Lavoisier, fig. 1. G.), into one
of which the neck of the retort passes, while, from the
other, a bent tube proceeds (E. of the same fig.) which
ends in a vessel of water, Before closing the apparatus,
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let a thermometer be included in the balloon, to show
the temperatnre of the gas. It will be found, that the
mercury, in this thermometer, will rise only a few de-
grees, whereas the water, in the vessel which receives
the bent tube, will soon become boiling hot. In this
instance, caloric flows from the lamp to the muriatic
acid, and converts it into gas; but the heat, thus ex-
pended, is not appreciable by the thermometer, and
must, therefore, be chemically combined. The caloric,
however, is again evolved, when the gas is condensed
by water; and, in this experiment, we trace it into
combination, and again into the state of uncombined
caloric. |

For demonstrating the influence of variations of at-
mospheric pressure on the formation of gasses, better
experiments cannot be devised than those of Lavoisier.
See his Elements, chap. 1. But as some students, who
have the use of an air-pump, may not possess the appa-
ratus described by Lavoisier, (the glass bell and sliding
wire,) it may be proper to pomt out an easier mode of
showing the same fact. Into a glass tube, about six
inches long, and half an inch diameter, sealed at one
end, put a small quantity of ether; and fill the tube
with water, tinged blue by litmus. = The -ether will
swim on the surface of the water. Place the thumb,
expeditiously, over the open end of the tube, so as to
confine the water and ether, without including any air
along with them ; and set the tube, inverted, in a jar of
coloured water; removing the thumb, when this has
been effected. When the above apparatus is covered
with the receiver of an air-pump, and the air is ex-
hausted, the ether will be changed into a gas, which will
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fill the tube and expel the water. On restoring the
- pressure of the atmosphere, the ether will again become
liquid.

Art. IV. — Oxygenous Gus.

1. Ouxygenous gas may be procured from various sub-
slunces. : ! -

A. From the black oxyd of manganese, heated to
redness in a gun barrel, or earthenretort; or, from the
same oxyd, heated by a lamp in a retort or gas bottle,
with half its weight of strong sulphuric acid.

B..From the red oxyd of lead (the common red lead
used by painters) heated either with or without sulphu-
ric acid.

C. From various other oxyds, as will be hereafter
mentioned.

D. From nitrate of potash (common saltpetre) made
red hot in a gun barrel, ér in an earthen retort.

E. From oxygenated muriate of potash, heated in a
small glass retort, coated with clay; or in an earthen
retort. The oxygenous gas; thus produced, is much
purer than that obtained in any other mode, especially
the last poriions, which should be kept separate.

This gas has the following properties:

2. It is not absorbed by water, or, at least, is so spa-
ringly absorbed, that, when agitated in contact with
water, no perceptible diminution takes place.

3. Al combustible bodies burn in oxygenous gas with
greatly increased splendor. _

A, A lighted wax taper, fixed to an iron wire, and
let downinto a vessel of this gas, burns with great bril-
liancy. (See Lavoisier’s 5th plate, fig. 8.) If the taper

T i e
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be blown out, and Jet

Diow down into a vessel of the gas,
while the

snuff’ remains red hot, it instantly rekindles,
with a slight explosion. .

B. A red hot bit of charcoal, fastened 16 an iron
wire, and immersed in the gas, throws out beautiful
sparks.

C. The light of phosphorus, placed on a little tin
€up, and burnt in this gas, is the brightest that can be in
any mode produced, '

D. Procure some thin harpsichord wire, and twist it
round a slender rod of iron of glass, soas to coil it up in
a spiral form, Then withdraw the rod, and tie a little
thread, or flax, round one end of the wire, for about
the length of one-twentieth of an inch, which' end is
to be dipped into melted sulphur. The other end of
the wire is to be fixed into a cork ; so that the spiral
may hang vertically.  Fill, also, with OXygenous gas,
a bottle capable of holding about a quart, and set it
with its mouth upwards, Then light the sulphur, and
introduce the wire into the bottle of gas, suspending it
by the cork. The iran. will burn with a most brilliant
light, throwing out a number of sparks, which fall to
the bottom ot the bottle, and generally break it. This
accident, however, may frequently be prevented by
pouring sand into the bottle, so as to lie about half an
mch deep on the bottom, (See Lavoisier’s 4th plate,
fig.17.) According to Mr Accum (Nicholson’s Journal,,
8v0, 1. 320) a thick. piece of iron or steel, such as a
file, if made sharp pointed, may be burnt in oxygen
gas. A small bit of wood is to be stuck upon its ex-
tremity, and set on fire, previous to immersion in
the gas,
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~ E. A little of Homberg’s pyrophorus, a substance to
be hereafter described, when poured into this gas, im-
inedialely flashes like inflamed gun-powder.
4. During every combustion in oxygenous gas, the gas
suffers a material diminution. To exhibit this, experimen-
; tally, in a manner perfectly free from all sources of
error, would require such an apparatus as few persons
are likely to possess. The apparatus required, may be
seen described in the 6th chapter of Lavoisier’s Ele-
~ments, The fact may, however, be shown, less accu-
rately, in the following manner. Fill, with oxygenous
gas, a jar, of moderate size, which has a neck and
ground glass stopper at the top. Then, with the
assistance of‘'a stand, formed of bent iron wire, (like
that shown in the plate to Nicholson’s Chemistry,
fig. 16,) place a shallow tin vessel, containing a bit of
phosphorus or sulphur, three or four inches above the
level of the water of a pneumatic trough. Invert the
jar of oxygenous gas, cautiously and expeditiously,
over this cup, so as to confine it, with its contents, m .
the gas, and, pressing down the jar to the bottom of the
trough, open the stopper. A quantity of gas will im-
mediately rush out, and the water will rise to the same
level within the jar as without, When this has taken
place, set fire to the sulphur or phosphorus by an iron
~ wire, and instantly put in the stopper. The first effect
of the combustion will be a depression of the water
within the jar; but, when the combustion has closed,
and the vessel has cooled, a considerable absorption
will be found to have ensued.

5. All bodies, by combustion in oxygenous gas, acquire

& addition to their weight ; and the increase is in propor-
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tion to the quantity of gas absorbed., To prove this by
experiment, requires also a complicated apparatus ;
and the reader, who canrot possess himself of this,
must remain satisfied with the account Lavoisier gives
of his experiments, establishing the principle, in chap-
ter 5th of his Elements. |

6. Oxygenous gas supports, eminently, amimal life. Tt
will be found that a mouse, bird, or other small animal,
will live six times longer in a vessel of oxygenous gas,
than in one of atmespherical air of the same dimensions.

7. Tlis effect seems connected with the absorption aof
oxygen by the blood. Pass up a little dark coloured blood
mto a jar partly filled with oxygen gas, and standing .
over mercury. The gas will in part be absorbed, and
the colour of the blood will be changed to a bright and
florid red. This change to red may be shown by put-
ting a little blood into a comimon vial filled with oxyge-
nous gas, and shaking it up.

Art, V. — Azotic or Nitrogen Gas.

1. Azotic Gas may be procured, though not absolutely
pure,. yet sufficiently so for the purpose of exhibiting
its general properties, in the following manner. Mix
equal weights of iron filings and sulphur into a paste
with water, and place the mixture, in a proper vessel,
gver water, on a stand similar to that described, Art. -
IV. INo. 4. Then invert overita jar full of common air,
and allow this to stand exposed to the mixture for a day
or two. The air contained in the jar will gradually
diminish, as will appear from the ascent of the water
within the jar, till at last only about three-fourths of its
original bulk remain. The vessel containing the iron

i
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and sulphur, must next be removed, by withdrawing
it through the water ; and the remaining air may be
" made the subject of experiment.
A quicker process for procuring azotic gas consists in
' ﬁﬂing a bottle, about one fourth, with “the solution of
" npitrous gas, in liquid sulphate of iron, and agitaling it
~ with the air, which fills the rest of the bottle. During
- the agitation, the thumb must be placed firmly over the
mouth of the bottle ; and, when removed, the mouth .
must be immersed in a cup full of the same solution,
which will supply the place of the absorbed air,

2. This gas has the following properties :

A. It is not absorbed by water.

B. It immediately extinguishes a lighted candle and
all other burning substances.

C. It is fatal to animals that are confined in it.

D. Plants, however, live in it, and even flourish.
~ E. When mixed with pure oxygenous gas, in the
proportion of three or four parts to one of the latter, it
composes a mixture resembling atmospheric air in all
- 1its properties. Of this any one may be satisfied, by
‘mixing three parts of azotic gas with one of oxygenous
gas; and immersing in the mixture a lighted taper.
The taper will burn as in atmospherical air.
: ¥
Lo Arr. VI. — dtinospheric dir.

~ The air of our atmosphere, it appears; therefore,
from the foregoing facts, is a mixture, or rather a .combi-
nation, of two different gasses, viz. oxygenous gas and
‘azotic gas." The former of these two' seems to be the
only ingredient on whicl the effects of the alr, a5a
C
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chemical agent, depend. Hence combustible bodies
burn in atmospheric air, only in consequence of the
oxygenous gas. which it contains; and, when this is
exhausted, air is no longer capable of supporling com-
bustion *. The abstraction of its oxygenous gas from
the air will be rendered apparent by the following ex-
periments,

1. Burn a little sulphur or phosphorus, in the manner
described, Art. IV. No. 4. substituting for oxygenous
gas common atmospherical air. The combustion will
in this instance be less vivid ; will cease sooner; and
the absorption, when the vessels have cooled, will be
much less considerable than in the former case.

2. Take two tubes, each a few inches long, closed
at one end, and divided into aliquot parts, Fill the
one with atmospherical air, the other with oxygenous
gas, and invert them in two separate cups filled witha
solution of sulphuret of pot-ash. The sulphuret will
ascend gradually within the tube of common air, till,
after a few days, only about three-fourths of its original
volume will remain: but, in that containing oxygenous,
it will ascend much higher; and, if the gas be pure,
will even absorb the whole. The explanation of this
fact is, that liquid sulphuret of pot-ash has the property
of absorbing oxygen, but not azote. It therefore acts
in atmospheric air only as long as any oxygenous gas re-
mains, and may be employed as a means of ascertain-,
ing the quantity of this gas in the amosphere at different

# Certain combustible bodies even cease to burn in atmospheric
air, long before its oxygenous porticn is consumed ; for reasons

that will hereafter be given.
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times, and in distant places. Animproved instrument,
thus graduated, has lately been employed by Guyton
as an Eudiometer *. (See Nicholson’s Philosophical
Journal, Vol. I. page 268 ; or Tilloch’s Philosophical

Magazine, Vol. 111. p. 191.)
3. Atmospheric air ministers to the support of animal

life, only in consequence of the oxygenous gas which it con-
tains. Air, after having been received into the lungs,
and again expired, is found to have lost considerably of
its oxygenous part, viz. 10 or 12 per cent. It proves
fatal to animals, however, long before the whole of this
purer portidn is wholly exhausted ; and hence it appears
w’4hata.m|'|~~l(|¢::ralzﬂ~e proportion of oxygenous gas is even
necessary to fit the air for supporting respiration. As
the analysis of expired air requires an acquaintance with
another gas, not hitherto described, viz. carbonic acid,
its examination will be postponed to a future occasion.

Art. VII. — Hydrogenous Gas.

1. To procure hydrogenous gas, let sulphuric acid,
- previously diluted with five or six ‘times its weight of
Water, be poured on iron filings, or '¢n small iron nails,
in a gas bottle or small retort. Au effervescence will
ensue, and the escaping gas 111:1;’1.!};. collected m te
usual manner ;

This gas has the following properties :

2. It remains permanent over water, or is not absorbed
in an_} notable proportion.

. At is inflammable. This may be shown by the
fallnwmg experiments,

* Other Eudiometers will be described hereafter.
C e
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A. Fill a small jar with the gas, and, holding it with
the mouth downwards, bring the gas into contact with
the flame of a candle. The air will take fire, and will
burn silently with a lambent flame.

B. Fill with this gas a bladder which is furnished
with a stop cock, and with a small pipe, of diameter
less than that of a common tobacco pipe. Press the
air,out through the pipe, and, on presenting a lighted

-+ candle, the stream will take fire.. If this apparatus
cannot be procured, a very simple contrivance will
" answer the purpose. Break off part of an eight-ounce
vial, witliin an inch or two from the bottom, by setting
fire to a string tied round it, and moistened with spirit
of turpentine.: The vial will then resemble a jar with
AN open neck at the top. Next bore a small hole
through a cork that fits the neck of the vial, and insert
in it part of a common tobacco pipe, which may be
fixed into the neck of the bottle, by a cement of resin
and bees-wax. Then fill the bottle with water, and
hold it, with the thumb pressed down on the aperture of
the pipe, while hydrogenous gas is passed into it,
When the bottle is full of gas remove the thumb, press
the bottle down into the water, and, on the approach of a
candle, the stream of air from the pipe will take fire. I
prefer this mode of making the experiment {o the com-
mon ‘one of inflaming the gas, as it proceeds, through a
a small tube, from the botde in which it is produced ;
because I have once seen an explosion, and frequently
heard of similar accidents, from 1he latter mode of
making the experiment.

C. In a strong bottle, capable of luﬂr:lmg about four

ounces of water, mix equal parts of commen air and

[P e il M}M--vw‘*‘" e
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hydrogenous gas. On applying a lighted candle the
mixture will burn, not silently, as in exptiA, but with
a sudden and loud explosion. If a larger bottle be
used, it should be wrapped round with a handkerchief,
to prevent the glass from doing any injury, 1iin case the
bottle should burst.

D. The same experiment may be repeated with
oxygenous gas, instead of atmospherical air; changing
the proportions, and mixing only one part of oxygenous
gas with two of hydrogenous. The report will be con-
siderably louder. The bottle should be a very strong
one, and should be wrapped round with cloth, to pre-
vent an accident ¥,

E. The same experiment may be made over water,
by means of the electric spark. Procure a strong tube,
about three quarters of an inch diameter, and 12
inches long, closed at one gtld. About a quarter or
halt' an inch from the sealed end, let two small holes be
drilled, opposite to each other, and into each of these
let a brass conductor be cemented, so that the two points
may be distant from each other, within the tube, about
~one eighth of an inch, Into this tube, standing over
water, pass about a cubic inch, or l:—:ﬁg;h of amixture of
hydrogenous and oxygenous zasses, inghe proportion of
two measures of the former to one of:the latter, Hold
the tube firmly, and pass an electric spark through the
mixed gasses. An immediate explosion will take
place;; after which the gasses, if pure, and in the
proper proportion, will be found to have disappeared
entirely.  If atmospheric air be used, the remaining
gas will be found to be unfit for supporting combustion,

* These experiments may also be made advantageously, by means
of an apparatus, sold under the name of the inflammmable air pistal,

Ry
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the hydrogenous gas having robbed it of all its oxygen.
Hence, the inflammation of hydrogenous gas, in gradu-
ated tubes, has been employed as a means of measuring
the purity of air, and is the principle of Volta’s eu-
diometer.

F. The diminution of hydrogenous and oxygenous
gasses, by the union of their bases, may be shown
also by their slow combustion. Fill a tall jar with oxy-
genous gas, and fill also, with hydrogen gas, a bladder
Ifurnished with a stop cock, and with a long brass pipe,
bent like the letter S, and drawn out to a fine point.
On pressing the bladder, a stream of gas will issue from
the pipe, which may be set fire to, and brought cau-
tiously under the tall inverted jar of oxygenous gas. .
By this contrivance, the stream of hydrogen gas will
be burnt in a confined portion of oxygen gas; and, on
continuing the combustion a sufficient length of time,
the water will be seen to rise gradually within the jar.
On the first impression of the heat, indeed, a quantity
of gas will escape from the jar, which will render it
difficult to ascertain what degree of absorption has
actually taken place. But this loss may be prevented
by using a jar with a neck at the top, to which a com-
pressed bladder is firmly tied. The expanded air, in-
stead of escaping through the water, will now fill the
bladder at the top; and, when the experiment has
closed, and the vessels have cooled, it may be ascer-
tained, by pressing out the gas from the bladder, what
quantity of oxygen gas bas been consumed, ,

When the above experiment is made, with the sub-
stitution of common air for oxygenous gas, a diminu-
tion takes place, but much less considerable ; viz. not
amounting to one sixth of the original bulk of the gas.,
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4. Hydrogenous gas has an unpleasant smell.

5. Though inflammable itself, it extinguishes burning
bodies. Bring an inverted jar, filled with this gas,
over the flame of a candle ; and suddenly depress the
jar, so that the lighted wick may be wholly surrounded
by the gas. The candle will immediately be extin-

guished.
6. Itis fatal to animals. This may be shown by
confining, in the gas, a mouse, or other small animal,
7. It is considerably lighter than atmospherical air.

A. Let a jar, filled with this gas, stand, for a few
- seconds, with its open mouth upwards. On letting
down a candle, the gas will be found to have escaped.

B. Place another jar of the gas inverted, or with its
mouth downwards. The gas will now be found to re-
main in the jar, being prevented from escaping up-
wards by the bottom and sides of the vessel.

C. Fill, with hydrogen gas, a bladder furnished
witha stop-cock ; and adapt to this a common tobacco
Fpe. Dip the bowl of the pipe into a lather of soap,
and, turning the cock, blow up the lather into bubbles.
~These bubbles, instead of falling to the ground, like
those commonly blown by children, will rise rapidly
mto the air. On this property of hydrogen gas, is
founded its application to the raising of balloons.

8. Hydrogenous gas, though fatal to animal life, is
not soto vegelables, which grow, and even flourish, in it.

Art, VIII —Composition and Decomposition of Water.

In Art. VII. (No. 3, E.) it was stated that oxygenous
- and hydrogenous gasses, when fired over water, in the
- proper proportion, wholly disappear. To ascertain
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the nature of the product thus formed, however, the
experiment must be repeated over mercury, in a simi-
lar manner. 'When this is done repeatedly, it is found
that the product of the combustion is that welt known
fluid, water, which is thus proved.to be composed of
two elementary ingredients. The water, produced in
this mode, is not, however, to be considered as a com-
pound of the two gasses, but only of their bases ; for
the light and caloric, which constituted the gasses,
escape, in considerable part, during the combustion.
Every gas, it must be remembered, has at least two in-
gredients ; the one gravitating matter, which, if sepa-
rate, would probably exist in a solid or liquid form ; the
other an extremely subtile fluid, termed caloric. In

the example before us, caloric (and perhaps light) isa

common ingredient both of hydrogen and oxygen
gasses; but the two differ in having different bases.
The basis of the one is called hydrogen, of the other,
oxygen ; and water may, therefore, be affirmed to be
a compound of hydrogen and oxygen. This may be
proved in two modes, by synthesis, i. e. by joining

together its two elementary ingredients ; and by analy

sis, in other words, by separating the constituent parts
of water, and again exhibiting them in a distinct form.

1. Synthetic Experiments.

A. Fill, with hydrogen gas, a bladder, furnished
with a stop-cock and bent pipe, similar to that de-
scribed, Art. VII. No. 3, F. Then pour into a shallow
earthern dish as much quicksilver as will about half il

it, and invert over this a. glass bell full of common air |

5
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and perfectly dry. Expel the hydrogen gas through
the pipe; light the stream ; and bring it under the
glass bell, by raising this, and depressing it into the
mercury, as soon as the inflamed gas is introduced.
A portion of air will escape, at first, in consequence of
the rarefaction, As the combustion continues, water
will form, and will condense on the sides of the
- glass. This water is produced by the union of hydro-
gen with the oxygen contained in atmospheric air.
B. Those persons who are not possessed of a sufficient
quantity of quicksilver to repeat the above experiment,
may substitute the following: procure a large glass
globe, capable of holding three or four quarts, and
having two openings, opposite to each other, which
may be drawn out for a short distance, like the neck
of a retort. Inflame the stream of hydregen gas,
and introduce it into the centre of the globe. The
rarified and vitiated air will ascend through the upper
aperture of the globe, and u constant supply of fresh air
will be furnished from beneath. By this combustion, a
quantity of water will be generated, which will be
.eondensed on the inner surface of the vessel.
- C. A simple and ingenious apparatus, less costly
than any other, intended for the purpose of exhibiting
the composition of water, is made by Mr Cuthbert-

- son, of London. It may be seen described and figured
i Nicholson’s Journal, Vol. II. p. 235; or in the
Philosophical Magazine, Vol. II. p. 317.

D. Those persons who have the opportunity of
- repeating this interesting experiment on a large scale,

- and with an accurate attention to proportion, may colis
- gult Lavoisier’s Elements, '
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E. By firing repeated portions of a mixture of oxy-
genous and hydrogenous gasses, over mercury, a sen-
sible quantity of water will at last be produced.

2. Analytic Experiments.

The analytic experiments on water are of two kinds 3
" Ist, such as present us with one of its ingredients only,
in a separate and distinct form; 2dly, such as present
us with its two component principles, the hydrogen
and oxygen, mixed together in the state of gas.

Of the first kind are the following :

A. Procure a gun-barrel, the breech of which has
been removed, so as to form a tube open at each end.
Fill this' with iron wire, coiled upin aspiral form. To
one end of the barrel adapt a small glass retort, partly
filled with water, and to the other a bent glass tube,

“the open end of which terminates under the shelf of =

the pneumato-chemical apparatus. Let the barrel be
- placed horizontally, (or rather with that end, to which
the retort is fixed, a little elevated,) in a furnace
having two openings in its body opposite to each other,
or in a grate like that figured by Lavoisier, plate 7,
figure 11. Laght a fire in the furnace; and, when the
gun-barrel has become red-hot, apply a lamp under the
retort. The steam of the water will pass over the red
hot iron, and will be decomposed. Its oxygen will
unite with the iron; and its hydrogen will be obtained
in the form of a gas. This is the readiest and cheapest
mode of procuring hydrogen gas, when wanted in
considerable quantity.

B. The same experiment may be repeated; sub-
.ﬁtitutiné an carthern tube for a gun-barrel, and weigh-
ing the iron wire accurately, both before and after the

o
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experiment. The iron will be found to have gained
weight very considerably ; and, if attention be paid to
the weight of the water that escapes decomposition, by
an addition to the apparatus, similar to that employed
by Lavoisier, (plate 7, fig. 11, S and H,) and to. the
weight of the gasses obtained, it will be found that
the weight gained by the iron, added to that of the
h}'dn}gen gas, will make up exactly the weight of
the water that has disappeared. From experiments of
this kind, conducted with the utmost attention to accu-
racy, as well as from synthetic experiments, it appears
that water is compounded-of 85 per cent oxygen, and
15 hydrogen, by weight, very nearly. But as hydro-
gen gas is eleven times lighter than common air, the
proportion of gasses, by volume, required to form
water, is about two of hydrogen to one of oxygen gas.

C. Water may be decomposed, in a similar appara-
tus, over charcoal instead of wron. The results, how-
- ever, are different in this case, as will appcar from a
subsequent section.

D. Another mode of effecting the decomposition of
‘water yet remains to be mentioned, in which not the
hydrogen but the oxygen is obtained in a gaseous
‘state. This is by the action of living vegetables ;
either entire, or by means of their leaves only. TFill
' a clear glass globe with water, and put into it a number
of green leaves, from almost any tree or plant. A
- sprig or two of mint will answer the purpose,perfectly
- well.  Invert the glass, and place it, with its mouth
- downwards, in a vessel of water. Expose the whole
apparatus to the direct light of the sun, which will
then fall on the leaves surrounded by water. Bubbles
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of air will soon begin to form on the leaves, and will
increase in size, till at last they rise to the top of the
vessel. - This process may be carried on as long as the
vegetable continues healthy; and the gas, whenex-
amined, will prove to be oxygenous gas nearly pure.
In this experiment, the hydrogen combines with the
plant, to the nourishment and support of which it con-
trbutes, while the oxygen is set at liberty.
2dly. The processes, by which the elementary parts
of water are scparated from each other, and both are
presented in an aeriform state, as a mixture of hydro-
gen and oxygen gasses, are dependent on the agency
of electricity. :
A. The. first of these experiments requires for its
performance the aid of a powerful electrical machine.
‘T'his fact was the discovery of a society of ingenious g
Dutch chemists; and the principal circumstance, in
the experiment, is the transmission of electrical shocks,
through a confined portion of water. The apparatus
employed, in this experiment of Messrs Dieman and
Van Troostwyk, is a glass tube, about one eighth of
an inch diameter, and 12 inches long, one of the ends
of which is sealed hermetically, a good wire being
inserted at this end, and projecting about an inch and a
. half within the tube. About the distance of five:
eighths of an inch from the extremity of this, another
wire is to be fixed, which may extend to the open end
of the tube. The tube is next to be filled with distilled
water, and to be placed inverted in a vessel of the
same. When thus disposed, elettri‘c'ﬂ shocks are to
be pa:sed between the two ends of the wire, through
the water; and, if these shocks be suffigiently strorig,
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bubbles of air will be formed at each explosion, and
will ascend till the upper part of the wire 1s uncovered
by the water. < As soon as this is effected, the next
shock that is passed will set fire to the air, and the
water will rise again in the tube, a very small quantity
of gas remamning. Now as hydrogen and oxygen
gasses, in a state of admixture, are the only ones that
are capable of inflaming by the electric shock ; and as
there is nothing in the tube, besides water, that can
afford them in this experiment, we may safely infer,
that the evolved hydrogen and oxygen gasses arise
from decomposed water. |

B. An improved apparatus, exhibiting the same ex-
periment, with less trouble to the operator, has been
invented by Mr Cuthbertson, and may be seen de-
scribed and figured in Dr. Pearson’s paper, in the
Phil. Trans, for 1797, or in Nicholson’s Journal,
Vols I. and II.

C. The same experiment may be performed with
‘the aid of an apparatus of great simplicity, and which
it is m the power of almost any person to make for
himself. This is the newly discovered pile of Signior
Volta ; a discovery which, for curiosity and import-
ance, in a philosophical view, ranks with the first that
r‘have been made during the present century. It is
constructed in the following manner :

Procure, at a brazier’s or coppersmith’s, 30, 40, or
50, pieces of zinc or speltre, cast in sand, of the size
of, half crowns or shillings, but rather thicker. A
corresponding number of half crowns or shillings will
also be required, according to the size of the pieces of
zinc that may be employed. Let an equal number of

D
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pieces of woollen cloth be cut, of a circular shape, to
correspond with the pieces of zinc ; and steep these in
a strong solution of common salt in water, Then dis-
pose the three substances alternately, in the following
order, silver, zinc, moistened cloth ; silver, zine, &c.
till a sufficient number of these triplicates, not less
than 20 or 80, have been thus arranged, the silver
terminating the pile at the top. In order to facilitate
the touching of the bottom piece of silver, it may be
well to put under it a slip of tinfoil or Dutch leaf,
which may project a few inches. Next, let the hands
be moistened with salt and water, and, on touching
the piece of tinfoil with one hand, and the uppermost
piece of silver with the other, a shock will pass throngh
the arms, which will be strong, in proportion to the
number of pieces of zinc, &c. that are employed.

The silver and zinc plates may also be more commo-
diously arranged in a mahogany trough. When in-
tended for this purpose, they must be cast in squares
of about two inches and.a half, and must be let down,
and well cemented, into grooves cut in the wood.
The two metals may be i contact, and may even be
" soldered together ; and between each pair of plates a
cellis to be left for:containing the liquid to be employed.
Troughs of this kind are much more powerful, and are
kept in order with less trouble than the pile.

With this apparatus, the decomposition of water
is leffected with the utmost facility. Take a narrow
élass tube 3 or 4 incheslong ; fit each end with a cork,
penetrated by a piece of slender iron wire, and fill
the tube with water. Let the ends of the two wires
be distant from each other, about three-fourths of an
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inch ; and let the one be made to communicate with
the bottom of the pile, the other with the top. On
making this communication, bubbles of air will form,
and will ascend to the top of the tube ; the wire being
rapidly oxydated. In this experiment, water is de-
composed : its oxygen unites with the iron, while its
hydrogen appears 1 the state of gas.

If this experiment be made with the substitution, for
iron, of some metal that is not oxydated by water, as
gold, for example, we obtain a mixture of hydrogen
and oxygen gasses, as in the experiment of Messrs
Diemen and Van Troostwyk.

In Mr Nicholson’s Journal, a variety of interesting
ebservations on the phenomena, preduced by Volta’s:
Galvanic Pile, have been published by Messrs Nichol-
son, Carlisle; Cruickshank, Davy, and others.

Art. IX. — Propertics and Effects of Waler *.

1. Water contains air. This may be shown by
placing a glass vessel of water under the receiver of
an air pump. During the exhaustion of the receiver,
bubbles of air will be seen to ascend very plentifully,
Much air escapes also from water, during ebullition,
“and may be collected by a proper apparatus.

2. Water is contained in the air of the atmosphere,
ecen during the driest weather. Expose to the air, in a
shallow vessel, a little carbonate of pot-ash (not crystal-
lized, but the common salt of tartar.) In a few days,
it will become moist, or deliquiated. On the same

* Whenever, in the course of this work, water is mentioned as

an agent in any chemical operation, pure distilled water is to be
understood.
i DAL
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principle, water exposed to the air, in a shallow vessel,
disappears, being dissolved by the atmosphere.

3. Water dissolves a great wvariety of solid bodies.
The substances on which it exerts this effect, are said
to be soluble mn water; and there are various degrees
of solubility, see Art. I. No. 6, :

4. During the solution of bodies in water, a change of
temperature ensues. In most instances, an absorption of
. caloric, (in other words, a production of  cold,) is atten~
dant on solution, as in the examples given in Art, II,

No. 9. But, in othercases, caloric is evolved, or heat

is produced. Thus common salt of tartar, during
solution in water, raises the temperature of its solvent ;
and caustic potash, in a state of dryness, does the
same still more remarkably. Both carbonated and
pure potash, however, when crystallized, observe
the usual law, and absorb caloric during solution.
Now as their difference, in the crystallized and un-
crystallized state, depends chiefly on their containing,
in the former but not in the latter, water chemically
combined, we may infer, that the cold, produced
during the solution of salts, 1s occasioned by the con-
“version of the water, which exists in these bodies, from
a solid to a liquid form.

5. During the solution of salts in water, a quantity of
air is di:-'engc.rger!.. This air was partly contained me-
chanically in the salt, and partly in the water. That
it does not arise entirely from the former source, is
proved by varying the experiment, in the following
manner. Let an ounce or two of sulphate of soda be
put into a vial, and pour on this as much water as
will completely fill the bottle. The air ¢ontained in
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the pores of the salt will be thus disengaged ; but
only a small portion of the salt will be dissolved, agree-
ably to the principle laid down. = Art. I. No.7. Let
the vial be shaken, and the whole of the salt will dis-
appear ; a fresh portion of air being liberated during
solution. The air that now appears, is extricated
from the water, in consequence of the affinity between
the water and the salt being stronger than that between
the water and theair. It is, therefore, a case of single
~ eleclive affinity.

6. During the solution of bodies, the bulk of water
changes. Take a glass globe, furnished with a long
narrow neck (commonly termed a matrass) and put
into it an ounce or two of sulphate of soda. Then
~add as much water as will fill the globe, and about
three-fourths of the neck. This should be done with
as little agitation as possible, in order that the salt may
not dissolve, till required. Mark, by tying a little
thread, the line where the water stands; and then
agitate the matrass. The salt will dissolve ; air will be
set at liberty ; and, during the solution, the water will
sink considerably below its level, This contraction of
bulk is owing to the diminution of temperature ; and,
when the water has regained its former temperature, it
will also be found, that its bulk is increased by the
addition of salt. The Bishop of Llandafl’ found that
water exhibits a manifest augmentation of bulk, by
dissolving only the two thousandth patt of its weight
of salt; a fact sufficiently decisive against that theory,
which supposes pores in water capable of receiving
saline bodies without an augmentation of volume,

D3
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7. We ater has its solvent power incr f(f.sr:rf by diminishing
“ff pressure of the atmosphere. Into a Florence ﬂask
puta pound of sulphate of soda; pour onitbarely a pint
of water, and apply heat so as to boil the water. The
whole of the salt will be dissolved. Boll the solution
for several minutes, pretty strongly, so as to drive out
the air; and cork the boitle tightly, immediately on
its removal from the fire. To prevent more completely
the admission of air, tie the cork over with bladder.
As the vessel cools an imperfect vacuum will be
formed over the solution; for the steam, which arises
during the ebullition, expels the air, and takes its
place. The steam is condensed again, when the
vessel cools.  The solution, when perfectly cold,
may be shaken without any effect ensuing, so long as
the vessel is kept closely stopped ; but, on removing
the cork and shaking the vessel, the solution will
immediately congeal, and heat will be produced.
This experiment, besides the principle, which it is
peculiarly intended to illustrate, exemplifies also the
general rule laid down, Art. II. No. 10, viz. that
caloric is always evolved, during the transition of
bodies from a fluid to a solid state ; and it furnishes a
fact exactly the converse of that in which cold
is produced, or caloric absorbed, during the solution
of salts.

g, It is unnecessary to add any thing, to what has
been already said in a former section, respecting the
combination of caloric with water, constituting steam ;
or to the history of the phenomena altending its con-
version into ice ; except that, during the latter change,
its bulk is enlarged in the proportion of 9 to 8, and

i -
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that, in consequence of this expansion, water, during
congelation, is capable of bursting the strongest iron

vessels; and becomes alsor specifically lighter.  Hence
ice swims always on the surface of waler.

Art. X, — Alcalis.

General qualities.
L4

The properties, common to all the three alcalis,
may be shown by those of a solution of pure potash.

A. The alcalis change vegetable blue colours, as that
of an infusion of violets, to green.

B. They have an acrid and peculiar taste.

C. They serve as the intermedia between oils and
water, see Art I. No. 9.

D. They corrode woollen cloth ; and, if the solution
be sufficiently strong, reduce it to the form of a

jelly.
Pure Polash, and pure Soda.

To prepare pure potash, dissolve any quantity of
American or Dantzic pearlash in twice its weight of
boiling water, and add it, while hot, to an equal weight
of fresh quicklime, slaked to a paste with water.
Boil the mixture in an iron kettle, adding as much
water as is necessary to reduce it to a proper consist-
ence, (about that of cream,) and continue stirring
during an hour. Then separate the liquid alcali,
either by filtering or subsidence, and boil it to dry-
ness in a silver dish. Pour on the dry mass as much
pure alcohol as is required to dissolve it ; put the solu-
tion into a bottle, and let the insoluble part settle to the
bottom. Then decant the alcoholic solution  of pot-
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ash, which swims at the top, and distil off the alcohol
in an alembic * of pure silver, furnished with a glass
head. Pour the alcali, when in fusion, upon a silver
dish, and, when cold, break it into pieces, and pre
serve it in a well-stopped bottle. If the distillation 'Df
the alcohol be not carried so far, the alkali will shoot,
on cooling, into regular crystals.

In the same mode may pure soda be prepared.

These alcalis have the following properties :

A. They powerfully attract moisture from the atmo-
sphere, or deliquiate. :

B. They readily dissolve in water, and produce
heat during their solution, if the fused alcalis be em-
ployed ; but the crystallized alcalis generate cold,
when dissolved.

C. They are not volatilized by a moderate heat, and
hence have been called fixed alcalis.

Pure Ammonia,

1. Ammonia, in its purest form, subsists n the
state of a gas. In order to procure it, one of the
following processes may be employed.

A. Mix together equal parts of muriate of ammonia
and quicklime, each separately powdered ; and intro-
duce them into a small gas bottle or retort. Apply the
heat of alamp; and receive the gas, that is liberated,
Qver mercury.

B. To a saturated solution of ammonia in water, or
the pure liquid ammonia, in a gas bottle, apply the
heat of a lamp ; and collect the gas, as in A.

% The figure of analembic may be feen in the plate to Nichol-
son’s Principles of Chemistry,
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0. This gas has the following properties :

A. It has a strong and very pungent smell.
B. It immediately extinguishes flame ; and 1s fatal to

-animals.

C. It is lighter than atmospheric air. ~Hence a jar.
filled with thisgas, and placed with its mouth upwards,
is soon found to change its contents for ‘common air,
which, being heavier, descends, and displaces the am-
moniacal gas. *

D. It is not inflammable ; nor does it explode when
mixed with hydrogen gas.

E. It is rapidly absorbed by water. A drop or two
of water being admitted to'a jar of this-gas, confined
over mercury, the gas will be immediately absorbed,
and the mercury will rise, so as to fill the whole of the
jar, provided the gas be sufficiently pure. Ice pro-
duces the same effect, in a stil more remarkable
manner. j

F. Water, by saturation with this gas, acquires its
peculiar smell ; and constitutes what has been called
liquid ammonia ; or, more properly, solution of pure
ammonia in water.. This solution again yields its gas
on applying heat, (see No. 1. B.)

G. This gas is decomposed by electricity.—Provide
a jar furnished with two conductors (as described, Art.

VIL. No. 3, E.) and, having admitted abouta cubic
inch of ammoniacal gas, pass through it a succession
of electrical discharges. When 150 or 200 shocks
h‘a.ve been passed, the gas will have increased to three
times its original bulk. Admit a small quantity of
water ; the gas will not, as before, be completely
absorbed by the water, but a part will remain, Hence
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it appears that some new gas has been generated;
and, on examination, it is found to be a mixture of
hydrogen and azotic gasses. _

H. The decomposition of ammonia may also be
easily shown, by galvanizing, with the apparatus
described page 37, a saturated solution of ammonia
w water. In this experiment a considerable quantity
of gas is produced. Expose this over a solution of
sulphuret of potash. - A small part of it will disap~
pear, being oxygenous gas. The remainder consists
of hydrogenous and azotic gasses.

ACIDIFIABLE BODIES—ACIDS—COMBINATIONS OF
ACIDS WITH ALCALIS.

ARrt. XI. — Adcids in general.

Acids in general have the following properties :

A. They redden vegetuble blue colours. Hence blue
vegetable infusions, and the papers stained with them,
are tests of the presence of acids. To a little of the
infusion of litmus, add a drop of dilute sulphuric,.
or any other acid. The colour will immediately
change to red.

B. They have a peculmr taste, expressed by -the:
term acid, or sour.

C. They combine chemically with alcalis, and totally de-
stroy the peculiar properties qof those bodies. Let a few
ounce measures of water be tinged blue with genuine
sirup of violets, Add some solution of pure potash,
and the colour will become green. Then gradually
drop in sulphuric acid, much diluted ; and, if this be
done very cautiously, the blue colour will'be restored.

e e e e R A iy
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In this state, neither the alcali nor acid is in excess;
or, in other words, they are exactly saturated with
each other. One of the most remarkable properties of
the alcali and the acid, when separate, disappecars,
therefore, on combination, And, on further exami-
nation, it will be found that all the other characteris-
tics of the components are lost in the compound.

Art. XII., — Carbon— Carbonic Acid— Carbonaies——
other Binary Compounds of Carbon.

1. Carbon is obtained, though not absolutely pure,
yet sufficiently so for the purposes of exhibition, by
«charring, in a covered crucible, pieces of oak, willow,
bazle, or other woods, from which the bark has been
previously peeled. For purposes, to which it is
applied in a powdered state, it may be purified by
powdering it, and washing it first with dilate muriatic
acid, to separate any earths it may contain, and after-
ward with repeated affusions of distilled water.

2. In s aggregated state, carbon is black ; per=
fectly insipid, and free from smell ; brittle, and easily
pulverized.

3. Charcoal has a singular property of absorbing
gasses, without alteration. Fill a jar with common
air, or any other gas, and place it over dry mercury.
Take a piece of charcoal, red-hot from the fire, and
plunge it in the mercury of the bath. When cold,
et it be passed into the vessel of gas, without bring-
ing it into contact with the atmosphere. A consider-
able diminution of the gas will be speedily effected.

From the experiments of Rouppe (Ann. de Ch.
XXXil. 1) it appears, that if charcoal, which hasimbibed
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oxygen gas, be brought into contact mth h }:lrugen
gas, water is generated.

4. Charcoal, strictly speaking, is an oxide of carbon ;
‘the diamond only being pure carbon.

Combination of Carbon with Ox ygen.

8. If a piece of charcoal be introduced cold into
oxygenous gas, no effect will ensue ; but if the char-
coal be previously made red-hot, it burns in this gas
with considerable brilliancy. To perform this experi-
ment with accuracy, and with the proper attention to
the products, it should be made over mercury. The
oxygen will unite with the carbon ; and the product is
a compound of carbon and oxygen, which subsists
over mercury in the state of gas.. On this account,
no diminution ensues.

4. Another mode of effecting the combination of
carbon with oxygen, is by driving the vapour of water
over red-hot charcoal, in an apparatus similar to that
described page 34, B. The wazter is decomposed ;
its oxygen combines with the carbon ; while its hydro-
gen combines with another portion of carbon, and
forms a compound, which will be hereafter described.

The union of carbon with oxygen, however pro-
duced, furnishes a compound, called

Carbonic Acid.

1. To procure carbonic acid, sufficiently pure for
the exhibition of its properties, neither of the above:
processes 1s advisable. The student may, therefore,,
have recourse to another, the rationale of which he:
will not, at present, understand ; but which will be.i
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explained afterwards. Into a common gas-boltle, put
a little powdered marble or chalk, and pour on this
sulphuric acid, diluted with 5 or 6 times its weight of
water, A gas will be produced, which those, who
have an opportunity, may receive over mercury ; but
a mercurial apparatus is not absolutely essential, since
the gas may be collected over water, if used imme-
diately when procured. Its properties are the fol-
fowing : ' :

A. It extinguishes flame. Set a vessel, filled with

- the gas, with its mouth upwards, and let down a
lighted candle. The candle will instantly be extin-
guished.

B. [t s futul to animals, Put a mouse or other small
animal into a vessel of the gas, and cover the vessel to
prevent the contact of common air. The animal will
die in the course of a minute or two.

C. This gas is heavier than common air. Let along
glass tube, proceeding from a gas-bottle containing the
materials (No. 1.), be twice bent at right angles, like
those figured in Lavoisier’s 4th plate, fig. 1, E. Let
the open end of the longer leg reach the bottom of a
glass jar, perfectly dry within, and standing with its
mouth uppermost. The carbonic acid will expel the
common air from the jar because it is heavier. This
superior gravity may be farther shown as follows:
When the jar is perfectly filled with the gas, (which
may be known by a lighted candle being instantly ex-
tinguished when let down into it,) take another jar, of
rather smaller size, and place at the bottom of it a
lighted taper supported by a stand. Then pour the
contents of the first-mentioned jar into the second, as
' E
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if you were pouring in water. The candle will be in-
stantly extinguished as effectually as if it had been im-
mersed in water.

It is owing to its superior gravity that carbonic
acid gas is often found at the bottom of deep welly
and of mines, the upper part of which is entirely free
from it. Hence the precaution, used by the sinkers
of wells, of letting down a lighted candle before
they yenture to descend in person. -

D. Carbonic acia gas is absorbed by Water. * Fill
partly a jar with this gas, and let it stand a few hours
over water. An absorption will gradually go on, till
at last none will remain. This absorption is infinitely
quicker when agitation is used. Repeat the above
experiment, with this difference, that the jar must be
shaken strongly. A very rapid diminution will now
take place. In this manner water may be charged
with nearly its own bulk of carbonic acid gas ; and it
acquires,.when thus saturated, a very brisk and pleasant
taste. , - This impregnation 1s most commodiously
effected in an apparatus, sold in the glass-shops, under
the name of Nooth’s machine. »

E. From water thus impregnated, carbonic acid is
again set at liberty, on boiling the water, or on exposing
it under the receiver of an awr pump. During ex-
haustion, the gas will escape so rapidly, asto present
the appeatance of ebullition; and will be much
more remaikable than the discharge of air from a jar
full of common ' spring water, confined, at the same
time, under the receiver, as a standard of compa-
71501
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F. Carbonic acid gas, when combined with water,

reddens vegetalle blue colours. This may IJf:: hh?w.“ by
dipping into. water thus saturatesl a .‘lm‘; of litmus
paper, or by mixing with a portion of it a:bnut an
equal bulk of the infusion of litmus. * This faa:t.mt;b
blishes the title of the gas to be ranked among acids.
" G. Carbonic acid gas precipitates lime water. This
character of the gas is necessary to be known, be-
cause it affords a ready lest of the presence of car-
bonic acid whenever it is suspected, Pass the gas,
as it proceeds from the materials, through a portion of
lime water. This, though perfectly transparent be-
fore, will instantly grow milky. Or niix equal mea-
sures of water saturated with carbonic acid and lime
water. The same precipitation will ensue,

11. By the application of the test G, it will be found,
that carbonic acid is generated in several cases f com-
bustion., Fill the pneumato-chemical trough with
lime water, and burn a candle, in a jar filled with
atmospheric air, over the lime water till the flame is

- extinguished. On agitating the jar, the lime water
. will become milky, — The same appearances will take
place, more speedily and remarkably, if oxygenous
gas be substituted. The carbonic acid, thus formed
during combustion, by its admixture with the residuary
- air, renders it unfit for supporting flame sooner than it
otherwise would be. Hence, if a candle be burnt in
oxygenous gas, it is extinguished long before the
oxygen is totally absorbed, because the admixture of
carbonic acid with oxygen gas, in considerable pro-
portion, unfits it for supporting combustion, When-.
E 2
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ever any substance, by combustion in oxygenous gas
or common air over lime water, gives a precipitate,
soluble with effervescence in muriatic acid, we may
confidently inferithat it contains carbon,

12. The respiration of animals is another source of
carbonic acid. On confining an ammal, in a given
portion of atmospheric air, over lime water, this pro-
duction of carbonic acid is evinced by a precipitation.

The same effect is, also, produced more remarkably

in oxygenous gas. The production of carbonic acid, by
respiration, may be proved, also, by blowing the air
from the lungs, with the aid of a quill, through lime
water, which will immediately grow milky., The
carbonic acid, thus added to the air, unfits it for sup-
porting life, not merely by diminishing the proportion
of oxygen gas, but apparently by exerting a positively
noxious effect. Hence a given quantity of air will
support an animal much longer, when the carbonic
acid is removed as fast as formed, than when suffered
to remain in a state of mixture. It has been found
that an atmosphere, consisting of oxygen gas and
carbonic acid, is fatal to animals, though it contain a
larger proportion of oxygen than the air we com-
monly breathe.

13. Carbonic acid gas exerts poweiful effects on living
vegetables. These effects, however, vary according to
the mode of its application.

‘Watéf; saturated with this gas, proves highlf nu-
tritive, when applied to the roots of plants. The
carbonic acid is decomposed, its carbon forming a
component part of the vegetable, and its oxygen

being liberated in a gaseous form.
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 On the contrary, carbonic acid applied as an atmo-
sphere, by confining a living vegetable in this gas
over mercury, is injurious to the health of the plant,
especially in the shade. M. Saussure, jun. found that
a proportion of carbonic acid in common air, greater
than one eighth, is always injurious to vegetation ; but
that in this proportion it promotes their growth, and is
manifestly decomposed.

Carbonates in general,

Carbu;ﬁc acid 1s susceptible of combination with
- alkalis, earths, and metals, and forms an order of
compounds termed carbonates. At present, however,
we shall only attend to the results of its union with
alkalis.

Carbonate of Fotash.

- A. ' Carbonic acid gas is very ebundantly absorbed by
a solution of pure potash. The simplest mode of
showing thisis the following. Filla common phial with
this gas over water ; and, when full, stop it by apply-
ing the thumb. Then invert the bottle in a solutien of
spure potash, contained in a cup, and rather more in
‘quantity than is sufficient to fill the bottle. The solu-
tion will rise into the bottle, and, if the gas be pure,
owill fill it entirely. Pour out the alcaline lLiquor, fill
ithe bottle with water, and again displace it by the
gas. Proceed as before, and repeat the process seve-
ral times. It will be found that the solution will con-
dense many times its bulk of the gas; whereas water
combines only with its own volume,

E3
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 few ounce measures of water. Take, also, a phial
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B. The changes effected in the alcali may next be cx-
amined. It will be found to have lost much of its cor-
rosive and penetrating taste, and will no longer destroy
the texture of woollen cloth; butit still turns green the
blue infusion of vegetables. Before its absorption of this
gas, no remarkable change ensued on mixing it with
diluted sulphuric acid ; but, if this or any other acid be
now added, a violent effervescence will ensue, arising
from the escape of the gas that had been previously
absorbed. If the mixture be made in a gas-bottle,
the gas, that is evolved, may be collected, and
will be found to exhibit every character' of carbonic
acid.

C. In this state of combination with carbonic acid,
potash generally occurs in the arts. The potash and
pearlash of commerce, and the salt of tartar and salt
of wormwood of the shops, are carbonates of potash
of different degrees of purity. The quantity of car-
bonic acid, contained in these alcalis, may be learned
by a very simple experiment. Put one or two hundred
grains of the alcali into a Florence flask, and add a

filled with dilute sulphuric acid, and place this, as
well as the flask, in one scale. Balance the two, by
putting weights into the opposite scale ; and, when the
equilibrivm 1s attained, pour gradually the acid into
the flask of alcali, till an effervescence no longer
ensues. When this has ceased, the scale contaihing
the weights will be found to -preponderate. This.
shows that the alcali, by combination with an acid,,
loses considerably of its weight ; and the exact amount.

| ]
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of the loss may be ascertained by adding weights te
the scale containing the flask and phial, till the balance
is restored.

D. As it is sometimes of importance to know what
proportion of real: alcali a given weight of potash or
pearlash contains, it may be proper to point out how
this information may be acquired. The strength of the
alcali is in proportion to the quantity of an acid re-
quired to saturate it. Thus, if an ounce of one kind
of potash requires, for saturation, a given quantity of
sulphuric acid, and an ounce of another kind re-
quires twice that quantity, the latter is twice as strong
as the former. In order, however, to obtain a suf-
ficiently accurate standard of comparison, it will be
necessary to employ, constantly, an acid of the same
strength. This may be effected, though not with abso-
lute uniformity, yet sufficient for ordinary purposes,
by diluting the common oil of vitriol of commerce to
the same degree. For example, let the standard-acid
consist of one part of sulphuric acid and five of
“ water. The strength of an alcali will be learned, by
observing what quantity of this acid a given quantity
of alcali requires for saturation. For this purpose,
put half an ounce of the alcali, or any other definite
weight, into a jar with a few ounces of water, and
filtre the solution; weigh the dilute acid employed,
before adding it to the alcali; then pour it in gra-
dually, till the effervescence ceases, and till the colour
of litmus paper, which has been reddened with vine-
gar, ceases to be restored to blue. When this hap-
pens; the point of saturation will be attained, Weigh



( 56 )

the boltle to ascertain how much acid has been added,
and the loss of weight will indicate the strength of
the alcali. - Another less accurate mode of determin-
ing the strength is founded on the following property
of carbonate of potash.

E. Carbonate of potash dissolves z:frj,- readily in

water, which, at the ordinary temperature, takes up -

more than its own weight. Hence, when an alcali,
which should consist almost entirely of carbonate of
potash, is adulterated, as very often happens, with
substances of little solubility, the frand may be de-
tected by trying how much of one onnce will dissolve
in two or three ounce measures of water. In this way
I have detected an adulteration of one third, There
are certain substances of ready solubility, however,
which may be used in adulterating ashes, as common
salt for example ; and, when this is done, we must
have recourse to the above-mentioned test for the
means of discovery.

F. Carbonate of potash, in the states which have
been already described, is far from being completely
saturated with acid. This sufficiently appears from
its strongly-alcaline taste. It may be much more
highly charged with carbonic acid, by exposing its
solution to streams of carbonic acid gas, in a Nooth’s
machine, or other apparatus. When a solution of
alcali, after this treatment, is slowly evaporated, it
forms regular crystals, In this state the alcali con-

stitutes the crystallized carbonate of potash, which

contains, per cent. 40 parts of alcali, 43 of acid, and
17 of water. It has therefore a2 much larger propor-




( 57 )

tion of water and of acid than the common carbonate,
100 parts of which are composed of 70 parts of alr:a]:r

29 of acid, and 5 of water.
G. The crystallized carbonate differs from the

common one in the regularity of its form ; in the
" greater mildness of its taste; in remaining dry when
exposed to a moist atmosphere; and in being more
sparingly soluble in water, which at the nrdinar}r tem-
perature takes up only ene fourth of its weight.
When carefully prepared, this is the purest form in
which carbonate of potash can be obtained.

H. Carbonate of potash, in all its forms, is decom-
posed by the stronger acids ; as the sulphuric, nitric,
and muriatic, which unite with the alcali, and set the

gas at liberty.

Carbonate of Sodu.

A. The absorption of carbonic acid gas, by a solu=
tion of pure soda, may be exhibited by experiments
similar to those directed to be made on the solution of
potash. Indeed, every thing that has been said of the
preceding carborate will apply to this; except that
the carbonate of soda has a less strong affinity for
water. Hence it continues dry, when exposed to the
atmosphere, and even gives up a part of its water of
crystallization, the crystals losing their transparency
and something of their weight.  Hence, also, it re-
quires a greater quantity of water for solution, than
common carbonate of potash, water taking up only
half’ its wughl "The crystals, too, differ considerably
in form and size from those of the former carbonate.
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The carbonate of soda 1s knewn in commerce by
the names of barilla, fossil, or mineral, alcali, &c.;
but as applied to the uses of the arts it is never met
with pure,

Carbonate of Ammonia.

A. Ammonia, in its pure state, exists in the form of
a gas, permanent over mercury only; and carbonic
acid has, also, the form of an aérial fluid. But, when
these two gasses are mixed together over mercury
in proper proportions, (viz. one measure of carboni¢

acid to two or three of alcaline gas,) they both quit the-

state of gas, and are entirely condensed into a white
solid body, termed carbonate of ammonia,

B. Carbonate of ammonia retains, in a consider-
able degree, the pungent smell of the pure volatile
alcali. It 1s, also, unlike the other carbonates, vola-
tilized by a very moderate heat, and evaporates
without entering previously into a liquid state, The
vapour that arises may be again condensed in a
solid state ; affording an example of sublimation.
This may be shown, by applying heat to the carbo-
nate of ammonia in a retort, to which a receiver is
adapted. The carbonate will rise and be copdensed
in the receiver in the form ef a white crust.

C. This carbonate does not attract moisture from,
the air, but, on the contrary, loses weight. Its other
properties resemble those of the carbonates of potash
and soda. The mode of preparing it will be de-
seribed hereafter.

-
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Gaseous Oxyd qf Carbon.

This combination of carbon with oxygen has a less
proportion of the latter than is found in carbonic acid.
Its discovery was announced in Nicholson’s Journal,
for April 1801, by Mr. Cruickshank, and in the 38th
vol. of the Annales de Chimie, through Cit. Guyton,
by Clement and Desormes, whose experiments are
continued in the 39th vol. p. 26. The Dutch che-
mists, however, in vol. 43, object to its being con-
sidered as a distinct gas, and regard it, merely as a
carburet of hydrogen. But their objections do not
appear sufficiently strong to prevent the acknowledg-
ment of the gaseous oxyd as a new and peculiar
species.

It may be procured by any of the following pro-
cesses : .

1. By the distillation of the white oxyd of zinc,
with g its weight of charcoal, in an earthern or glass
retort; from the scales which fly from iron in forg-
ing mixed with charcoal ; from the oxyds of lead,
manganese, of, indeed, of almost every imperfect
metal when heated in contact with powdered char-
coal. It may also be obtained from the substance
which remains after preparing acetic acid from acetite
of copper.

2. From earbonate of barytes or of lime (common
chalk), distilled with about % rof charcoal; or with
rather a larger proportion of dry iron filings, which
afford it quite free from hydrogen.

Th.e ast product of the distillation is the purest,
but still coniains carbonic acid, which must be sepa-~
rated by washing the gas with lime water.
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Its properties are as follow :

A. It has an offensive smell.

B. It is lighter than common air, in the proportion
of 956 to 1000. One hundred cubical inches weigh
30 grains.

C. It is inflammable, and, when set fire to, as it

1ssues from the orifice of a small pipe, burns with a
blue lame. When mixed with common air, it does
not explode like other inflammable gasses, but burns
silently with a lambent blue flame. It detonates, how-
ever, with oxygen gas.
- D. When a stream of this gas is burnt, in the man-
ner described in speaking of hydrogen gas, page 32,
no water is condensed on the inner surface of the’
glass globe, a proof that the gaseous oxyd contains no
hydrogen.

E. One hundred measures require between 40 and
A4 of oxXygen gas for saturation, when detonated to-
gether, and 76 measures of carbonic acid are gene-
rated. I:t contains per cent. 70 oxygen and 30 carbon,
according to Cruikshank ; bui, in composition, it.

wvaries according to the mode of its preparation.

Combination of Carbon with Hydrogen, forming Carbo-

nated Hydrogenous Gas.

1. When water is decomposed, by passing its va-
pour over red hot charcoal *, we obtain two fiifﬂ:rent
products. Carbonic acid is formed, in consequence
of the union of the carbon with the oxygen of the
water : and the hydrogen of the water, combining

* See Lavoisier’s Elements, Chap. viii.

}
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with another portion of carbon, constitutes the car-
honated hydrogenous gas. The eatbonic acid may be
separated by agitating the ‘producéd gas in contact
with lime and water, mixed together so as to be of the
consistence of cream, and the carbonated hydrogen
gas will remain pure,

2. This gas has the following qualities :

A. It is sparingly absorbed by water.

B. It is inflammable. This may be shown Dby
burning it in the manner directed in Art. VII. No. 3,
B. The colour of the flame, however, may be ob-
served to differ from that of hydrogen gas, mclining
rather to a deep blue.

C. When fired ocer mercury, carbonic acid gas, and
water, are the products. In burning pure hydrogen gas,
water only is generated ; but, in the combustion of
this gas, two inflammable bodies are present, viz,
hydrogen and carbon. The production of carbonic
acid may, also, be shown by burning the gas over
lime water, by meansof a bladder and bent pipe, as
directed, page 32, A. “The lime water will soon be-
come milky.

D. This gas is ﬁmmer than pure hydrogen gas.
Soap bubbles, blown with it, descend like the common
ones ; and a jar filled with it, and held inverted a few
minutes, exchanges its contents for common air *,

L. In composition and properties it varies greatly,

~according to the substances from which it has been pro-

cured. That, obtained from mmstened cl WH-

* For some excellent observations on thc combinations of cat= -
bon with hydrogen, consult Mr Cruickshank’s paPr.rs, i the
5th vol, of Nicholson's 4to Journal,
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tains, per cent. about 75 carbon and 25 oxygen by
welght; its s. g. is to that of common air as 453 to

1000; and 100 measures require 66 of oxygen for
saturation, which give 40 of carbonic acid.

Arr. XIII. — Sulphur «— Sulphuric Acid — Sulphates
— Binary Compounds of Sulphur.

Sulplour.

1. Sulphur -occurs in two different forms; that of
flowers and of stick sulphur. The former is generally
purest,

2. Sulphur is readily fused. A very gentle heat is
sufficient to melt it; and, if very slowly cooled, it
forms regular crystals.

3. Sulphur is volatilized by heat, A little sulphur
may be put into the bottom of a tube, the mouth of
which 1s loosely stopped with paper, to prevent the
free access of air. On applying heat, the sulphur
will rise to the top of the tube,

4., Sulphur does not dissolve in water.

5. Itis inflammable. In the open air it burns with
a blue flame, and emits a very penetrating smell.
When burnt in a confined portion of common air,
an absorption takes place, but the sulphur is extin-
guished before the whole of the oxygen is consumed.
In oxygenous gas, it burns with a very beautiful and
brilliant light, and the absorption is more remarkable,
butdsstill far from being complete. The product of

bpth thesegdmbustions, it
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Sulphuric Acid *.

1. Though this is'not the mode in which sulphurie
acid is ordinarily prepared, yet it will be proper for
the chemical student to examine the result of this
combustion, on account of the simplicity of the pro-
cess. - Let the glass bell, under which sulphur has
been burnt, be rinced out with a little water. This
water will have an acid taste, will turn vegetable
blue colours red, and will effervesce with carbonated
alcalis. It 1s, therefore, an acid ; and, as it 1s composed
of sulphur and oxygen, it is termed the sulphuric acid.
The properties of this acid must be exhibited by a
‘portion of that usually found in the shops, or contained
in the chest. They are as follows :

A. Sulpluric acid has a thick and oily consistence;
as may be seen by pouring it from one vessel into
another,

B. It is nearly twice as leacy as water. This will
appear from weighing a small phial filled with the
acid, and afterward filled with distilled water.

C. In a pure state it is perfectly limpid and colour-
less.,

D. When mixed suddenly with water, considerable heat
25 produced. A diminution of bulk also ensues; that
is, one measure of acid and one of water do not
occupy the space of two measures, but considerably
Ies.m. Owing to the heat produced by its admixture
with water, the dilution should be conduct ery
gradually ; and the acid should be added #9 the water

' - n - X
* Much sulphureous acid is also generated in these processes.

F 2
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by small portions at m'u:{é, allowing each portion to
cool before a fresh addition is made. On the prin-’
ciple of its attraction for water is to-be explained,
also, " the rapid increase of weight which the acid
acquires when exposed to air.

E. 4 perfectly pure sulphuric acid remains quite lint
Pid during dilution. The sulphuric acid, however,
commonly found in the shops, under the name of oil
- ot vitriol, on admixture .with water, deposits a white
powdler, " in considerable quanti ty, consisting of va-
~ rious impurities.

F. To purify sulpluric acid, it must be distilled in
a glass retort, placed 1 the sand-bed of a reverbera-
tory furnace. This process is a very difficult one;
and an inexperienced chemist should, therefore, not
attempt it. It may be less perfecily purified by
diluting it with an equal weight of water, allow-
ing the impurities to settle, decanting the clear liquor,
and evaporating it, to the proper degree, mn a glass
vessel.

G. Sulphuric ﬂ[,‘id is decomposed at the temperature of
the amosphere, by inflammable substances, and acquires a
dark colour. The addition of a little brown sugar,
or a drop'of oil, toa portion of the acid, imparts te it
a brownish hue, which in time changes to black.
Hence this acid should always be kept ih bottles with
glass stoppers; for, a small bit of cork,.if dropped into
a considerable quantity, changes it in the manner that

haﬁl pointed out. .

H. T high temperatures, sulphuric acid is still farther
decomposed by combustible bodics. Into a glass retort
put such a quantity of sulphuric acid as will fill about
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one fourth part of it, and add a small portion of
powdered charcoal.. On applying the heat of a lamp,
gas will be produced very abundantly. Let this gas
be conveyed, by a tube fixed to the mouth of a retort,
and bent in the proper manner, into an inverted jar of
water ; or, if it can be had, into an mverted jar of
quicksilver in a mercurial apparatus. During this
operation, the carbon attracts part of the oxygen of
the sulphuric acid, and forms carbonic acid gas. But
the sulphur is not entirely disoxygenated, and a com-
pound is, therefore, formed of sulphur and oxygen,
containing less oxygen than the sulphuric acid. This
compound exists in the state of a gas, and its properties
may next be examined. To avoid, however, the com-
plication which the admixture of carbonic acid with
this new product introduces into the experiments, it
may be proper to prepare it in a mode less objection-
able, but the rationale of which cannot at present be
explained. This consists in dissolving one part, by
weight, of quicksilver in two of sulphuric acid, and
boiling the mass to dryness. The dried mass, still re-
maining in the retort, is next to be distilled in a strong:
sand-heat, a glass globe being interposed between
the retort and the receiving trough, to condense any
sulphuric acid that may escape decomposition. (See
Lavoisier’s 4th plate, fig: 1, G.) The gas, thus ob-
tained, is termed, conformably to the principles of the
new nomenclature,

I 3 .
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Sulphureous Acid Gas. -

L]

ILs properties are the following :

A. 1i has a pungent and suffocating smell, Ehatl]} re=
sembling that which arises from burning sulphur.

B. It is heavier than atmospherical air.

C. It extinguishes burning bodies, and kills animals.

D. it has the property of whitening or bleaching
silk.

E. It is absorbed by water, but only in small pro-
portion.

F. This watery solution does not redden infusion of
litmus, as acids in general do, but totally deslm}rs its
colour.

G. Sulphuric acid, saturated with this gas, (which
may be effected by passing the gas through the acid,)
acquires the property of assuming a solid form, by a
moderate reduction of its temperature,

H. Sulplureous acid is again converted to the state
of sulphuric by restoring oxygen to it. To a portion
- of water saturated with this gas, add a little oxyd of
manganese, a substance that contains much oxygen
loosely combined. The pungent smell of the water,
and the, other characteristics of sulphureous acid, will
' soon disappear.

I. If sulphureous acid gas and fresh muriate of
tin are brought into contact over mercury, the volume
of the gas is speedily diminished, sulphur is de-
pﬂutﬂd and the sm'jple muriate becomes an exy-
gemzed muriaté of tin (Accum.)

Both these acids are susceptible of combination with

alcalis.




(67 )
Combination of Sulpluric Acid with Alealis.

Sulphate of Potash,

This salt may be formed by saturating the car-
bonate of potash with sulphuric acid, and crystallizing
the solution. Its properties are the following :

A. It crystallizes in small six-sided prisms, ter-
minated by six-sided pyramids with triangular faces.

B. It has a bitter taste.

C. It decrepitates, or crackles, when thrown on a
red hot ron or on red hot t:rnls, and is volatilized m a
strong heat.

D. Water, at 60° of Fahrenheit, takes up only one
stuteenth of its weight : but boiling watf:r dissolves one
fifth.

E. 100 parts contain 30.21 acid, 64.61 alcali,’ and
5.18 water.

'G. This sulphate is decomposed, in high temperatures,
by carbon. Mix any quantity of the salt with one
fourth of its weight of charcoal finely powdered,’
and expose the mixture, in a crucible, to a strong
heat. The carbon will unite with the oxygen of the
sulphuric acid, and will escape in the state of a gas.

What remains is a compound, hereafter to be described,
of sulphur and potash.

Sulphate of Soda.

A, This salt forms regular octahedral crystals, of a
prismatic_or cuneiform figurey' the two terminating
pyramids of which are truncated near their basis.

‘B. Ithas a more bitter taste than the preceding,
and melts more easily in the mouth,
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C. It swells upon a heated iron, in consequence of
the loss of its water of crystallization, and a white
powder is left,

D. By exposure to the atmosphere, it effloresces
and loses weight.

E. It isvery soluble in water, 3 parts of which, at
60° of femperature, dissolve one of the salt; and
boiling water dissolves its'own weight.

F. It contains per cent. 14 acid, 22 alkali, and 64
water. '

G. It 1s decomposed by charcoal like the preced-
ing salt, and a compound remains of sulphur and
soda.

Sulphate of Ammonia.

A. The sulphate of ammonia forms long flattened
prisms with six sides, terminated by six-sided pyra-.
mids. ‘

B. It slightly attracts moisture from the air.s -

C. It liquifies by a gentle heat, and is velatilized.

If a stronger heat be applied, it is decomposed. See
Mr Hatchett’s paper, in Phil. Trans. 1796, or Davy’s
Researches.
- D. The pure fixed alkalis, potash and soda, seize
the sulphuric acid, and set at liberty the alcali. Hence
a strong smell of ammonia arises on the admixture of
pure soda or potash with this salt.

The combinations of sulphureous acid with alealis
have no peculiar qualities that are likely to prove in-
teresting to the general student. Those, however,
who may wish to pursue this subject, I refer to some
interesting papers in the Annales de Chimie, vol.
2 and 24.
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Binary Compounds of Sulphur. — lst With Alcalis. =
2d With Hydrogen.

The combinations of sulphur with the two fixed
alcalis, soda and potash, are so similar in properties,
that what is said of the one will equally apply to the
“other.
1. Sulphur may be united with these alcalis either
in the dry or humid way. To prepare a sulphuret
in the dry way, mix equal parts of sulphur and of
carbonate of potash or soda, in a perfectly dry state,
and fuse the mixture ina crucible. The melted mass,
when poured out, will have a reddish or liver
colour. Or, a sulphuret may be formed by the de-
composition of sulphates by charcoal, see preceding
G. The process, in the moist way, consists in boil-
ing together flowers of sulphur and a solution of pure .
potash or soda in a glass vessel. The sulphur is thus
dissolved.
2. Sulphurets of alcalis have the following quali-
ties, -
A. In a moist stale they emit an offensive smell, and
have a disagreeable taste. ,
B. They change to green the colowr of violets, in the
same manner as uncombined alcalis.
C. They blacken the skin, silk, and other animal vl
substances, :
D. They are decomposed by all acids. Into a Nooth’s
machine put a weak solution ‘of sulphurct of alcali,
and pass through it streams of carbonic acid gas.
In the course of a few days, the sulphur will be pre-
. Cipitated, and a carbonate of alcali obtained. This

-
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decomposition ensues, instantly, on adding, to 2
solution of a sulphuret, any of the stronger acids, as
the sulphuric, nitric, or muriatic ; and we obtain a
.. compound of the alcali with the respective acid em-
ployed.
-~ E. The liquid sulplurets absorb oxygenous gas. This
may be shown by the experiments already described.
{Art. VI.) If the change thus eflected be examined,
it will be found that the oxygen has combined with
the sulphur, and formed sulphuric acid, which,
uniting with the alcali, has composed the sulphate of
potash.

F. If dilute muriatic acid be poured on the solu-
tion of sulphuret of potash or snda, a violent effer-
vescence will ensue, and a very oftensive gas be dis-
engaged. This gas may be collected over water, It
is termed '

Sulphuretted Hydrogen Gas.

1. This gas may be obtained in the foregoing man-
ner, or from a mixture of three parts by weight of
iron filings and one of sulphur, previously melted to-
gether in a covered crucible. A portion of the fused
mass may be put into a gas-bottle, and diluted sul-
phuric or muriatic acid poured on it, which will extri-
cate the sulphuretted hydrogen gas.

2. Its properties are the following: -

A. Its smell is extremely offensive, resembling that
of putrified eggs.

B. It is inflammable, and burns either silently or
with an explosion, accordingly as it is previously
mixed or not with oxygen gas or atmospheric air.

ua't;-*:'.-.r-"?' — i
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During this combustion, water results from the union
of the hydrogen with the oxygen, and sulphuric and
sulphureous acids from that of the oxygen and sul-
phur.

C. It tarnishes silver, mercury, and other polished
metals, and instantly blackens white paint.

D. [tis absorbed by water, which thus acquires the
peculiar smell of the gas. Itis thisigas which gives to
the Harrogate and some other natural waters their
peculiar smell.

E. Water saturated with this gas turns red the infusion
of violets, in this respect pmdumng the effect of an
acid.

F. It is copiously absorbed by alcalis, which thus
acquire colour, smell, and the property of diminish-
ing oxygen gas, The compounds of this gas with
alcalis are termed hydro-sulphurets. Thus, the com-
pound of this gas with potash is named hydro-sulphu-
ret of potash, and differs from the sulphuret of potash
in containing hydrogen besides snlphur. From these
combinations the gas is liberated by acids *, .

Art. XIV.— Combination- of Azote with Ouxygen,

constituting Nitric Acid, — Nitrous Gas, — Nitrous
O.grd, — and Compounds of Nitric Acid with Alcalis.

. The direct combination of azote and oxygen,
af’ﬁ}rdmg a decisive synthetic proof of the nature of
this acid, may be effected by passing the electric

* Sce Berthollet’s memuoir on the combinations of sulphuretted
hydrogen gas, Ann. de =Chim. vol, xxv. and Vauquelin on the
chiracters and crystals of hy dra-su]phur-:t of potash, vol. xlii,
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shock through a mixture of azotic and ux}gen gasses,

The circumstances of this experime rever, can-

not be understood without the aid plate and of

a very detailed description, for both of which I must

/ refer to Mr. Cavendish’s l}awar in the Phil. Trans. for
17':L.'r , 8ZC.

. The analyiis of ihe acid may be obtained by
drwmg it through a'red-hot porcelain tube, and receiv-
ing the generated gasses, which turn out to be a mix-
ture of azotic and oxygenous gasses.

3. The nitric acid has the following"pro pertms

A. [i is hearier than water, in the proportion of
1.otol. & ]

B. Itis perfectly limpid and colourless.

C. It gives a yellow stain to the skin.

D. It produces heat when diluted with water, but by
no means equal to that excited by diluting sulphuric
acid, -

E. It becomes coloured by exposure to the sun’s light,
passing first to a straw colour, and then to a deep
orange. This effect is produced by the union of the

' light of the sun with oxygen, in consequence of
which the proportion of the acidifying principle to the
azote is diminished.

F. This acid retains its oxygen with but little force.
Hence it is decomposed by all combustible bodies,
which are oxydated by it, with more or less rapidity
in proportion to their affinitv for oxygen, Charcoal
decomposes it, and carbonic acid is formed, azotic
gas being produced at the same time, it the propor-
tion and temperature, in which the experiment is
made, be duly regulated. To effect the complete

PR e e i I, e T e e S g D
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decomposition of nitric acid by charcoal, it may be
driven over that substance made red-hot in a porcelain
tube. % -

G. The acid is also decomposed by metals, as iron,
tin, zine, copper, &c. and with different phenomena,
according to the affinity of each metal for oxygen.
This may be seen by pouring some strong nitric acid
on iron filings or powdered tin, Violent heat, attended
with red fumes, will be produced, and the metals
will be oxydated.

H. If the action of metals on nitric acid be more
moderately conducted, a new product is obtained in
a gaseous state. Dilute some nitric acid with an equal
weight of water, and dissolve, in this, some turnings
of copper, or a portion of quicksilver, applying heat
if necessary. This must be done in a gas-bottle, and
the product received over water is

Nitrous Gas.

The properties of this gas are the following ¢

A. It is permanent over waler.

B. When well washed with water it is not acid, 1t
will be found not to redden litmus paper, when intro-
duced into it through water.

C. [t extinguishes flame, and is fatal to animals.

D. When mixed with oxygenous gas, red fumes arise;
heat is evolved ; and a diminution takes place ; and, if
the two gasses be ‘in proper proportion and perfectly
pure, t}ley disappear entirely, Nitrous acid, at the
same time, is regenerated.

E. The same appearances ensue, less remarkably, with
atmospheric air; and the dimination is only proportion-

G
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_ale to the quantity of the oxygen gas which it con-

tains. Thus 100 measures of atmospheric air and
85 of mitrous gas, containing 13 per cent. of azotic
gas, are reduced, by admixture, to about 39 ; and de-
ducting 11 measures for the azotic'gas, contained in
85 measures of nitrous gas, we find that the air, under
examination, contained 28 per cent. of oxygen gas.
On this principle, of its condensing oxygenous but no
other gas, is founded the application of nitrous gas to
the purpose of eudiometry, or of ascertaining the
purity of air. The sources of error, however, in its
employment in this mode, are such as to forbid our
relying implicitly on the results which it may afford,
notwithstanding the improvements lately made in its
applicatien by M. Humboldt, (see Annales de Chimie,
Vol. 28, p. 123.) I prefer the sulphuret of potash
as a more certain test of the purity of air; and in this
opinion I have the sanction of M. Berthollet, (see
Ann. de Ch. Vol. 34, p. 73 *.) ;

F. The generation of an acid, by the admixture of
nitrous gaswith common air or oxygen gas, may be shown
by the following experiment. Paste a slip ol litmus
paper within a glass jar, near the bottom ; and into
the jar, filled with and inverted in water. pass as
much nitrous gas, previously well ‘washed, as will dis-
place the water below the level of the paper. The
colour of the litmus will remain unchanged ; but, on
_passing up atmospheric air or oxygen gas, it will be
immediately rfeddened.

% Since this paragraph was written, an improvement has been,

made in eudipmetry which will be described in the subsequent
pact of this section.

%
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G. That the peculiur acid, thus produced, is the
nitrous, will appear from the following experiment.
Into a jar filled with and inverted in mercury, pass
a small quantity of a solution of pure potash ; and,
afterward, measures of oxygen and nitrous gasses,
separately, and in. proper proportion. On removing
the solution from the jar, exposing it for some time
to the atmosphere, and afterward ewvaporating it,

crystals of nitrate of ,potash will be formed, a salt

which is ascertained to be formed of potash and nitrous
acid. : :

H. Nitrous gas is absorbed by nitric acid, which, by
this absorption, is considerably changed in its pro-
perties. Pass the gas, as it issues from the materials
that afford it, through colourless nitric acid. The acid
will undergo successive changes of colour, till at last
it will become orange coloured and fuming. In this
state it is called nitrous acid, because it contains a less
proportion of oxygen than the colourless nitric.

I. The nitrous gas, thus absorbed, is expelled again
by a gentle heat. This may be shown by gently heating
the acid coloured in expt. H, till it again becomes
limpid. In this experiment light should be excluded.

K. Nitrous gas is decomposed by exposure to bodies

Sthat have a strang affinity for oxyeen. Thus iron filings
decompose it, and become oxyded, affording a proof
of the presence of oxygen in this gas. Sulphuret of
potash, &c, have a similar effect.

L: Nifmus gas is absorbed by the green sulphate and
muriate of iron*, which do not absorb azotic gas. To

* For an account of these salts, see Ast! xxiv.

&r 2



ascertain, therefore, how much azotic gas a given
quantity of nitrous gas contains, let it be exposed in
agraduated tube over one of these solutions. This
information is necessary. previously to deducing, from
its effects on atmospheric air, the proportion of oxygen
gas. Sl

From the important use which is now made of this
~ solution of nitrous gas, 'in’ eudiometry, it may be
proper to describe the mode of its preparation. '

Dissolve as much of the green sulphate of iron in
water as the water will take up, or dissolve iron
filings in sulphuric acid, diluted with five or six parts
of water, leaving an excess of the iron in order to
insure the perfect saturation of the acid. Fill a pretty
wide-mouthed bottle: with this solution, invert it in a
cupful of the same, and into the inverted bottle re-
ceive the nilrous gas from nitric acid and quicksil-
ver, shaking the bottle frequently. The colour of
the solution will change to black, and the produc-
tion of gas and agitation are to be continued till the
absorption can be carried no farther. The impreg-
nated solution should be preserved in a number of
small bottles, not holding more than an ounce each.

M. A very interesting experiment, affording a syn-
thetic proof of the constitulion of nitrous gas, we owe to
Dr Milner of* Cambridge *. Intoe an earthen tube,
‘about 20 inches long and 3} inch wide, open at both
ends, put as much marsel;.r-pﬂwdered_ manganese, as
#s sufficient nearly to fill it. = Let this be placed, hori-
zontally, in a furnace, having two openings opposite

* Phil. Trans. 1789.
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to each other. To one end of the carthen tube adapt
a refort, containing a strong solution in water of pure
ammonia, and to the other a bent glass tube. Let a
fire be kindled in the furnace ; and, when the manga-
nese may be supposed to be red-hot, drive over it the
vapour of the ammonia, The alcali will be decom-
posed, its hydrogen, uniting with part of the oxygen

_ combined with the manganese, will form water,

hile its azote, uniting with another portion of the

) oxygen, will constitute nitrous gas. The gas, thus

generated, may be collected by the usual apparatus.

N. Another fact, showing the mutual relation of ammo-
nia and of the compounds of azote was discovered some years
ago by Mr Wm Higgins *. Moisten some powdered tin
(which 1s sold under this name by the druggists) with
strong nitric acid ; and, when the red fumes have ceased
to arise, add some quick-lime or solution of pure
potash, A strong smell of ammonia will be immes
diately produced.

Guaseous C'.wd of dzote, — Nitrous Oxyd of Daxvy.

1. This compound, also consisting of oxygen and
azote, but in different proportions, may be obtained by
several processes.

A. By exposing common nitrous gas for a few days
" to iron filings, or to various other bodies strongly at-
 tracting oxygen, this gas is changed into the gaseous
oxyd.

B. By dissolving zinc or tin in dilute nitric acid, —
But by neither of these processes is the gas obtained

*® See his Comparative View of the Phlogistic and 'Antiphlo=
gistic Theories 2d edition, page 309, note,

G 3
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sufficiently pure for exhibiting its qualities. To pro-
cure it ina state of purity the following process is the
best.

C. To dilute nitric acid, add carbonate of ammo-
nia till the acid is 'saturated. Then evaporate the
solution ; and, to supply the waste of alcali, add oc-
casionally a little more of the carbonate. Let the
solution be evaporated by a very gentle heat to dry-
ness. The salt thus obtained is next to be put into a
glass retort, and distilled with a sand-heat not exceed-
ing 500° Faht. The heat of an Argand’s lamp is
even sufficient. The gas may be collected over water,
and allowed to stand a few hours before it is used,
during which time it will deposite a white cloud, and
will become perfectly transparent.

The gas thus obtained was termed, by the society
of Dutch chemists, gaseous oxyd of azote, but, for
the sake of brevity, and as more conformable to the
nomenclature of other compounds of azote, I shall
use, with Mr, Davy, the name.of nitrous {}H.}'d e

This gas has the following properties :

A. A candle burns in this gas with a brilliant flame
and crackling noise. Before its extinction, the white
inner flame becomes surrounded with an exterior blue
one.

B. Plosphorus introduced into it in a state of inflam-
mation burns with increased splendor.
£ Sulphur, introduced into it when burning with
a feeble blue flame, is instantly extinguished. But

* For a full aceount of this gas, consult M. Davy’s Researches,
Chemical and Philosophical. London. Johnson, xfce.
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when in a state of active inflammation it burns with 2
“vivid and beautiful rose-coleured flame.

D. Red-hot charcoal burns in it more brilliantly than
in the atmosphere.

E. Iron wire burns in 1h1¢. gas with ‘much the same
appearances as in 0Xygenous gas.

F. It is rapidly absorbed by water that has been pre-
viously boiled, about ;% the original bulk of the gas re-
maining uncondensed. A quantity of gas, equal to
rather more than half the bulk of the water, may be
thus made to disappear.

G. Water that has been saturated with this gas gives
it out again, unchanged, when heated.

H. It does not change blue vegetable colours.

1. It has a distinctly-sweet taste and a faint but agree-
able odour. -

K. [t is not diminished by admixture with either oxy-
gen or nitrous gas,

L. A mixture of this gas twith hydrogen gas detonates
loudly. .

M. dnimals, when wholly confined in this gas, die
speedily.

N. One of the most extraordinary properties of this
gas is exhibited in its action on the hwman body wwhen re-
cetved into the lungs. When thus employed, it does
not prove fatal, because, when received into the
lungg, it is mixed and diluted with the atmospherical
air present in that organ. To administer the gas, it
may be introduced into an oiled silkk bag or clean
bladder, furnished with a stop-cock, and may be
breathed repeatedly from the bag and back again as
tong as it will last, The sensatiosis that are produced

]
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vary greatly in persons of different constitution; but
m general they are highly pleasurable, and resemble
those attendant on the pleasant period of intoxication.
'Great exhilaration, an irresistible propensity to laugh-
ter, a rapid flow of vivid ideas, and an unusual fitness
for muscular exertion are the ordinary feelings it pro-
duces. These pleasant sensations, it must be added,
are not succeeded, like those accompanying the grosser
elevation from fermented liquors, by any subsequent
depression of nervous energy.

O. From the experiments of Mr. Davy, 1t appears
that 100 parts by weight of this gas contain 36.7 oxy-
gen, and 63.3 azote, or, excluding decimals, 37 oxy-
gen and 63 azote.

Nitrate of Potash.

A direct synthetic proof of the composition of this
sa't may be obtained by saturating nitric acid with
potash, either pure or in a carbonated state. The
solution on evaporation yields crystals of nitrate of
potash or nitre,

2. This salt has the following properties :

A. It erystallizes in prismatic octahedrons, generally
constituting six-sided prisms, terminated by two-sided
summits, :

B. For solution, it requires seven times its weight of
water at 60° of Faht.; and boiling water takes up its
own weight.

C. By the application of a gentle heat it fuses, and
being cast in moulds, forms what is called Sal Prunelle. -
- E. If aved heat be applied, nitrate of potash is de-
composed in consequence of the destruction of its acid.




By distilling it in an earthen retort, or in a gun-barrel,
oxygenous gas may be obtained in great abundance,
one pound of nitre yielding about 12,000 cubic imnches
of sufficient purity for common experiments but not
for nice purpuses. '

E. Nitraté of potash, that has been made red-hot,
seems to contain an acid less highly oxygenated than the
eommon nitric acid, and having a weaker affinity for
alcalis.  For, if acetic acid be poured on nitre that has
been thus treated, the nitrous acid is expelled in red
fumes, whereas common nitre is not at all affected by
acetic acid.

F. Nitrate of potash is rapidly decomposed by ehar-
coal. 'This may be shown by mixing two parts of
powdered nitre with one of powdered charcoal, and
setting fire to the mixture in an iron vessel under a
chimney. The products of this combustion, which
may be collected by a proper apparatus, are carbonic
-acid and azotic gasses. Part of the carbonic acid also
remains attached to the residuary alcali, and may be
obtained from it on adding a stronger acid.

G. Nitrate of potash is also decomposed by sulphur,
Mix powdered nitre and sulphur, and throw the mix-
ture, by a little at a time, into a red-hot crucible. The
. sulphur will unite with the oxygen of the nitric acid,
and form sulphuric acid ; which, combining with the
potash, will afford sulphate of potash. The production -
of the latter salt will be proved by dissolving the
mass remainibg in the crucible and crystallizing it,
when a salt will be obtained exhibiting the characters
described, | -
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H.'A mixture of three parts of powdered nitre,
two of carbonate of potash, or common salt of tartar,
‘and one part of sulphur, all accurately mixed to-
gether, forms the fulminating powder, which explodes
with a loud noise when ldid on an iron heated below
redness. :

I. A mixture of five parts of powdered nitre, one
part of sulphur, and one of powdered charcoal, com-
poses gunpowder. The materials must all be very
finely powdered separately; then mixed up together,
and beaten with a wooden pestle, a sufficient quantity
of water being added to prevent an explosion.. The
mixture must afterward be granulated by passing
through sieves and dried.

K. Nitrate of potash is also decomposed by sulphuric
acid. Put some coarsely-pounded nitre into a retort,
with half its weight of sulphuric acid, adapt a re-
ceiver, and apply heat. The nitric acid will pass
- over into the receiver, and in the retort will remain a
compound. of patash and sulphuric acid.

Nitrate of soda is a salt not possessed of any pro-
perties that are generally interesting. It may: be
formed by saturating nitric acid with carbonate of soda,
or by distilling common salt (muriate of soda) with
pitric acid.

Nitrate of Ammonia.

This salt derives importance E]}iEH}' from its appli-
cation to the purpose of obtaining nitrous oxyd;
and, as the method of producing it and of obtaming
from it the nitrous oxyd have been already described,
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it is unnecessary to add here any thing more concern-
ing it. :

Muriatic Acid. — @2ygenized Muriatic Acid. — And
their Combinations with Alcalis.

1. The muriatic acid, in its purest form, exists in
the state of a gas, permanent over mercury only.
For exhibiting its properties, therefore, a mercurial
-apparatus is‘absolutely necessary. '

2. Muriatic acid gas may be ebtained, most commo-
modiously, from dried muriate of soda, m a gas-bottle,

with half its weight of strong sulphuric acid. It ex- .

hibits the following properties :

A, [t has a very pungent smell,

B. When brought into contact with common air, it oc-
casions @ white cloud. This is owing to the moisture
always present in the atmosphere.

C. [textinsuishes « lizhted candle.

D. 1t is very rapidly absorbed by water. A drop or

two of water, - admitted to a large jar full of tlus_-

gas, causes the whole of it instantly to disappear, + .

3. Water, when charged as highly as possible with
this gas, forms the ordinary muriatic acid in a liquid
state. This watery solution of muriatic acid has the
following properties

A. It is heavier than water in the proportion of 1170
to 1000,

B. It emits white and sr.;ﬁ"omh?zv Jumes,

C. 1t is not acted on bysinflammable substances, even.
when considerable heat is appl:ed

. D. When diluted with water, no remarkable degree of
heat is produced.

(9
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o¥. It combines with the alcalis, and conslitutes a
peculiar genus of neutral salts,

Muriate of Potash.

This salt is not peculiarly interesting.

 Muriate of Soda.

Muriate of soda 1s that well known salt, now be-
come a necessary ingredient in the food of man, and of
great utility in several of the arts, '

1. Its composition may be proved by the direct
union of soda with muriatic acid.

2. Its qualities are as follows :

1. It requires, for solution, twice and a half its weight
of water, at 60° of Faht. and hot water takes up very
littte more. Hence its solution crystallizes, not like
that of nitre, by ceoling, buf by evaporation.

B. When heated gradually it fuses, and forins when
cold a solid compact mass.

C. If suddenly heated, as by throwing it on red-hot
coals, 1t decrepitates.

D. It is not decomposed when ignited in contact with
enflammable substances.

E. When distilled with sulphuric acid and water, its
acid is disengaged, and there remains in the retort a
compound of sulphuric acid with soda.

Muriate of Ammonia.

1. If equal measures .of ammoniacal gas (sce

page 44) and muriatic acid gas be mixed together
“over mercury, they are immediately condensed, a
white cloud is formed, and a solid substance is des

T e
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posited on the sides of the vessel. This is the muriate
of ammonia. It properties are as follow :

A. It is volatilized, without being decomposed, and
hence may be sublimed..

B. [t is readily soluble in water, three parts and a
half of which, at 60°, take up one of the salt. Du-
ring its solution much caloric is absorbed..

C. On the addition of a solution of pure potash or
pure soda, the aleali is disengaged, as is evinced by the
pungent smell that arises on the mixture of two
bodies perfectly inodorous when separate.

D. From this salt sulphuric acid separates the mu-
riatic acid. This may be proved by substituting it for
common salt, in preparing muriatic acid gas,

Gryngized Muriatic :rft:a'a'.',

1. This acid may be formed by either of the follow-
ing processes i

A. Into' a stoppered retort introduce eight ounces
of liquid muriatic acid, and four ounces of finely-
powdered manganese, and apply the heat of a lamp.
A gas will be produced, which may be received
~ over water in the usual manner. From the foregoing
materials about 160 cubical inches of gas may be

~ obtained.
- B. Mix eight ounces of muriate of soda (common
salt) with three ounces of powdered manganese ; put
them into a stoppered retort, and pour on them four
ounces of sulphuric acid, diluted previously with four
ounces of water, and which has been suffered to ¢
after dilution. On applying a gentle heat, gas will be

_produced, asin A,  As the gas is absorbed by cor-
| H
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tact with water, though not rapidly, it should be re-
ceived, when it is intended to be kept, into bottles
filled with, and inverted in, water, and provided with
ground stoppers. The stopper must be introduced un-
der waler while the bottle remains inverted.

2. This gas has the following properties :

A. It has a deep yellow colour.

B. It las a pungent and suffocating smell. In ex-
periments on this gas, great care should be taken- that
it does not escape, in any considerable quantity, into
the apartment, as its action on the lungs is extremely
injurious and oppressive. :

C. By.a temperature of 40°, it is reduced into a
liquid form, and 1s condensed on the sides of the ves-
sel. Hence some chemists have contended that it
~should be classed among vapours and not among
gasses. '

D. When a burning candle is immersed in the gas the
flame is enlarged and a dense smoke is produced.

E. Phosphorus, introduced into it, immediately takes
fire and burns very brilliantly.

F. Various metals, when minutely divided by filing,
as iron, zinc, bismuth, tin, copper, &c. tuke fire in
this gas, and burn with an extrication of heat and
light. ; -

G. Sulphur is oxygenized by it and changed into sul-
phuric acid. If a lump of rolled brimstone ‘be fas-
tenéd to the-end of a glass rod and confined in a
large bottle of the gas, drops of sulphuric acid will
#oon begin to fall from if.

H. Charcoal, fincly powdercd and perfectly dry, takes

fire in this gas.
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I. The oxygenized muriatic gas destroys all vegetuble
colours. 'This may be shown by passing into it,
through water, a piece of cloth, or of paper, stained
with litmus, the colour of which will speedily disap-
pear. Hence the application of this gas to the
purpose of bleaching. Its efficacy, in this mode, may
be seen by confining in it a pattern of unbleached -
calico. _

K. This gas is absorbed by water ; slowly if allowed
to stand over it quiescent, but rapidly when agitated.

L. The watery solution acquires the colour and pe-
‘culiar smell of the gas, and has a similar property of
discharging vegetable colours. Hence it may be em-
ployed in bleaching. :

M. When the watery solution is exposed to a tems
perature a little above that of freeting water, the gas
whick ts combined with it separates in the form of a
liquid heavier than water.

N. When this solution is exposed to the direet rays
of the sun, the oxygenized acid is decemposed ; its
oxygen escapes in the form of a- gas, and it is re-
duced to the state of common muriatic acid. The
- oxygenous gas may be collected by exposing the
solution in a gas-bottle furnished with a bent tube,
which terminates in the ‘pneumato-chemical appa-
ratus.

O. The oxygenized muriatic acid combines with al-
calis, and forms peculiar compounds. ‘

Hyper-oxygenized Muriate of Potash.

The properties of this salt were discovered by Ber-
thollet. It may be formed by passing the oxygenized
H 2 '
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r:11uriatic gas, as it proceeds from the mixture of mu-
riate of soda, sulphuric acid, and manganese, through
a solution of caustic potash. This may be done by
means of Woulfe’s apparatus, using only one three-
necked bottle in addition to the balloon. The tube
which is immersed in the alcaline solution should be
at least half an inch in diameter, to prevent its being
choked up by any crystals that, may form. The so-
lution, ‘when saturated with the gas, may be gently
evaporated, and the first products only of crystals are
to be reserved for use: for the subsequent products
consist of common muriate of potash only. Now,
since the gas, when it first came into contact with the
alcaline solution, was purely oxygenized muriatic acid,
it follows that a part of this acid must have been dis-
oxygenized during the absorption, and have returned
back to the state of common muriatic acid. Let us
suppose the oxygenized acid, when first presented
to the alcaline solution, to be divided into two por-
tions ; one of these givesaup its excess of oxygen to
the other half, returns to the state of common mu-
riatic aeid, and, combining with the alcali, forms
muriate of potash, The latter portion, therefore, is
oxygenized acid, plus a certain quantity of oxygen,
and this, uniting with another portion of alcali, forms
a salt which Mr Chenevix has termed hyper-oxygenized
muriate, Strictly speaking, simple oxygenized muriates

“do not exist; for, in all this class of salts, the acid

contains 65 per cent. of oxygen more than in the
state of common muriatic acid ; whereas, the oxyge-
nized acid contains only 16 per cent. in addition. It
might be expected that a stronger acid, such as the
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sulphuric, would expel from these salts the hyper-
oxygenized acid in the form of gas; but this acid, by
the temperature necessary for its liberation, is partially
decomposed, and again returns nearly to the state of
oxygenized acid.

The reader who wishes for farther information on
this subject is referred to a masterly paper of Mr
Chenevix, in the Phil. Trans, 1801 ; reprinted in Ni-
cholson’s 8vo Journal, vol. i. and in the Phil. Mag.

The hyper-oxygenized muriate”of potash has the
following qualities : '

A. It has the form of shining hexaedral lamine or
rhomboidal plates.

B. One part of the salt requires 17 of cold water for
Solution; but 5 parts of hot water take up 2 of the
salt.

C. When the hyper-oxygenized nuoriate is submitied to
destillation,”in @ coated retort, it first fuses, and, on a
Jurther increase of temperature, yields oxygenous gas of
great purity. A hundred grains of salt afford 75 cubic
inches of gas.

D. Tie hyper-oxygenized muriate of potash has no
power of discharging vegetable colours ; but the addition
of a little sulphuric acid, by setting the oxygenized
acid at liberty, developes this property,

E. The salt is decomposed by the stronger acids, as the
sulphuric and nitric acids. This will be proved by
dropping a few grains of the salt into a little strong
sulphuric acid. A strong smell will arise, and, if the
quantities be sufficiently large, -an explosion will ensue.
The experiment should, therefore, be made with cau-
tion. When this mixture is made at the bottom of a

i3
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deep vessel, the vessel is filled with oxygenized mu-
riatic gas, which inflames sulphuric ether, alcohol, or
oil of turpentihe, when poured into it ; and also cam-
phire, resin, tallow, elastic gum, &c. (Davy.)

F. This salt exerts powerful effects on inflammable
bodies. (a) Rub two grains into powder in a mortar,
and add one grain of sulphur. Mix them very accu-
rately, by gentle triture, and then, having_ collected
the mixture to one part of the mortar, press the pestle
down upon it suddenly and forcibly. A-loud deto-
nation will ensue. Or, if the mixed ingredients be
wrapped in some strong paper and then struck with
a hammer, a still louder report will be produced.

(b) Mix five grains of the salt with half the quan-
tityrof powdered charcoal in a similar manner. On
triturating the mixture strongly, it will inflame, espe- -
cially with the addition of a grain or two of sulphur,
but not with much noise.

(c) Mix a small quantity of sugar with half its weight
of the salt, and on the mixture pour a httle strong
sulphuric acid. A sudden and vehement inflamma-
tion will be produced. This experiment, as well as
the following, requires caution. :

(d) To one grain of the powdered salt, in a mortar,
.add about half a grain of phosphorus. The phospho-
rus will detonate, on the gentlest triture, with a very
loud report. The hand should be covered with a
glove in making this experiment, and care should be,
taken that the phosphorus, in'an inflamed state, does
not fly into the eyes. Phosphorus may also be in-
flamed under the surface of water by means of this
salt. Put into a wine-glass, one part of phosphorus
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with two of the salt; fill it nearly with water, and
“pour in, by means of a glass tube reaching to the bot-
tom, three or four parts of sulphuric acid. The phos-
phorus takes fire and burns vividly under tImf: water.
This experiment requires caution lest the inflamed
phosphorus should be thrown into the eyes. (Accum.)
Oil may also be thus inflamed on the surface of water,
the experiment being made with the omission of the
phosphorus and the substitution of a little olive or
linseed ol.

(e) Hyper-oxygenized muriate may be substituted
for nitre in the preparation of gunpowder, but the
mixture of the ingredients requires great circumspec-
tion. It may be proper also to state that this salt
should not be kept mixed with sulphur in considerable
quantity, such mixtures having been known to deto-
nate spontaneously.

Hyper-oxygenized Muriate of Soda.

This salt has no remarkable properties. It differs
from the combination of this acid with potash in
attracting moisture from the atmosphere.

With ammonia, the oxygenized muriatic acid does
not afford any combination, but decomposes this alcali
when brought into contact with it, whether in a gaseous
or liquid state. Westrumb has even asserted, that,
when liquid ammonia 1s poured into a vessel filled
with oxygenized muriatic gas, an inflammation ensues.
This appearance, however, I could never produce.
The decomposition of ammonia, by oxygenized mu-
riatic acid, is best exhibited by passing the gas through
a bottle filkzd with a watery solution of ammonia, and
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“having two openings, from one of which a bent tube
passes to the pneumato-chemical apparatus, while the
other receives the tube that brings the acid gas. The
gas that is produced will be found to be azotic. The
theory of this decomposition will be explained on a
subsequent occasion.

This property of ammonia renders it extremely use-
ful in correcting the offensive vapours of the gas,
which are sometimes accidentally set at liberty in
places where it is prepared. And, when suffocation
threatens to come on, in consequence of the fumes of
this acid, the most effectual remedy is to hold a stopper,
moistened with ammonia, to the mouth and nostrils.
From recent experiments of Mr Chenevix, it appears,
that the hyper-oxygenized muriat of ammonia may
be formed by precipitating any of the earthy salts of
this genus with a solution of carbonate of ammonia.

Nitro-Muriatic Acid.

This acid is a compound of the nitric and muriatic
acid, and may be formed by mixing two parts of nitrie
acid with one of muriatic, and by several other pro-
cesses, which are pointed out in every elementary
book. Its most distinguishing property, that of dis-
solving gold, will be described hereafter.

Art. XV. — Phosphorus, — Phosphoric Acid, — Phos-
; phates.

1. Phosphorus is an inflammable substance, and is
known by the following characters : '
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A. It has generally a flesh red colour, but, when
carefully purified, may be obtained as free from colour
and as transparent as melted white wax.

B. It is so soft that it readily yields to the knife.

C. It melts with a very gentle heat. To show this,
it must be covered with water, to prevent it from
inflaming.

D. In the atmosphere, it emits a white smoke and
peculiar smell and a faint and beautiful light arises
from 1t. :

2. Phosphorus ts inflamed by the app:’zmrmn of a wvery
gentle heat. According to Dr Higgins, a temperature
of 60° is sufficient to set it on fire, when perfectly
dry. It burns with a very brilliant hgllt a white
smoke, and a suffocating smell.

3. It may be set on fire by friction. Rub a very
small bit belween two pieces of brown paper; the
phosphorus will inflame, and will set the paper on
fire also.

4. In oxygenous gas it burns with a very beautiful
light ; and also in nitrous oxyd and in oxygenized mu-
riatic acid.

5. Phasphorus is volatile. Hence it may be raised
by distillation; but, to prevent its taking fire on the
application of heat, the retort should previously be
filled with azotic or hydrogeén gas, and the mouth
of the retort must be immersed in water, A bladder
should also be provided, furnished with a stop-cock
and brass pipe, and filled with hydrogen gas. During
the distillation, the air in the retort is absorbed, and it
is necessary to add more from the bladder, otherwise
the water will rush into the retort and occasion an
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explosion, By distillation in this mode, phosphorus is
sendered much purer. f

6. Phosphorus may be oxygenized in various modes.

A. By mere exposure to atmospheric air. Let a_
stick of phosphorus be placed in a funnel, the pipe
- of which terminates in an empty bottle. The phos-

phorus will be slowly oxygenized, and, after some time,
will be wholly changed into an acid, which will fall
into the bottle in a liquid state.

B. By combustion in oxygenous gas or atmospheric
air. 'When burnt in this manner, every hundred parts .
of phosphorus, according to Lavoisier, gain an ad-
dition of 154. See the account of this experiment
in the 5th chapter of his Elements.

C. By the nitric acid. If phosphorus be_ added,
by little at once, to nitric acid, heated in a mattress,

the nitric acid is decomposed, and its oxygen, uniting
with the phosphorus, constitutes phosphoric acid., :
D. A similar effect is produced by oxygenized
muriatic acid in a liquid state. The operation of this
acid, in a gaseous form, is described page 86, E.
Accordingly as the phosphoric”acid is differently
prepared, its degree of oxygenation differs, and its
properties are found to vary proportionably. That
formed by the spontaneous oxygenation of phosphorus
in air, is termed phosphorus acid, as being oxyge-
nated in an inferior degree, and ifs compounds are
called phosphites ; but these last, it may -be observed,
can scarcely be obtained, because the phosphorus
acid, when combined with alcalis, acquires an additien -
of oxygen during evaporation.




( 95 )

Phosphoric Aeid.

‘To prepare this acid, the ful]nwmg 13 the best
process :

On 20 pounds of bones, calcined to wh:teness and
finely powdered, pour 20 quarts of boiling water, and
add eight pounds. of sulphuric acid diluted, with-an
equal weight of water. Let these materials be well
stirred together and be kept in mixture about 24 hours,
Let the whole mass be next put into a conical bag of
sufficiently porous and strong linen, in order to sepa-
rate the clear liquor, and wash it with water till the
water ceases to have much acidity to the taste. Eva-
porate the strained liquor in earthen vessels, placed in
a sand-heat, and, when reduced to about half its bulk,
let it cool. A white sediment will form in consider-
able quantity, which must be allowed to subside; the
clear solution must be decanted and boiled to dryness
in a glass vessel. A white mass will remain, which
1s the dry phesphoric acid.  This may be fused in a
crucible and poured out on a clean copper dish. A
transparent glass is obtained, which is the phosphoric
acid in a glacial state ; not, however, perfectly pure,
but containing sulphate and phosphate of lime.

To procure the phosphoric acid perfectly pure, the
decomposition of phosphorus, by nitric acid, is the
most cligible process. (C. of the preceding article.)
The undecomposed nitric acid must be separated by
distillation in a glass retort, and the dry mass, when
fused, affords also glacial phospheric acid.

The phosphoric acid has the following pro-
PE[tlﬁﬂ '
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A. When pure it dissolves readily in water. That
obtained immediately from bones is rendered insoluble
by the admixture of earthy salts. But the glacial
acid, prepared with nitric acid, is readily soluble,

B. It is not volatile, n:r capable of being decomposed
by heat only.

C. When distilled in an earthen retort with powdered
charcoal it is decomposed ; its oxygen, uniting with the
carbon, forms carbonic acid, and the phosphorus rises
in a separate state. This is the usual and best mode
of obtaining phosphorus. |

D. Phosphoric acid unites with the different alcalis,
and formsa class of sults termed phosphates ; — of these
the phosphate of soda is the most important one, since
its introduction 1nto medicine b:f Dr Pearson, and the
phosphate of ammonia is occasionally used as a flux
for the blow-pipes

Another combination of phosphorus, the properties
of which render it a fit subject of amusing experiments,

is the
Phosphuretted Hydrogenous Gas.

1. This gas may be procured by boiling, in a retort,
a little phosphorus with a solution of pure potash.
The water is decomposed ; its oxygen uniting with
the phosphorus, forms phosphoric acid, which com-
bines with the alcali, while the hydrogen dissolves
another portion of phosphorus, constituting phospho-
rated hydrogen gas. It may also be obtained by put-
ting into five parts of water half a part of phosphorus,
cut into very small pieces, with one of finely granu-
lated zinc, and adding three parts of strong sulphuric

e W
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acid. This affords a pretty experiment. The gas is dis-
engaged 1n small bubbles, which cover the whole surface
of the fluid, and takes fire on reaching the air; these
are succeeded by others, and a well of fire is pro-
duced. (Davy.)

In preparing this gas, the body of the retort should
be filled, as nﬁarl:y as possible, with the alcaline solu-
tion; otherwise the gas, when produced, will inflame
and diminish the air within the retort, and the water
will ascend from the trough. ‘This accident may be
effectually prevented by previously filling the retort
with azotic gas.

2, The properties of this gas are the following :

A. It takes fire immediately on coming into-contact with
the air. This may be shown by letting it escape into
the air, as it issues from'the retort, when a very beau-
tiful appearance will ensue,
 B. When mixed suddenly with oxygen gas it detonates.
== This experiment should be made cautiously.

C. The same phenomenon ensues on miving it with-oxy-
genated muriatic acid gas, or with nitrous oxyd.

Phosphorus 1s also soluble in oils; and, when thus
dissolved, forms what has been called liquid phospho-
rus, which may be rubbed on the face and hands with-
out injury. It dissolves too in ether, and a very beau-
tiful experiment consists in pouring this phosphoric
ether in small portions, and in a dark place, on the
surface of hot water.

The phosphoric matches consist of phosphorus ex-
tremely dry, minutely divided, and perhaps a little
oxydated. The simplest mode of making them is to
put a little phosphorus, dried by blotting paper, inte

I
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a small phial ; heat the phial, and, when the phospho-
rus is melted, turn it round so that it may adhere to
the sides. Cork the phial closely, and it is prepared.
On putting a common sulphur match into the bottle,
and stirring it about, the phosphorus. will adhere to
the match, and will take fire when brought out into
the air.

Art. XVI.— Boracic Acid and its Combinations.

The Boracic acid is very rarely found native, and is |

generally the result of chemical operations.  Its proper-
ties are as follow. :

A. It subsists in a solid state.

B. Unlike acids in general, it is not distinguished by a
sour taste, yet it reddens vegetable blue colours, and
effervesces with carbonated alcalis. _

C. [tis very sparingly soluble in water, but more co-
piously in hot than in cold water. :

D. [tis volatile, and capable of being sublimed.

E. It dissolves in small proportion in alcohol, and the
solution burns with a beautiful green flame.

F. It combines with alcalis. The most important of
its combinations is that with soda, known commonly by
the name of borax. From this it may be separated by
adding sulphuric acid, which forms sulphate of soda,
a salt much more soluble than the boracic acid, and
therefore easily separable from it, _

G. The borate of soda contains an excess of alcali,
and hence changes vegetable blue colours to green.
On the application of a strong heat, it'swells and
loses its water of crystallization; and, on a farther in~
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crease of heat, it melts into a glass, which is perfectly
transparent when cold.

Art. XVII, — Earths.

Lime,

1. Its external qualities. 'These may be exhibited in
common quicklime, such as is employed for the pur-
- poses of building or agriculture. In the same state
it is sufficiently pure for demonstrating its chemical
properties ; but, when used for purposes of the latter
kind, it should be fresh burnt from the kiln.

Relation of lime to water.

A. Lime absorbs water very rapidly with con-
siderable heat and noise. This may be shown by
sprinkling a little water on some dry quicklime. The
above-mentioned phenomena will take place, and the
lime will fall into powder. The degree of heat pro-
duced is even sufficient to set fire to some inflammable
bodies. When a sufficient quantity of water has been
added to reduce lime into a thin paste, this is called
milk or cream ot lime.

B. Lime absorbs moisture from the atmosphere and
falls gradually into powder, as when slaked in the
foregoing manner. ;

C. Lime is very sparingly soluble in water, viz."in
the proportion of about 1 to 500 ; and, when thus dis-
- solved, forms what has been termed lime-water.
This solution tastes of lime, turns vegetable blues to
green, and unites with oil, forming an imperfect
soap. To prépare the solution, lime is to be slaked

I 2
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to a thin paste, and a sufficient quantity of boiling
water afterwards added.— The mixture is to be
stirred repeatedly, the lime allowed to settle, and the
clear liquor decanted for use. It must be preserved
in close vessels.
3. Relation of lime to inflammable substances.

.+ A, Limeunites with sulphur, both in the dryand hu-
mid ways. Mix powdered lime with half its weight of,
sulphur, and expose them to heat in a covered cruci-
ble. The product will be a sulphuret of lime, which
will be found to have the property of diminishing at-
mospheric air and absorbing oxygenous gas like other
compounds of the same kind. Or boil in a glass ves-
sel, with a sufficient quantity of water, some powdered

sulphur and powdered lime. The lime and sulphur will

unite and a liquid sulpharet of lime will be obtained.
B. Another interesting combination of lime is that
which it forms with phosphorus, or the phosphuret of
-lime discovered by Dr Pearson. Take a glass tube,
about 12 inches long and 3 of an inch diameter,
sealed hermetically at one end. Let this tube be
coated with clay, except within about half an inch
of the sealed end. Put first into it a drachm or two
of phesphorus, cut into.small pieces, and then fill the
- tube with small bits of fresh burnt lime of the size of
split peas.  Stop the mouth of the tube loosely with a
little paper, in order to prevent the free access of air.
Next, heat to redness that part oi the tube “which is
coated with clay by means of a chafing-dish of red
hot charcoal ; and, when the lime may be supposed to
be ignited, apply heat to the part contaming the phos-
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‘phorus so as to sublime it and to bring the vapour of
it into contact with the heated lime. The lime and
phosphorus will unite, and will'afford a compound of
a reddish brown colour. The phosphuret of ijme has
the remarkable property of decomposing water at
the common temperature of the atmosphere. Drop a
small piece of it into a wine-glass of water, and in a
short time bubbles of phosphorated ‘hydrogen gas
will be produced ; which, rising to the: surface,  will
take fire and explode. If the phosphuret of lime be
not perfectly fresh, it may be proper to warm the
water to which 1t 1s added.

Into an ale-glass put one part of phosphuret of lime,
in pieces about the size of a pea (not in powder), and
add to it half a part of hyper-oxygenized muriate of
potash. Fill the glass with water, and put into it a
funnel with a long pipe or narrow glass tube reach-
ing to the bottom. Through this pour three or four
parts of strong sulphuric acid, which will decompose
the hyper-oxygenized salt; and the phosphuret also
decomposing ‘the water at the same time, flashes of
fire dart from the surface of the fluid, and the bottom
of the vessel is illuminated by a beautiful. green light.
(Davy.)

4. Relation to acids. B

A. Lime has a strong attraction for carbonic acid,
but not when perfectly dry. (a) If a piece of dry
quicklime be passed into a jar of carbonic acid gas
over mercury, no absorption ensues. But invert a
bottle, filled with carbonic acid gas, over a misture of

lime and water of the consistence of cream, and a
y 5
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rapid absorption will be observed, especially if agi-
tated.

(b) Let a jar or bottle, filled with carbonic acid,
be brought over a vessel of lime-water. On agitating
the vessel, a vapid diminution will ensue, and the
lime-water will become milky.

(c) Leave a shallow vessel of lime water exposed
to the air. A white crust will form ‘on the surface,
and this, if broken, will fall to the bottom, and be
succeeded by another. This is owing to the absorp-
tion of carbonic acid gas from the air, by the lime,
which is thus rendered insoluble in water,

-(d) Lime, when exposed to the atmosphere, first
acquires moisture and then carbonic acid ; and, in a
sufficient space of time, all the characters distinguish-
ing it as lime disappear.

(e) Lime has an extremely strong affinity for car-
bonic ‘acid, which enables it to take this acid from
other substances. Thus carbonates of alcalis are de-
composed by lime. Slake a given quantity of lime

mto a paste with water, and add an equal weight of

carbonate of potash or soda. Stir the materials to-
gether and wash off the soluble part. The carbonic
. acid combines with the lime, and the alcali is _ob-
fained in a state of solution perfectly free from car-
bonic acid. This is the ordinary mode of depriving
the alcalis of carbonic acid.

\ '(.{-' ) Lime, when saturated with carbonic acid,
forms carbonate of lime. Of this common chalk may
be taken as a fair sample ; and, in all saturated carbo-
nates of this earth, we find the characters of msipidity
ard insolubility in water.

e el
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(g) Garbonate of lime is decomposed by a strong
heat. If distilled in an earthen retort, carbonie
acid gas is obtained, and lime remains in the retort in
a pure or caustic state.

(h) It is also decomposed by the stronger acids.
Put some chalk into a gas-bottle and pour on it
diluted sulphuric acid. The sulphuric acid will unite
with the lime and the carbonic acid will be set at
liberty.

(i) Carbonate of lime, though scarcely dissolved
by pure water, is soluble in water saturated with car-
bonic  acid. The most striking method of showing
this is the following : Add to a jar, about one fourth
filled with lime water, a very small quantity of water
saturated with carbonic acid. An immediate milki-
ness will ensue, because the carbonic acid forms
with the lime an insoluble carbonate. Add gradually
more of the water, impregnated with carbonie acid,
shaking the jar as these additions are made. At last
the precipitate is vedissolved. Hence it appears that
lime, with a small proportion of carbonie acid, is in-
soluble, and, with a still larger, again becomes soluble
in water. _

(k) The carbonate of lime, dissolved by an ex-.
cess of carbenie acid, is again separated, when this
excess Is driven off,  Thus, boiling, which expels
the supcrabundant acid, precipitates the carbonate.
Caastic or pure alealis also produce a similar effect.

B. Combination of lime with sulphuric acid, or sul-
‘phate of lime,

(a) The sulphuric acid expels the carbonic from lime,
and we obtain a sulphate of lime,
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(b) This substance is very insoluble, requiring
500 parts of water, at the ordinary temperature, for
solution.

(¢) It is insipid and free from smell.

' (d) Itis fusible by a gentle heat.

(e) It i1s decomposed when its solution is mixed
with one of carbonate of alcali, a double exchange of
. principles ensuing. Hence the milkiness on adding
an alcali to most spring waters, the carbonate of lime
which 1s formed being less soluble than the sulphate.

C. Combination of lime with nitric acid. This
compound forms a deliquescent salt of little im-
portance. :

D. Combination with muriatic acid.

(a) Lime may be brought into union with muriatic
acid by dissolving in the liquid acid either the pure
earth or the carbonate.

(b) The muriate of lime may also be formed
by boiling together, in a retort, the muriate of am-
monia and lime with water. The lime sets the alcali
at liberty, which may be collected in a Liquid form in
a receiver, and the muriate of lime remains in the
retort.

Or it may be obtained from muriate of ammonia
and carbonate of lime, in which case we obtain the
carbonate of ammonia. For this purpose, powdered
sal ammoniac and dry carbonate of lime may be
mixed together, and put into a glass or earthen re-
tort with a long neck. This neck may terminate in @
large glass globe, which should be kept cool by moist-
encd eloth. The carbonate of ammonia will pass over
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in a solid form, and will condense on the inner surface
of the globe. ,

(c) Muriate of lime, when evaporated to the con-
sistence of a thick sirup, forms, on cooling, an imper-
fectly crystallized mass, which may be powdered and
reserved for use,

(d) It powerfully attracts moisture from the air,
and hence should be- kept closely stopped up.—
Like zll other deliquescent salts, it is very soluble in
water.

(e) The most remarkable property of this salt is
its power of generating intense cold when mixed
with  snow. This property was discovered some
years ago by M. Lovitz, of St. Petersburgh, and has
been since applied, in this country, to the congelation
of mercury on a very extensive scale.—The propor-
tions, which answer best, are about equal weights of
the salt finely powdered and of fresh fallen and light
suiow. On mixing these together and immersing a
thermometer, in the mixture, the mercury sinks with
great rapidity. - For measuring exactly the cold pro-
duced, a spirit-thermometer should be employed.
A few pounds of the salt are sufficient to congeal a
large mass of mercury, By means of 13 lbs of the
muriate and an equal weight of snow, Messrs Pepys
and Allen froze 56 lbs of quicksilver into a solid
mass. The mixture of the whole quantity of salt
and snow, however, was not made at once, but
part was expended in cooling the materials themselves.

Ona small scale it may be sufficient to employ 2 or 3
pounds of the salt. Let the mercury, in a very thin
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glass retort, be immersed first in a mixture of one
pound of each; and, when this has ceased to act, let
another mixture be prepared. The second will never
fail to congeal the quicksilver.

The salt thus expended may be again evaporated
and crystallized for future experiments.

The reader, who wishes for farther particulars re-
specting these experiments, is referred to the Philo-
sophical Magazine, vol. 3, p. 76.

E. Lime unites with the phosphoric acid.

The phosphate of lime forms a large part of animal
bones, which, to obtain their earthy part, must be
burnt till perfectly white.

The phosphate of lime is an insipid and insoluble
salt, or rather earth. It 1s decomposed by sulphuric
‘acid, which sets the phosphoric at liberty. This is
the common mode of procuring phosphoric acid from
bones.

The phosphate of lime exists in two states: in the
ene, the constituents exactly saturate each other; in
the second, the phosphoric acid is in excess. The
latter 1s much more soluble in water.

F. Fluate of lime. This is also an extremely in-
soluble compound. The fluor spar, found in Derby-
shire and other places, is the only known source of it.—
Sulphuric acid decomposes the fluate ; and, when dis-
tilled with this acid, in a leaden or block-tin retort,
the fluoric acid rises, and may be collected in a leaden
or tin receiver. :

This acid, when perfectly pure, subsists in the state of
a gas condensible by water. It is the only acid that
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acts on siliceous earth and on glass ; and, owing to
the latter property, it may be employed as a mean of
efching on glass, as copper is engraved by the nitric
acid. See Wilson’s paper in Nicholson’s Journal,
vol. 2, p. 60. ‘

Magnesia.

1. Pure magnesiais white, perfectly tasteless, insoluble
in water, and excites no heat when mived with water.

2. When exposed to carbonic acid gas, with the ad-
dition of a little water, the gas is absorbed, but much
more slowly than by lime.

Carbonate of magnesia effervesces with acids, its

carbonic acid being expelled. When exposed to heat,
its carbonic acid is also separated and the magnesia
remains pure. In this state it is termed calcined mag-
nesia. -
Carbonic acid having a stronger affinity for lime than
for magnesia, when carbonate of magnesia is digested
- with lime water, the limeattracts the carbonic acid
from the magnesia and is. rendered insoluble.
Hence the taste of lime water is totally destroyed by
carbonate of magnesia.

3. Magunesia combines with sulphuric acid. When
concentrated sulphuric acid is poured on pure mag-
nesia, a great degree of heatis produced ; and, when
the two ingredients are perfectly pure, ignition even
enstes. .

The combination of magnesia with sulphuric acid
affords a neutral salt, termed sulphate of magnesia.
This salt forms small crystals, which have a cool hitter
taste, and dissolve readily in water. It is decomposed

& I ...-......-l..n.
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by pure and carbonated alcalis. If a solution of
a pound of the salt in a pound of béiling water be
mixed suddusl_}r with a solution of an equal quantity
of carbonate of potash, in the same weight of water,
a double decomposition ensues, -and the two fluids
wnstantly form a thick solid coagulum, This, when
well washed with boiling water, affords tl the carbonate
of magnesia.

The compounds of magnesia with other acids have
« no properties that render it necessary to describe them
in this place.

LY

Alumine, or Argill.

Alumine may ‘be obtained free from other earths, but
still combined with carbonic acid by precipitating a
solution of alum in water by the crystallized carbo-
nate of potash. To secure its complete purification
from sulphuric acid, Guoyton advises that the precipi-
tate be redissolved in nitric acid, that nitrate of barytes
be cautiously added to the solution, till it mo longer
‘occasions milkiness, and that the alumine be afterwards
‘precipitated, or'separated from the nitric acid by heat.
L{lnn. de Chim. xxxi1. 64.)

2. Alumine has the following qualities. It adheres to
the, tongue ; when moistened with water it forms a
‘cohiesive mass ; and, when heated to redness, it shrinks
‘eonsiderably in bulk and becomes very hard. It dis-
solves sluwly in all acids. The only combination of
iniportance is that which it forms with the sulphuric
acid.

8. With sulphunic wcid it -gffords sulphate of alurmine
~or-alum.
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Sulphate of alumine is distinguished by the following
characters.

A. Tt has a sweetish astringent taste.

B. It dissolves in water, 5 parts of which, at 60°,
take up one of the salt, but hot water dissolves about
iths of its weight. '

C. This solution reddens vegetable blue colours ;
which proves the acid to be in excess.

D. When mixed with a solution of carbonate of
potash, an effervescence is produced by the uncom-
bined acid, which also prevents the first portions of
alcali, that are added to a solution of sulphate of
alumine, from occasioning any precipitate.

E. On a farther addition of alcali, the alumine is
precipitated.

F. Sulphate of alumine, when heated, swells up,
loses its regular form, and becomes a dry spungy
mass ; but, according to Vauquelin, (37 Ann. de
Chim. p. 91,) the whole of its acid cannot thus be ex-
pelled.

G. The combination of sulphuric acid with alumine
is incapable of crystallizing without an admixture of
sulphate of potash, which forms a constituent of all
the alum of commerce. According to Vauquelin,
100 parts consist of 49 dry sulphate of alumine,
7 sulphate of potash, and 44. water,

H. It is decomposed by charcoal, which combines
with the oxygen of the sulphuric acid, and leaves
the sulphur attached to the alumine. A combination

~of alumine, sulphur, and charcoal, forms the pyro-

phorus of Homberg. To prepare this, equal parts of
powdered alum fmd brown sugar arc melted over the

K



s 0 (1150 11

fire, and are kept stirring till reduced to dryness. The
mixture is then to be finely powdered, and introduced
mto a common phial, coated with clay, to which a
glass. tube, open at each end, is lufed, to allow the
escape of the gasses that are produced. The phial
must then be set in the fire, surrounded by sand; in a
<rucible. Gas will issue from the open end of the
tube, and may be inflamed by a lighted paper. When
this eeases to escape, the crucible may be removed
from the fire, and a little moist clay pressed down
npon the open end of the tube, to prevent the access
of air to the contents of the phial. :

The pyrophorus thus formed is a black and very
Iight powder, which instantly takes fire when poured
out of the bottle into the air, and inflames sdddenly in
OXYgenous gas.

Siler.

1. Siliceous earth, or silex, may be obtained toler-
ably pure from fiints by the following process. Procure
some comnion gun-flints, and caleme them ina crucible
in a red heat. By this treatment they will become
brittle, and easily reducible to powder. Mix them,
when pulverized, with three or four times their weight
of carbonate of potash, and let the mixture be fused
in a strong red heat, in a crucible. 'We shall thus ob-
tain a compound of alcali and siliceous egr{h. Dis-
solve this in water, filtre the solution, and add to it
diluted sulphuric. or muriatic acid. An mmegdiate
precipitation will ensue, and, as long as this continues,
add fresh portions of acid.  Let the precipitate subside,
pour off the liquor that floats above it, and .wash the
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cediment with hot water, till it comes ofl tastelesse

Then dry it. :
i -Sil.ice-:ms_ earth, as thus obtained, has the follow-
ing {;l:lalities : _
A. It is perfectly white and tasteless.
B. When mixed with water it does not form a co-
hesive mass like alumine, and has a dkry and harsh teel
to the fingers.
C. It is not acted on by any acid except the .
fluoric. -
D. When prepared in the foregoing manner, and
very minutely divided, silex is taken up by "a solu-
tion of pure potash. In the aggregated state of flints,
however, it is perfectly insoluble in this way, an ex-
cellent illustration of the principle laid down, Art. L.
No. 3. :
E. When mixed with an equal weight of carbo-<
nate of potash, and exposed to a strong heat in a
furnace, it forms a glass, insoluble in water, and iden-
tical in all its properties with the glass commonly
manufactured. It is owing to the siliceous earth
ywhich it contains that glass is decomposed by the
fluoric acid. Glass, however, has occasionally other
ingredients besides the two that have been men-
troned.

- F. With a larger proportion of alcali, as three or
four parts to one of silex, this earth affords a com-
pound called, by Dr Black, silicated aleali. This
compound is soluble in water, and affords a good
example of the total change of the properties of bodies
by chemical union; for, ina separate state, no substance:
K 2
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whatever i1s more difficult of solution than silex ¥,
The solution of silicated alcali was formerly termed
liquor silicum, or lguor of flints. Acids seize the
alcali, and precipitate the silex, which is even sepa-
rated by mere exposure to the atmosphere, in conse-
quence of the absorption of carbonic acid by the
alcali.

Barytes,

1. Barytes, in a pure torm, has a sharp caustic
taste; changes vegetable blues to green, and serves
as the intermedium between oil and water. .

2. It is readily dissolved by boiling water, and the
solution, on cooling, shoots into regular crystals, which
have the form of flattened hexagonal prisms, having
two broad sides, with two intervening narrow ones,
and terminated at each end by a gnadrangular pyra-
mid,

3. These crystals are so soluble as to be taken up,
when heated, merely by their own water of crystalli-
zation, Hence barytes, and strontites also, on the
same grounds, may, with equal, and perhaps greater,
propriety, be arranged among the alcalis ; an arrange-
ment adopted by Fourcroy 1n his Systeme. When ex-
posed to a stronger heat, they swell and foam, and.
leave a dry white powder. At 60°, an ounce of .
water dissolves only 25 grains of the crystals.

4. Pure barytes has a very strong affinity tor carbonic

acid.

* On the solubility of silex in water, consult Klaproth's Con-

teibutions, p. 399, 400
\
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A. Let a solution of pure barytes be exposed to the

air. It will soon acquire a pellicle, like lime water,

because barytes, when saturated with carbonic acid,
is rendered insoluble, ]

B. Blow, by means of a quill or glass tube, the air
from the langs, through a. solution of pure barytes,
It will instantly become milky. |

C. With a solution of pure barytes, mix a little
water impregnated with fixed air. The barytic solu-
tion will be immediately precipitated.

I Barytes, combined with carbonic acid, is termed

carbonate of barytes. If this combination be found
in the earth, it is termed native carbonate of barytes,
if formed by chemical processes, artificial carbonate.

E. The carbonate of barytes is tasteless, insoluble
in water, and does not change vegetable blues.

F. Carbonate of barytes is decomposed by ex
posure to an intense heat. Its carbonic acid is sepa-
rated, and we obtain the earth in a pure form, as de-
scribed, Nb. 1. |

G. Carbonate of barytes is decomposed by the
stronger acids, as the sulphuric, nitric, and muriatic.
The two last afford salts that dissolve readily in
water. ;

-+ 5. With sulphuric acid, barytes forms the sulplate
of barytes.

- A, To a solution of pure barytes, add sulphuf'ic
acid, A white precipitate will appear, which is the
sulphate of barytes.

B. The same compound is formed by adding sy-
phuric acid to carbonate of barytes, or to a solution of

muriate or nitrate of barytes. .
10'g
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C. The sulphate of barytes is one of the most insolu-
ble substances that chemistry presents, requiring, for
solution, 43000 times its weight of waler.

D, Barytes has a stronger affinity than any other
body for sulphuric acid.

E. Owing to these properties, the solution of pure
bay‘ytes, and of the nitrate and muriate of barytes,
are excelient and very sensible tests of sulphuric acid
and of all its combinations. Let a single drop of sul-
phuric acid fall into a wine quart of pure distilled water.
On adding a few drops of one of the foregoing
- solutions of barytes, a precipitation will ensue.

F. Sulphate of barytes is decomposed by carbonate
of potash. Boil the powdered sulphate with a solution
of twice or three times its weight of carbonate of
potash. The carbonic acid will pass to the barytes,
and the sulphuric to the potash,

Strontites *.

1. Strontites, ina state of purity, has a caustic taste,
changes vegetable blues to green, and unites oil with
water.

2. It dissolves very readily in boiling water, and the
solution, on cooling, shoots into regular crystals.
“These are thin quadrangular plates, sometimes square,
oftener parallelograms, not exceeding in length, and
not equalling in breadth, a quarter of an inch. Of

# I use this name after Dr Hope, who first established the pe-
culiar nature of this earth (though before suggested by Dr Craw-
ford), and who discovered its very intercsting properties in a state
of purity, as well as those of barytes. (Sce his memoir in the
fourh vol, of Edinburgh Transactions.)
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these crystals, one ounce of water at GO° takes up
only 25 grains. When exposed to heat they undergo
the same changes as those of barvtuw.

3. Pure strontites strongly attracts carbonic acid,
This may be shown by experiments similar to those
on barytes. Indeed the properties of this earth are
so similar to those of barytes, that every thing which
has been said of the latter will apply to strontites.

4. The charagteristic distinctions between the two
earths are derived from the different forms of the crys-
tals, and different solubility of the salts, afforded by their
“union with the same acid, The salts, with base of
strontites, are always much more soluble than barytic
salts. The salts of strontites have also the singular
property, when dissolved in alcohol, of tinging
flame a deep blood-red colour.

The remaining earths (viz. yttria, glucina, zirco-
nia, and agustina,) I omit, because they very seldom
occur, and are not likely to become the subjects of ex-
periment to the chemical student. They may be
found enumerated and  described in Mr Parkinson’s
Chemical Pocket-Book.

-

ArT., XVIII. = Metals in general.

The most interesting quality, general 0] 111 the
metals, is their relation to ox ygen.
1. Some metals are oxydated merely by exposure to
atmospherical air, at the ordinary temperature. Such
are arsenic and manganese,
2. Other metals are oxydated by exposure to air,
but not without a considerable i increase of their tem-

perature, Irom, zinc, copper, tin, &c, for example,
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when made red-lmt,ﬁ!osg their metallic brilliancy,

and are converted into oxyds of different colours.

3. Other metals are not oxydated, even' by the
- combined operation of air and of an increased tem-
perature, such are gold and platina.

4. But even these metals (and all others more rea-
dily) are oxydated by-acids, Thus the nitro-muriatic
and oxygenated muriatic acids first oxydate gold, and
then dissolve the oxyd, Iron is oxydated by dilute sul-
phuric acid, the metal attracting oxygen from the
water, and the oxyd of iron, thus produced, is dis-
solved by the acid. _ -

5. All metals that are oxydated by air undergo the
same change much more readily in oxygenous gas.

6. Some metals are oxydated by water, both at the
ordinary temperature of the air and in high tempera-
tures. Thus iron-filings, moistened with water, be-
come oxyded, in consequence of its decomposition 3
and the vapour of water, passed over red-hot iron,
is rapidly decomposed, and the iron gains 28 per cent
of oxygen. Other metals, as gold, silver, &c. are
not oxydated by water in any temperature.

7. All metals, in consequence of oxydation, ac-
quire weight. This may be shown by keeping a given
weight of iron-wire red-hot, for some time, in the
bowl of a common tobacco-pipe, taking care tha
dust or ashes do not fall into it. :

8. Metals retain oxygen with different degrees of
force.- Some oxyds (that of mercury for instance) are
reduced to a metallic state by heat only ; but others (as
that of iron) require the addition of some substagce
that attracts oxygen more strongly than the metal re-

e e
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tains it. Thus, to reduce the oxyd of iron, charcoal
must be added.

9. Metals are precipitated from acids, by each
other, not in the form of oxyds, as they are separated
by alcalis, but in a metallic form. Thus, when a
polished plate of iron is immersed in a solution of
sulphate of copper, the copper appears on the surface
. of theiron in a state of metallic coating. In this case,
* the iron attracts the oxygen from the copper; and, as
no metal is soluble in an acid, unless when combined
with oxygen, the copper is precipitated.

Art. XIX.— Gold.

1. Gold may be melted by a moderate red heat.

2. Pure gold is not oxyded by exposure to heat
with the access of air.

3. Itis not acted on by sulphuric, nitric, or muriatic
acid, even at the boiling teniperature.

4. It is dissolved, however, by nitro-muriatic acid,
and also by the oxygenated muriatic acid. A thin
~sheet of gold introduced into the latter acid, when ia
a gaseous state, takes fire and burns.

5. The nitro-muriate of gold gives a purple stain to
the skin, and is susceptible of crystallization.

6. Itis decomposed by alcalis. A solution of pure
ammonia separates an oxyd of gold, and a portion of
ammonia, uniting with the oxyd, forms a compound
which detonates very loudly in a gentle heat, and is
termed fulminating gold. It may be exploded by
laying a little on a shovel, and applying a very gentle
heat over a fire,
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7. The solution of gold is also decomposed by cer-
tain combustible bodies, which attract the oxygen
from the gold and render it insoluble. (A) Into a
dilute solution of gold *, contained in a glass jar, put
a long narrow slip of charcoal, and expose the whole
to the direct light of the sun. The gold will be re-
vived, and will appear on the charcoal in a metallic
state, exhibiting a very beautiful appearance. The
sate change ensues without light, if the solution be
exposed to a temperature of 212 °,

B. Moisten a piece of white taffeta ribband, with
the dilute solution of gold, and expose it to a current
. of hydrogen gas from iron filings and dilute sulphuric

acid, ' The gold will be reduced, and the ribband
will be gilt with the metal. By means of a camel’s
hair pencil, the gold may be so applied as to exhibit
regular figures, when reduced,

C. The same experiment may be repeated, substi-
tuting phosphorated hydrogen for common hydrogen -
gas. The reader, who wishes for a detail of various
experiments of a similar kind, may consult an Essay
on Combustion, by Mrs Fulhame, published by John-
son, London, 1794, and also Count Rumford’s paper, |
in the Phil. Trans. 1798, p. 449.

g, When a sheet of tin is immersed in a solution of
nitro-muriate of gold; the oxyd of gold is precipitated
of a purple colour : and, when scraped off and collected, °
forms the purple powder of Cassius, much employed

% The nitro-muriate of gold, employed in these experiments,
should be previously evaporated' to dryness, in order to expel the
superfluous acid, and afterward dissolved in distilled watc.,
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in enamelling. The same precipitate is obtained by
mixing a solution of gold with a solution of tin in mu-
riatic acid.

9. Gold is precipitated from its solvent by ether, but
the oxyd of gold is instantly redissolved by the ether,
and forms the ethereal solution of gold.

10. Sulphurets of* alcalis unite with gold both in the
dry and humid way. To exhibit this, some leaf-gold
_may be digested, with heat, in a solution of sulphuret
of potash.

ArT. XX. — Platina.

1. Platina is a white metal, resembling silver in
colour, but greatly exceeding it, and indeed all other
metals, in specific gravity,

2, It is, of all metals, the most difficult of fusion,
" It may be melted, however, by a blow-pipe, with the
aid of oxygenous gas. ,

3. It is not oxyded when exposed red-hot to the
air for a considerable length of time,

-4, It dissolves in no acid, except the nitro-muriatic
and oxygenated muriatic acids.

5. These solutions are decomposed by alcalis, and
also by a selution of muriate of ammonia, which last
has no effect on solutions of gold.

FE g s Silver.
1. Silver, also, is a metal which is difficaltly oxyded
by the concurrence of heat and air.

2. It is acted on by sulphuric acid, which, when
assisted by heat, oxydates and partly dissolves it. ,
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3. Nitric acid dissolves it with a disengagement of
nitrous gas, and the solution, when evaporated, shoots
into regular crystals. If the silver be pure the solution
1s colourless, otherwise it has a green hue.

4. Muriatic acid does not act on silver. Yet this
acid takes silver from others. Thus when muriatic
acid is added to nitrate of silver, a white curdy pre-
cipitate falls down in great abundance, This precipi-
tate is decomposed by light; for, when exposed to the
direct rays of the sun, its colour becomes gradually
darker. If fuséd by a gentle heat, it forms a semi-
transparent mass of the consistence of horn, called
luna cornea, or horn-silver.

5. A solution of nitrate of silver stains animal sub-
stances a deep black. Hence it has been applied to
the staining of human hair ; but, when thus employed,
it should be very much diluted, and used with great
caution, on account of its corrosive quality.

6. The solution of nitrate of silver, when evapo-
rated, forms regular crystals. These crystals fuse
when heated, and being poured, in this state, into
moulds, form the common lunar caustic.

7. Nitrate of silver'is decomposed by other metals.
Thus the surface of a plate of copper, to which a
flittle of the solution is applied, becomes plated over
with silver. If a little mercury be poured into a bottle
filled .with this solution, and the bottle be left some
time undisturbed, the silver is precipitated in a beau-
tiful form, resembling the branches of a tree, which
has been termed Arbor Diane. (See Nicholson’s Che-
mistry, page 249.)
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8. Precipitate nitrate of silver by lime water, and
wash and dry the precipitate. Let this be afterward
put into a vessel of liquid ammonia. It will then
assume the form of a black powder, from which the
fluid is to be decanted, and the black substance left to
dry in the air. This is the celebrated compound
termed fulminating silver, which detonates with the
gentlest heat, and even with the slightest friction.
When once prepared, no attempt must be made to
enclose it in a bottle, and it must be left undisturbed in
the vessel in which it was dried. Great caution is
necessary in the preparation of this substance and
in making experiments on it. It even Ehp[{}dﬂs, when
moist, on the gentlest friction, -

2. Silver i1s acted on by sulphurets of alcalis and
by sulphurated hydrogen gas. Both these substances
blacken silver when exposed to their operation, and
the common tarnishing of silver has been traced to a
similar cause.

Arr. XXII. — Mercury.

1. Mercury, or quicksilver, is the only one of the
metals that retains a fluid form at the ordinary ternpera—-
ture of the atmosphere.

2. When its temperature is reduced to about 40°
below xero of Faht, it assumes a solid form. This is
a degree of cold, however, that only occurs in high
northern latitudes : and in this country quicksilver can
only be exhibited in a solid state by means of artificial
mixtures.. See page 105.

3. At about 600° of Faht, mercury boils and is
changed into vapour. Hence it may be driven over

L
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by distillation, and may thus be purified, though not
accurately, trom the admixture of other metals.

4. Mercury is not oxydated, when pure, at the
ordinary temperature of the atmosphere, but when
boiled for a considerable time in a glass vessel, with a
long narrow neck, it is converted into a reddish brown
oxyd. ' .

5. Mercury is dissolved by hot sulphuric acid and
forms a whit;a salt.  'When this is washed with botling
water, a yellow substance is obtained called turbith
mineral.

6. Mercury 1s dissolved by nitric acid, and nitrous
gas 1s disengaged. The properties of the solation
vary accordingly as it is made with or without heat, the
mercury in the former case being more highly charged
with exygen. When the nitrate of mercury is evapora-
ted to dryness and made very hot, it is changed into a
bright red oxyd, which still contains a small portion of
actd.

7. Mercury is the basis of a new fulminating com-
pound lately discovered by Mr E. Howard. To pre-
pare this powder, 100 grains (or a greater proportional
quantity not exceeding 500) are to be dissolved, with
heat, in a measured ounce and half of nitric acid,
The solution being poured cold wpon two measured
ounces of alcohol, previously introduced into any
convenient glass vessel, a moderate heat is to be ap-
plied till eflervescence .1s excited. A white fume
then begins to undulate on the surface of the liquor,
and the powder will be gradually precipitated on the
cessation of action and reaction, The precipitate is
to be immediately .collected on a filtre, well washed
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with distilled water, and cautiously dried in a heat
not exceeding that of a water-bath. The 1mmediate
washing of the powder is material, because it is liable
to the reaction of the nitric acid ; and while any of that
acid adheres to it, it is very subject to the action of
light. From 100 grains of mercury, about 120 or
130 of the powder are obtained. (See Phil. Trans,
1800, p. 214.) This powder has the property of
detonating loudly in a gentle heat or by light fric-
tion. .

The following curious fact, respecting the fulmi-
“nating mercury, we owe to Mr Accum. Four ounces
of this substance were placed, still wet, on a chalk-
stone, and left in this situation, unobserved, for three
months. The product was found converted into a
brilliant black powder. On attempting to collect it
into a heap, and to separate it from the paper which
had been interposed, a globule of running mercury
was seen.  On introducing the powder into a bottle,
andsshaking it, heat was evolved, and the whole re-
duced to the metallic state. Nich. Journ. 8vo, i. 299.

8, Mercury is not dissolved by muriatic acid, but
‘may be brought into union with this acid by double
elective affinity. Thus when sulphate of mercury and
muriale of soda, both well dried, are mixed and ex-
posed to heat, we obtain a combination of oxyd of
mercury and muriatic acid. This compound is the
corrosive sublimate of the shops., The same compo-
nents, with a still farther addition of mercury, consti-
‘tute an insoluble substance called calomel, .

In calomel the oxyd of mercury contains about 10
per cent, of oxygen, and the salt about 88 of the
L2
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oxyd and 12 of muriatic acid. Corrosive sublimate,
in 100 parts, has 82 of an oxyd containing 15 per
cent. of oxygen, (Chenevix. Phil. Trans, 1801.)

9. The oxyds of mercury are all reduced by heat
alone, without the addition of any combustible sub-
stance, and afford oxygenous gas.

10. Mercury dissolves gold, silver, tin, and many
‘other metals ; and, if these be combined with it in
sufficient quantity, the mercury Joses its fluidity and
forms an amalgam. A solid amalgam of lead and
another of bismuth, on admixture tuge'ther, have the
singular property of instantly becoming fluid.

Art., XXIII, — fron.

1. Iron is oxyded by the action of air, with the aid

of an increased temperature, and gains about 28 per
cent. The oxyd, thus obtained, is black.

2. It is ﬂi}-(led also by water, both at the ordinary
temperature of" the air and in a high temperature. ~ Iron
filings, moistened with water, acquire rust and become

oxyded, and the vapour of water gives up its oxygen

to red-hot iron, the hydrogen being liberated in an un-
combined state, see p. 34. _

3. Iron is attacked by most acids.  The sulphuric
acid, when concentrated, acts but feebly on iron with-
out the assistance of heat. But when diluted the
iron is first oxyded by the decomposition of the water,
and this oxyd is dissolved by the acid. The solution;
when evaporated, gives the sulphate of iron, which
has the foHowing properties : ’

A. It forms regular-shaped crystals, of a green
colour, which have an astringent taste and dissolve
readily in water. ¥ '

"
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B. From this combination an oxyd of iron is thrown
down by alcalis and by earths, varying in colour with
the kind and state of the precipitant.

C. When the iron, contained in this salt, is still
farther oxyded, the colour of the salt changes to red;
and, if the oxydation be carried still farther, the iron
becomes insoluble in sulphuric acid, affording an ex-
“ample of a metal soluble only when oxyded to a cer-
tain degree. Mere exposure -to air is sufficient to
precipitate an oxyd of iron, and the eflect is rapidly
produced by adding a little oxygenated muriate of pot-
ash to a solution of the salt,

The different states of oxydation of iron, when
- eombined with sulphuric and other acids, have been
discovered, by M. Proust, to be the foundation of
essential diflerences mn the characters of these salts,
According to this ingenious chemist, there exist two

varieties of sulphate of iron, the green and the red.
In the green sulphate, the iron contains 27 per cent,
of oxygen, in the red, 48. The green salt, when
pure, is soluble in alcohol; its solution is of a pale
- green  colour, it is not altered by the gallic acid,
and gives a white precipitate with prussiate of potash.
The red sulphate is soluble in alcohol.and uncrystal-
lizable, it forms a black precipitate with the gallic acid
and a blue one with prussiates. The green sulphate
may be changed into the red by long exposure to the
air, by oxygenated muriatic acid, or by nitric acid.
The l‘?d Fjulphate may be changed into the green one
h} agitation m contact with sulphated hydrogen "gas.
The common sulphate of iron is a mixture of these
| L3
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two in various propertions. (See Ann. dé Chimie,
vol. 23.)

D. The sulphate of iron is decomposed by heat
alone. When distilled in an earthen retort, the sul-

phuric acid passes over and an oxyd of iron remains

in the retort.

4. Iron is acted on by the muriatic and nitric acids,
and by the last, when concentrated, very violently, so
that the acid undergoes a complete decomposition.
The compounds thus obtained do not admit of being
crystallized, and, like the sulphate of iron, exist in
two different states, the green and the red, which vary
according to the degree of oxydation of the iron.
(Davy, 186). « ,

5.,Iron may be united, in the way of double elective
affinity, with the prussic acid *. Thus, when prussiate

of potash and sulphate of iron, both in solution, are

mixed together, the prussic acid and oxyd of iron
quit their former combinations and unite together.
“The beautiful blue precipitate is prussiate of iron.

A. Prussiate of iron is nearly insoluble in water.

B. It is not soluble m acids.

C. It is decomposed by a red heat, the prussic acid -

being destroyed and an oxyd of iron remaining.
D. It is deecomposed by pure alcalis and earths,

which abstract the prussic acid and leave an oxyd of

iron. Thus, when pure potash is digested with prus-
siate of iron, its beautiful blue colour disappears, and
we obtain a compound of potash and prussic acid, or
a prussiate of potash.

% Thisacid will e mentioned hereafter,
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In Nicholson’s Journal (4to. iv. 30. 171.)"I have
given an improved process for preparing the prussiate
of potash. The folowing, after trying various modes
of preparation, I find to afford the purest test.

(a) To a solution of potash, deprived of its car-
bonic acid bj_.f quwkltme, and heated nearly to the
boiling point, in an iron kettle, add, by degreLs, pow-
dered Prussian blue till its colour ceases to be dis-
charged. Filter the liquor and wash the sediment with
water till it ceases to extract any thing ; let the wash-
ings be all mixed together and placed in an earthen
dish in a sand-heat. 'When the solution has become
hot, add a little dilute sulphuric acid, and continue the
heat for about an hour. A copious precipitate will be
formed of Prussian blue. Let this be separated by
filtration, and assay a small quantity of the filtered
liquor in a wine glass, with a little dilute sulphurie
acid. If an abundant production of Prussian blue
should still take place, fresh sulphuric acid must be
added to the whole liquor, which must again, with
this addition,- be exposed to heat. These filtrations

and additions of sulphuric acid must be repeated as
“long as any considerable quantity of prussian blue is
produced, but when this ceases the liquor may finally
be passed through a filtre.

(b) Prepare asolution of sulphate of copper in about
four or six times its weight of warm water, and into
the solution (a) pour this, aslong as a reddish brown or
copper-coloured sediment continues to appear. Wash
this sediment, which isa prussiate of copper, with re-
peated affusions of warm water, and, when these come
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off colourless, lay the precipitate on a linen filter to
drain, after which it ma y be dried on a chalk-stone.

(c) Powder the precipitate, when dry, and add it
by degrees to a solution of pure potash, prepared as
described, p. 43. The prussic acid will leave the
oxyd of copper and pass to the alcali, fornfing a
prussiate of potash as free from iron as it can be ob-
tained. , X |

(d) But, as the salt still contains sulphate of potash,
a portion of this may be separated by gentle evapo-
ration, the sulphate crystallizing first. To the liquor
remaming add a solution of barytes in warm water
(p- 112) aslong as a white precipitate ensues, observ-
ing not to add more after its cessation. The solution
of prussiate is now free, in a. great measure, from
iron, and entirely from sulphates; and, by gentle
evaporation, will form, on cooling, beautiful crys-
tals. A solution of these in cold water affords the
purest prussiate of potash that can be prepared.

For the vegetable alcali either soda or ammonia may
be substituted in the above process, if they be pre-
ferred. ;

E. When the prussiate of potash is mixed with

ssulphate of iron, in which the metal is as little oxyded
as possible, the prussiate of iron that is formed is of
a white colour, but gradually becomes blue, as the iron,
by exposure to air, acquires more oxygen. (See
Proust’s Memoir, in Nicholson’s Journal.)

F. The effect of a sympathetic ink may be obfained
by writing with a pen dipped in a very dilute solution
of prussiate of potash. No characters will appear till
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~the paper is mojstened with sulphate of iron, when
letters of a Prussian blue colour will be apparent. The
experiment may be reversed, by writing with sulphate
of iron and rendering the characters legible by prus-
siate of potash.

~6.- When sulphate of iron is mixed with an infusion
of galls, we obtain a black solution, which is a new
combination of oxyd of iron, with the gallic acid and
tan. The gallate and tannate of iron are, therefore,
essential constituents of inks, the other ingredients of
which are chiefly added with the view of keeping these
suspended.

In order that the iron may unite with the gallic acid
and tan, it must be combined with the sulphuric’ acid
in the state of red oxyd, for the less oxydated iron,
in the green salt, does not form a black compound with
these substances. ~ Iron filings, however, dissolve in an
infusion of galls with an extrication of hydrogen gas;
but the compound is not black till after exposure to
air, which oxydates the iron still farther. = This solu-
tion, with a sufhicient quantity of gum, forms an excel-
lentink. '

On the same principle may be explained the effect
of metallic iron in destroying the colour of ink. When
ink is digested with iron filings, and frequently shaken,
its colour decays; and it also becomes colourless after
having a stream of sulphuretted hydrogen gas passed
through it. In both these cases the oxyd of iron is
partly deoxydated. Characters written with ink, after
this treatment, are at first illegible, but-become black
as the iron acquires oxygen from the air.
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A. Write upon paper with an infusion of galls.
The characters will not be legible till a solution of sul-
phate of iron is applied. This experiment may be re-
versed like the preceding one, No. 5, F.

B. The combination of iron, forming ink, is de-
stroyed by pure and carbonated alcalis, Apply a so-
lution of alcali to characters written with common ink.
The blackness will disappear and the characters will
become brown, an oxyd of iron only remaining on the
paper.

Alcalis, added cautiously to liquid ink, precipitate
the black combination, but an excess redlsaﬂlves the
prﬂmplt&m

C. Characters which have heen thus defaced may "
again be rendered legible by an infusion of galls.

D. Ink is decomposed by most acids, which sepa-

rate the oxyd of iron from the. gallic acid in conse-

quence of a stronger affinity. Hence ink-stains are
removed by dilute muriatic acid and by some vege-
table acids. Hence, also, if to a saturated solution of
sulphate of iron there be added an excess of acid, the
precipitate no longer appears on adding infusion of
galls.

When a mixture of ink is heated with nitric acid,

the yellow oxalate of iron is formed, and is precipitated -

on adding pure ammonia,

E. Ink'is decomposed by age, partly in conse-
quence of the farther oxydation of the iron, and partly,
perhaps, in consequence of the decay, or escape, of
the acid of galls. Hence ink-stains degenerate into
iron-moulds, and these last are immediately produced
on an inked spot of linen when washed with soap,
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because the alcali of the soap abstracts the gallic acid
and leaves only an oxyd of iron.

F. Ink is decomposed by oxygenated muriatic acid,
‘which destroys the gallic acid, and the resulting mu-
riatic acid dissolves the oxyd of  iron.

As all writing inks, into the composition of which
iron enters, are liable to decay by time, and to be de-
stroyed by various agents, an ink has been proposed
by Mr Close, the basis of which is stmilar to that of
printing ink. Take oil of lavender 200 grains, gum
copal in powder 25 grains, and lamp-black from 23 to
3 grains, With the aid of a-gentle heat dissolve the
copal in the oil of lavender, in a small vial; and then
mix the lamp-black with the solution, on a marble slab
or other smooth surface. After a repose of some hours
the ink must be shaken before use, or stirred with an
iron wire, and, if too thick, must be diluted with a
little o1l of lavender. (See Nicholson’s Journal, §vo.
. 145.)

7. Iron is dissolved by water impregnated with car-
bonic acid. A few iron filings, when added to a bottle
of aérated water, and occasionally shaken up, impreg-
nate the water with this metal. The solution is de-
composed by boiling, and in a less degree by exposure
to air.

8. Iron combines with sulphur. (A) A paste of
iron filings, sulphur, and water, if in sufficient quan-
tity, will burst into flame.  (B) A mixture of one part
of iron ‘filings and three parts of sulphur, accurately
mixed, and melted in a glass tube, at the moment of
union exhibit a brilliant combustion. (C) This sul-
phuret of iron, when moistened, rapidly decomposes
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oxygenous gas. (D) When diluted sulpburic or mu-
riatic acid is poured on it, we obtain sulphurated hydro-
gen gas.

Art. XXIV.— Copper.

1. Copper is oxydated by air. This may be shown
by heating one end of a polished bar of copper, which
will exhibit various shades of colour, according to the
force of the heat.

2. Copper does not decompose water, even with the
assistance of heat. :

8. It combines with_strong sulphuric acid, in a boil-
ing heat, and affords a blue salt called sulphate of cop-
per. (A) Sulphate of copper is a regularly crystal-
lized salt, easily dissolved by water.” (B) The solu-
tion is decomposed by pure and carbonated alcalis.
The former, however, redissolve the precipitate.
Thus, on adding pure liquid ammonia to a solution of
sulphate of copper, a precipitate appears, which, on a
, farther addition of the alcali, is redissolved and affords
2 beautiful bright blue solution. (C) The sulphate of -
copper is decomposed by iron. In a solution of this
salt immerse a polished plate of won. The iron will
soon acquire a covering of copper .in a metallic state.

4. Copper dissolves readily mn nitric agid, with a dis-
engagement of nitrous gas. The salt resulting from
this combination has the singular property of detona-
ting with tin. See page 6, B.

5. Copper is soluble in muriatic acid, with the aid

of heat, _
6. When corroded by vinegar it forms verdis

grise.
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7. Copper combines with sulphur. A mixture of
three parts of copper filings and one part of sulphur,
when melted in a glass tube, exhibits a combustion
more brilliant than that of iron and sulphur.

Art. XXV.— Lead.

1. Lead, when melted and exposed to the action of
the air, becomes covered with a pellicle of oxyd. By
long-continued exposure to heat it is converted into
oxyds of different colours. This oxydation it 1s dif-
ficult to exhibit on a small scale. The oxyds of lead
may, therefore, be examined as they are found in the
shops, in the states of minium, or red lead ; massicot ;

- and litharge.

2. The oxyds of lead give up their oxygen on the
application of heat. When distilled in an earthen
retort, they afford oxygenous gas; and still more
readily when distilled with the sulphuric acid,

3. Of all the acids the nitric acts most strongly on
lead, nitrous gas being disengaged during the solution.,

4, The muriatic and sulphuric acids decompose
nitrate of lead, and form a difficultly-soluble muriate
and sulphate,

5. The oxyds of lead decompose muriate of soda.
Mix two parts of finely-powdered red lead with one of
common salt, and form the whole into a paste with
water, adding more, occasionally, as the mixture be-
comes dry. The alcali will be disengaged, and the
muriatic acid will unite with the oxyd of lead. Wash
off the alcali, dry the white mass, and fuse it in a

crucible. It will form the pigment called mineral or
patent yellow.

M
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6. Lead. when exposed to the vapour of vinegar,
is slowly corroded into a white oxyd, or rather car-
bonate. This, when dissolved in distilled vinegar and
crystallized, forms acetite of lead, or sugar of lead.
This acetite of lead, and mdeed all the soluble salts
of lead, are decomposed by sulphurated hydrogen
gas. Hence characters, written with acetite of lead,
begome legible on exposure to sulphurated hydro-
gen gas.

ARrT. XXVI. = Tin.

The properties of tin' must be examined in the state
of block tin; what is commeonly known by the name
of tin being nothing more than iron plates with a thin
covering of this metal,

1. Tin melts on the application of a moderate heat ;
by a long continuance of which it is converted into a
grey powder. This powder, when mixed with pure
glass, forms a white enamel.

2. Tin is not oxyded by exposure to air with the
concurrence of moisture, a property which is the foun-
dation of its use in covering iron.

3. Tin is dissolved by all the three mineral acids.

4, Tin may be brought to combine with the oxyge-
nated muriatic acid by first forming it into amalgam
with mercury, triturating this with an equal weight. ot
oxygenated muriate of mercury, and distilling the
mixture. The result is a liquid which emits dense
white fumes, when exposed to the air, and was formerly
termed the fuming liquor of Libavius.

5. Solutions of tin have the property of precipitating
the colouring matter of vegetables, a property which
will be noticed hereafter,
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Art. XXVII, — Ziénc.

1. Zinc is melted by a very gentle heat.

2, It is rapidly oxyded by atmospherical air. 'When
thrown into a red hot crucible it burns with a bright

light, and a white oxyd sublimes.

g, Tt dissolves readily in all the mineral acids. With
diluted sulphuric acid it affords the purest h ydrogen gas
that can be obtained. The salt, when evaporated,
shoots into regular crystals, called sulphate of zinc.

4, Tt detonates, when mixed with powdered nitre,
and projected into a red hot crucible,

ARrT. XXVIII. — Bismuth.

1. The proper solvent for bismuth is the nitric
acid.

2. From this solution a white oxyd is precipitated
by the mere addition of water. This oxyd, even
when well washed, still contains a pettion of acid.
It forms the pigment called flake white,

3. This oxyd of bismuth 1s blackened by sulphurated

hydrogen gas.

4. Bismuth forms a component of the fusible mixture
of metals discovered by Sir Isaac Newton. Melt
together in a crucible eight parts of bismuth, five of
lead, and three of tin; or three of bismuth, one of
lead, and five of tin. The result is a com pound, which
will be found to melt in a heat less than that of boiling
water, and which will even fuse under the surface of

hot water,
M 2
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ArTt. XXIX. — Arsenic.

1. Arsenic, as it is to be found in the shops, occurs
in the state of a white oxyd, from which the metal-
may be obtained by the following process. Mix two
parts of the white oxyd with one part of black flux ¥,
and put them info a crucible. Invert, over this; ano-
ther crucible, lute the two together with a little clay
and sand, and apply a red heat to the lower one. The
arsenic will be reduced, and will be found lining the
inside of the upper crucible, mm a form of metallic
brilliancy.

2, Arsenic is oxyded by mere exposure to the
air. It soon becomes tarnished, and loses its metallic
lustre. |

3. It is volatilee. When laid on a heated iron, it
evaporates in the form of a white smoke, and emits a
strong smell of garlic.

4. It is acted on by all acids.

5. It gives a white stain to copper. Let a little of
the metallic arsenic be put between two small plates of
copper ; bind these closely together, by iron wire, and
heat them in a fire. The inside of the copper plates
will be stained white by the arsenic.

6. The white oxyd of arsenic is soluble in water,
which dissolves about % of its weight.

4. The oxyd is soluble in most acids.

8. The oxyd of arsenic, by repcated distillation
with nitric acid to dryness, is converted into an acid

y

# Black flux is formed by detonating, in g crucible, one part of
nitre with two of cream of tartar.
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termed arsenic acid, or acid of arsenic : and also by
oxygenated muriatic acid. : :

9. The oxyd of arsenic, when mixed with powder-
ed nitre, and detonated in a red hot crucible, aflords a
salt cansisting of arsenic acid and potash, and termed

arseniate of potash. p ik |
10. Oxyd of arsenic combines with fixed alcalis,

both in the dry and humid ways.

11. It is decomposed, when distilled with sulphur,
sulphureous acid being disengaged, and a bright red
compound of ‘arsenic and sulphur remaining, termed
realgar. When water, saturated with sulphurated hy-
drogen gass, isadded to the solution of arsenic, No. 6,
a yellow precipitate is produced.

12.. A beautiful green colour, termed, from its in-
venlor, Scheele’s green, is obtained by adding a solu-
tion of oxyd of arsenic m alcali o a solution of sul-
phate of copper. (See Scheele’s Chemical Essays.)

Art. XXX, — Antimony,

1. Antimony, as it is found in the shops, is a com-
pound of the metal with sulphur. From this, the
metal may be obtained by first roasting off the sulphur,
and then fusing the oxyd with black flux.

2. Metallic antimony is of a silvery white colour,
very brittle, and of a plated or scply texture.

3. Antimony is easily fused ; and, when the fire is
strongly urged, the antimony, if in a close vessel,
may be volatilized, :

4. It is oxyded by the concurrent action of heat
and air.

M 3
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5. Antimony is soluble in all acids. When the re-
‘gulus is pulverized and distilled with twice its weight
of oxygenated muriate of mercury, a compound comes
over, into the receiver, of ceygenated muriatic acid
and antimony, formerly termed, from its thick con-
sistence, butter of antimony, From this, a white oxyd
of antimony is precipitated by the mere affusion of
- water, which was formerly called Algaroth’s pow-
der. This powder, by solution’in the acidulous tar-
trite of potash, affords a tartar emelic of certain
efficacy. 2 :

6. If the crude sulphuret of antimony be boiled
with sciution of pure potash, the solution, on cool-
ing, deposits a subslance Ibrmerly termed Kermes
mineral. !

Art. XXXI. — Manganese.

1. Manganese never occurs in a melallic state;
the black substance, known by that name, being a
compound of manganese, with a large proportion of
oxygen. The metal is obtained by mixing this
oxyd, finely powdered, with pitch, making it into a
ball, and putting this into a crucible, with powdered
charcoal, % of an inch thick on the sides, and ¥ of an
anch deep al the bottom. The empty space is then to
be- filled with powdered charcoal, a cover is to be
luted on, and the crucible exposed, for one hour, to
the strongest. heat that can be raised. ) ‘

2, This metal is of a dusky white colour, and
bright and shining in its fracture. When exposed to
the air, it soon crumbles into a blackish brown powder,

" in consequence of its oxydation.
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3. The metal is soluble in acids, but most readily
in the nitrous, It is precipitated by alcalis in the -
form of a white powder.

4. The black oxyd of manganese gives up its oxy-
gen when distilled alone in a retort, or still more
readily and abundantly if distilled with a mixture of
sulphuric acid.

5. It gives up its oxygen to muriatic acid. (See
page 85.) 3

6. The black oxyd contains too much oxygen to dis- -
solve in nitric acid ; but when to a portion of this acid,
in ‘contact with the oxyd, a little sugar is added, and
heat is applied, the oxyd is dissolved.

7. The black oxyd of manganese imparts to borate
of soda, when melted with it, a violet colour. When
this is effected by the blow-pipe, the colour may be
destroyed by the interior flame, and again reproduced
by the exterior one, or by a small particle of nitre.
See Klaproth,. p. 243, a.

8. When powdered manganese and nitre are
mixed together, and thrown into a red hot crucible,
the nitric acid i1s decomposed, and we obtain a
compound of highly-oxydated manganese with potash.
This compound has the singular property of exhibit-
g different colours, according to the quantity of
water that is added to it. A small quantity gives a
green solution, a farther addition changes it to a blue,
more still to purple, and a still larger quantity to a
beautiful deep purple. This phenomenon is well
described in Klaproth, p. 240, a. Hence this has
been termed the chameleon mineral. This property
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18 destroyed by a very small quantity of sulphuret of
potash.

9. The rose-colour of solutions of manganese, in sul-
phuric and phosphoric acids, is destroyed by expo-
sure to the light of the sun, and restored when re-
moved into darkness, This effect depends on the
deoxydation of the metal by the sun’s rays.

Art, XXXII.— Cubgit.
1. Cobalt may be purchased, in a metallic form, at

a price lower than that of pure silver, under the name

of regulus of cobalt.

2. Cobalt becomes tarnished by exposure to air, but
1s not easily oxydated, to any extent, by the action
of heat and air combined. Its property of influencing
the magnet, Mr Chenevix suspects, is owing to a
- small admixture of iron.

3. Its best solvents are the nitric and nitro-muria-
tic acids ; and the solutions have the singular pro-
perty of forming sympathetic inks. Characters, writ-
ten with these solutions, are illegible when cold ; but,
when a gentle heat is applied, they assume a beauti-
ful blue or green colour®. This experiment is ren-
dered more amusing, by drawing the trunk and
branches of a tree in the ordinary manner,, and
" tracing the leaves with a solution of cobalt. The
tree appears leafless, till the paper is heated, when it
suddenly becomes covered with beautiful foliage.

* For some ingenious speculations on the cause of these phe-
nomena, ‘consult Mr Hatchett’s paper on the Carinthian molyb-

date of lead. Phil, Trans. 1796,

g v
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4. Oxid of cobalt is precipitated by carbonated
alcalis from the nitric solution, at first of a peach-
flower colour, and afterwards of a lilac hue.

5. Oxalic acid throws down, from solutions of co-
balt, a rose-coloured precipitate.

6. Cobalt, when oxyded, forms zaffre, which has
the property of giving a deep blue colour to glass,
Cobalt is not acidifiable. (Darracq, in Nicholson’s
~ Journ. 8vo. i. 304.)

The rarer and newly discovered metals, molybde-
nite, uranite, tellurite, chrome, columbium, &e. I
omit ; because, owing to their dearness and scareity,
they are not likely to become subjects of experiment
to the chemical student.

Art. XXXIII. — Nickel.

1. To obtain nickel in a state of purity, the metal
usually sold under that name must be dissolved in
diluted ‘nitric acid; the solution, evaporated to dry-
ness, and the dry mass must again, for three or four
times, be alternately dissolved in the acid and boiled
to dryness. After the last evaporation, the mass must
be dissolved in a solution of pure ammonia, which
has been proved, by its occasioning no precipitation
from muriate ot lime, to contain no carbonic acid. The
solution is next to be evaporaled to dryness; and,
after being well mixed with twice or thrice its weight
of black flux, is to be exposed to a wviolent heat in a
crucible for half or three-quarters of an hour.

2. Nickel is not magnetic; for, when this property
18 exhibited by it, a contamination of iron is always
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present. (Chenevix, in Nicholsons Journal, 4to, vol, v.
p- 289.)

3. It is soluble in nitric, sulphuric, and muna.tm,
acids; and all its solutions have a beautiful green
colour.

A, From the solutions, prussiate of potash throws
down a sea-green precipitate.

5. Tingture of galls produces no change in these so-
lutions.

6. The solution does not deposit its metal either

on polished iron or zinc when immersed in it. (See
Klaproth’s Analytical Essays, p. 433.)

Art. XXXIV. — Vegetable Substances.
1. Vegetable Extract.

This may be obtained by evaporating the express-
ed juices of recent vegetables, or their infosions or
decoctions. It has the following properties : :

A. [Itis cohesive, of a brownish colour, and ge-
nerally of a bitterish taste. '

B. It issoluble in cold water, but much more
readily in hot. Hence the decoctions of certain sub-
stances  (Peruvian bark for éxample) become turbid

on cooling.
C. "It absorbs moisture from the atmosphere.

D. Itis soluble in alcohol and in alealis, but not .

in acids. .
E. When to its solution i water oxygenated
muriatic acid is added, a precipilate 1s thrown down,
which is not soluble by the same agents as the original
extract. '
F. Extract is precipitated also by muriate of tin.




( 143 )

#

G, It is not precipitated by tan.

2. Mucilage.

This substance, in a dry state, is commonly kriown
|by the name of gum. Gum arabic may be employed
| as an example, |

A. Itis brittle, dry, and insipid.

B. It forms a viscid solution with water.

C. It is not dissolved by alcohol.
" D. Its solution in water is precipitated by Gou-
|lard’s extract of lead.
Beside this, there is another kind of mucilage
 termed viscid mucilage, found in etiolated and young
 plants, and in the sap of trees, of which it forms a
considerable part. It may be obtained by boiling the
-marshmallow or quince-seeds in water. Its solution
is more ropy than that of the gum mucilage, and it
' becomes sour by exposure to the air,

3. Sugar and Oxalic deid.

1. Sugar is soluble in water, but less readily in
alcohol. 'y,
2. Sugar, on the application of heat, swells and

foams, and a black coal is left.

3. When heated with nitric acid, it is acidified.
' To six ounces of nitric acid, in a stoppered retort, to
which a large receiver is luted, add, by degrees,
one ounce of lump sugar coarsely powdered. A
 gentle heat may be applied during the selution.
Nitrous gas will be disengaged in great abundarice.
- When the whole. of the sugar is dissolved, distil off
'@ part of the acid, The remaining liquor will form
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regular crystals, which must be again diss;lved n
water and crystallized. Lay this second crop of
crystals on blotting paper to dry. They have the
following properties.

A. They are readily soluble in water.

B. They have all the properties of an acid.

C. They are changed into a coal by a red heat.

D. They combine with alcalis and form neutral
salts.

E. This acid has the property of forming an in-
soluble compound with lime. Into a glass of lime
water let fall a drop or two of solution of acid of
sugar. A white precipitate will immediately fall
to the bottom of the vessel. The oxalic acid even
. separates lime from its combination with other acids.
Hence a precipitation ensues on dropping .oxalic acid
into a solution of sulphate or muriate of lime.

; 4. Native Vegetable Acids and Acidula.

Native vegetable acids are such as are found, ready
formed, in plants or their fruits, and require only
pressure and other simple processes for their ex-
traction. T

A. Citric Aeid. This exists, in an uncombined state,
in the juice of lemons and of limes, or loosely com-
bined with mucilage and extractive matter. It may
be obtained, in a pure state, by saturating lemon juice
with powdered chalk. A" white precipitate will fall
down, composed of citric acid and lime, To this,
sulphuric acid, very much diluted, is to be added.
‘The sulphuric acid will seize the lime and set the citric
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acid at liberty ; and, when the solution is evaporated
sufficiently low, the citric acid will shoot into regular
crystals.

This acid is readily soluble in water, and may be
applied to all the purposes for which fresh lemons
are used.

B. Gallic Acid. This acid exists in the gall-nat,
along with tan and other substances. It may be ob-
tained by exposing an infusion of galls in water to the
air. A mouldy pellicle will form on the surface of
the infusion ; and, afier some months exposure, small
yellow crystals will appear on the inside of the vessel.
‘These crytals must be dissolved in alcohol, to separate
them from other substances, and the solution evapo-
rated to dryness.

It may also be obtained by sublimation. Pounded
galls are to be put into a retort and heat applied. The
gallic acid will rise and be condensed in the neck of
the retort in a solid form. This process is recom-
mended by Deyeux as preferable to any other.

The gallic acid requires 24 times its weight of cold
water for solution, or three parts of boiling water.
Alcohol, when cold, dissolves one fourth, or an equal
weight, when heated. These solutions redden the
infusion of litmus, and strike a deep black with solutions
of iron ¥,

The gallic acid may also be separated from the
infusion of galls by adding muriate of tin till the
precipitate ceases to appear. This precipitate may be
reserved for the experiments detailed under the article

* See the article Jrom.

N



( 146 ) .

Tan. From the remaining solution the superabundant

oxyd of tin must be precipitated by sulphuretted hy-
dn}gﬁn gas, and the clear liquor, on evaporation, yields
crystals of gallic acid. .

From one ounce of galls, according to Haussman,
about three drachms of gallic acid may be obtained.

In Nicholson’s 8vo. Journal, vol. i. p. 236, a very
simple process for obtaining gallic acidis proposed by M.
Fiedler. Boil an ounce of powdered galls, in 16 ounces
of water down to 8, and strain the decoction. Pre-
cipitate also 2 ounces of alum, dissolved in water, with
a sufficient quantity of carbonate of potash, and, after
having washed the precipitate extremely well, add it
to the decoction, and digest the mixture for 24 hours,
shaking frequently. The alumine combines with,
and carries down, both the tan and extract; and the
filtered solution yields, by gentle evaporation, crystals
of gallic acid. -

C. Malic Acid. This acid exists in the juice of
apples, gooseberries, and of some other fruits, and is.
found mixed with the citric and occasionally with
others. It may be obtained by evaporating the juice
nearly to dryness, and then adding alcohol, which
. dissolves the acids and leaves the mucilage. To this
solution of citric and malic acids in aleohol chalk is to
be added to saturation, and the precipitate to be
washed with boiling water, which takes up the malate
of lime and leaves the citrate. The solution of the
‘malate of lime may then be decomposed by sul-
phuric acid.

The malic acid cannot be crystallizéd, and, in
general, forms deliquescent salts,
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D. Tartareous Acid and its Combinations.

This acid may be obtained from common cream
of tartar, by dissolving it in boiling water, and adding
chalk as long as any effervescence ensues. An inso-
luble tartrite of lime falls down, which may be decom-
posed, like the citrate of lime, by sulphuric acid.
On evaporating the solution, regular crystals are ob-
~ tained.

This acid is readily soluble in water. It combines
with alcalis, When potash is exactly saturated with
it a neutral salt is obtained, which dissolves very readily
in water ; 'but, on a still farther addition of acid, we
obtain a salt which requires 20 parts of water for
solution. This last is identical with common cream
of tartar, which is a tartrite of potash, with a con-
siderable excess: of acid, and hence has been termed
the acidulous tartrite of potash. By adding to this
as much alcali as will saturate the excess of acid, it
becomes easily soluble ; and, by again rendering the
acid superabundant, it 1s again rendered inseluble.

E. Benwic Acid. This may be cbtained from a
substance termed gum benjamin, by mhllﬁitm‘ati_ﬂn. It
exists in a solid form, and may be procured at the
druggists’ shops under the name of flowers of ben-
jamin.  These flowers have manifestly acid pro-
perties.

F. The oxalic acid is also found native in the juice
of sorrel, forming a salt with excess of acid, or an
acidulum,

N 2



( 148 )

5. Fixed Oils.

1. These oils are obtained, by pressure, from
certain vegetables, as the olive, the almond, lin-
seed, &c.

2. As thus obtained they are generally found com-
bined with mucilage. :

3. They do not combine with water or with
alcohol.

4. They unite with alcalis and form soap.

5. Their properties are changed by boiling with
metallic oxyds, those of lead for example. The mu-
cilage unites with the oxyd, which probably gives up
a portion of its oxygen to the oil, and the oil is ren-
- dered drying, and fit for the use of the painter.

6. Volatile or Essential Oils.

1. These oils have a penetrating smell and an acrid
taste.

2. They are volatilized by a gentle heat.

3. They are soluble in alcohol. ] i
4. They do not unite with water. With the inter-
vention of a little sugar, however, they are combinable,
in small proportion, with water.

5. When nitric acid is poured upon these oils,
especially if it has been previously mixed with one
fifth or one sixth of sulphuric acid, the mixture bursts
out into a violent flame. This experiment requires
caution, as the inflamed oil is apt to be scattered

about.
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6. Several of them detonate, when rubbed with-
oxygenated muriate of potash, and take fire when
poured into oxygenated muriatic acid gas.

7. Essential oils are thickened by long exposure
to air. ~

Camphor resembles the essential oils in many pro-
perties, but is not inflamed by nitric acid, which con-
verts it into an acid distinguished by peculiar properties,
and termed the camphoric acid.

7. Resins,

Resins are the inspissated juices of certain plants -
and are obtained, generally, by wounding their bark.
Gum copal, or lac, may be taken as an example.

1. They are dry, brittle, and inflammable.

2. They dissolve readily in alcohol and essential oils,
but not in water. From their solution in alcohol they
are precipitated by water.

3. They are the basis of cementsand varnishes, and
are chiefly used in medicine.

Gum resins are resins mixed with extractive matter,
and are soluble partly in alcohol and partly in water.

8. Furina, or Fecula.

Common starch’ may be taken as an example of
farina. It will be found to have the following
qualities : .

1. It is not soluble in water, unless when heated
to 160° ; and if the temperature be raised to 180° the
solution coagulates. '

N 3
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2. Like sugar, it is converted, by the action of the
nitric acid, into oxalic acid.

3. When distilled alone, it yiclds an acid termed
the pyromucous. This has been lately shown to be
identical with vinegar.

4. Farina forms a considerable part of wheat and
other flour, and of the potatoc. It may be obtained
separate by washing with water. ' "

5. It becomes sour when exposed in a moist state
to the air.

9. Gluten.

1. Gluten may be obtained from wheat flour, by
kneading it into dough with water, and washing off
from this all the farina, by repeated affusions of water,
working it at the same time with the fingers,

2. It i1s elastic, and, when drawn out, recovers itself
something like the elastic gum. When strongly heated
it shrinks, and, if distilled in a retort, unlike other
vegetable substances, it yields ammonia,

3. When exposed moist to the atmosphere it does
not turn sour, but putrefies like animal matter.

4. It is soluble in pure alcalis, and precipitable by
acids.

10. Elastic Gum, or Caoutchouc.

] 'This substance is inflammable.
. It is insoluble in water.
3 It is imperfectly dissolved by splrlt of turpentine.
4, Its only solvent is ether, and, when employed for
this purpose, the ether should be previously washed.

-
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‘This may be done by shaking it in a bottle half filled
with water and half with ether. The bottle is next
to be held inverted, and the water, which is the heaviest,
suffered to escape. In this way about half the ether
is lost, and the remainder is considerably stronger
than before. This solution may be so applied as to
form hollow tubes.

11. The Woody Fibre.

1. This forms the basis of all wood, and i1s more
abundant in proportion as the wood 1s harder.

2. It is msoluble in water.

3. When exposed to heat it affords a peculiar acid
called the pyroligneous, which has been lately proved
identical with the acetous. In the retort a black sub-
stance remains, which is charcoal.

Cﬂfmu‘z'ng Matter.

The colouring matter exists in vegetables, combined
with various other principles; and, according to the
nature of the substance with which it is combined, it 1s
soluble by different menstrua. It has an affinity for
alumine and for oxyd of tin, in consequence of which
‘these solutions precipitate infusions of the colouring
principle in water.

1. To a decoction of madder in water add a so-
‘lution of sulphate of alumine. " The alumine will com-
bine with the colouring matter, and will form a coloured
precipitate, or lake.

2. To the same decoction add a hItIe of the nitro-
-muriate of tin. The oxyd of tin will detach the co-
louring matter, and will form an insoluble precipitate,
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3. Similar experiments may be made on an in-
fusion of cochineal, which, though an animal pro-
duction, owes its colouring matter, remotcly, to a
vegetable.

4. On this principle, of its attraction for colouring
matter, depends the use of alum in dying, its basis
serving as an intermedium between the cloth and the

colouring principle.

13. Tan, or the Tunning Principle.

Tan may be obtained by any of the following
processes :

A, Into a strong infusion of nut-galls pour the mu-
riate of tin, till the yellowish precipitate, which falls
down abundantly, ceases to appear. Wash the pre-
cipitate with a small quantity of distilled water, and
afterwards add a sufficient quantity of warm water for
its solution. From this solution the oxyd of tin is
precipitated by a stream of sulphuretted hydrogen gas;
and the tannin, which remains dissolved, may be pro-
cured by evaporation.
 B. Intoa saturated infusion of galls pour a saturated
solution of carbonate of potash. The yellowish white
precipitate, after being washed with a small quantity
of water, affords the tan. |

C. Into a similar infusion pour sulphuric or muriatic
acid. A precipitate will form, which must be redis-
solved in water, and the excess of sulphuric acid satu-

‘rated by carhonate of potash. When a farther addition
is made of the alcali, the tan falls down, and must be
purified by washing with a small quantity of water.
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It has been lately discovered that the terra japonica
(which is to be met with, under this name, m the drug-
gists’ shops) consists almost entirely of tan.

Tan has the following properties :

1. When evaporated to dryness it forms a brown
friable mass, which has much resemblance in its frac-
ture to aloes, a sharp bitter taste, and'is soluble in hot
water, but still more readily in alcohol.

- 2. From this watery solution all acids precipi-
tate tan. .
3. The watery solution; poured into one of glue,
(inspissated animal jelly,) converts it immediately into
a coagulum, which has the elastic propeities of the
gluten of wheat.

4. Green sulphate of iron effects no change in the
solution of tan, but the red sulphate occasions a dark
bluish precipitate. This precipitate differs from gallate:
of iron in being decomposed by acids, the tan being:
thus separated. An excess of the red sulphate redis~
solves the precipitate, and affords a black or dark blue
liquor. By union with tan the red sulphate is deox-
ydated, the salt becoming the green sulphate, and the
oxygen passing to the tan. Tan may also be oxyge-
nized by passing streams of oxygenized muriatic acid
through its solution in water.

14. Wax.

1. Wax 1s readily fusible and inflammable.

2. Yellow wax is bleached by oxygenated muri-
atic acid,

3. Wax 15 soluble in alcalis.
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Results of the Decomposition of Vegetables.

Vinous fermentation. — The phenomena and result
of this process should be accurately examined ; which
may be done with the aid of an apparatus similar to
that described in Lavoisier’s Elements, part 3. -

‘The properties of alcohol may be exhibited by those
of the spirit of wine generally found in the shops. Or
the spirit may be converted into alcohol by adding to
it dry carbonate of potash, as long as this is rendered
moist by the spirit, and afterwards distilling off the

alcohol with a very gentle heat.
" 1. Alcohol is considerably Lighter than water.

2. It unites chemically with water, and caloric is

evolved during the combination. A contraction of bulk
also ensues. Hence a pint of water and a pint of al-
cohol, after admixture and when perfectly cold, are
found to occupy a less bulk than two pints.
- 8, It is inflammable. During its combustion car-
bonic acid is generated, with a quantity of water, ex-
ceeding in weight the original weight of the alcohol.
An ingenious apparatus proving this is figured in La-
voisier’s Elements, plate IX. fig. 5.

4. Alcohol is the best solvent of resins and es-
sential oils.

5. By distillation with such acids as readily give up
their oxygen alcohol is changed into ether. Thus
equal parts of sulphuric acid and of alcohol, mixed
together very cautiously, by adding small portions of
acid repeatedly to the alcohol, give, on distillation,

—
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the liquor termed ether. It may be formed also by
means of the nitric or ux}rgenated muriatic acids,

Ether.

1. Ether is extremely light, its specific gravity being
even considerably less than that of alcohol.

2. It is not miscible with water, and, when these two
fluids are shaken together, the ether,on standing, always
rises to the surface.

3. It is extremely volatile, A few drops evaporate,
almost instantly, from the palm of the hand.

4. During. its evaporation a considerable degree of
cold is produced., This may be shown by moistening
repeatedly the bulb of a thermometer with ether and
exposing it to the air.  See also Art. 1I. No. 12.

5. Ether, at the temperature of 104.°, exists in the
state of a gas. This may be shown by filling a jar
with water of this temperature, and inverting it in a
vessel of the same. Then introduce a little ether, by
means of a small glass tube closed at one end. The
ether will rise to the top of the jar, and, in its ascent,
will be changed into gas.

6. Ether is changed into gas by diminishing the

.weight of the atmosphere. Into a glass tube, about
six inches long and half an inch diameter, put a tea-
spoonful of ether, and fill up the tube with water.
Then, pressing the thumb on the open end of the tube,
place it, inverted, in a jar of water. Let the whole
be set under the receiver of an air-pump and the air
exhausted. The ether will be changed into gas, which
will _EHP‘E}I the water ﬂﬂtifﬁl}? from the tube. On read-
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mitting the air into the receiver, the gas is again con-
densed into a liguid form.

7. The gas produced by the volatilization of ether
is inflammable.  Fill a small and very strong phial with
oxygen gas, and let fall into it a drop of ether. On
contact with the flame of a candle a loud explosion will
take place.

8. The following experiment, evincing the inflam-
mability of ether, is described by Mr Cruickshank, in
Nicholson’s Journal, 4to. v. 205 :

Fill a bottle, of the capacity of three or four pints,
with the pure oxygenized muriatic acid gas, taking
care to expel the water as completely as possible.

Then throw into it about a drachm or a drachm and half

of good ether, covering its mouth immediately with
a piece of light wood or paper. In a few seconds
white vapour will be seen moving circularly in the
bottle, and this will soon be followed by an explosion,
accompanied with flame. At the same time a con-
siderable quantity of carbon will be deposited, and the
bottle will be found to contain carbonic acid gas.

The same effect is produced, but more slowly, by
alcohol ; and, along with the carbonic acid and carbon,
a little ether is produced.

Acetous Acid.

1. Common vinegar, purified by distillation, may be
iaken as an example of acetous acid.

2. The dcetous acid may be concentrated by ex-
‘posure to cold, which congeals the water sooner than
ihe real acid, and affords a mean of separating it.
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9. Acetous acid unites with alcalis, earths, and me-
tallic oxyds.

A. When potash, saturated with this acid, 1s eva-
porated to dryness, the salt assumes a black colour.
On being redissolved, however, and again evapora-
ted, the salt is obtained white, and, when fused and
suffered to cool, affords the acetite of potash.

This salt' strongly attracts moisture from the air,
and is very soluble in water, When exposed to a
pretty strong heat, it is decomposed; carbonic acid
and carbonated hydrogen gasses come over; and in
‘the retort there remains a mixture of carbon with car-
bonate of potash.

When this salt is distilled, with half its weight of
sulphuric acid, the vegetable acid is expelled in a very
concentrated form, and is then termed

L

Acetic Acid.

1. This acid has a very strong taste and a most pun-
gent smell.

2. It is very volatile, and is inflammable when heat-
ed, taking fire on the approach of a lighted paper
and burning like alcohol. ;

3. It unites with alcalis, and the solutions, when
evaporated, do not become black. Hence it is proba-
ble that the change of acetous into acetic acid depends
in great measure on the separation of carbon.

4. This acid may'be obtained from the acetite of
copper by distillation per se.

5. The acetic acid, in the temperature of 38° of
Faht. congeals or becomes glacial, and again lique-
fies at 39°,

O

|
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6. When distilled with alcohol, it affords an ether
termed acetic ether.

The acetous, acid may be also combined with oxyds
of lead and of copper. Lead corroded into a white
oxyd, or rather carbonate, by the fumes of vinegar,
forms ceruse, or white-lead, which, when dissolved
in distilled vinegar and crystallized, constitutes the
acetite or sugar of lead. This salt 1s not decomposed
without the addition of sulphuric acid. Copper, cor-
roded in a similar manner, produces verdigris,
which, when dissolved in distilled vinegar, affordsa
crystallizable salt, called acetate of copper. From
this the acetic acid may be separated by distillation
per se.

From late experiments by Darracq, it appears that
acetic acid differs from the acetous only in contain-
ing less water and no mucilage. This chemist suc-
ceeded in converting the acetous into the acetic, -
merely by abstracting its water by muriate of lime,
under circumstances where no farther oxygenation
could take place.

Art. XXXV. — Animal Substances.
1. Animal Jelly.

Animal jelly may be extracted from most of the
soft parts . of animals, and even from bones, by long
continued boiling. It forms the basis of soups,
_ broth, &ec. and imparts to these their nutritious pro-
_perties.

It"isﬁ‘.fre:a,dily soluble in warm water, and congeals,

when cold, into a cohesive substance, which may




( 159 )

again be dissolved by water.. It becomes sour when
exposed to the influence of the air. When evapo-
rated to dryness, it forms portable soup, glue¥,
isinglass, &ec. '

Animal jelly is precipitated by a solution. of tan, in
the form of a coagulum, which, when dry, has a
vitreous fracture, is not susceptible of putrefaction, is
quite insoluble in water and in alcohol, and reco-
vers its elasticity when moistened with warm water.
This compound appears, from the experiments of Se-
guin, to be the preservative part of tanned leather,
and that on which its most useful properties depend. -

2. Animal Alhumen.

The while of an egg may be employed in exhi-
biting the qualities of animal albumen.

A. Albumen is insoluble in water even at the
boiling temperature.

B. It 1s soluble in pure alcalis, and is precipitated
again by the addition of acids.

rdl ¢ T coagulated, by the temperature of 160°,
into a solid cohesive mass; and also by acids, oxyds,
and alcohol. The coagulum, thus produced, is solu-
ble mn alcalis only ; and, during the solution, ammonia
1s evolved.

D. On exposure to air, it passes to the putrefac-
tive state,

E. When exposed to a gentle heat, in a retort,
with diluted nitric acid, azotic gas is disengaged,

* For an account of the preparation of glue, sce Nicholson’s
Journal, 8vo. ii. 235,

02
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which proceeds not from the acid, but from the ani-
mal matter.

F. Albumen is also precipitated by the solution of
tan, but the precipitate is not characterized by similar
elasticity,

Gluten, or Animul Fibre.

Gluten forms the basis of the muscular or fleshy
parts of animals, and remains, combined with al-
bumen, when all the soluble parts have been washed
away by water. It may, also, be obtained from
coagulated blood, by laying this on a linen strainer, and
pouring on water till a white fibrous matter alone
remains,

1. Glaten is insoluble in water, except by the long
continued heat of a Papin’s digester.

2. It is soluble in acids and in pure alcalis.

3. With diluted nitric acid, it yields much more
azotic gas than any other animal substance.

4. It differs from albumen, in being coagulated by
the mere contact of air, and by a temperature of 120°,
and in being inscluble in cold liquid ammonia. Its
structure also is fibrous, whereas that of albumen is
smooth and homogeneous.

Animal Oil.

~ Animal oil differs from the vegetable oils in be-
ing generatly solid at the temperature of the atmo-
sphere, but is similar to them in its other properties.
Among animal oils, may be ranked butter, tallow,
lard, suet, spermaceti, &c. They all contain a pe-
culiar acid, called the sebacic acid.. This may be
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obtained, by adding to the oil, when liquifigd by heat,
finely-powdered quicklime, collecting the scbate of
lime and distilling it with sulphuric acid.

A singular instance, of the production of animal oil
from the lean or muscular part of animals, 1s present-
ed by the conversion of muscle into a substance
strongly resembling spermaceti. To effect this con-
version, it is only necessary to confine the fleshy part
of an animal, in a box with several holes in it, under
the surface of a running stream. When thus con-
fined, the change takes place spontaneously in the
course of a few months. But it may be accomplish-
ed much sooner by digesting animal muscle in strong
nitric acid, and washing off the acid by water as soon
as the change has ensued. The spermaceu, thus ob-
tained, may be bleached by exposure to the oxyge-
nated muriatic acid gas.

Animal Acids.

Of these I shall mention none except the prussic
acid, as being the only one likely to be the subject of
experiment.

The prussic acid is formed in animal matters when
exposed to a high temperature. Let blood be eva-
porated to dryness, and let the dried blood be mixed
with an equal weight of carbonate of potash, and the
mixture be exposed to heat in a crucible, two thirds only
- of which are filled. The crucible is-to have a cover
applied, and the heat must be kept up till the flame
ceases to proceed from the materials. By this opera-
tion, the prussic acid is formed and combines with
the potash, The prussiate of potash is next to be

03
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washed oﬂhy repeated affusions of water, and mix-
ed with a solution of sulphates of iron and alumine,
The precipitate thus formed, when washed with mu-
riatic acid, will assume a beautiful blue colour, which
is owing to a combination of prussic acid with oxyd
of iron. This prussiate of iron has the properties al-
ready described, page 126, No. 5. |

The prussic acid may be obtained in a separate
state by the following process:

Mix two ounces of red oxyd of mercury, prepared
by nitric acid, with four ounces of finely-powdered
Prussian blue, and boil the mixture with twelve ounces
of water in a glass vessel, shaking frequently. Filter
the solution, '‘which is a prussiate of mercury, while
hot; and, when cool, add to it in a bottle two ounces
of iron filings, and six or seven drachms of sulphuric
acid ; shake these together, decant the clear liquor
into a retort, and distill oft one fourth of the liquor.

The distilled liquor is the prussic acid, which has
a peculiar smell, a sweet taste, and does not like other
acids redden vegetable blue colours, but combines with
alcalis and earths.

&
- -
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Directions for examining Mineral Waters and Mineral
Bodies in general.

THE complete and accurate analysis of mineral

waters, and of mineral bedies in general, is one of
the most difficulé subjects of chemical manipulation,
and requires a very extensive acquaintance with
the properties and habitudes of a numerous class of
substances. ILong and attentive study of the science
is therefore essential, to qualify any one for under-
taking exact and minute determinations of the pro-
portion of the component parts of bodies. Sach
minuteness, however, is scarcely ever required in
the experiments that are subservient to the ordinary
purposes of lite; a general knowledge of the comi-
position of bodies being sufficient to assist n direct-
ing the most useful applications of them. I shall not
attempt, therefore, to lay down rules for accurate
analysis, but shall only describe such experiments
as are suited to afford an insight into the kind, but
not to decide the exact proportion, of the constituent

principles of natural waters and of . mineral substances
m general.

Secr. 1. — Examination of Mineral IWaters.

Water is never presented by nature in a state of
complete punity, Even when collected as it descends
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in the forM of rain, chemical tests detect in it a minuate

“proportion of foreign ingredients. “And, when it has
been absorbed by the earth, has traversed its diffirent
strata, and is returned to us by springs, it is found
to have acquired various impregnations. The readiest
method of judging of the contents of natural waters,
is by applying what are termed tests, or reagents ;
2. e. substances which, on being added to a water,
exhibit, by the phenomena they produce, the nature
of the saline or other mngredients. For example, if
on adding infusion of litmus to any water, its colour
1s changed to red, we infer that the water contains
an uncombined acid : if this change ensues, even
after the water has been boiled, we judge that the
acid is a fixed and not a volatile one: and if, on ad-
ding the muriated barytes, a precipitate falls down,
we safely conclude that the peculiar acid, present in
the water, is, either entirely or in part, the sulphuric
acid. I- shall first enumerate the tests generally
employed in examining waters, “and describe their
application ; and, afterwards, indicate by what par-
ticular tests the substances, generally found in waters,
may be detected.

1. Infusion of Litmus, Syrup of Violets, &c.

As the infusion of litmus is apt to spoil by keep-
ing, I include in the chest some solid litmus. The
infusion is prepared by steeping this substance, first
bruised in a mortar and tied up in a thin rag, in dis-
tilled water, which extracts its blue colour.

If the colour of the infusion tends too much to
purple, it may be amended by a drop or two of so-
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lution of pure ammonia ; but of this no more must be
added than is barely sufficient, lest the delicacy of the

test should be impaired. :

The syrup of violets is not easily obtained pure.
The genuine syrup may be distinguished from the
spurious by a solution of corrosive sublimate, which
changes the former to green, while it reddens the
latter. When it can be procured genuine, it is an
excellent test of acids, and may be employed in the
same manner as the infusion of litmus.

Paper stained with the juice of the March violet,
or with that of radishes, answers a similar purpose.
In staining paper for the purposes of a test, it must
be used unsized; or, if sized, it must previously be
washed with warm water ; because the alum, which
enters into the composition of the size, will otherwise
change the vegetable colour to red.

In the Philosophical Magazine, vol.i. p. 180, may
be found some recipes for other test liquors invented
by Mr Watt,

Intusion of litmus is a test of most uncombined
aeids. o«

(1) If the infusion redden the unboiled, but not
the boiled, water, under examination, ‘or, if the red
colour, occasioned by adding the infusion to a recent
water, return to blue, on boiling, we may infer that the
acid is a volatile one, and most prﬂbabl}; the carbonic
acid. Sulphuretted hydrogen gas, dissolved in water,
also reddens litmus, but not after boiling.

(2) To ascertain whether the change be produced
by carbonic acid or sulphurctted hydrogen, when
experiment shows that the reddening cause is vola
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tile, add a little lime water. This, if carbonic acid
be present, will occasion a preeipitate, which will
dissolve, with effervescence, on adding a little mu-
riatic acid. Sulphuretted hydrogen may also be con-
tained in the same water, which will be ascertained by
the tests hereafier to be described.

(3) Paper tinged with litmus is also reddened
by the presence of carbonic acid, but regains its
blue colour on drying. The mineral and fixed acids
redden it permanently. That these acids, however,
may produce their effect, it is necessary that they
should be present in a sufficient proportion, (See
Kirwan on Mineral Waters, p. 40.)

II. Infusion of Litmus reddened by Vinegar, — Spirituous
Tincture of Brazil wood, — Tincture of Turmeric,
and Paper stained with each of these three Substances,—
Syrup of Violets. '

All these different tests have one and the same
object. .

(1) Infusion of litmus reddened by vinegar, or lit
mus paper reddened by vinegar, bas its blue colour
restored by pure alcalis and pure earths, and by car-
bonated alcalis and earths.

(2) Turmeric paper and tincture are changed to a
reddish brown by alcalis, whether pure or carbo-
nated, and by pure earths, but not by carbonated
earths.

(3) The red infusion of brazil wood, and paper
stained with it, become blue by alcalis and earths,
and even by the latler when dissolved by an excess
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of carbonic acid. In the last-mentioned case, how-
ever, the change will either cease to appear, or
be much lessitemarkable, when the water has been
- botled, ’ _
(4) Syrup .of violets, when pure, is, by the same
causes, turned green * ; as also paper stained with the
juice of the vaolet or with radishes.

I1I. Tincture of Galls.

Tincture of galls is the test generally employed
for discovering iron, with all the combinations of
which it produces a black tinge, more or less mtense
according to the quantity of iron. The iron, how-
ever, in order to be detected by this test, must be in
the state of red oxyd, or if oxydated in a less de-
gree, its effect will not be apparent, unless after
standing sonf® time in contact with the air. By ap-
plying this test before and after evaporation or boiling;
we may know whether the iron be held in solution
by carbonic acid or a fixed acid ; for, )
(1) If it produce its effect before the application
‘of heat, and not afterward, carbonic acid is the
~ solvent.

(2) If after as well as before, a mineral acid is
- the solvent., .
| (3) If by the boiling a yellowish powder be preci-
pitated, and yet galls continue to strike the water black
‘afterwards, the iron, as often happens, is dissolved hoth
by carbonic acid and by a fixed acid. A neat mode

* According to Mr Accum, syrup of vialéts which has lost its

i . colour by Kkeeping may be restored by agitation, during a few
minutes, in contact with exygen gas. 3
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of applying fhe gall-test was used by M. Klaproth,
in his analysis of the Carlsbad water: a slice of the
gall-nut was suspended by a silken thread in a large
bottle of the recent water, and so small was the quan-
tity of iron, that it could only be discovered in water
fresh from the spring. (Klui}rﬂth, p. 279.)

IV. Sulphuric Acid.

(1) Sulphuric acid discovers, by a slight efferves-
cence, the presence of carbonic acid, whether uncom-
bined or united with alcalis or earths,

(2) It lime be present, whether pure or uncom-
bined, the addition of sulphuric acid occasions, after
a few days, a white precipitate.

(3) Barytes is precipitated, instantly, in the form
of a white powder.

(4) Nitrous and muriatic salts, on adding sulphuric
arid and applying heat, are decomposed ; and if a
stopper, moistened with solution of pure ammonia, be
held over the vessel, white clouds will appear. For
distinguishing whether nitric ‘or muriatic acid be the
cause of this appearance, rules will be given here-

after,

V. Nitric and Nitrous Acids.

These acids, if they occasion effervescence, give
the same indications as the sulphuric. The nitrous
acid has been recommended, ‘as a test distinguishing
between hepatic waters that contain sulphuret of pot-
ash, and those that contain only sulphuretted hydrogen
gas. Inthe former case a precipitale ensues on ad-
ding nitrous acid, and a very feetid smell arises; in

i
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the latter a slight cloudiness only appears, and the
smell of the water becomes less disagreeable.

6. Oxalic Acid and Oxalates.

This acid is a most delicate test of lime, which it
separates from all its combinations.

(1) If a water, which is precipitated by oxalic acid,
become milky on adding a watery solution of carbonic
acid, or by blowing air through it from the lungs by
means of a quill or glass tube, we may infer that pure
lime (or barytes, which has never yet been found pure
in waters) is present.

(2) If the oxalic acid occasion a precipitate before
but not after boiling, the lime is dissolved by an excess
of carbonic acid ;

(3) If after boiling, by a fixed acid. A considerable
excess of any of the mineral acids, however, prevents
the oxalic acid from occasioning a precipitate, even
though lime be present ; because some acids decompose
the oxalic, and others, dissolving the oxalate of lime,
prevent it from appearing. (Vid. Kirwan on Waters,
page 88.)

The oxalate of ammonia or of potash (which may
easily be formed by saturating their respective car-
bonates with a solution of oxalic acid) are not liable to
~ the above objection, and are preferable, as reagents, to
the uncombined acid. Yet even these oxalates fail to
detect lime when supersaturated with muriatic or ni-
tric acids; and, if such an excess be present, it must

be saturated, before adding the test, with pure am-
monia.

P
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- The fluate of ammonia, recommended by Scheele,
I find to be a most delicate test of lime, It may be
prepared by adding carbonate of ammonia to diluted

fluoric acid, in a leaden vessel, observing that there be
a small excess of acid.

7. Pure Alcalis and L‘;:Irbonatfd Alcalis.

(1) The pure fixed alcalis precipitate all earths and
metals, whether dissolved by volatile or fixed menstrua,
but only in certain states of dilution ; for example, sul-
phate of alumine may be present in water, in the pro-
portion of 4 grs to 500, without being discovered by
pure fixed alcalis. As the alcalis precipitate so many
substances, it is evident that they cannot afford any
very precise information when employed as reagents.
From the colour of the precipitate, as it approaches to
a pure white or recedes from it, an experienced eye
will judge that the precipitated earth contains less or
more of metallic admixture. ™l

(2) Pure fixed alcalis also decompose all salts with
basis of ammonia, which becomes evident by its smell,
and also by the white fumes it exhibits when a stopper,
moistened with muriatic acid, is brought near.

(3) Carbonates of potash and soda have similar
effects.

(4) Pure ammonia precipitates all earthy and metal-
lic salts. Beside this property it also imparts a deep
blue colour to any liquid that contains copper in a
state of solution.

(5) Carbonate of ammonia has the same properties,
except that it does not precipitate magnesia from its
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combinations, Hence, to ascertain whether this earth
be present in any solution, add the carbonate of am-
monia till no farther precipitation ensues; filter the
liquor, and then add pure ammonia. If any preci-
pitation now occurs, we may infer the presence
of magnesia.

8. Lime-Water.

As any quantity of lime-water that can be included
in a chemical chest would very soon be expended, it
will be necessary for the experimenter to prepare it
himself, which may be done according to the process
described in page 99.

(1) Lime-water is applied to the purposes of a
test, chiefly for detecting carbonic acid. Let any
liquor supposed: to contain this acid be mixed with an
equal bulk of lime-water. If carbonic acid be present,
either free or combined, a precipitate will immediately
appear, which, on adding a few drops of muriatic acid,
will again be dissolved with effervescence.

(2) Lime-water will also show the presence of cor-
rosive sublimate by a brick-dust-coloured sediment.
If arsenic be contained in a liquid, lime-water, when
added, will occasion a precipitate, consisting of lime
and arsenic, which is very difficultly soluble in water.
This precipitate, when mixed up with oil and laid on
hot coals, yields the well-known garlic smell of arsenic,

9. Pure Barytes and its solution in Water.

(1) A solution of pure barytes is even more effectual
than lime-water in detecting the presence of carbonic
P2
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acid, and is much more portable and convenient ; since,
tfrom the crystals of this earth, which are also included
in the chest, the barylic solution may at any time be
mnmediately prepared.  In discovering fixed air, the
solution of barytes is used similarly to lime-waler, and, -
if this acid be present, gives, in like manner, a precipi-
tate soluble with effervescence in dilute muriatic acid.

(2) The barytic solution is also a most sensible test
of sulphuric acid and its combinations, which it indi-
cates by a precipitate not soluble in muriatic acid.
— Pure strontites has similar virtues as a test,

10. Metals.

(1) Of the metals, silver and mercury are tests of
the presence of sulphurets and of sulphuretted hydro-
gen gas. If a little quicksilver be put into a bottle
containing water impregnated with either of these sub-
stances, its surface soon acquires a black film, and, on
shaking, a blackish powder separates from it. Silver
is immediately tarnished by the same cause.

(2) The metals may be used also as tests of each
other, on the principle of elective afimty. Thus, for
example, a polished iron plate, immersed in a solution
of sulphate of copper, sopn acquires a coat of this.
metal ; and the same in other similar examples.

11. Sulphate of Iron.

This is the only one of the sulphates, except that of
silver, applicable to the purposes of a test. When
used with this view, it is generally employed for as-
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certaining the presence of oxygenous gas, ot which a
natural water may contain a small quantity.

A water, suspected to contain this gas, may be mixed
with a little recently-dissolved sulphate of iron and kept
corked up. If an oxyd of iron be precipitated, in the
course of a few days the water may be inﬁ:;rud to con-

tain oxygenous gas.

12. Sulphate, Nitrate, and Acctite, of Silver.

These solutions are all, in some measure, applicable
to the same purpose.

(1) They are peculiarly adapted to the discovery
of muriatic acid and of muriates. For, the silver,
quitting the nitric acid, combines with the muriatic,
and forms a flaky precipitate which, at first, is white,
but, on exposure to the sun’s light, acquires a blueish
colour. This precipitate Dr Black states to contain,
in 1000 parts, as much muriatic acid as would form
4251 of crystallized muriate of soda, which estimate
scarcely differs at all from that of Klaproth. A preci-
pitation, however, may arise from other causes, which it
may be proper to state.

(2) The solutions of silver in acids are precipitated
by carbonated alcalis and earths. The agency of these
may be prevented by previously adding a few drops
of the same acid in which the silver is dissolved.

(3) The nitrate and acetite of silver are decomposed
by the sulphuric and sulphureous acids ; but this may
be prevented by adding, previously, a few drops of
nitrate or acetite of barytes, and, after allowing the

precipitate to subside, the clear liquor may be decanted
bE3
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and the solution of silver added. Should a precipita-
tion now take place, the presence of muriatic acid,
or some one of its combinations, may be suspected.
To obviate uncertainty whether a precipitation be ow-
ing to sulphuric or muriatic acid, a solution of sulphate
of silver may be employed, which is affected only by
the latter acid.

(4) The solutions of silver are also precipitated by
sulphuretied hydrogen and by sulphurets ; but the pre-
cipitate is then reddish, or brown, or black ; or it may
be, at first, white, and afterwards become speedily
brown or black. It is soluble in dilute nitrous acid,
which is not the case if' occasioned by muriatic or
sulphuric acid.

(5) The solutions of silver are precipitated by ex-
tractive matters; but, in this case also, the precipitate
is discoloured and is soluble in nitrous acid.

13. Nitrate and Acetite of Lead.

(1) Acetite of lead, the most eligible of these two
tests, is precipitated by sulphuric and muriatic acids;
but, as of both these we have much better indicators,
I do not enlarge on its application to this purpose.

(2) The acetite is also a test of sulphuretted hydro-
gen and of sulphurets of alcalis, which occasion a
black precipitate ; and, if a paper, on which characters
are traced with a solution of acetite of lead, be held
over a portion of water containing sulphuretted hydro-
gen, they are soon rendered visible.

(3) The acetite of lead is employed in the discovery
of uncombined boracic acid, a very rare ingredient of
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walers. To ascertain whether this be present, some
cautions are necessary. (a) The uncombined alcalis
and earths (if any be suspected) must be saturated with
acetic or acetous acid. (b) The sulphates must be
decomposed by acetite or nitrate of barytes, and the
muriates by acetite or nitrate of silver. The filtered
liquor, if boracic acid be contained in it, will give a
precipitate soluble in nitric acid of the specific gra-
vity of 1.3.

Y4, Nitrate of Mercury prepared with and without
Heat.

This solution; differently prepared, is sometimes em-
ployed as a test, But, since other tests answer the
same purposes more effectually, I have not thought
proper to include the nitrate of mercury in the chest.
For the same reason also oxygenated muriate of mer-
cury is omitted,

L

15. Muriate, Niirate, and Acetite, of Barytes,

(1) These solutions are all most delicate tests of sul-
phuric acid and of its combinations, with which they
give a white precipitate insoluble in dilute muriatic
acid. They are decomposed, however, by carbonates
of alcali; but the precipitate occasioned by these is
soluble in dilute muriatic or nitric acid, with effer-
vescence, and may even be prevented by adding, pre-
viously, a few drops of the acid contained in the ba-
rytic salt.

One hundred grains of dry sulphate of barytes con-
tatn (according to Klaproth, p. 168) about 45 of sul-
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phuric acid of the specific gravity 18505 according to

Clayfield, (Nicholson’s Journal, 4o, iii. 38,) 33 of

acid of s, g. 2240 ; according to Theraud, after cal-
cination, about 25. These estimates differ Very con-
siderably.

From Klaproth’s experiments it appears, that 1000
grains of sulphate of barytes .indicate 595 of desic-
cated sulphate of soda, or 1416 of the crystallized salt.
The same chemist has shown that 100 grains of sul-
phate of barytes are produced by the precipitation of
71 gr. of sulphate of lime.

(2) Phosphoric salts occasion a precipitate, also,which
1s soluble in muriatic acid without effervescence.

16. Prussiates of Potash and of Lime.

Of these two the prussiate of potash is the most
eligible. When pure it does not speedily assume a

-blue colour on the addition of acid, nor does it Zinme-

diately precipitate muriated barytes.

Prussiate of potash is a very sensible test of iron, with
the solutions of which in acids it produces a Prussian
blue precipitate, in consequence of a double elective
affinity. To render its effect more certain, however,
it may be proper to add, previously, to any water, sus-
pected to contain iron, a little muriatic acid, with a
view to the saturation of uncombined alealis or earths,

which, if present, prevent the detection of very minute

quantities of iron.
(1) If a water, after boiling and filtration, does not

afford a blue precipitate, on the addition of prussiate

o .
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of potash, the solvent of the iron may be inferred
to be a volatile one, and probably the carbonic acid,

(2) Should the precipitation ensue in the boiled
water the solvent is a fixed acid, the nature of which
must be ascertained by other tests.

17, Solution of Soap in Alcohol.

This solution may be employed to ascertain the
comparative hardness of waters. With distilled water
it may be mixed, without any change ensuing ; but if
added to 'a hard water it produces a milkiness, more
or less considerable as the water is less pure ; and,
from the degree of this milkiness, an experienced eye
will derive a tolerable indication of the quality of the
water, This effect is owing to the alcali quitting the
oil, whenever there is present in a water any substance
for which the alcali has a stronger affinity than it has
for oil. Thus all uncombined acids, and all earthy and
metallic salts, decompose soap, and occasion that pro-
perty in waters which is termed hardness,

18. Alcohol,

Alcohol, when mixed with any water, in the pro-
portion of about an equal bulk, precipiates all the
salts which it is incapable of dissolving., (See Kirwan
on Waters, p. 263.)

19. Hydro-Sulphuret of Ammonia.

This and other sulphurets, as well as water satu-
rated with sulphuretted hydrogen, may be employed in
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detecting lead and arsenic, with the former of which
they give a black, and with the latter a yellowish, !
precipitate, As lead and arsenic, however, are never
found in natural waters, I shall reserve, for another oc-
casion, what [ have to say of the application of
these tests,

= PR

Substances that may be expected in Mineral Waters, and
the Means of detecting them.

Acids in general. Infusion of litmus, — Syrup of
violets, I.

Acid, boracic. Acetite of lead, XIII. 3.

Acid, carbonic. Infusion of litmus, I. 1. 2, == Lime-
water, VIIL. 1.— Barytic water, IX. 1.

Acid, muriatic. Nitrate and acetite of silver, XII.

Acid, nitric.  Sulphuric Acad, IV. 4.

Acid, phosphoric. Solutions of barytes, XV. 2.

Acid, sulphureous. By its smell, —and destroying
the colour of litinus, and of infusion of red roses : = by
the cessation of the smell a few hours after the addition
of the black oxyd of manganese.

Acid, sulphuric.  Solution of pure barytes, IX. Ba-
rytic salts, XV. Acetite of lead, XII. = |

Alcalis in general. Vegetable colours, II.

Ammonia, by its smell and tests, II. ¥

Barytes and its compounds, by sulphuric acid, IV,

Carbonates in general. Effervesce on adding acids.

Earths dissolved by carbonic acid. By a precipita-
tion on boiling ; — by pure alcalis, VII.

Iron dissolved by carbonic acid. Tincture of galls,
III. 1. Prussiate of potash, XVL 1.
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Iron dissolved by sulphuric acid. Same tests, I1I.
3 XM 2.

Lime in a pure state. Water saturated with car-
bonic acid. Blowing air from the lungs. Oxalic
acid. VL.
dissolved by carbonic acid. Precipitation on
boiling. — Caustic alealis, VII. Oxalic acid, VI.

Magnesia dissolved by carbonic acid. Precipitation
- on boiling, — the precipitate soluble in dilute sulphuric
acid.

Muriates of alcalis. Solutions of silver, XII.

- gof lime.  Sulutions of silver, XII. and oxa-
lic acid, VI,

Sulphates in general. Barytic solutions, IX. and
XV. — Acetite of lead, XII.

Sulphate of alumine. Barytic solutions, IX. and XV.
— A precipitate by carbonate of ammonia not solu-
ble in acetous acid, but soluble in pure fixed alcalis
by boiling.

Sulphate of lime. Barytic solutions IX. and XV.—
Oxalic acid, VI.— A precipitate by alcalis not soluble

| in dilute sulphuric acid.

Sulphurets of alcalis, Polished metals, X, Smell
on adding sulphuric or muriatic acid. — Nitrous
acid, V.

Sulpluretted hydrogen gas. Infusion of litmus, I.
Polished metals, X. Acetiteof lead, XIII, 2. *

* The vapour of putrefying organized matter dissolved in water,

according to Klaproth, p. 599, often gives a deceptive indica-
tion of sulphuretted hydrogen,

-
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The reader, who may wish for rules for the com-
plete. and accurate analysis of mineral waters, will
find in -almost every elementary work a chapter
allotted to this subject. He may, also, consult
Bergman’s Physical and Chemical Essays, vol. i, Es-
say 2d, and Kirwan’s Essay on the Analysis of Mine-
ral Waters, London, 1799. As this manual, how-
ever, may sometimes be employed as a travelling
companion, and may attend the chemist where more
bulky works cannot be had, it may be proper to state,
briefly, the mode of analyzing waters, by the more
certain, but still not unobjectionable, mode of evapo-
ration,

Before evaporation, however, the gaseous products
of the water must be collected, which may be done
by filling with it a large glass bottle capable of hold-
ing about 100 cubical inches, and furnished with a
ground stopper and bent tube. The extricated gas
must be received over mercury, into a graduated jar,
by which its quantity will be ascertained.

The vessels, employed for evaporation, should be of
such materials, as are not likely to be acted on by the §
contents of the water. I prefer those of unglased
biscuit ware, made by Messrs Wedgewoods ; but, as
their surface is not perfectly smooth and the dry
mass may adhere so strongly as not to be entirely |
scraped off, the water, when reduced to about one .
tenth or less, may be transferred, with any deposit
that may have taken place, into a smaller vessel uf
glass. Here, Jet it be evaporated to dryness.
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A. The dry mass, when collected and accurately
weighed, is to be put into a bottle, and alcohol
poured on it, to the depth of an inch. After having
stood a few hours, and been occasionally shaken,
pour the whole on a filter, wash it with a little more
alcohol, and dry and weigh the remainder.

B. To the undissolved residue, add eight times its
weight of cold distilled water ; shake the mixture fres
quently ; and, after sometime, filter; ascertaining the
loss of weight,

C. Boil the residuum, for a quarter of an hour, in
somewhat more than 500 times its weight of water,
and afterwards flter,

D. The residue, which must be dried and weighed,
is no longer seluble in water or alcohol. If it has
a brown colour, denoting the presence of iron, let it
be moistened with water, and exposed to the sun’s
rays for some weeks.

[. The solution in alcohol (A) may contaip one or
all of the following salts :— muriates of lime, mag-
nesia, or barytes, or nitrates of the same earths.
Semetimes, also, the alcohol may take up a sulphate
of iron, in which the metal is highly oxydated, ag
will appear from its reddish-brown colour.

1. In order to discover the quality and quantity of
the ingredients, evaporate to dryness, add above half
its weight of strong sulphuric acid, and apply a mode-
rate heat. The muriatic or nitric acid will be expel-
led, and will be known by the colour of their fumes,
the former being white, and the latter orange co-

loured,
Q
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2. To ascertain whether lime or magnesia be fhe
basis, let the heat be continued till no more fumes
arise, and let it then be raised, to expel the excess
-of wlphuric acid. To the dry mass, add twice its
weight of distilled water. This will take up the
sulphate of magnesia, and leave the sulphate of lime.
The two sulphates may be separately decomposed by
‘boiling with three or four times their weight of
«carbonale of potash. The carbonates of lime and
magnesia, thus obtained, may be separately dissolved
in muriatic acid and evaporated. The weight of the
dry salts will inform us how much of each the alcohol
had taken up.

The presence of barytes, which is very rarely te
be expected, may be known by a precipitation en-
suing on adding sulphuric acid to a portion of the
aleohol-solution, which has been diluted with 50 or 60
dimes its bulk of pure water.

11. The watery solution (B) may contain a variety
of salts, the accurate separation of which from each
.other is a problem of considerable difficulty.

1. The analysis of this solulion may be attempted -

by crystallization.  For this purpose, let one half

e evaporated by a very gentle heat, not exceeding”

80° or 90°, Should any crystals appear on the sur-
face of the solution, while hot, in the form of a
spellicle,  let them be separated and dried on bibu-~
lous paper. These are muriate of soda or commoen
salt. The remaining solution, on cooling very gra-
dually, will, perhaps, afford crystals distinguishable
by their form and other qualities, When various salts,
Jtziwm'et, are.centained in the same solution, it is ex-
\

A0 |

T i o i i i e

%

R T SIS oy ¥y

;
&

u'



‘e

( 188 ),

tremely difficult to- ebtaimn them- sufficiently distinct to-
ascertain their kind.

2. The nature of the saline contents must, there-
fore, be examined by tests or reagents.

The presence of an uncombined alcali will be dis-
covered by the stained papers,. (p. 166,) and of acids
by the tests, (p. 162), The vegetable alcali, or potash,
may be distinguished from the mineral, or soda, by
saturation with sulphuric acid, and evaporation to dry-
ness; the sulphate of soda. being much more soluble
than that of potash ; or by supersaturation with the tar-
tarous acid, which gives a soluble salt with soda, but
not with potash,

If neutral salts be present in the solution, we have
to ascertain both the nature of the acid and of the
basis. This may be done by attention to the rules
already given for the application of tests, which it is
unnecessary fo repeat in this place.

III. The solution by boiling water contains scarcely
_ any thing besides sulphate of lime.

IV. The residuum (D) 1s to be digested in distil-
led vinegar, which takes up magnesia and lime, but
leaves, undissolved, alumine and highly-oxydated
iron. Evaporate the solution to dryness. If it con-
tain acetite of lime only, a substance will be ob-
tained which does not attract moisture from the air;
if magnesia be present, the mass will deliquiate.
To separate the lime ‘from the magnesia, proceed
as in I,

The residue, insoluble in acetous acid, may con-
tain alumine, iron, and silex. The two first ;11:11.' be
dissolved by muriatic acid, from which the iron _may

Q 2
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be precipitated first by prussiate of potash, and fhe
wlumine afterward by a fixed alcali,

Secr. 11. — Examination of Minerals.

‘The chemical analysis of minerals is atiended even
. with greater difficulties than that of natural waters,
It would, therefore, bea vain attempt to comprehend,
in a concise manual, rules sufficiently minute for the
accurate separation of their component principles.
On the present occasion, I mean only to offer a few
general directions for attaining such a knowledge of
the composition of mineral bodies, as may enable the
chemical student to refer them to their proper place in
a mineral arrangement, and to judge whether or not
they may admit of application to the uses of com-
mon life*.

_The great variety of mineral bodies, which nature
presents in the composition of this globe, have been
classed by late writers under a few general divisions.
They may be arranged under four heads. 1st, Earths.
2dly, Salts.  4dly, Inflammable Fossils, — And, 4thly,
Metals, and their Ores.

Earths, The formation of such a definition of
earths as would apply exactly to the bodies defined,
and to no others, is attended with considerable dif=

% Those who are solicitous to become adepts in the art of
analysis, may read attentively the numecrous papers on this sub-
ject disperied through various chemical collections, and espe-
cially an admirable work of M. Klaproth, lately translated inta
English, cntitled, Analytical Effays towards improving the
chemical knowledge of Minerals: _Published by Cadell and

Davis, 1801I.
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flculty, and indeed has never yet been effecieda It
would lead me into too long a discussion to com-
ment, in this place, on the definitions that have
been generally offcred, and to state the grounds of
objection to each of them. Sensible, therefore, that
I am unable to present an unexceptionable character
of earthy bodies, I shall select such a one as may
be sufficient for the less accurate purpose of general
distinction.

“ The term earth,” says Mr Kirwan, “ denotes
a tasteless, inodorous, dry, brittle, uninflammable,
substance, whose specific gravity does not exceed
4,9. (i.e. which is never five times heavier than
water), and which gives no tinge to borax in fusion.”
After stating some exceptions to this definition,
afforded bv the strong taste of certain earths, and
the solubility of others, he adds, ¢ Since, however,
a line must be drawn between salts and earths, I
think it should begin where solution is scarcely per-
ceptible ; salts terminating, and earths, in strict-
ness, commencing, where the weight of the water,
requisite for the solution, exceeds that of the sol-
vend 1000 times. But, not to depart too widely
from the commonly received import of words that
are in constant use, substances, that require 100 times
their weight of water to dissolve them, and have the
other sensible properties of earths, may be so styled
m a loose and popular sense.” :

The simple or primitive earths are those which can-
not be resolved into more remote prmmp{e;. Such are
lime, argill, magnesia, &c.

Q 3
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The compound earths are composed of two or more
primitive earths, united chemically together. Some-
times the union of an earth with an acid constitutes
what is vulgarly called an earth, as in the examples of
sulphate of lime, fluate of lime, &e.

Salts. Under this head Mr Kirwan arranges “ all
those substances that require less than 200 times their
weight of water to dissolve them.” This description,
though by no means so amply “characteristic of the
class of salts as to serve for an exact definition, i }5 suf-
ficient for our present purpose.

“ By Influmimable Fossils,” the same author observes,
“are to be understood all those of mineral origin,
whose principal character is inflammability, a criterion
which excludes the diamond and metallic substances,
though also susceptible of combustion,”

Metallic substances are so well characterized by ex-
ternal properties as not to require any definition.
* Those on which nature has bestowed their proper
metallic appearance, or which are alloyed only with
other metals or semimetals, are called native metals.
But those that are distinguished, as they commonly are
in mines, by combination with some other uninetallic
substances, are said to be mineralized. The substance
that sets them in that state is called a mineralizer, and
the compound of both an ore.” Thus, in the most
common ore of capper, this metal is found oxydated,
and the oxyd cowbined with sulphur. The copper
may be said to be mineralized by oxygen and sulphur,
and the compound of the three bodies s called an ore
el copper.

Ty
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Method of examining a Mineral, the Composition of
which is unknown.

A mineral substance, presented to our examination
without any previous knowledge of its composition,
should first be referred to one of the above four
classes, in order that. we may attain a general know-
ledge of its nature, before proceeding to analyze it
minutely. '

I. To ascertain whether the unknown mineral' con-
tain saline matter, let 100 gra'ins, or any other de-
terminate quantity, in the state of fine powder, be put
into a bottle, and shaken up repeatedly with 30 times
its weight of water, of the temperature of 120 or
130°. After having stoed an heur or two, pour the
contents of the bottle on a filtering-paper, previously
weighed and placed en a funnel. When the water
has drained off, dry the powder on the filter, in a heat
of about 212°, and, when dry, let the whole be accu-
rately weighed. If the weight be considerably less
than the joint weight of the powder before digestion
and the filtering-paper, we may infer that some salt
has been dissolved, and the decrease of weight will
indicate its quantity.

In certain cases it may be advisable to use repeated
portions of boiling water, when the salt suspected to be
present is difficult of solution.,

Should the mineral under examination be proved,
by the foregoing experiment, to contain much salt, the
kind and proportion must next be determined, by rules
which will hereafter be laid down,
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II. The second class, viz. earthy bodies, are distin-
guished by their insolubility in water, by their freedom
from taste, by their uninflammability, and by their spe-
cific gravity never reaching 5. If, therefore, a mineral
be insoluble in water, when tried in the foregoing man-
ner; if it be not consumed, either wholly or in con-
siderable part, by keeping it, for some time, on a red
hot iron; we may conclude that it is neither a salt nor
an inflammable body.

1II. The only remaining class with which it can be
confounded are ores of metals, from many of which
it may be distinguished merely by poising it in the
hand, the ores of metals being always heavier than
earths. Or, if a doubt should still remain, it may be
weighed hydrostatically, The mode of doing this it
may be proper to describe, but the principle on which
the practice is founded cannot,- with propriety, be ex-
plained here. Let the mineral be suspended by a
piece of fine hair, silk, or thread, from the scale of a.
balance, and weighed in the air. Suppose it to weigh
250 grains. Let it next (still suspended to the balance)
be immersed in a glass of water of the temperature of
60°. The scale containing. the weight will now pre-
ponderate, Add, therefore, to the scale from which
the mineral hangs as many grain weights as are neces=
sary to restore the equilibrium. Suppose that 50 grains
are necessary, then the specific gravity may be learned
by dividing the weight in air by the weight lost in
water. Thus, in the foregoing case, 250 —50 =35
. or, a substance which should lose weight in water, ac-
cording to the above proportion, would be five times
heavier than water. It must, therefore, contain some
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metal, though probably in no great quantity. Amy
mineral, which, when weighed in the above manner,
proves to be 5, 6,7, or more, times heavier than water,
may, therefore, be inferred to contain a metal, and may
be referred to the class of ores.

IV. Inflammable substances are distinguished by
their burning away, either entirely or in considerable
part, on a red-hot iron ; and by their detonating, when
mixed with powdered nitre and thrown into a red hot
crucible. Certain ores of metals, however, which con-
tain a considerable proportion of inflammable matter,
answer to this test, but may be distinguished from
purely inflammable substances by their greater specific
gravity.

I shall now proceed to offer a few general rules for
the more accurate examination of substances of each of
the above classes ; without, however, pretending to
comprehend, in this manual, a code of direction suffi-
ciently minute to enable any one to perform a complete
analysis.

1. Examination of Salts.

1. A solution of salt, obtained in the foregoing man-
ner, (see page 187,) may be slowly evaporated and left
to cool gradually. When cold, crystals will probably
. appear, which a chemist, acquainted with the form of
salts, will easily recognize. But, as several different
salts may be present in the same solution, and may not
crystallize in a sufficiently distinct shape, it may be
necessary to have recourse to the evidence of tests.

2. Let the salt, in the first place, be referred to one
ef the following orders ;
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(a) Aeids, or salts with evcess of acid: These are
known by their effect on blue vegetable colours. The
particular species of acid may be discovered by the
tests described, page 178.

(b) Alcalis. These are characterized by their effect
on vegetable colours, and by the other properties enu-~
merated, page 43.

(¢) Salts with metallic bases. These afford a very co--
pious precipitate when mixed with a solution of prus-
siate of potash. To ascertain the species of metal,
precipitate the whole by prussiate of potash, calcine:
the precipitate, and proceed according to the rules
which will hereafter be given for separating metals
from each other.

(d) Salts with earthy bases. If a solution of salt, in-
which prussiate of potash occasions no precipitation,.
afford a precipitate on adding pure or carbonated pot-
ash, we may infer that a compound of an acid, with
some one of the earths, is present in the solution. Or
if, after prussiate of potash has ceased to throw down.
a sediment, the abuve-mentioned alcali precipitates a
farther portion, we may infer that both earthy and
metallic salts are conlained in the solution. In the first
case, add the alcaline solution, and, when it has ceased:
to produce any effect, let the sediment subside, decant
the supernatant liquor, and wash and dry the precipi-
tate. The earths may be examined according to the
rules that will be given in the following article. 1In the
second case prussiate of potash must be added, as
long as it precipitates any thing, and the liquor must
be decanted from the sediment, which is to be washed
with distilled water, adding the washings to what has
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been poured off. The decanted solution must neit be
mixed with the alcaline one, and the precipitated
carths reserved for experiment. By this last pro-
«cess, earths and metals may be separated from each
other.

E. Neutral salts with alcaline bases. These salts are
not precipitated either by prussiate or carbonate of pot-
ash, It may happen, however, that salts of this class
" may be contained in a solution along with metallic
cor earthy ones. In this case the analysis becomes dif-
ficult, because the alcali, that is added to precipitate
the two last, renders it difficult to ascertain whether
the neutral salts are owing to this addition, or were
originally present. I am not aware of any method
of obviating this difficulty, except the following : —
Let the metals be precipitated by prussiate of ammo-
nia, and the earths by carbonate of ammonia, in a tem-
perature of 180° or upwards, in order to ensure the
decomposition of magnesian salts, which this carbonate
does not effect in the cold. Separate the liquor by fil-
tration and boil it to dryness. Then expose the dry
mass o such a heat as 15 sufficient to expel the ammo-
niacal salts. Those with bases of fixed alcali will re-
main fixed. By this process, indeed, it will be impos-
sible to ascertamn whether ammoniacal salts were ori-
gmally present; but this may be learned by adding to
the salt under examination, before its solution in water,
some pure potash, which, if ammonia be contained in
the salt, will produce its peculiar smell. The vege-
table and mineral alcalis may be distinguished by add-
ing to the solution a little tartarous acid, which preci-
Jpitates the former but.not the latter,



Having ascertained the basis of the salt, the acid
will easily be discriminated. Muriated barytes will
indicate sulphuric acid ; nitrate of silver the muriatic ;
and salts .containing nitric acid may be known by a
detonation ensuing on projecting them, mixed with
powdered charcoal, into a red-hot crucible,

11. Lramination of Earths and Stones.

When a mineral, the composition of which we are
desirous to discover, resists the action of water, and
possesses characters that rank it among earthy bodies,
the next object of inquiry is the nature of the earths
that enter into its composition ; in other words, how
many of the simple earths, and which of them, it may
contain. Of these earths, viz. silex, alumine, mag-
nesia, lime, strontites, and barytes, one or more, and
sometimes all, may be expected in the composition of
stones, beside a small proportion of metals, to which
the colour of the stone is owing. In general, however,
it is not usual to find more than four of the simple
earths in one mineral. The newly-discovered earths,
jargonia, glucine, &c. occur very rarely.

A stone which is intended for chemical examination
should be finely powdered, and care should be taken
that the mortar is of harder materials than the stone,
otherwise it will be liable to abrasion, and uncertainty
will be occasioned in the result of the process. A
longer or shorter time is required, according to the tex-
ture of the stone. Of the harder gems, 100 grains
require two or three hours trituration. For soft stones,
a mortar of Wedgewood’s ware is sufficient; but, for
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very hard ones, one of agate or hard steel is required ;
and the stone should be weighed beth before and alter
pulverization, that the addition, if any, may be as-
certained and allowed for. Gems, and stones of equal
hardness, gain generally from 10 to 13 per cent
When a stone is extremely difficult to reduce to
powder, it may sometimes be necessary to make it
red hot, and, while in this state, to plunge it into
cold water. By this process it becomes brittle, and
is afterwards casily pulverized. But this treatment is
not always effectual ; for Klaproth found the hard-
ness of corundum not at all diminished by igniting it,
and quenching in cold water.

The chemical agents, employed in the analysis of
stones, should be of the greatest possible purity. To
obtain them in this state, directions have been given in
the former part of this work.

In treating of the analysis of stones, it may be pto-
per to divide them, lst, into such as are soluble,
either wholly or in part, and with effervescence, in
nitric or muriatic acids, diluted with five or six parts
of water; and, 2dly, into such as do not dissolve in
these acids.

1. Earths or stones, soluble with effervescence, in di-
luted mitric or sulphuric ucids.*

A. If it be found, on trial, that the mineral under
examination effervesces with either of these acids,
let a giw{en weight, finely powdered, be digested
with one of them diluted in the above proportion,

* The sulphuric acid is chiefly eligible for stones of the Mg
nesian genus.

R
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ina gentle heat, for two or three hours. Ascertain
the loss of weight, in the manner pointed out, page
187, and filter the solution, reserving the insoluble
portion.

B. The solution, when effected, may contain lime,
magnesia, alumine, barytes, or strontites. To ascer-
tain the presence of the two last, dilute an aliquot part
of the solution with 20 times its bulk of water, and
add a little sulphuric acid, or, in preference, solution
of sulphate of soda. Should a white precipitate fall
down, we may infer the presence of barytes, of stron-
tites, or of both.

C. To ascertain which of these earths, (viz.
barytes or strontites,) is present, or, if both are
contained in the solution, to separale them from
each other, add sulphate of soda, till the precipitate
ceases ; decant the supernatant liquid; wash the
sediment on a filter ; and dry it. Then digest it,
with four times its weight of pure carbonate of
potash and a sufficient quantity of water, in a gentle
heat, during two or three hours. A double ex-
ehange of principles will ensue, and we shall obtain
a carbonate of barytes or strontites, or a mixture of
both. Pour on these, nitric acid, of the specific
gravity 1.4, diluted with an equal weight of dis-
tilled water. This will dissolve the strontites, but
not the barytes. To determine whether any stron-
tites has been taken up by the acid, evaporate the
solution to dryness, and dissolve the dry mass in al-
cohol. This alcoholic solution, if it contain nitrate
of strontites, will burn with a deep blood-red flame.
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Barytes and strontites may, also, be separafed
from each other in the following manner. To a
saturated solution of the two earths in an acid, add
prussiate of potash, which, if pure, will occasion no
immediate precipitation ; but, after some time, small
and insoluble crystals will form on the surface of the
jar. These are the prussiated barytes, which may be
changed into the carbonate by red heat, continued, with
the access of air, till the black colour disappears.
The strontites may be afterward separated from the
solution by carbonate of potash.

A third method of separating strontites from ba-
rytes is founded on the stronger aflinity of barytes,
than of the former earth, for acids. Hence if the
two earths be present in the same solution, add a
solution of pure barytes, (see page 112,) till the pre-
cipitation ceases. The barytes will seize the acid,
and will throw down the strontites. The strontitic
solution, in this case, should have no excess of
acid, which would prevent the action of the barytic
earth™®,.

D. The mlutmn (B,) after the addition of sul-
phate of soda, may contain lime, magnesia, alumine,
and some metallic oxyds. To separate the oxyds, add
prussiate of potash, till its effect ceases, and filter

the solution, reserving the precipitate for future ex-
periments.

* Klaproth separates barytes from flrontites by evaporating
the folution of both in an acid. The barytic salt, being less su-
luble, separates first ; and the strontic is contained in the last
purtions.

R 2
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E. When lime, magnesia, and alumine, are con-
tained in the same solution, proceed as follows :

(a) Precipitate the solution, previously made hot,
by carbonate of potash; wash the precipitate well
and dry it. It will consist of carbonates of lime,
magnesia, and alumine, (b) The alumine may be
separated, by digestion with a solution of pure potash,
which will dissolve the alumine but not the other
earths. (c) To this solution of alumine, add diluted.
muriatic acid, till the precipitate ceases; decant the
supernatant liquor ; wash the precipitate well with
distilled water, and dry it. Then expose it to alow
red heat, in a crucible, and weigh it, which will give
the proportion of alumine.

F. Magnesia and lime may be separated by the
following process. Ivaporale the solution, in nitric
or muriatic acid, to dryness. Weigh the dry mass,
and pour on it, in a glass evaporating dish®, more
than its own weight of strong sulphuric acid. Ap-
ply a sand heat, till the acid ceases to rise, and then
raise the heat, s0 as to expel the excess of sulphuric
acid. Weigh the dry mass, and digest it m twice

its weight of cold distilled water.  This will dis-

sclve the sulphate of magnesia, and will leave the
sulphate of - lime, which must be put on a filter,
washed with a little more water, and dried in a low
red heat. To estimate the quantity of lime, deduct,
from the weight of the sulphate, 59 per cent. Ac-

# The bottom of a broken Florence flask answers this puipose
extiemely well, and bears, without breaking, the hcat necessary
to expel the sulphuric acid.
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cording to Klaproth, (p.76, n.) crystallized sulphate
of lime contamns one third of earth.

If the lime be only in very stall proportion to the
magnesia, the two sulphates may be separated by eva-
poration, that of lime crystallizing first.

From Klaproth’s experiments, 100 parts of sul-
phuric acid, spec. gr. 1850, when saturated with lime,
give 160 of sulphate. To saturate 100 parts of this
acid, 55 parts of pure lime are required, or 100 of
carbonate of lime.

The magnesia is next to be precipitated from the
sulphate by the carbonate of potash, in a heat ap-
proaching 212°; and the precipitate, alter being
well washed, must be dried, and calcined for an hour,
Its weight, after calcination, will give the quantity of
magnesia contained in the stone.

G. If Ilmgm:s.izl and alumine only be contained
in a solution, (the absence of lime being indicated

* by the nonappearance of a precipitale, on adding
oxalate of ammonia,) the two earths may be sepa-
rated by adding, to the cold solution, the carbomate
of ammonia. This will separate the alumine, which
may be collected, washed, and dried. To ascertain
that a complete separation of the two earths has been
accomplished, the process may be followed recom-
mended by Klaproth, p. 418. The magnesia, re-
maining in solution, may be precipitated by carbo-
nate of potash; heat being applied, to expel the ex-
cess of carbonic acid.

When the solution of magnesia, of alumine, or of
both, contains a small proportion of iron, this may be
separated from either or both of the earths by evapo-

R 3
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rating to dryness, calcining the residue, during two
hours, in a low red heat, and dissolving again in di-
lute nitric acid, which does not take up iron when
thus oxydated. '

H. The insoluble residue (A) may contain alumine, |
silex, and oxyds of metals, so highly charged with ox-
ygen as to resist the action of nitric and muriatic
acids.

(a) Add concentrated sulphuric acid, and evaporate
the mixture, to dryness, in the vessel described in the
note p. 196. On the dry mass pour a fresh portion of -
the acid ; boil again to dryness, and let this be done,
repeatedly, three or four times. By this operation the
alumine will be converted into a neutral sulphate of
alumine, which will be rendered easily soluble in warm
water, by adding a slight excess of acid® ; and, if
a portion of sulphate of potash be added, crystals of
alum will form on evaporation. Let the sulphate of
alumine be washed off, and the insoluble part be col-*
lected and dried. The alumine may be precipitated
by carbonate of potash; washed, dried, and ignited ; - '
and its weight ascertained. \

- During the evaporation of a solution of alumine,
which has been separated from silex, portions of the
latter earth comtinue to fall, gven to the last. (See
Klaproth, p. 66 and 75.) These must be collected
and washed with warm water, the_m]lm:le& earth
“added to the portion b, and the washings to the solu-

lIJ‘II: _'.- -
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* Mi Klaproth obrined crystals of alum from one fourth of =

‘grain of alumine.
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Alumine may be separated from oxyd of iron by #
solution of pure polash.

From whatever acid alumine is precipitated by fixed
alcali, it is apt to retain a small portion of the precipi-
tant. To ascertain the true quantity of this earth, it
must, therefore, be redissolved in acetous acid, again
precipitated by solution of pure ammonia, dried, and
ignited.

(b) The oxyds (generally of iron only) may be se-
parated from the silex in the following manner : — Let
the insoluble part (a) be heated in a crucible with a
little wax, This will render the oxyds soluble in di-
luted sulphuric acid, and the silex will be left pure
and white. Let it be washed, ignited, and its weight
ascertained.

2. Stones insoluble in diluted nitric and muriatic
acids. :

These stones must be reduced to powder, observing
the cautions given in page 192.

I. Let 100 grains, or any other determinate quan-
tity, be mixed with three times their weight of pure
and dry potash. Put the whole into a crucible 1?{'
silver or platina, and add a little water *. The cru-
cible, covered with a lid, must then be gradually
heated ; and,as the materials swell and would boil over,
they are to be stirred constantly with- a rod of silver

.
* Klaproth effected the disintegration of corundum (which re-
. sisted cieven successive fusions with alcali) by adding to the
‘powdered stone, in a crucible, a solution of pure potash, boiling
1o dryness, and pushing the mixture to fusion. The alcali must
be perfectly caustie, and ‘must have been purified by alcohel, a
recommended page 43,
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or platina. When the moisture is dissi pated, and the
mass has become quite dry, raise the heat,as far as can
be done without melting the crucible, if of silver, and
continue the heat during half’ an hour or an hour.

The phenomena that occur during this operation in-
dicate, in some degree, the nature of the mineral under
examination. I the mixture undergo a perfectly li-
quid fusion, we may presume that the stone contains
much siliceous earth ; if it remain pasty and opaque,
the other earths are to be suspected ; and, lastly, if it
have the form of a dry powder, the bulk of which has
considerably increased, it is a sign of the predominance
of alumine. -

If the fused mass have a dark green or brownish
colour, the presence of oxyd of iron is announced ; a
bright green indicates manganese, especially if the
colour be imparted to water; and a yellowish greea
the oxyd of chrome.

K. The crucible, being removed from the fire, is to
be well cleaned on the outside, and set, with its con-
tents, in a porcelain or glass vessel, filled with hot
water, which is to be stirred and renewed, occasion-
ally, till the whole mass is detached. The water dis-
solves a considerable part of the compound of alumine
and silex with potash, and even the whole, if added
in sufficient quantity. During cooling, a sediment oc-
casionally forms, in the filtered liquor, of a brownish
colour, which is oxyd of manganese. (Sce Klap-
roth, 345, b.)

I.. To the solution (K), and the mass that has re-
sisted solution, in the same vessel, add muriatic acid.
The first portions of acid will throw down a flocculent
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sediment, which consists of the earths that were held
dissolved by the alcali. Then an effervescence ens
sues; and a precipitate occurs, which is no sooner
formed than it is dissolved. Lastly, the portion that
resisted the action of water is taken up, silently if it
contains alumine, and with effervescence if it be cal-
careous earth.

M. From the phenomena attending the action of
muriatic acid some indications may be derived. If
the solution assume a purplish red colour, it is a sign of
oxyd of manganese; an orange red shows iron; and a
gold yellow colour betokens chrome. Freedom from
colour proves that the stone contains no metallic n-
gredients.

N. When the solution is complete it is to be eva-
porated to dryness, in a glass vessel ; but, if any thing
resist solution, it must be heated, as before, (I,) with
potash. When the liquor approaches to dryness, it
assumes the form of a jelly, and must then be diligently
stirred till quite dry.

O. (a) Let the dry mass be digested, in a gentle
heat, with three or four pints, or even more, of dis-
tilled water, and filtered. (b) Wash what remains on
the filter, repeatedly, till the washing ceases to precipi-
tate the nitrate of silver, and add the washings to the
filiered liquor. (c) Let the residue on the filter be
dried and ignited in a crucible. Its weight shows the
quantity of silex. If pure it should be perfectly white,
but if it has any colour an admixture of some metallic
oxyd is indicated.  From this it may be purified by di-
gestion in muriatic acid, and may again be washed, ig-
nited, and weighed.
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- P. The solution (O), which, owing to the addition
of the washings, will have considerable bulk, is next
to be evaporated, till less than a pint remains; car-
bonate of potash must then be added, and the liquor
- must be heated during a few minutes. Let the preci-
pitate, occasioned by the aleali, subside; decant the
liquor from above it, and wash the sediment, repeat-
edly, with warm water. Let it then be put on a filter
and dried. |

Q. The dried powder may contain alumine, lime,
magnesia, barytes, or strontites; besides metallic oxyds,
which may be separated from each other by the rules
already given.

R. It may be proper to examine the solution (P)
after the addition of carbonate of potash, in order to
discover whether any and what acid was contairied in
the stone.

- (a) For this purpose let the excess of alcali be neu-
tralized by muriatic acid and the liquor filtered.

(b) Add to a little of this liquor a solution of mu-
riated baryles. Should a coprous precipitate ensue,
which is insoluble in dilute muriatic acid, the presence
of sulphuric acid is detected. And if much barytes,
strontites, or lime, has been found in the precipitate Q,
we may infer the presence of a sulphate of one of
these three earths,

(c) If, on mixing the ]1qu1& (a) with the solution of
muriated barytes, a precipitate ensues which is soluble,
without effervescence, in muriatic acid, the phosphoric
acid may be known to be present ; and, if lime be also
found, the phosphate of lime is indicated.
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(d) To a portion of the liquor (a] add a solution of
muriate of lime till the precipitate, if any, ceases. Col-
lect this precipitate, wash it, dry it, and pour on ita
little sulphuric acid. Should acid fumes arise, the
fluoric acid may be suspected. To ascertain its pre-
sence decisively, distil a portion of the precipitate
with half its weight of sulphuric acid. The fluoric
acid will be known by its effects on the retort, and by
. the properties described page 106.

"~ §. The method of separating, from each other, the
metallic oxyds, usually found as the colouring ingre-
dients of stones, remains to be accomplished.

(a) Let the precipitate, by the prussiate of potash,
(D,) be exposed to a red heat, by which the prussic
acid will be decomposed. Tlre oxyds thus obtained,
it insoluble in dilute nitric or muriatic acid, will be ren-
dered so by again calcining them with the addition
of a little wax or oil.

(b) Or the process may be varied by omitting the
precipitation by prussiate of potash, and proceeding as
directed, E. page 196.

The oxyds will remain mixed with the magnesia
and lime, and, after the addition of sulphuric acid,
will be held in solution by that acid, along with mag-
‘nesia only.

In both cases the same method of proceeding may
be adopted, such variation only being necessary as is
occasioned by the presence of magnesia in the latter.

(c) To the solution (a or b) containing several me-
tallic oxyds dissolved by an acid, add a solution of
crystallized carbonate of potash as long as any preci-
pitation ensues. This will separate the axyds of iron,
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chrome, and nickel ; but the oxyd of manganese and
the magnesia, if any be present, will remain dis-
solved.

If a small quantity of oxyd of manganese be sus-
pected in an oxyd of iron, it may be detected by mixing
the oxyd with nitre, and throwing the mixture into a
red-hot crucible. Manganese will be indicated by an
amethystine red tinge in the solution of this nitre.

(d) Magnesia and oxyd of manganese may be se-
parated by adding to their solution (¢) the hydro-sul-
phuret of potash, (see p. 71, F,) which will throw
down the manganese, but not the magnesia. The pre-
cipitated manganese must be calcined with the access
of air and weighed. The magnesia may afterward
be separated by solution of pure potash; and, when
precipitated, must be washed, dried, and calcined.

(e) The oxyd of chrome may be separated from
those of iron and nickel, by repeatedly boiling the |
three, to dryness, with nitric acid. This will acidify
the chrome, and will render it soluble in pure potash,
which does not take up the other oxyds. From this
combination with potash the chromic oxyd may be de-
tached, by adding muriatic acid and evaporating the
liquor till it assumes a green colour. Then, on adding
a solution of pure potash, the oxyd of chrome will fall
down, because the quantity of oxygen, required for
its acidification, has been separated by the muriatic
acid.

(f) The oxyds of iron and nickel are next to be
dissolved in muriatic acid; and to the solution pure
Jiquid ammonia is to be added, till there is an evident
excess of it, The oxyd af iron will be preeipitated,




( 205 )

and must be dried and weighed. If highly oxydated,
it must, before weighing, be calcined with wax, in a
crucible. The oxyd of nickel remains dissolved by the
excess of ammonia, to which it imparts a blue colour.
It may be separated by evaporating the solution to
dryness and dissolving the salt™.

The analysis of the stone is now completed, and its
accuracy may be judged by the correspondence of the
weight of the component parts with that of the stone
originally submitted to experiment.

It may be proper to cbserve, that certain stones,
which are not soluble in diluted nitric and muriatic
acids, may be decomposed by an easier process than
that described A. Among these are the compounds of
barytes, strontites, and lime, with acids, chiefly with
the sulphuric, fluoric; and phosphoric. The sulphates
of barytes, strontites, and lime; the fluate of lime ;
and the phosphate of lime; are all found native in the
earth, and, except the last, are all insoluble in the
above-mentioned acids. They may be known gene-
rally by their external characters. The compounds of °
barytes and strontites have a specific gravity greater
than that of other earths, but inferior to that of metallic
~ores. They have, frequently, a regular or crystallized
form, are more or less transparent, have some lustre,
and their hardness 1s such as does not prevent their
vielding to the knife. The combinations of lime, with
the above-mentioned acids, are distinguished by simi-

* For an .example of the separation of nickel from iron, see
Klaproth, p. 422 ; where, also, and page 428, is an instance of
the resting of nickel fur copper.

S
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lar characters, except that "the_}f are much less heavy,
To the mineralogist the outward form and characters of
these stones are sufficient indications of their com-
position.

Instead of the fusion with alcali, an easier process
may be recommended. Let the mineral under ex-
amination be reduced to powder, and be digested, in
nearly a boiling heat, during one or two hours, with
three or four times its weight of carbonate of potash,
and a sufficient quantity of distilled water. The acid,
united with the earth, will quit it and pass to the pot-
ash, while the carbonic acid will leave the alcali and
combine with the earth. We shall obtain, therefore,
a compound of the acid of the stone with potash,
which will remain in solution, while the carbonated
earths will form an insoluble precipitate. The solution
may be assayed to discover the nature of the acid, ae-
cording to the formula I'; and the earths may be sepa-
rated from each other by the processes B, &c.

T. In the foregoing rules for analysis I have omitted
the mode of detecting and separating glucine, because
this earth is of very rare occurrence. When alumine
and glucine are present in a mineral, they may be se-
parated from the precipitate (E. a.) by pure potash,
which dissolves both these earths, A sufficient quan-
tity of acid is then to be added to saturate the alcali ;
and carbonate of ammonia is to be poured in till a con-
siderable excess of this carbonate is manifested by the
smell. The alumine is thus separated, but the glucine,
being soluble in the carbonate of ammonia, remains
dissolved, and may be precipitated by boiling the
solution.

C
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U. The presence of potash (which has lately been 4
discovered in some stones) may be detected by boiling
the powdered mineral, repeatedly, to dryness, with
strong sulphuric acid. Wash the dry mass with water,
add a little excess of acid, and evaporate the solution
to a smaller bulk. If crystals of alum should appear,
it is a decisive proof of potash, because this salt can
never be obtained, in a crystallized form, without the
addition of the vegetable alcali.

But, since a mineral may contain potash, and little
or no alumine, in which case no crystals of alum will
appear, it may be necessary, in the latter case, to add
a little alumine along with the sulphuric acid. Or the
stone may be so hard as lo resist the action of sul-
phuric acid ; and it will then be necessary to fuse it
(in the manner directed, 1) with soda, which has also
a solvent power over alumine and silex. The fused
mass is to be dissoived in water, and supersatuiated
with sulphuric acid. Evaporate to dryness, redissolve
in water, and filter, to separate the silex. KEvaporate
the solution, which will first afford crystals of sulphate
of soda and afterwards of sulphate of alumine, should
this alcali be contained in the mineral,

Klaproth first discovered potash in leucite, on sum-
ming up the resulis of its analysis, which gave a con-
siderable loss of weight. By boiling the stone with di-
luted muriatic acid, and evaporation, he obtained crys-
tals of muriate of potash. Another proof of the pre-
sence of potash was, that, when sulphuric acid was
boiled with it, the solution gave crystals of alum, to
which potash is essential. He also hoiled the stone
with muriatic acid, and, after dissolving the muriate of

S 2
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alumine by alcohol, muriate of potash remained. The
volcanic leucite contained less potash than other kinds.
The same alcali he also detected, afterwards, in

s lepidolite.

~ The potash, contained in sulphate of alumine, may
be separated from the earth by adding a solution of
pure barytes as long as any precipitation is produced.
The alumine and sulphate of barytes will fall down
together, and the potash will remain in solution. Its
presence may be known by the tests, p. 183, II. 2.

V. Soda may be detected in a mineral by the fol-
lowing experiments : — Let the powdered stone be
treated with sulphuric acid; as in U ; wash off' the so-
lation, and add pure ammonia till the precipitation
ceases : then filter, evaporate the solution to dryness,

. and raise the heat so as to expel the sulphate of ammo-
nia. The sulphate of soda will remain, and may be
—+—— knewn by the characters, page 67." '

Soda was first found, by Klaproth, i chryolite, in the
large proportion of 36 per cent. This analysis was con-
firmed by Vauquelin, whose mode of separaling it hap-
pens to be the one I now recommend.

9. Substances which may be expected in Earths and Stones,
and the Means of separating them from each other.

Acid, fluoric, R. d.
phosphoric, R. c.

sulphuric, R. b, ]
Alumine from lime and maghesia, E. - {

its quantity, E. c.
from magnesia, G.

-i.'

gl
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Alumine from silex, H. a.
metallic oxyds, H.a.
glucine, T.
Barytes and Strontites from other earths, B.
from strontites, C.
Chrome from manganese, &c.
; ivon and nickel,
Earths from oxyds, D.
Glucine from alumime, T.
Iron from manganese, S. e.
nickel, S. f.
Lime from magnesia, F.
alumine, E. b.
its quantity, F.
Magnesia from lime, F.
alumine, G.
manganese, S. d.
its quantity, F.
Manganese, indications of, M.
from iron, chrome, and nickel, S. c.
from magnesia, S. d.
Nickel from manganese, S. e.
iron, S. f.
Oxyds, metallic, from earths, D.
Potash from earths and oxyds, U.
Silex from alumine, H. a.
earths in general, O, c.
oxyds, H. b,
Soda from earths and oxyds, V.
Strontites, see Barytes.

S. ¢
3. e.

S 3
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III. Analysis of inflammable Fossils.

" The exact analysis of inflammable fossils is seldom

necessary in directing the most beneficial application of
them. It may be proper, however, to offer a few
general rules for judging ot their purity.

I. Sulphur. Sulphur should be entirely volatilized
by distillation in a glass retort. If any thing remain
fixed, it must be considered as an impurity and may
be examined by the preceding rules.

Sulphur, also, should be totally dissolved by boiling
with solution of pure potash, and may be separated
from its impurities by this alcali.

Impure sulphur, consumed by buming in a small
crucible, leaves a residue of oxyd of iron and silex.

2, Couls.

1. The proportion of bituminous matter in coal may
be learnt by distillation, in an earthen retort, and col-
lecting the product.

2. The proportion of earthy or metallic ingredients
may be found, by burning the coal, with access of air,
on a red-hot iron. 'What remains unconsumed must be
considered as an impurity, and may be analyzed by the
foregoing rules.

3. The proportion of carbon may be ascertained by
observing the quantity of nitrate of potash which a
given weight of the coal is capable of decomposing.
For this purpose, let 500 grains, or more, of perfectly-
pure nitre be melted in a crucible, and, when red-hot,
let the coal to be examined, reduced to a coarse pow-

1 ':_ a u.ﬂ.».u!—-————- - . -
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der, be projected on the nitre, by small portions at
once, not excecting one or two grains. Immediately,
“when the flame occasioned by one projection has
ceased, let another be made, and so on till the effect
ceases. The proportion of carbon in the coal is di-
rectly proportionate to the quantity required to alcalize
the nitre. Thus, since 12:709 of carbon are required
to alcalize 100 of nitre, it will be easy to deduce the
quantity of carbon, in a given weight of coal, from
the quantity of nitre which it 1s capable of decom-
* posing. ~ This method, however, is liable to several
objections, which its inventor, Mr Kirwan, seems
fully aware of. See his Elements of Mineralogy,
vol. IL. p. 514. |
'Pfumbagn, or black lead, is another inflammable sub-
stance which it may sometimes be highly useful to be
able to identify, and to judge of its purity. — When
projected on red-hot nitre, it should detonate ; and, on
dissolving the decomposed nitre, an oxyd of iron
should remain, amounting to one tenth the weight of
the plumbago. Any mineral, therefore, that answers
to these characters, and leaves a shining trace on
paper, like that of the black-lead pencils, is plum-
bago.

1V. Analysis of Memffic Oves.

The class of metals comprehends so great a number
of individuals, that it is almost impossible to offer a
comprehensive formula for the analysis of ores. Yet
some general directions are absolutely necessary to

enable the naturalist to judge of the composition of
bodies of this class.
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The ores of metals may be analyzed in two modes,
in the humid and the dry way. The first is eftected
with the aid of acids and of other liquid agents, and
may often be accomplished by persons who are pre-
vented, by the want of furnaces and other necessary
apparatus, from attempting the second.

It 1s hardly possible to employ a solvent capable of
taking up all the metals.  Thus, the nitric acid does
not act on gold or platina; and the nitro-muriatic, which
dissolves these metals, has no solvent action on silver.
It will be necessary, therefore, to vary the solvent ac-
cording to the nature of the ore under examination.

For ores of gold and platina, the nitro-muriatic acid is
the most proper solvent. A given weight of the ore
may be digested with this acid, as long as it extracts
any thing. The solution may be evaporated to dryness,
in order to expel the excess of acid, and dissolved in
water. The addition of a solution of tin in muriatic
acid will show the presence of gold by the purple pre-
cipitate ; and platina will be indicated by a precipitate,
on adding a solution of muriate of ammonia. When
gold and platina are both contained in the same solu-
tion, they may be separated from each other by the
last-mentioned solution, which throws down the platina
but not the gold.  In this way platina may be detached
also from other metals.

When gold is contained in a solution along with
several other metals, it may be separated from most of
them by adding a dilute solution of sulphate of iron.
The only metals, which this salt precipitates, are gold,
silver, and mercury.
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For extracting silver from ité ores, the nitric acid is
the most proper solvent. ' Nitric acid, however, does
not act on horn-silver ore, which must be decomposed
by carbonate of soda. The silver may be precipitated
from nitric acid by muriate of soda (common salt).
Every hundred parts of the precipitate contain 75 of
silver. But, as lead may be present in the solution,
and this metal is also precipitated by muriate of soda,
it may be proper t5 immerse in the solution (which
should not have any excess of acid) a polished plate of
copper. This will precipitate the silver, if present, in
a metallic form. The muriate of silver is also soluble
in liquid ammonia, which that of lead is not. For ex-
amples of the analysis of silver ores, the reader may
consult Klaproth, p. 554, &ec.

Copper ores may be analyzed by boiling them with
five times their weight of concentrated sulphuric acid,
till a dry mass is obtained, from which water will ex-
tract the sulphate of copper. This salt is to be decom-
posed by a polished plate of iron, immersed in a dilute
solution of it. The copper will be precipitated in 2
metallic state, and may be scraped off and weighed.

If silver be suspected along with copper, nitrous
acid must be employed as the solvent, and a plate of
polished copper will detect the silver.

The reader who engages in the analysis of copper
ores will derive much advantage from the examples to
be found in Klaproth’s Essays, p. 54, 541, &c.; and
also from Mr Chenevix’s paper on the analysis of arse-
niates: of copper and iron, Phil. Trans. 1801 ; Nichol-
son’s Journal, 8vo. vol. i ; or Phil, Mag,.

I . k
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fron ores may be dissolved in dilute muriatic acid,
or, if too highly oxydated to be dissolved by this acid,
they must be previously mixed with one eighth of their
weight of powdered charcoal, and calcined in a cru-
cible for one hour, The iron is thus rendered soluble.

The solution must then be diluted with 10 or 12
times its quantity of water, previously well boiled, to
expel the air, and must be preserved in a well-stopped
glass bottle for six or eight days. The phosphate of
iron will, within that time, be precipitated, if any be
present, and the liquor must be decanted off.

The solution may contain the oxyds of iron, manga-
nese, and zinc. It may be pricipitated by carbonate
of soda, which will separate them all. The oxyd of
zinc will be taken up by a solution of pure ammonia; -
distilled vinegar will take up the manganese, and will
leave the oxyd of iron. From the weight of this,
after ignition, during a quarter of an hour, 28 per cent.
may be deducted. The remander shows the quantity
of iron.

Tin ores. To that most accomplished analyst, Klap-
roth, we owe the discovery of a simple and effectual
mode of analyzing tin ores in the humid way.

Boil 100 grains, in a silver vessel, with a solution of
600 grains of pure potash. = Evaporate to dryness; and
then ignite, moderately, for halt an hour. Add boiling
water, .and, if any portion remain undissolved, let it
undergo a similar treatment.

Saturate the alcaline solution with muriatic acid,
which will throw down an oxyd of tin. Let this be
redissolved by an excess of muriatic acid, again pre-
cipitated by carbonate of soda; and, being dried and
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weighed, let it, after lixiviation, be again dissolved in
muriatic acid. The insoluble part consits of silex.
Into the colourless solution, diluted with two or three
parts of water, put a stick of zinc, round which the
reduced tin will collect. Scrape off the deposit, wash,
dry, and fuse it under a cover of tallow in a capsule
placed on charcoal. A button of pure metallic tin will
remain at the bottom, the weight of which, deducted from
that of the ore, indicates the proportion of oxygen.

The presence of tin in an ore is indicated by a
purple precipitate, on mixing its solution in muriatic
acid with one of gold in nitro-muriatic acid.

Lead ores may be analyzed by solution in nitric acid
diluted with an equal weight of water. The suolphur,
if any, will remain undissolved. Let the solution be
precipitated by carbonate of soda. If any silver be
present, it will be taken up by pure liquid ammonia,
Wash off the excess of ammonia by distilled water ;
and add concentrated sulphuric acid, applying heat, so
that the muriatic acid may be wholly expelled.” Weigh
the sulphate of lead, and, after deducting 70 per cent.
the remainder shows the quantity of lead.

Muriate of lead may also be separated from muriate
of silver by its greater - solubilily in warm water.
From the solution, iron may be separated by prussiate
of potash, and the solution decnmpmeﬂ by sulphu-
ric dcid.

Mercury may be detected in ores that are supposed
to contain it, by distillation in an earthen retort with
half their weight of iron ﬁlings or lime. The mer=
cury, if any be present, will rise an.d be cundensed in
the receiver, & 1k §
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Ores of zinc may be digested with the nitric acid,
and the part that is dissolved boiled to dryness, again
dissolved in the acid, and again evaporated. By this
means the iron, if any be present, will be rendered in-
soluble in dilute nitric acid,” which will take up the
oxyd of zine. . To this solution add pure liquid am-
monia, in excess, which will separate the lead and
iron, if any should have been dissolved; and the ex-
cess of alcali will retain the oxyd of zinc. This may
be separated by the addition of an acid.

Antimonial ores.  Dissolve a given weight, in three
or four parts of muriatic and one of nitric acid. This
will take up the antimony, and leave the sulphur, if
any. On dilution with water, the oxyd of antimony
1s ' precipitated, and the iron and mercury remain dis-
solved. Lead may be detected by sulphuric acid.
See Klaproth on the analysis of antimoniated silver
ore, p. 560, Y :

Ores of arsenic may be digested with nitro-muriatic
acid, composed of one part nitrous and one and a half
or two of muriatic. = Evaporate the solution to one
fourth, and add water, which will precipitate the arse-
nic, The iron may afterwards be separated by am-
monia. See Chenevix, Phil. Trans: 1801, p. 213.

Oves of bismuth are also assayed by digestion in
nitric acid mﬁdemtely diluted. The addition of water
precipitates the oxyd, and, if not wholly separated at
first, evaporate the solution ; after which a farther ad-
dition of water will precipitate the remainder, See
.&.ﬁgl}rsis of an Ore of Bismuth and Silver, in Klaproth,
p. 554. . Mode of detecting a small Quantity of Silver

in Bismuth, ditto, p. 220. c. &
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Ores of cobalt may be dissolved in nitro-muriatic
acid. Then add carbonate of petash, which, at first,
separates iron and arsenic. Filter, and add a farther
quantity of the carbonate, when a greyish-red preci-
pitate will fall down, which is oxyd of cobalt. The
iron and arsenic may be separated by heat, which vo-
latilizes the arsenic. Cobalt is also ascertained, if the
solution of an ore in muriatic acid give a sympathetic
ink : see p. 140. An example of the analysis of an
ore of cobalt may be seen in Klaproth, p. 564 ; and of
sulphate of cobalt, p. 579.

Ores of nickel. Dissolve them in nitric acid, and
add to the solution pure ammonia, in such proportion
that the alcali may be considerably in excess. This
will precipitate other metals, and will retain the oxyd
of nickel in solation, which may be obtained by evapo-
ration to dryness, and heating the dry mass till the
nitrate of ammonia has sublimed.

Ores of manganese. The earths, and several of the
metals, contained in these ores, may first be separated by
diluted nitric acid, which does not act on highly-
oxydated manganese. The ore may afterward be di-
gested with strong muriatic acid, which will take up
the oxyd of manganese. Oxygenated muriatic acid
will arise, if a gentle heat be applied, and may be
known by its peculiar smell, and by its discharging the
colour of wet litmus paper exposed to the fumes.
From muriatic acid the manganese is precipitated by
carbonate of soda, in the form of a white oxyd, which
becomes black when heated in a crucible. Ores, sus-
pected to contain wanganese, may also be distilled per
se, or with sulphuric acid, when oxygenous gas will

T
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l'_ae obtained. Oxyd of manganese may be separated
from oxyd of iron by solution of pure potash, which
t-f'xkes up the former but not the latter. See the analy-
sis of an ore of manganese, via humida, in Klaproth,
P- 510 ; and of a cobaltic ore of manganese, p. 569.

Ores of manganese may also be distinguished by the
colour they impart to borax, when exposed together to
the blow-pipe. See p. 139.

Ores of uranite. These may be dissolved in dilute
nitric acid, which takes up the uranitic oxyd and leaves
that of iron ; or in dilute sulphuric acid, which makes
the same election, Or, if any iron has got into the so-
lution, it may be precipitated by zinc. Then add
caustic potash, which throws down the oxyds of zinc
and uranium. The former may be separated by di-
gestion in pure ammonia, which leaves, undissolved,
the oxyd of uranite. ‘This, when dissolved by dilute
sulphuric acid, affords, on evaporation, crystals of a
lemon-yellow colour.

If copper be present, it will be dissolved, along with
the zinc, by the ammonia. If lead, it will form with
sulphuric acid a salt much less soluble than the sul-
phate of uranite, and which, on evaporation, will,
therefore, separate first.

Ores of tungsten. For these the most proper treat-
ment seems to be digestion in nitro-muriatic acid, which
takes up the earths and other metals. The tungsten
remains in the form of a yellow oxyd, distinguishable,
by its becoming white on the addition of liquid am-
monia, from the oxyd of uranite. To reduce this
oxyd to tungstenite, mix it with an equal weight of
dried blood, heat the mixture to redness, press it into
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another crucible, which should be nearly ‘full, and
apply a violent heat for an hour at least.

Ores of molybdenu. Repeated distillation to dryness,
with nitric acid, converts the oxyd into an acid, which
is insoluble in nitric acid, and may be thus separated
from other metals, except iron, from which it may be
dissolved by sulphur:{* or muriatic acids. The solution
in sulphuric acid is blue when cold, but colourless
when heated. That in muriatic acid is only blue when
the acid is heated and concentrated. See Hatchett’s
Analysis of the Carinthian Molybdate of I.ead, Phil.
Trans. 1796 ; and Klaproth, p. 534, 538.

Analysis of Ores in the dry Way.

To analyze ores in the dry way, a method which
affords the most satisfactory evidence of their compo-
sition, and should always precede the working of large
and expensive strata, a more complicated apparatus is
required. An assaying furnace, with moffles, cruci=
bles, &c. are abmluteiy necessary ; but, as these may
be found described in most elementary books, [ shall
omit the detail of them in this place,

The reduction of an ore requires, frequently, pre-
viously roasting, to expel the sulphur and other volatile
ingredients. Or this may be effected by mixing the
powdered ore with mitre, and projecting the mixture
into a crucible. The sulphate of potash, thus formed,
may be washed off, and the oxyd must be reserved for
subsequent experiments.

As many of the metals retain their oxygen so for-
cibly, that the application of heat is incapable of ex-
pelling it, the addition of inflammable matter becomes

§ L35
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expedient.  And, to enable the reduced particles of
metal to agglutinate and form a collected mass, instead
of scattered grains, which would otherwise happen,
some fusible ingredient must be added, through which,
when in fusion, the reduced metal may descend, and
be collected at the bottom of the crucible, Substances
that answer both these purposes are called fuxes.
The alcaline and earthy part of fluxes serve also
another end, viz. that of combining with any acid
which may be attached to a metal, and which would
prevent its reduction if not separated.

The ores of different metals, and different ores of the
same metal, require different fluxes. To offer rules,
however, for each individual case would occupy too
much room in this work : I shall, therelore, only state
a few of these fluxes that are most generally ap-
plicable.

The black flux (described page 136, note) is a very
good one. Two parts of muriate of soda, previously
dried in a crucible; one part of powdered lime, one
part of fluate of lime, and half a part of charcoal : or,
four hundred parts of calcined borax, forty of lime,
and fifty of charcoal : or, two parts of pounded glass,
one of borax, and half a part of charcoal, are all well
adapted to the purpo:e of fluxes. The ore, after
being roasted, if necessary, is to be well mixed with
three or four times its weight of the flux and put info
a crucible, with a little powdered charcoal over the
curface. A cover must be luted on, and the crucible
exposed to the necessary heat ina wind-furnace. Ores
of iron, as being difficultly reduced, require a very

-
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P AR E. HIL

Application of chemical Tests and Reagents to various

useful wmes. L

Sect. I.— Method f deteating Poisons.

HEN sudden dea
_ occasioned by the admiif§iration—e# poisons, gither
wilfully or by accident, tli#t®timony of the physician
is occasionally required, to confirm or mvalidate this
snspicion. He may also be sometimes called upon to
ascertain the cause of the noxious effects, arising from
the presence of poisonous substances in articles of diet ;
and it may, therefore, serve an important purpose, to
point out concisely the simplest and most practicable
modes of obtaining, by experiment, the necessary in-
formation.

The only poisons, however, that can be clearly and
decisively detected by chemical means, are those of the:
mineral kingdom. Arsenic and corrosive sublimate
are most likely to be exhibited with the view of pro-
ducing death ; and lead and copper may be intmducet?,
undesignedly, in several ways, into our food and drink.
The continued operation of the two last may often,
unsuspected, produce effects less sudden and violent,
but not less baneful to health and life, than the more
active poisons; and their operation generally involves,
in the pernicious consequences, a greater number of
sufferers.

to have been
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1. Method of discovering Arsenic.

When the cause of sudden death is believed, from
. the symploms preceding it, to be the administration of
arsenic, the contents of the stomach must be attentively
~ examined. To effect this, let a ligature be made at
each orifice, the stomach removed entirely from -the
body, and its whole contents washed out mto -an
earthen or glass vessel. The arsenic, on account of 1ts
greater specific gravity, will settle to the bottom, and
may be obtained separate by washing off the other sub-
stances, by repeated affusions of cold water.. These
washings should not be thrown away till the presence
of arsenic has been clearly ascertained. It may be
expected at the bottom of the vessel in the form of a
white powder, which must be carefully collected, dried
on a filter, and submitted to experiment,

A, Boil a small portion of the powder with a few
ounces of distilled water, in a clean Florence flask,
and filter the solution.

B. To this solution add a portion of water saturated
with sulphuretted hydrogen gas (see page 70.) If
arsenic be present, a golden-yellow sediment will fall
down, which will appear sooner, if a few drops of

tic acid be added.

C A similar eifect is produced by the addition uf

mlphuret of a -
o a little  of the solution, A, add a singlm

of a. weak solution of carbonate of potash, and after-
ward a few drops of a solution of sulphate laf copper.

“The presence of arsenic will be manifested by a }’El-
lowish-green precipitate,

,_.-
o
o
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E. The sediments, produced by any of the foregoing
experiments, may be collected, dried, and laid on red-hot
charcoal. A smell of sulphur will first arise, and will
be followed by that of garlic,

F. But the most decisive mode of‘determining the
presence of arsenic is by reducing it to a metallic state,

in which its characters are clear and unequivocal. Fof

this purpose, let a portion of the white sediment, col-
lected from the contents of the stomach, be mixed
with three times its weight of black flux, see page 156;
Uljif' this cannot be procured, with two parts of dry
catbonate fof potash (the salt of tartar of the shops)
and one of powdered charcoal. Procure a tube eight
or nine inches long, and one sixth of an inch in diameter,
of thin glass, sealed hermetically at one end. Coat
the closed end with clay, for about an inch, and let the
coating dry. Then put into the tube the mixture.of
the powder and its flux, ‘and if any should adhere to®
the inner surface let it 'be wiped off by a feather, so
that the inner surface of the upper part of the tube
may be quite clean. Stop the end of the tube loosély,
with a little paper, and heat the coated end only, on a
chafing-dish of red-hot coals, taking care to avoid
breathing the fumes. The arsenic, if present, will rise
to the upper part of ‘the tube, on the inner surface of
which it will form a thin brilliant coating. Break the
tube and scrape off the reduced metal. Lay a little
on a heated iron, when, if it be arsenic; a dense smoke
will arise, and a strong smell of garl'i.c will be per-
ceived. ‘The arsenic may be farther identified by put-

ting a small quantity between two polished plates of o

copper, surroypding it by powdered charcoal, to pre~

E——

e
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vent its escape, binding these tightly together by iron

wire, and exposing them to heat. If the included

substance be arsenic a white stain will be left on th&.
copper. : i

G. Itgnay be proper to observe, that neither the
stain on copper, nor the odour of garlic, is produced by
the white oxyd, when heated without the addition of
some inflammable ingredient. ‘The absence ol arsenie
must not, therefore, be inferred, if no smell is occa-
sioned by laying the white powder on a heated iron,

The late celebrated Dr Black ascertained, that all
the necessary experiments, for the detection of arsenic,
- may be made on a single grain of the white oxyd ; this
small quantity having produced, when heated in a
tube with its proper flux, as much of the metal as
clearly established its presence.

If the quantity of arsenic in the stomach should be
so small, which -1s not very probable, as to upcaﬂiﬁﬁ
death, and yet to remain suspend€d in the washings,
-the whole contents, and the water employed to wash
them, ‘must be filtered, and the¥ clear liguor assayed
for arsenic by the tests By C, D, dnd E. -

T Ty
. Discovery of corrosive Sublimate.

Corrosive sublimate, (the muriate of” mmt?ury,}ﬁé&!!
to arsenic, is the most virulent of the metalli¢ poisons.
It may be collected by treating thg,._-_m:*af the
stomach in the manner alreac_layk.demﬁbeﬂf but, as it is g
more soluble than arsenie] wiz. in about 19 times ifs

weight of water, no more must be employed.
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than s barely sufficient, and the washings must be
carefully preserved for examination.

It a powder should be collected, by this operation,
which proves, on examination, not to be arsenic, it
may be known to be corrosive sublimate L& the fol-
lowing characters.

A, Expose a small quantity of it, without any
admixture, to heat, in a coated glass tube, as directed
mn the treatment of arsenic. Corrosive sublimate will
be ascertained by its rising to the top of the tube,
lining the inner surface in the form of a shining white
crust.

B. Dissolve another portion in distilled water; and
it may be proper to observe how much of the salt the
water is capable of taking up.

C. To the watery solution add a little lime-water.
A precipitate of an orange-yellow colour will instantly
appear. 2o

D. To another portion of the solution add a single
drop of a dilute solution of carbonate of potash (salt
of tartar). A white precipitate will appear; but, on
a still- farther addition of alcali, an orange-coloured
sediment will be formed,

E. The carbonate of soda has similar effects.

F. Sulphuretted water throws down a dark-coloured
sediment, which, when dried and strongly heated, is
wholly volatilized, without any odour of garlic.

The only mineral poison of great virulence that has
not been mentioned, and which, from its being little
_known to act as such, it is very improbable we should
“meet with, is the carbonate of barytes. This, in the
country where it is found, is employed as a poison for
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rats, and there can be no doubt would be equally
destructive to human life. It may be discovered by
dissolving it in muriatic acid, and by the insolubility of
the precipitate which this solution yields on adding
sulphuric acid (see page 114). Barytic salts, if these
have been the means of poison, will be contained in
the water employed to wash the contents of the
stomach, and will be detected, on adding sulphuric
acid, by a copious precipitate.

3. Method of detecting Copper or Lead.

Copper and lead sometimes gain admission into
articles of food, in consequence of the employment ot
kitchen-utensils of these materials.

If copper be suspected in any liquor, its presence
will be ascertained by adding a solution of pure
ammonia, which will strike a beautiful blue colour.
If the solution be very dilute it may be concentrated
by evaporation ; and, if the liquor contain a considera-
ble excess of acid, like that used to preserve pickles,
as much of the alcali must be added as is more than
sufficient to saturate the acid.

Lead is occasionally found, in sufficient quantity to
be injurious to health, in water that has been kept in
leaden vessels, and sometimes even in pump-water, in
consequence of this metal being used in the construction
of the pump. Acetite of lead has, also, been known
to be fraudulently added to bad wines, with the view
of concealing their defects.

Lead may be discovered by adding, to a portion of
the suspecied water, about half its bulk of water im-
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pregnated with sulphuretted hydrogen gas. If lead
be present it will be manifested by a dark brown or
blackish tinge. This test is so delicate, that water,
condensed by the leaden worm of a still-tub, is sen-
sibly affected by-it. It is, also, detected by a similar

effect ensuing on the addition of sulphuret of ammonia
or potash,

For discuvering the presence of lead in wines, a
test, invented by Dr Hahnemann, and known by the
title of Hahnemann’s wine-test, may be employed*.
This test 1s prepared by putting together, into a small
phial, sixteen grains of the sulphuret of lime, pre-
pared in the dry way, (see page 100,) and 20 grains
of acidulous tartrite of potash (cream of tartar). The
phial is to be filled with water, well corked, and
occasionally shaken for the space of ten minutes.
When the powder has subsided, decant the clear
liquor, and preserve it, in a well-stopped bottle,
for use. The liquor, when fresh prepared, discovers
lead by a dark-coloured precipitate. A farther proot
of the presence of lead in wines is the occurrence of a
precipitate on adding a solution of the sulphate of
soda.

When a considerable quantity of acetite of lead has
been taken into the stomach, (as sometimes, owing to
its sweet taste, happens to children,) after the exhi-
bition of an active emetic, the hydro-sulphuret of
potash or of ammonia may be given; ora solution of
the common sulphuret.

* fec Phil. Mag, 1. 31
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In cases of the accidental swallowing of sulphuric
acid, which also sometimes happens to children, M.
Fourcroy recommends the speedy administration of a
solution of soap, or a mixture of carbonate of mag-
nesia or carbonmate of lime (common chalk) with
water. (Systéme, vol.1, p. 240.)

Sgot. 11. — Rules for ascertaining the Purity of chemical
Preparations employed for the Purposes of Medicine
and _for other uses.

1. Sulphuric Acid, — Acidum Vitriolicum of the London
' Pharmacopeia. — Qil of Vitriol.

The specific gravity of sulphuric acid should be
1850. It should remain perfectly transparent when
diluted with distilled water. If a sediment should
occur, on dilution, it is a proof of the presenge of
sulphate of lead or lime.

Iron will be detected in sulphuric acid by saturating
a diluted portion of it with pure carbonate of soda,
and adding prussiate of potash, which will manifest
the presence of iron by a Prussian blue precipitate ;
‘or it will be discovered by a purplish or blackish tinge,
on the addition of tincture of galls to a similarly-
saturated portion. Copper may be discovered by
pouring, mto. a similarly-saturated solution, pure
solution of ammonia; and lead may be detected by
the sulphuret of ammonia. The latter metal, however,
1s generally precipitated, on dilution, in combination
with sulphuric acid.

U
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- Sulphate of potash or of soda may be found by
saturating the diluted acid with ammonia, evaporating
to dryness, and applying a pretty strong heat. The
sulphate of ammonia will escape, and that of potash
or of soda will remain, and may be distinguished by
its solubility and other characters. (Sce page 67.)

2. Nitric and nitrous Acids, — Acidwm Nitrosum,
Pharm. Lond. — Aqua fortis.

The nitric acid should be perfectly colourless, and as
limpid as water. It should be preserved in a dark
place, to prevent its conversion inte the nitrous kind.

These acids are most likely to be adulterated with
sulphuric and murnatic acids. Tne sulphuric acid

may be discovered by adding to a portion of the acid, .

largely diluted, nitrated or muriated barytes, which
occasion, with sulphuric acid, a white and insoluble
precipitate. The muriatic acid may be ascertained
by nitrate of silver, which affords a sediment, at first
white, bat which becomes coloured by exposure to
the direct light of the sun. Both these acids, how-
ever, may be present at once; and, in this case, it
will be necessary to add a solution of nitrate of barytes,
as long as any precipitate falls, which will separate
the sulphuric acid. Let the sediment subside, decant
the clear liquor, and add the nitrate of silver. If a
precipitate appear, muriatic acid may be inferred to be
present also. Muriatic acid may, also, be detected
by adding a solution of sulphate of silver.,

These acids should have the specific gravity of

1550.
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3. Muriatic Acid, — Acidum Muriaticum, P. L. —
Spirit of Salt,

This acid generally contains iron, which may be
known by its yellow colour, the pure acid being per-
fectly colourless, It may also be detected by the
same mode as was recommended in examining sul-
phuric acid.

Sulphuric acid is discoverable by a precipitation on
adding, to a portion of the acid, diluted with five or
six parts of pure water, a solution of the muriate of
barytes. ;

The specific gravity of this acid should be 1170.

4, Acetic Acid, — Acidum Acetosum, P. L. — Radical
or concentrated Vinegar.

This acid is often contaminated by sulphureous and
sulphuric acid. - The first may be known by drawing
a little of the wvapour into the lungs, when, if the
acid be pure, no unpleasant sensation will be felt; but,
if sulphureous acid be contained in the acetic, it will
not fail to be discovered in this mode. The sulphuric
acid is detected by muriated barytes ; copper by super-
saturation with pure ammonia; and lead by sulphuret
of ammonia.

The specific gravity of this acid should be 1050 at
least.

5. Acetous Acid, — Acetum Distillatum, P. L. — distilled
Vinegar,
If* vinegar be distilled in copper vessels, it can

hardly fail being contaminated by that metal ; and, if
U 2
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a leaden worm be used for its condensation, some por-,

tion of lead will certainly be dissolved. The former ,

metal will appear on adding an excess of solution of
pure ammonia; and lead will be detected by the
sulphuretted ammonia, or by water saturated with
sulphuretted hydrogen.

It 1s not unusual, in order to increase the acid taste
of vinegar, to add sulphuric acid. This acid may be
immediately discavered by solutions of barytes, which,

when vinegar has been thus adulterated, throw down
a white precipitate.

6. Boracic Acid, — sedative Sult of Homberg.

Genuine boracic acid should totally dissolve in five
times its weight of boiling alcohol; and the solution,
when set on fire, should emit a green flame. The

. best boracic acid forms small hexangular scaly crystals

of aﬁhining silvery white colour. Its specific gravity
1s 14:80.

7. Tartarous Acid.

This acid often contains sulphuric acid, to discover
which let a portion be dissolved in water, and a solution
of acetite of lead be added. A precipitate will appear,
which, if the acid be pure, is entirely redissolved by
a few drops of pure nitric acid or by a little pure
acetic acid. If any portion remain undissolved, sul-
phuric acid is the cause. Muriate of barytes, also,
when the acid is adulterated with sulphuric acid, but
not otherwise, gives a preuipitate insoluble by an ex-
cess of muriatic acid.

=— =
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8. Acid of Amber.

Acid of amber is adulterated, sometimes with
sulphuric acid and its combinations ; sometimes with
tartareous acid ; and at others with muriate of ammonia.

Sulphuric acid is detected by solutions of barytes ;
tartareous acid by carbonate of petash, which forms a
difficultly-soluble tartrite ; and muriate of ammonia by
nitrate of silver, which discovers the acid, and by a
solution of pure potash, which excites a strong smell
of ammonia. |

Pure acid of amber is a crystalline white salt of an
acid taste, soluble in twenty-four parts of cold or
eight of hot water, and is volatilized, when laid on
red-hot iron, without leaving any ashes or other

residue.

9. Acid of Benzoin, — Flores Benzoes, P. L.

This acid is not very liable to adulteration. The
best has a brilliant white colour and a peculiarly-
grateful smell. It is soluble in a large quantity of
boiling water or alcohol, and leaves nq residue when
placed on a heated iron.

10. Carbonate of Potash, — Kali Preparatum, P. L.

The salt of tartar of the shops generally contains
sulphate and muriate of potash, and siliceous and
calcareous earths. It should dissolve entirely, if pure,
in twice its weight of cold water; and any thing that
remains undissolved may be regarded as an impurity,

Sometimes one fourth of foreign admixtures may thus
| O
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be detected, the greater part of which is sulphate of
potash. To ascertain the nature of the adulteration,
dissolve a portion in pure and diluted nitric acid: the
siliceous earth only will remain undissolved. Add, to
one portion of the solution, nitrate of barytes; this
will detect sulphate of potash by a copious precipitate.
To another portion add nitrate of silver, which will
discover muriatic salts; and, to a third, oxalate or
fluate of ammonia, which will detect calcareous earth.

The solution of carbonate of potash (Aqua Kali,
P. L.) may be examined in a similar manner.

11. Solution of pure Potash,— Aqua Kali Puri, P. L.

This may be assayed, for sulphuric and muriatic -
salts, by saturation with nitric acid, and by the tests
recommended in speaking of carbonate of potash. A
perfectly pure solution of potash should remain trans-
parent on the addition of barytic water. If a precipi-
tate should ensue, which dissolves with effervescence
in dilute muriatic acid, it is owing to the presence of

carbonic aeid : if the precipitate is not soluble, it indi-
cates sulphuric acid. A redundancy of carbonic acid
is also shown by an effervescence on addiig diluted
sulphuric acid, and an excess of lime by a white pre-
cipitate, on blowing air, from the lungs, through the
solution, by means of a tobaceo-pipe or a glass tube.

This solution should be of such a strength as that an
exact wine pint may weigh 18 ounces troy.

12. Carbonate of Soda, — Natron Preparatum, P. L.

Carbonate of soda is scarcely ever found free from
muriate and sulpbate of soda. These may be dis-
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covered by adding, to a little of the carbonate sa-
turated with pure nitric acid, first nitrate of barytes,
to detect sulphuric acid, and afierward nitrate of sil-
ver, to ascertain the presence of muriatic acid. Car-
bonate of potash will be shown by a precipitate,
ensuing on the addition of tartareous acid to a strong
solution of the alcali; for, this acid forms a difficultly-
soluble salt with potash but not with soda.

13. Solution of Carbonate of Ammonia, — Aqua Am-
monia, P. L.

This should have the specific gravity of 1150;
should effervesce on the addition of acids ; and should

~ afford a strong coagulum on adding alcohol.

14. Carbonate of Ammonia, — Ammonia Preparata, P.L.

This salt should be entirely volatilized by heat. If
any thing remain, when it is laid on'a heated iron,
carbonate of potash or of lime may be suspected ; and
these impurities are most likely to be present if the
carbonate of ammonia be purchased in the form of a
powder. . It should. therefore always be bought in
solid lumps. Sulphuric and muriatic salts, lime, and
iron, may be discovered by adding to the alcali, satu-
rated with nitric acid, the appropriate tests already
often mentioned.

15. Solution of pure Ammonia in Water, — Aqua Am-
moni& Pure, P. L.— Strong Spirit of Sal Ammoniac.

The volatile alcali, in its purest state, exists as a
gas condensible by water, and its solation in water is
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the only form under which it is applicable to useful
purposes.  This solution should contain nothing
besides the volatile alcali; the alcali should be per-
tectly free from carbonic acid, and should be combined
with water in the greatest possible proportion. The
presence of other salts may be discovered by saturating
a portion of the solution with pure nitric acid, and
adding the tests for sulphuric and muriatic acids.
Carbonic acid is shown by a precipitation on mixing
the solution with one of muriate of lime; for, this
earthy sall is not precipitated by pure ammonia. The
only mode of determining the strength of the solution
is by taking its specific gravity, which, at 60° of
Falit, should be as 905, or thereabouts, to 1000.

16. Spirit of Hartshorn, — FLigquor Volatilis Cornu
Cervg, B L

This may be counterfeited by ‘mixing the aqua
ammonie pure with the distilled spirit of hartshorn,
in order to increase the pungency of its smell, and to
enable it to bear an addition of water. The fraud is
detected by adding alcohal to the sophisticated spirit ;
for, if no considerable coagulation .ensues, the adul-
teration is preved. It may also be discovered by the
usual effervescence not ensuing with acids. The so-
lution should have the specific gravity of 1500,

17. Sulphate of Soda, — Nairon Vitriolatum, P. L. —
' Glauber's Sult.

This salt ought not to contain an excess of either
acid or alcali, both of which may be detected by the
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vegetable infusions page 164. Nor should it be mixed
with earthy or metallic salts ; the former of which are
detected by carbonate, and the latter by prussiate, of
potash. Muriate of soda is discovered by adding ni-
trate of barytes till the precipitate ccases, and after-
wards nitrate of silver, or more simply by a solution of
sulphate of silver. Sulphate of potash is discovered
by its more sparing solubility. The sulphate of soda,
however, .being itself one of the cheapest salts, there
is little risk of its being intentionally sophisticated.

18. Sulphate of Potash, — Kali Vitriolatum, P. L. —
Vitriolated Tartar.

The purity of this salt may be ascertained by the
same means as that of the former one. The little
value of this salt renders it pretty secure from wilful
adulteration,

19. Nitrate of Potash, — Nitrum Purificatum, P, L, —
Nitre or Salt Petre.

Nitrate of potash is, with great difficulty, freed
entirely from muriate of soda ; and a small portion of
the latter, except for nice chemical purposes, is an
admixture of little importance. To discover muriate
of soda, a solution of nitrate of silver must be added
as long as any sediment is produced. The precipitate,
washed and dried, must be weighed. Every hundred
grains will denote 421 of muriate of soda.

Sulphate of potash or seda may be discovered by
nitrate or muriate of barytes.
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20. Muriate of Soda, — Common Sult.

Common salt is scarcely ever found free from salts
with earthy bases, chiefly muriates of magnesia and
lime, which are contained in the brine and adhere to
the crystals. The earths may be precipitated by car-
bonate of soda, and the precipitated lime and magnesia
may be separated from each other by the rules given
page 196.

21, Muriate of Ammonia, — Ammonia Muriata, P. L, —
Sal Ammoniac.

This salt ought to be entirely volatilized, by a low
heat, when laid on a heated iron, It sometimes con-
tains sulphate of ammonia, however, which, being
also volatile, cannot be thus detected. To ascertam
the presence of the latter salt add the muriate or nitrate
of barytes, which will indicate the sulphate by a
copious and insoluble precipitate.

22. Acetite of Potash— Kali Acetatum, P. L.

Genuine acetite of potash is perfectly soluble in

four times its weight of alcohol, and in thus separating .

from other salts that are insoluble in alcohol. The tar-
trite of potash (soluble tartar) is the adulteration most
likely to be employed. This may be discovered by
adding a solutien of tartarous acid, which, if the sus-
pected salt be present, will occasion a copious precipi-
tate. The tartrite is also detected by its forming a

F—
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precipitate with ‘acetite of lead or muriate of barytes,
soluble in acetic or muriatic acid ; 8nd sulphates by a
precipitate with the same agents, insoluble in acids.

93. Newtral Tartrite of Potash. — Kali Tartarizatum,
P. L.— Soluble Turtar.

This salt should afford a very copious precipitate
on adding tartarous acid. The only salt likely to be
mixed with it is sulphate of soda, which may be de-
tected by a precipitate with muriated barytes, insoluble
in diluted muriatic acid.

24, Acidulous Turtrite of Potash. — Tartarum Purtfica-
. tum, P.L.— Cream of Tartar,

The only substance with which this salt is likely to
be adulterated is sulphate of potash. To determine
whether this be present, pour, on about half an ounce
of the powdered crystals, two or three ounce measures
of distilled water ; shake the mixture frequently, and
let it stand one or two hours. The sulphate of potash,
being more soluble than the tartrite, will be taken up ;
and may be known by the bitter taste of the solution,
and by a precipitate, on adding munate of barytes,
which will be insoluble in muriatic acid. '

25. Compound Tartrile of Soda and Potash, — Natron
Tartarizatum, P. L. — Rochelle or Seignette’s Salt.

 Sulphate of soda, the only salt wich which this may
be expected to be‘adulterated, is discovered by adding
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to a solution of Rochelle salt the acetite of lead or
muriate of barytesg— The former, if the sulphate be
present, aflords a precipitate insoluble in acetous acid,
and the latter one insoluble in muriatic acid.

26. Sulphate of Magnesia, — Magnesia Vitriolata, P. L.
— Epsom Salt.

~ This salt is very likely to be adulterated with sul-
phate of soda, or Glauber’s salt, which may be made
to resemble the magnesian salt in appearance, by stir-
ring it briskly at the moment it is about to crystallize.
The fraud may be discovered very readily if the salt
consist entirely of the sulphate of soda, because no
precipitation will ensue on adding carbonate of potash.
If only a part of the salt be sulphate of soda, detection
1s not so easy, but may still be accomplished. For,
since 10 parts of pure sulphate of magnesia give be-
tween 30 and 40 of the dry carbonate, when com-
pletely decomposed by carbonate of potash, if the salt
under examination afford a considerably less propor-
tion, its sophistication may be fairly inferred : or, to
discover the sulphate of soda, precipitate all the mag-
nesia, by pure ammonia, with the aid of heat. Decant
the clear liquor from the precipitate, filter it, and, after
evaporation to dryness, apply such a heat as will vola-
tilize the sulphate of ammonia, when that of soda will
remain fixed.

Muriate of magnesia or of lime may be detected
by the salt becoming moist when exposed to the air,
and by a precipitation with nitrated silver, after nitrate
of barytes has separated all the sulphuric acid and mag-
nesia, Lime is disceverable by oxalic acid.
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27. Sulphate of Alumine, — Alum.

Perfectly pure alum should contain neither iron nor
copper. The former is manifested by adding, to a so-
lution of alum, prussiate of potash, and the latter by
an excess of pure ammonia.

28. Borate of Soda, — Borax.

Borate of soda, if adulterated at all, will probably be
so with alum or fused muriate of soda. To discover
these, borax must be dissolved in water, and its ex-
cess of alcali be saturated with nitric acid. Nitrate of
barytes, added to this saturated solution, will detect
the sulphuric salt, and nitrate of silver the muriate
of soda,

29, Sulphate of Iren, — Ferrum Vitriolatum, P, L. —

Green Vitriol.

If ‘this salt should contain copper, which is the
only admixture likely to be found in it, pure ammonia,
added till a precipitation ceases, will afford a blue
liquor. Any-copper that may chance te be present,
may be separated, and the salt purified, by immersing,
i a solution of it, a clear polished plate of iron,

30. Tartarized Antimony, — Antimonium Tartarizatum,
P. L. — Emetic Tartar.

A solution of this salt should afford, with acetite

ot lead, a precipitate perfectly soluble in dilute nitric
X
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acid. A few drops of the sulphuret of ammonia, also,

should .immediately precipitate; a gold-coloured sulphu-
ret of antimony.

31. Oxygenated Muriate of Mercury, — IT ydrargyrus
Muriatus, P. L. — Corrosive Sublimate.

If there be any reason to suspect arsenic in this salt,
the fraud may be discovered as follows : — Dissolve a
small quantity of the sublimate in distilled water ; add
a solution of carbonate of ammonia till the precipitate
eeases, and filter the solution. If, on the addition of a
few drops of ammoniated copper* to this solution, a
precipitate of a yellowish green colour is produced,
the sublimate contains arsenic.

82. Muriate of Mercury, — Calomel, P, L.

Calomel should be completely saturated with mer-
<cury. This may be ascertained by boiling, for a few
minutes, one part of calomel with 5%d part of muriate
of ammonia (sal ammoniac) in 10 parts of distilled
water. When carbonate of potash is added to the
filtered solution, no precipitation will ensue, if the
«calomel be pure. This preparation, when rubbed in
an earthen mortar with pure ammonia, should become
intensely black, and should exhibit nothing of an
orange hue.

x Prépared by digesting a little verdegis in the solutien of pure
ammeonia,




{ 243 )

93. Mercury, or Quicksiloer,— Hydrargyrus, P. L.

Scarcely any substance is so liable to adulteration as
mercury, owing to the property which it possesses of
dissolving completely some of the baser metals. This
union is so strong, that they even rise along with the
quicksilver when distilled. The impurity of mercury
is generally indicated by its dull aspect, by its tarnish-
ing and becoming covered with a coat of oxyd on long
exposure to the air, by its adhesion to the surface of
glass, and when shaken with water in a bottle by the
formation of a black powder. Lead and tin are fre-
quent impurities, and the mercury becomes capable
of taking up more of these it zinc or bismuth be
previously added. In order to discover lead, the mer-
cury may be agitated with a little water, in order
to oxydate that metal. Pour off the water and digest
the mercury with a little acetous acid. This will dis-
solve the oxyd of lead, which will be indicated by a
blackish precipitate with sulphurated water. Or, to
this acetous solution, add a little sulphate of soda,
“which will precipitate a sulphate of lead, containing,
when dry, 72 per cent. of metal, If only a very mi-
nute quantity of lead be present, in a large quantity of
metal, it may be detected by solution in nitric acid and
the addition of sulphurated water. A dark brown pre-
cipitate will ensue, and will subside if allowed to stand
a few days. One part of lead may thus be separated
from 15263 parts of mercury*. Bismuth is detected

* See Mr Accum's valuable papers on the detection of adul-
terations in Nicholson's Journal.

X 2
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!1_1,' pouring a nitric solution, prepared without heat,
into .dlSti“Ed waler ; a white precipitate will appear
it this metal be present, Tin is manifested, in like
manner, by a weak solution of nitro-murjate of gold,
which throws down a purple sediment, and zinc by
€xposing the metal to heat.

34, Red Oxyd of Mercury, — Hydrargyrus Calcinatus,
i,

This substance is rarel y found adulterated, as it
would be difficult to find a substance well suited to this

purpose. If well prepared, it may be totally volatilized
by heat,

95, Red Oxyd of Mercury by Nitric Acid, — Hydrar-
&yrus Nitratus Ruber, P, L. — Red Precipitate.

This is very liable to adulteration with minium, or
red lead. The fraud may be discovered by digesting it
in acetic acid, and adding to the solution sulphurated
water, or sulphuret of ammonia, which produce, with
the compounds of lead, a dirty dark coloured precipis
tate. It should also be totally volatilized by heat.

36. White Oxyd of Mercury,— Calx H ydrargyri Alba,
P. L. — White Precipitate.

White lead is the most probable adulteration of this
substance, and chalk may also be occasionally mixed
with it. The oxyd of lead may be discovered as in
the last article ; and chalk, by adding to the dilute so-
lution a liltle oxalic acid,
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57. Red Sulpluwrat ed Oxyd of Mercury, — Hydrargyrus
Sulphuratus Ruber, P, L, — Factitious Cinnabar.

This substance is frequently adulterated with red
lead, which may be detected by the foregoing rules,
Chalk and dragon’s bleod are also sometimes mixed
with it.. The chalk is discovered by an effervescence
en adding acetic acid, and by pouring oxalic acid into
the acetous solution. Dragon’s blood will be left unvo-
latilized when the sulphuret is exposed to heat, and
may be detected by its giving a colour to alcohol when
the cinnabar is digested with it.

$8. Black Sulphurated Oxyd of Mercury, — Hydrargy-
. rus cum Sulphure, P. L. — Ethiops Mineral.

. The mercury and sulphur, in this preparation, should
be so intimately combined, that no globules of the
metals can be discovered by a magnifier; and that,
when rubbed on gold, no white stain may be commu-
nicated. The admixture of ivory black may be de-
tected by ils not being wholly volatilized by heat ; or,
by boiling with alcali to extract the sulphur, and after-
wards exposing the residuum to heat, which ought en-
tirely 1o evaporate. '

39. Yellow Oxyd of Mercury, — Hydrargyrus Vitriola-
| tus, P, L. — Turbith Mineral.

This preparation should be wholly evaporable ; and,
when digested with distilled water, the water ought
not to take up any sulphuric acid, which will be dis-
covered by muriate of barytes,

X 3
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40. Fused Nitrate of Silver, — Argentum Nitratum, P. .
~— Lunar Caustic.

The most probable admixture with this substance is
nitrate of copper, derived from the employment of an
impure silver. In moderate proportion this is of little
importance. It may be ascertained by selution in water,
and adding an excess of pure ammonia, which will
detect copper by a deep blue colouz.

41. White Oxyd of Zinc, — Zincum Calcinatum, P. E,
— Flowers of Zinc.

Oxyd of #Zinc may be adulterated with chalk,
which is discoverable by an effervescence with ace-
tous acid, and by the precipitation of this solution with
oxalic acid. Lead is detected by adding, to the ace-
tous solution, sulphurated water, or sulphuret of ama
monia. Arsenic, to which the activity'of this medicine
has been sometimes ascribed, is detécled, also, by sul-
phurated water, added to the acetous solution; but in
this case the precipitate has a yellow colour, and,
when laid on red-hot charcoal, gives first a smell of
sulphur and afterwards of arsenic.

42, White Oxyd of Lead,— Cerussa, P. L. — White Lead.

This is frequently sophisticated with chalk, the pre-
sence of which may be detected by cold acetous acid,
and by adding, to this solution, oxalic acid, Carbonate
of barytes is detected by sulphate of soda added to the
same solution, very largely diluted with distilled water;
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and sulphate of barytes, or sulphate of lead, by the =
solubility of the cerusse in distilled vinegar.

43. Acetite of Lead, — Cerussa Acetata, P. L. — Sugar
af Lead.

If the acetite of lead should be adulterated with ace-
tite of lime or of barytes, the former may be detected
by adding, to a dilute solution, the oxalic acid ; and the
latter by sulphuric acid, or solution of sulphate of soda,,
added to a solution very largely diluted with water..
Acetite of lead ought to dissolve entirely in water,,
and any thing that resists solution may be regarded as;
an impurity..

44. Green. Gly;i of Copper, — Verdegris..

This oxyd is scarcely ever found pure, being mixed’
with pieces of copper, grape-stalks, and other im-
purities. The amount of this admixture of insoluble
substances may be ascertained by boiling a portion of
verdegris with 12 or 14 times its weight of distilled
vinegar,. allowing the undissolved part to settle, and
ascertaining its weight. Sulphate of copper may be
detected by boiling the verdegris with water and eva-
porating the solution. Crystals of acetite of copper
will first separate, and, when the solution has been
farther concentrated, the sulphate of copper will crys-
tallize. Or, it may be discovered by adding to the
watery solution muriate of barytes, which will throw
down. a very abundant precipitate. Tartrite of cop-
per, another adulteration sometimes met with,. is dis=

<covered by dissolving a little of the verdegris in acetous
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acid, and adding acetite or muriate of barytes, which
will afford, with the tartarous acid, a precipitate soluble
i muriatic acid,

45. Crystallized Acetite of Copper, — Distilled or Crys-
| tallized Verdegris.

This 1s prepared by dissolving the common verdegris
i distilled vinegar,and crystallizing the solution. These
crystals should dissolve entirely in six times their weight
of boiling water, and the solution should give no pre-
cipitation with solutions of barytes; for, if these so-
lutions throw down a precipitate, sulphate of copper
is indicated. This impurity, which I have frequently
met with, may be discovered by evaporating the so-
lution very low, and separating the crystals of acetite
of copper. Farther evaporation and cooling will crys-
tallize the sulphate, if any be present.

46. Carbonate of Mugnesia, — Mugnesia Alba, P. L.

Carbonate of magnesia is most liable to adulteration
with chalk ; and, as lime forms with sulphuric acid a
very insoluble salt, and magnesia one very readily dis-
solved, this acid may be employed detec-tmg the
fraud. To a suspected portion of magnesia add a
little sulphuric acid, diluted with 8 or 10 times its weight
of water. If the magnesia should entirely be taken
up, and the solution should remain transparent, it may
be pronounced pure, but not otherwise. Another mode
of discovering the deception is as follows : —saturate
a portion of the suspected magnesia with muriatic acid,
and add a solution of carbonate of ammonia. If any
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lime be present, it will form an inscluble precipitate;.
but the magnesia will remain in solution.

47. Pure Magnesia, — Magnesia Usta, P, L. — Cal-
ecined Mugnesia.

Calcined magnesia may be assayed by the same tests
‘as the carbonate. It ought not to eftervesce at all with
dilute sulphuric acid ; and, if the earth and acid be put
together into one scale of a balance, no diminution of
weight should ensue on mixing them together. It
should be perfectly free from taste, and, when digested
with distilled water, the filtered liquor should manifest
no property of lime-water. Calcined magnesia, how-
ever, is very seldom so pure as to be totally dissolved
by diluted sulphuric acid, for a small insoluble residue
generally remains, consisting chiefly of siliceous earth,

‘derived from the alcali. The solution in sulphuric

acid, when largely diluted, ought not to afford any pre-
cipitation with oxalate of ammonia. |

48. Spirit of Wine, Alcokol, and Etlers.

The only decisive mode of ascertaining the purity of
spirit of wine and of @thers, is by determining their
specific gravity. Highly-rectified alcohol should have
the specific gravity of 829 to 1000. Common spirit
of wine 837. Sulphuric wther 739. The spiritus athe-
'ris vitriolicus, P. L. or sweet spirit of vitriol, about
753, — and nitric wther, the spiritus aetheris nitrosus,
or sweet spirit of nitre, 908. The @thers ought not
to redden the colour of litmus, nor ought those formed
from sulphuric acid to give any precipitation with so-
dutions of barytes.
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49, Essential or velatile Oils.

As essential oils constitute only a very small propor-
tion of the vegetables from which they are obtained,
and bear generally a very high price, there is a con-
siderable temptation to adulterate them. They are
found sophisticated, either with cheaper velatile oils,
with fixed oils, or with spirit of wine. The fixed oils
are discovered by distillation with a very gentle heat,
which elevates the essential oils, and leaves the fixed
ones. These last may, also, be detected by moistening
a little writing paper with the suspected oil, and holding
it before the fire. If the oil he entirely essential, no
stain will remain on the paper. Alcohol, also, detects
the fixed oils, because it only dissolves the essential
ones, and the mixture becomes milky, The presence
of cheaper essential oils is discovered by the smell.
Alcohol, a cheaper liguid than some of the most costly
oils, is discovered by adding water, which, if alcohol
be present, occasions a milkiness,

Sect. III. — WUse of Chemical Reagents to certain Artists:

and Manufacturers.

To point out all the beneficial applications of che-
mical subtances to the purposes of the arts, would re-
quire a distinct and very extensive treatise. In this
place I have no farther view than to describe the
mode of detecting adulterations in certain articles of
commerce, the strength and purity of which are essen~
tial o the success of chemical processes,

[,



- N —— .

.-

( 251 )

1. Mode of deferta;zg the Adulteration of Pot-ashes,
Pearl-ashes, ﬂrnd Barilla.

~ Few objects of commerce are sophisticated to a
greater extent than the alcalis, to the great loss and
injury of the bleacher, the dyer, the glass-maker, the
soap-boiler, and of all other artists who are in the
habit of employing these substances. "In the first part
of this work (see page 55) I have already given rules
for discovering such adulterations; and to what has
been said, I apprehend, it is only necessary to add the

directions of Mr Kirwan, intended to effect thé same

end, but differing in the mode. They are transcribed
from his paper entitled ““ Experuments on the Alcaline
Substances used in Bleaching 5 — see Transactions of
the Irish Academy for 1789.

~ “ To discover whether any quantity of fixed alcali
worth attention exists in any saline compound, dissolve

-one ounce of it in boiling water, and into this solution

let fall a drop of a solution of sublimate corrosive;

this will be converted into a brick-celour, if an alcali

be present, or into a brick-colour mixed with yellow,
if the substance tried contains lime.

““ But the substances used by bleachers being always
impregnated with an alcali, theabove trial is in general
superfluous, except for the purpose of detecting lime.
The quantity of alcali is therefore what they should
chiefly be solicitous to determine, and for this purpose:

“ 1st. Procure a quantity of alum, suppose one
pound, reduce it to powder, wash it with cold water, -
and then put it into a tea-pot, pouring on it three or
four times its weight of boiling water.
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< 2dly. Weigh an ounce of the ash or alcaline
substance to be tried, powder it, and put it into a
Florence flask with one pound of pure water, (com-
mon water, boiled for a quarter of an hour and after-
wards filtered through paper, will answer,) if the
substance to be examined be‘of the nature of barilla or
potash, or half a pound of water if it contain but
little earthy matter, as pearl-ash. Let them boil for a
quarter of an hour; when cool let the solution be
filtered into another Florence flask.

« 8dly. This being done, gradually pour the
solution ‘of alum hot into the alcaline solution also
heated; a precipitation will immediately appear;
shake them well together, and let the effervescence,
if any, cease before more of the aluminous solution be
added ; continue the addition of the alum until the
mixed liquor, when clear, turns syrup of violets, or
paper tinged blue by radishes, or by litmus, red; then
pour the liquor and precipitate on a paper filter placed
in a glass funnel. The precipitated earth will remain
on the filter ; pour on this a pound or more of hot
water, gradually, until it passes tasteless ; take-up the
filter, and let the earth dry on it until they separate
easily. Then put the earth into a cup of Staffordshire
ware, place it on hot sand, and dry the earth until it
ceases to stick to glass or 1ron; then pound it, and
reduce it to powder in the cup with a glass pestle, and
keep it a quarter of an hour in a2 heat of from 470° te
500°.

« 4thly. The earth being thus dried, throw it
into a Florence flask and weigh it ; then put about one
ounce of spirit of salt into another flask, and place this
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in the same scale as the earth, and counterbalance both
in the opposite scale: this being done, pour the spirit
of salt gradually into the flask that contains the earth ;
and, when all effervescence is over, (if there be any,)
blow into the flask, and observe what weight must
be added to the scale containing the flasks to restore
the equilibrium ; subtract this weight from that of
the earth, the remainder is a weight exactly propor-
tioned to the weight of mere alcali of that particular
species which is contained in one ounce of the sub-
stance examined all beside 1s superfluous matter.

¢ I have said that alcalies of the same species may
thus be directly compared, because alcalies of differ-
ent species cannot but require the intervention of
another proportion; and the reason is, because equal
quantities of alcalies of different species precipitate
unequal quantities of earth of alum : thus 100
parts by weight of mere vegctable alcali precipitate
78 of earth of alum, but 100 parts of mineral al-
cali precipitate 170'8 parts of that earth. There-
fore the precipitation of 78 parts of earth of alum,
by vegetable alkali, denotes as much of this as the
precipitation of 170'8 of that earth by the mineral
alcali denotes of the mineral alcali. Hence the
quantities of alcali in all the different species of
pot-ashes, pearl-ashes, weed or wood ashes, may
be immediately compared with the above test, as
they all contain the vegetable alcali; and the dif-
ferent kinds of kelp or kelps manufactured in dif-
ferent places, and the different sorts of barilla, may
thus be compared, because they all contain the mi-
neral alcali, But kelps and pot-ashes, as they con-

¥
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rain different sorts of alcali, can only be compared
together by means of the proportion above indicated.”

2. Mode of detecting the Adulteration of Manganese.

In the section on drugs, instructions may be found
for discovering mmpurities in several chemical pre-
parations, employed by the artist, as cerusse or white
lead, red lead, verdegris, &c. No rules, however,
have been given for examining manganese, which
i1s a substance that wvaries much in quality, and is
often sophisticated ; as the bleachers experience, fo
their no small disappointment and loss.

The principal defect of manganese arises from
the admixture of chalk, which is not always an ‘in-
tentional adulteration, but is sometimes found uni-
ted with it, as it eccurs in the earth. When to
this impure manganese, mixed with muriate of soda,
(see page 85,) the sulphuric acid is added, the ma-
terials effervesce and swell considerably, and a
large proportion passes into the receiver; in con-
sequence of which the bleaching liquer is fotally
spoiled. ~ This misfortune has, to my knowledge,
frequently happened, and can only be prevented by
so slow and cautious an addition of the acid, as 1s
nearly inconsistent with the business of an extensive
bleaching work. The presence of carbonate of lime
may be discovered in manganese, by pouring, en a
portion of this -substance, nitric acid diluted with 8
or 10 parts of water. If the manganesé be good,
no effervescence will ensue, nor will the acid dis-
solve any thing ; but, if carbonate of lime be present,

1y
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it will be taken up by the acid. To the solution
add a sufficient quantity of carbonate of potash to
precipitate the lime, wash the sediment with water,
and dry it. Its weight will show how much chalk
the manganese under examination contained.

Another adulteration of manganese, that may,
perhaps, be sometimes practised, is the addition of
some ores of iron. This impurity is less easily
discovered. But if the iron be in such a state of
oxydation as to be “soluble in muriatic acid, the
following process may discover it. Dissolve a por-
tion, with the assistance of heat, in concentrated
muriatic acid, dilute the solution largely with di-
stilled water, and add a solution of crystallized car-
bonate of potash. The manganese will remain sus-
pended, by the excess of carbonic acid, on mixing the
two solutions, but the ien will be precipitated in
the state of a coloured oxyd.

From an observation of Klaproth (Essays, p. 572)
it appears that oxyds of iron and manganese are
separable by nitrous acid with the addition of sugar,
which takes up the manganese only,

Sect. IV. — dpplication of chemical Tests to the Uses
of the Farmer and Country Gentleman.

The benefits, that might be derived from the
union of chemical skill* with extensive observation
of agricultural facts, are, perhaps, incalculable. At
present, however, the state of knowledge among
farmers is not such as to enable them to reap much
advantage. from chemical experiments, and the

X2
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chemist has, himself, scarcely ever opportunities of
applying his knowledge to practical purposes in this
way. It may, perhaps, however, be of use to offer
a dew brief directions’ for the analysis of marls,
lime-stones, &ec.; and, on this occasion, I shall owe
much of my information, as in various other parts
of this work, to the writings of Mr Kirwan, whose
pamphiet on philosophical agriculture I strongly re-
commend to general perusal ¥,

1. Lime.

It is impossible to lay down any general rules
respecting the fitness of lime for the purposes of
agriculture, because much must depend on the pecu-
larities of sol, exposure, and other circumstances,
Hence a species of lime may be extremely well
adapted for one kind of land and not for another.
All that can be accomplished by chemical means is
to ascertain the degree of purity of the lime, and to
infer, from this, to what kind of soil it is best adapt-
ed. Thus a lime, which contains much argillaceous
earth, is better adapted than a purer one to- dry
and gravelly soils; and stiff clayey lands require a
lime as free as possible from the argillaceous m-
gredient.

To determine the purity of lime, let a given
weight be dissolved in diluted muriatic acid. Leta
little excess of acid be added, that no portion may

% It is entitled, ¢ The Manures most advantagecufly appli-
cable to the various sorts of soils, and the causes of their benefi-
cial effects in cach particular instance. By R. Kirwan, Esq, —

1y
London, 1796,



e o

( 257 )

cemain undissolved owing to the deficiency of the’
solvent. Dilute with distilled water; let the insolu-
ble Part, it any, subside, and the clear li[[qu be
decanted. Wash the sediment with farther portions
of water, and pour it upon a fiter previously
weighed. Dry the filter, and ascertain il’.s.i]‘lt:l'ﬁaﬁﬁ
of weight, which will indicate how much insoluble =
matter fhe quantity of lime submitted to experi-
ment contained. It is easy to judge by the exter-
nal qualities of the insoluble portion whether argilia-
ceous earth abounds in its composttion.

There is one earth, however, lately found. in several
lime-stones, which is highly injurious to the vegetation
of plants, and is not discoverable by the foregoing
process, being, equally with lime, soluble in muriatic’
acid. This earth is magnesia, which, by direct expe--
sunents, has been ascertained to be extrum_ei y NOXIous
to plants. Mr Tennant, the gentleman to whom we-
owe this fact, was informed, that in the neighbourhood
of Doncaster two kinds of lime were employed, one ot
which it was necessary to use very sparingly and to-
spread very evenly ; for, it was said that a large pro-
portion, instead of increasing, diminished the fertility
of the soil; and that, whenever a heap of it was left in
ene spot, all fertility was prevented for many years.-
Fitty or sixty bushels on an acre were considered to be
as much as could be used with advantage. The other
sort of lime, which was obtained from a village near
Ferrybridge, though considerably dearer, from the dis--
tant carriage, was more frequently employed, on ac-
count of its superior utility. A large quantity was-
never found to be injurious ; and the spots, which were

r3
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covered with if, instead of being rendered barrers,
became remarkably fertile, On examining the com-
position of thesc two species of lime, the fertilizing
one proved to consist entirely of calcarcous earth,
and the noxious one of three parts lime and two mag-
nesia.

The presence of magnesia in lime proved, on far-
ther investigation, to be a Very €ommon occurrence,
The magnesian lime-stone appears to extend for 30 or
40 miles from a little south-west of Worksop, in Not-
tinghamshire, te near Ferrybridge, in Yorkshire, and
it has also been found at Brecdon and Matlock, in
Derbyshire. |

The magnesian lime-stone, according to Mr Ten-
nant, may easily be distinguished from that which is
purely calcareous by the slowness of its solution in
acids, which is so considerable, that even the softest
kind of the former is much longer in dissolving than
marble, It has also frequently a crystallized structure,
and sometimes, though not always, small black dots
may be seen dispersed through it. In the countries
where this lime-stone is found, the lime is generally
distinguished, from its effects in agriculture, by the
farmers, as hot lime, in opposition to the purely calca-
reous, which they term mild.

To ascertain, by chemical means, the composition of
a lime or lime-stone suspected to contain magnesia, the
following is the easiest, though not'the most accurate,
process. Procure a Florence flask, clean it well from
oil by a little soap-lees or salt of fartar and quick-
lime mixed, and break it off, about the middle of the
body, by setting fire to & string tied round it and mois-
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tened with oil of turpentine.” Into the bottom part of
this flask put 100 grains of the lime or lime-stone, and
pour on it, by degrees, half an ounce of strong sul-
phuric acid. On ecach affusion of acid a violent ef-
fervescence will ensue ; when this ceases, stir the acid
and lime together with a small glass tube or red, and
place the flask in an iron pan filled with sand. Set it
over the fire, and continue the heat till the mass is quite
dry. Scrape off the dry mass, weigh it, and put it
into a wine-glass, which may be filled up with water.
Stir the mixture, and, when it has stoed half an heur,

pour the whole on a filtering-paper, placed on a fun-

yiel, and previously weighed. Wash the insoluble part
with water, as it lies on the filter, and add the wash=
mngs to the filtered liquor. To this liquor add a selu-
tion of half an ounce of salt of tartar in water, when,
it magnesia be present, a very copious white sediment
will ensue, if lime only, merely a slight milkiness. In
the former case, heat the liquor, by setting it in a tea-
cup near the fire, let the sediment subside, pour off
the clear liquor, which may be thrown away, and
wash the while powder, repeatedly, with, warm water,
Then pour it on a filter of paper, the weight of which
is known, dry it, and weigh. The result, if the lime-
stone has been submitted to experiment, shows how
much carbonate of magnesia was contained im the
original stone ; or, deducting 6O per cent. how much
pure magnesia 100 parts of the lime-stone contained.
If the burnt lime has been used, deduct from the
‘weight of the precipitate 60 per cent. and the remain-

der will give the weight of the magnesia in each 100
grains of the burnt lime,
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2. Analysis of Marls.

The ingredient of marls, on which their fitness for
agricultural purposes depends, is the carbonate of lime,
It is owing to the presence of this earth that marls
effervesce on the addition of acids, which is one of
their distinguishing characters. In ascertaining whe-
ther an effervescence takes place, let the marl be put
mto a glass partly filled with water, which will expel
a portion of air contained mechanically in the marl,
and thus obviate one source of fallacy. When the
marl is thoroughly penetrated by the water, add a little
muriatic acid or spirit of salt. If a discharge of air
should ensue, the marly nature of the earth is suf-
ficiently established.

To find the compesition of a marl, pour a few ounces
of diluted muriatic acid into a Florence flask, place
them n a scale, and let them be balanced. Then re-
duce a few ounces of dry marl into powder, and let
this powder be carefully and gradually thrown into the
flask, until, after repeated additions, no farther effer-
vescence is perceived. Let the remainder of the pow-
dered marl be weighed, by which the quantity pro-
jected will be known. Let the balance be then re-
stored. The difference of weight between the quan-
tity projected and that requisite to restore the balance
will show the weight of air lost during effervescence.
If the loss amount to 13 per cent. of the quantity of
marl projected, or from 13 to 32 per cent. the marl
assayed 1s calcareous marl, or marl rich in calca-
reous earth,

r
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Clayey marls, or those in which the argillaceous in-
gredient prevails, lose only 8 or 10 per cent. of their

' weight by this treatment, and sandy marls about the

same proportion. The presence of much argillaceous
earth may be judged by drying the marl, after being
washed with spirit of salt, when it will harden and
form a brick.

To determine, with still greater precision, the quan-
tity of calcareous earth in a marl, let the solution in
muriatic acid be filtered and mixed with a solution of
carbonate of potash, till no farther precipitation ap-
pears., Let the sediment subside, wash it well with
water, lay it on a filter, previously weighed, and dry
it. The weight of the dry mass will show how much
carbonate of lime the quantity of marl submitted to
experiment contained,

3. dnalysis of Soils.

The following rules, for determining the composition
of a soil, are copied from the interesting tract of Mr
Kirwan already referred to.

“1me, In dry weather, when the soil is not over
moist nor dry, let a surface of 16 square inches be cut
through to the depth of 8 inches ; this may be effected
by a right-angled spade, formed for this particular pur-
pose. Of the parallelopiped thus dug up the twa
inches next the surface should be cut off, to get rid of
the grass and the greater part of the roots ; we shall
then have a solid 6 inches long and 16 square at the
end, = 96 cubic inches. Let this be weighed® ; its

% Troy weights are generally more exactly made than avoir
dupois, and therefore should be preferred. A cubic fout of pure
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weight will serve to find the specific gravity of the
soil ; for, if 96 cubic inches weigh n pounds, 1728
(a cubic foot) should weigh x pounds, and x divided
by 75°954 will express, by the quotient, the specific
gravity of the soil. To render this and the subsequent
operations move intelligible, I shall illustrate each by an
example : — Suppose the 96 cubic inches to weigh
6°66 pounds, then 1728 cubic inches should weigh
120
1201b. and &= 1050 %%
15°954.

2°. The earth being weighed is next to be broken
down and freed from all stony substances above the
size of a pippin, and the remainder well mixed to=
gether, to render the whole as homogeneous as pos-
sible ; then weigh the stones that were picked out, and.
find the proportion belonging to each pound of the
residuary earth ; call this the stoney supplement, and de-
note it by S. Thus, if the stones weigh 11b. = 120z,
the remainder, or mere earth, must weigh 566 Ib. ;
and if to 5'66 Ib. there belong 12 oz. of stone, to 1 lb.
must belong 2°12014 0z.0r 202. 5766 gr. = 1017-66 gr.
‘This, then, is the stoney supplement of each succeeding
pound, = S.

3°. Of the earth thus freed from stoney matter take
1lb. —S. (that is, in the above case, 1 lb.— 2 oz.
5?-;'- gr.) heat it nearly to redness in a flat vessel, often
stirring it for half an hour, and weigh it again when
cold. Its loss of weight will indicate the quantity of’
water contained in 1 1b. of the soil. Note this loss and

water weighs 75°954 Troy, very nealy, or' 62-5 avoirdupois,
pounds, at the temperature 62°.

—
T
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call it the watery supplement, = W. Suppose it in this
case 100 grains,

¢« 4°, Take another pound of the above mass freed
from stones, deducting the stoney and watery supple-
ments, that is, 1lb.—S8—W, or i the above case
1lb.—2 oz. 57% grs for stone, and — 100 grs fot
water ; consequently, 11b. — 2 0z. 1575 grs reduce
it to powder : boil it in four times its weight of dis-
tilled water for half an hour ; when cool, pour it off,
first into a coarse linen filter to catch the fbrous par-
ticles of roots, and then throngh paper, to catch the
finer clayey particles diffused through it ; set by the
clear water, add what remains on the filter to the
boiled mass; if it be insipid, as I suppose it to be,
then weigh the fibrous matter, and call it the fibrous
supplement, =F. Suppose itin the example in hand to
weigh 10 grs.

“ 5° Take two other pounds of the mass freed
from stoney matter, No. II. subtracting from them
the weight of the stoney, watery, and fibrous, sub-~
stances already found ; that is, 2lb—28—2 W —
2F ; pour twice their weight of warm distilled water
on them, and let them stand twenty-four hours or
longer, that is, until the water has acquired a co-
lour, then pour it off, and add more water as long as
it changes colour ; afterwards filter the coloured water
and evaporate it to a ping, or half a pint, setitina
cool place for three days, then take out the saline mat-
ter, it any be found, and set it by.

“ 6°. Examine the liquor out of which the salts
have been taken; if it do not effervesce with the
marine acid, evaporate it to dryness, and weigh the
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residuum; if it do effervesce with acids, saturale it
- with the vitriolic or marine, and evaporate it to one
fourth of the whole; when cool, take out the saline
residuum, evaporale the remainder to dryness, and
weigh it; this gives the coaly matler, which may
be tried by projecting it on melted nitre, with which
it will deflagrate. - The half’ of this coaly matter call
the coaly supplement of 11b, T shall suppose it to amount
to 12 grs. and denote it by C,

“ 7°. The filtered water, No. IV. is next to be
gently evaporated to nearly one pint, and then suf-
fered to rest for three days in a cool place, that it may
deposit its saline contents, if it contain any; and
these being taken out, the remainder must be evapo-
rated nearly to dryness, and its saline and other con-
tents examined. How this should be done I shall
not mention, “the methods being too various, tedious,
and of too little consequence; few salts occur except
gypsum, which is easily distinguished. The water
may be examined as to its saline contents when it
is evaporated to a pint; if any salts be found, call
them the saline supplement, and denote them by S, I
- shall suppose them, here, =4 grains,

4 g°, We now return to the boiled earthy residuum,
No. IV. which we shall suppose fully freed, from its
saline matter ; as, if it be not, it may casily be rendered
so by adding more hot water ; let it then be dried as
in No. II1. is mentioned. Of this earthy matter, thus
dried, weigh off one olince, deducting one tweltth part
of each of the supplements S, W. F. C.and S. ; that is,
in this case,
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101766 100 10
= 844054 + — 8333 4 —
12 12 12
12 4 '
= 0'8333 4 — = 1+—-*-{}3333'—'95gr
12 12

in all : then 480 — 95 = 385 grains, will remain and
represent the mere earthy matter in an ounce of
the soil,

¢ 9°, Let this remainder be gradually thrown into a
Florence flask, holding one and a half as much spirit
of nitre as the earth weighs, and also diluted with its
own weight of water (the acids employed should be
freed from all contamination of the vitriolic acid) : the
next day, the flask with its contents being again
weighed, the difference between the weights of the
ingredients and the weights now found will express
the quantity of air that escaped during the solution.
Thus, in the above case, the earth weighing 385 grains,
the acid 577°5 grains, and the water 5775 grains, in
all 1540 grains, the weight, after solution, should also
be 1540, if nothing escaped : but, if the soil contains
calcareous matter, a loss will always be found after so-
lution. Let us suppose it to amount to 60 grains.

‘““ The weight of air that escaped furnishes us with
one method of estimating the quantity of calcareous
matter contained in the earth assayed; for mild calx
generally contains 40 per cent, of air: then, if 40 parts
dir indicate 1CO of calcareous matter, 60 parts air will
indicate 150%,

#* I take no account of magnesia, as, in aguculture, I believe it
of little importance,

Z
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““10°, The solution is then to be carefully poured
off and the undissolved mass washed and shaken in dis-
tilled water, the whole thrown on a filter, and washed
as long as the water that passes through has any taste.
The contents of this water should be precipitated by a
- solution of mild mineral alcali: this precipitate, also,
being washed, and dried in a heat below redness,
should then be weighed. Thus, we have another
method of finding the weight of the calcarcous
matter. \

‘¢ 11°, The undissolved mass 1s next to be dried, in
the heat already mentioned, and the difference between
its weight and the weight of the whole earthy mass
before solution should be noted, as it furnishes a third
method of discovering the weight of the calcareous
matter of which it is now deprived. Supposing this
to amount to 150 grains, the weight of the undissolved
residuum should, in the above case, be 383 — 150
=235 grains.

¢¢ 12°. Reduce the dried mass into the finest powder,
throw it into a Florence flask or glass retort, and pour
on it three times its weight of pure oil of vitriol, digest
in a strong sand heat, and, at last, raise the heat so as
to make the acid boil; afterwards let it evaporate
nearly to dryness: when cold, pour on it, gradually, six
or eight times its weight of distilled water, and, after
some hours, pour off the solution on a filter ; the filter
should previously be weighed and its edges soaked m
melted tallow *; the substance found on the flter
being weighed . (subtracting the weight of the filter)

* An ingenious contrivance of Dr Black,
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gives the quantity of silicious matter, and this weight,
subtracted from that of the dried mass, gives that of
the argill. In this case I will suppose the silicious mass
to weigh 140 grains, then the argillaceous should
weigh 95 grains.

‘““ Then the composition of one pound of the soil is
as follows :
Stoney matter . . . . . ... 101766
47 (] A R 11 0., Vi
~Fibres of roots' . . . . .50 10
<ralhito) POt | P T & R E ARG

SaliBe Matten o ARl o e 4
Silex 140 X 12 = 1650
Argill 95 X 120= 1140
Mrdd calx 1500:% 12 =! 1800
576366 *

[ Stone y malter 18
Fine silicious 2y

- LR
And in centesi- | Argill - 22
mal proportion | Mild calx %
100

-

Its retentive power is 8225 : hence I should judge it
to be unfertile in this climate, unless situated on a de-
clivity, with an unimpeded fall. It may be called a
clayey loam.

Mr Young discovered a remarkable circumstance at-
tendant on fertile soils : he found that equal weights of

* An airor of 366 grains for decimals cmitted in subtractions,

Z 2
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different soils, being dried and reduced to powder, af-
forded quantities of air by distillation somewhat corre-
sponding to the ratios of their values. This air was a
mixture of fixed and inflammable airs, both proceeding,
most probably, from the decomposition of water by
the coaly matter in the soil. The distillation should be
made from a retort glazed on the outside. He found
‘an ounce of dry soil, value five shillings, produced ten
ounce measures :
Of value of from 5 to 12s. produced 28 oz.
] 2 — 20 42
above 20 66

This appears to be a good method of estimating the
proportion of coaly matter in soils that are in full
heart; that is, not exhausted, and freed from roots,
&c. -Another mark of the goodness of a soil is the
length of the roots of wheat growing in it: for these
are in inverse proportion to each other, as, if the land
be poor, the wheat will extend its roots to a great
distance m quest of food ; whereas, if it be rich, they
will not extend above five or six inches; but of these
and some other empyrical marks I shall say no more,
as they do not tell us the defects of the soils.”

Secrt. V. Miscellaneous Uses of chemical Reagents.,

1. Removal of ink stains. The stains of ink on cloth,
paper, or wood, may be removed by almost all acids ;
but those acids are to be preferred which are least
likely to injure the texture of the stained substance.
The muriatic acid, diluted with 5 or 6 times its weight
of water, may be applied to the spot, and, after a
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minute or two, may be washed off, repeating its ap-
plication as often as may be found necessary. But the

végetable acids are attended with less risk and are
-equally effectual. A solution of the oxalic, citric, or

tartarous, acids in water, may be applied to the most
delicate fabrics, without any danger of injuring them ;
and the same solutions discharge, {rom paper, written
but not printed ink. Hence they may be employed in
cleaning beoks, which have been defaced by writing
on the margin, without impairing the text.

2. Iron stains. These may be occasioned either by
ink stains, which, on the application of soap, are
changed into iron stains, or by the direct contact of
rusted iron. They may be removed by diluted mu-
riatic acid, or by one of the vegetable acids already
mentioned. When suffered to remain long on cloth,
they become extremely difficult to take out, because
the iron, by repeated moistening with water and ex-
posure to the air, acquires such an addition of oxygen
as renders it insoluble in acids. I have found, how-
ever, that even these spots may be discharged, b}r'ap-
plying first a solution of an alcaline sulphuret, which
must be well washed from the cloth, and afterwards a
liquid acid. The sulphuret, in this case, extracts part
of the oxygen from the iron and renders it soluble in
dilute acids. :

3. Fruit and wine stains. These are best removed
by a watery solution of the nxygenaied muriatic acid,

 (see page 85,) or by that of oxygenated muriate of

potash or hme, to which a'little sulphuric acid has
been added. The stained spot may be steeped in
one of ;hese solutions till. it 13 discharged ; but the

Z 3
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solution can only be applied with safety to white goods,
because the uncombined oxygenaled acid discharges all
printed and dyed colours. A convenient mode of ap-
plying the oxygenated acid, easily practicable by per-
sons who have not the apparatus for saturating water
with the gas, is as follows : — Put about a table spoon-
ful of muriatic acid (spirit of salt) into a tea-cup and
add to it about a tea spoonful of powdered manganese.
Then set this cup in a larger one filled with hot water.
Moisten the stained spot with water, and expose it to
the fumes that arise from the tea cup. If the exposure
be continued a sufficient length of time, the stain will
disappear.

Stains on silk may be removed by a watery solution
of sulphureous acid.

4. Spots of grease may be removed by a diluted so-
lution of pure potash ; but this must be cautiously ap-
plied, to prevent injury to the cloth. Stains of white
wax, which sometimes fall upon the clothes from wax
candles, are removable by spirit of turpentine or sul-
phuric ether. The marks of white paint may also be
discharged by the last-mentioned agents.
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Caloric, its properties and ef- |

feces, 8.

comhinations of it, 12.

m——— the cause of fluidity, 12.

vapour, 15.

e chemically combined in
gasses, 1g.

Camphor, 149.
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Ceruse, 158, 246.

Chameleon, mineral, 139.

Charcoal, 47.

Chemical combination alters the
properties of bodies, 6.

preparations, rules for
ascertaining the purity of, 229

Ch::m‘.str_r,r, adviee to persons
entering on the study of, 1.

— books in recom-
mended, 2.

s————————— cxperiments to be
performed by the students of,

Cinnabar, factitious, 24s.

Citric acid, 144.

Coals, method of analyzing, 210.

Eﬂh‘alt} Iq.ﬂn

analysis of ores of, 217.

Cold, produced by evaporation,
15, 15§.

intense, generated by mu-
riate of lime, 105.

Colouring matter, 135I.

Combustion in oxygenous gas,
21.

diminishes it, 23.

— e — supported in atmos-
pheric air only in consequence
of its oxygen, 26.

—- carbonic acid gene-
rated in, sI.

Copper, 132.

sulphate of, 132,

nitrate of, 132,

e———— muriate of, 132.

—— acetite of, 132, 247,
243.

~——— sulphuret of, 133.

——— analysis of eres of, 217,

———— method of discovering,
227,

— green oxyd of, 247.

Corrosive sublimate, 123.

method of

detecting, 225.

how to as-
certain its purity, 242.
Cream of tartar, 147.

D'
Detonating mixtures, 6, g2,

I17, 121, 122, 132, 149.

E.

LEarths, gg.

definition of, 1341-

e——-— method of analyzing,
192.

= substances that may be
expected in, and means of sea
parating them, 208.




( 274 )

Elastic gum, 150,

Epsom salt, 107.
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ing 1ts purity,; 24o.
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—— mode of ascertaining its
purity, 249.

= acetic, 158,

Ethiops mineral, 243s.
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asn, . 74.
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ric, 1g.
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be conducted, 2.
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F.

Farina, or fecula, 149. - ;
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Fibre, animal, 160.

Flake white, 135,

Flints, liquor of, 112,

Fluate of lime, 106.

=——— ammonia, 170,
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T2

Fluoric acid, r106.
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— black, 136.

different kinds of, 220.

Fruit, method of removing stains
of, 269.

Fulminating gold, 117.

- silver, 121I.
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Fuming liquor of Libavius, ¥34.

G.
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their nature, 19, -
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———— carbonated.hydrogenous,
6o.
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. tinged blue by zaffre, 141.
Gln?h:r's sult, see Soda, sulphate
of.
Glue, 159
Gluten, vegetable, 150i
— animal, 160,
Guld; 117.
nitro-muriate of, 117,
fulminating, 117.
unites with sulphurets of
alcalisy, 110, "
analysis of ores of, 212.
Grease, method of removing
spots of; 270.
Green, Scheele’s, 137.
Gum, 143
e clastic, 150.
Gume-resins, T43.4
Gunpowder, peculiar kind of;

g 1.

H.
Hahnemann's wine-test, 228,
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Hartshorn, spirit of, mode of
ascertaining its purity, 236.

Heat, matter of, see Caloic.

Homberg's sedative salt, see Bo-
racic acld.

Hydregenous gds, how procured,
27y 135 r :
- — its properties,

24,

best mode. of
inflaming, 28.

its base a con-
stituent part of water, 32,
carbonated, 6o.
sulphuretted,

70:

purest obtain-

ed from zinc, 135.
Hydrosulphurets, 7r.
— of

ammonia,
asatest, 177,
14
Ink, 129,
— sympathetic, 128, 130,
134, 140.

== oni¢ not lizble {o decay,
I3r.

—— stains, method of remo-

. ving, 268.
Infiammable fossils, definition
of, 136.
— method of
analyzing, z1o.
Iron, 124.

= burns in oxygenous gas,
£,

~—— sulphate of, 124.
— usedasa test,

15a,

Bt

modeof ascer-
taining its puiity, 241,

=— npitrate of, 126.

—— muriate off 126,

—— prussiate of, 126, 162.

~—— gallate and tannate of, 129,

Iron, sulphuret of, 137.

analysis of ores of, 214.

— stains, method of 1emo-
ving, 206g.

Iron-moulds, 130,

Isinglass, 15g.

IE”}"J ]:53-

K.
Kaliy, prepared, mode of ascer-
taining its pority, 2733.
< pure, water of, mode of
detecting its adulterations, 2 34
Kermes mineral, 138.

Li;
Lead, 133.
—— amalgam of,
property, 124.
= oxyds of, 133,246.
—— nitrate of, 133
a5 a test, 174.
—— muriate of. 133.
—— sulphate of, 133.
—— acetite of, 134, 158; 247,
- 45 i testy 194,
remedy against
the poison of, 228.
=== analysis of ores of, 213,
—— method of discovering;
22%.
Libavius, fuming liqu rof, 134.
Life, eminently supported by
OXYBenous gas, 24, .
Light, achemicalagent, 8. .
—— = the brightest produced
by phosphorus burnt in OXy -
gen gas, 22,
Lime, gg.
analysis of, 2¢6,
~=— its relation to water, 99.
inflammable

its curlous

substances, 100,
— - to aeids,

e

—— yellow oxalate of, 130,

IQr.
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Lime, prussiate of, a test, 176.
Lime-water, 99, 171,
Litmus, infusion of, 164, 166.
Lunar caustic, 120, 246,

M.
Magnesia, 107.
mede of ascertaining
its purity, 248, 249.
—_— calcined, 107, 249.
~———=——— sulphate of, 107.
— mude of
ascertaining its purity, 240,
Malic acid, 146.
Manganese, 138.
————— curious compound of,

139.

217,

e —

analysis of ores of,

mode of detecting its
adulteration, 2 4.

Marls, analysis of, 260,

Mercury, 121,

reducible to a soli
state, 10g, I21I. ‘

e oW to detect in ores,
25 5.

how to ascertain its
purity, 243.

sulphate of, - 122,
nitrate of, 122,

as a test,

*75: s
————— fulminating, 122.
—— muriate of, 1273.

how to
ascertain its purity, 242.
: — giygena-
ted, 123.

— oxygena-

ted, methud of detecting when

used as a poison, 224.

oxygena-
ted, how to ascertain its puri-
ty, 242.

———— amalgams of, 1213,

e e D'I)'d E'f, I'Cd, ‘14-4;

Mercury, oxyd of, red by ni-
tric acid, 244.

- red, sulphu-
rated, 24s.

white, 244.
black sulphu-

rated, 24s.

cllow, 24¢,

Metals, 115, IEE.F 2

w—mae— their oxydation, 173,

——— fusible mixture of, 133.

s used as tests, 1792.

~— method ef analyzing ores
of, 211,

Mineral waters, directions for
analyzing by reagents, 163.

— - frr

analyzing by evaporation, 180.

substances that
may be expected in, and means
of detecting them, 148,

Minerals, instructions for ana-
lyzing, 184.

Molybdena, analysis of ores of,
21g.

Mucilage, 143.

viscid, 1473.

Muriate of potash, 84.

hyperoxyge=-

nized, 84.
- soda, B4, 238.
hyperoxygeni=-

zed, gT.
=———— ammonia, §4, 238.
lime, 104.
———— mercurv, 123, 242.
oxygenated,

——

123, 228, 242.
iron, 126.

copper, I32.

lead, 133.

—— bhurytes, as a test, 175.
Muriatic acid, 83.

ode of ascer-
taining its purity, 23t.
oxygenized, how
procured, 8,

—
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Muriatic acid, oxygenized,
propertics, 36.

composes ammonia, gl.

P am-
monia the best remeay against
its fumes, gz.

Muscle converted intoasubstance
resembling spermaceti, 161.

N.

Natron, prepared, see Soda, car-

bonate of.
Nickel, 14T1.
——— analysis of ores of, z:-;.r
Nitrate of purash, %0, 237
soda, 82
—— ammonia, 82,
e limﬂ, IQJ‘.-
—— silver, 120, 246.
used as a test,

I73. ‘
- a5 a4 test,
175+

——— iron, rz26.

—— COPpCT, T32,

lead, 133,

as a testy 174,

R — bnr}rtcs: a testy 173,

Nitric acid, #72.

——— asa test, 168,

-~ mode of ascertaining
its purity, 230.

Nitrogen gas, how procured, 24.

— its properties, 23,

Nitro-muriate of guld, 117.

Nitro-muriatic acid, gz.

Nitrous gas, how procured, 73.

— its properties, 73.

e i, 73,

- a5 a test, 163,

—— — mode of ascutain-'

ing its purity, 230,
e 05y, 774

O.

Oil inflamed on water, o1.
Oils, fixed, 148.
volatile, or essential, 148.
mode of ascer—

taining their purity, 2 so.
— animal, 160.
Ores, method of analyzing, 211,
inthe

dry way, 2Ig.
Ozxalate of ammunia, 16g.
i e poftash, 16g.
Oxalic acid, 143.
———a test, 160.
Oxygen, its cumbinations with
azote, 71.
= relation to metals, 11 5.
Oxygenous gas, how procured,

21

its pioperties,

21.

the support of
combustion, 20.

—— pf

animal life, z7.
— its base a con-
stituent partof water, 32.

P-
Paint, swhite, method of remo-
ving spots of, 270. :
Paper used as a test must be une
Sizt‘d, [ﬁ_‘r.t '
Fearlash, mode of ascertaining
the quantity of alcali it con-
tains, 55, 23571,
Phosphate of soda, 6.
e — ammonia, g6,
——— ime, 166,
Phosphoreous acid, g4.
Phosphoric acid, best mode of
preparing; ge.
——i = m".l*chr:s;, 97«
Phosphorus burnt in oxygenous
gas produces the unghh;ht of
all light, 22,
A a
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Phosphiorus inflamed under wa-
ter by hyperoxygenized mu-
riate of potash, go,

—_— ~— its characters and
properties, g3,

-— — liquid, 97.

Phosphuiet of lime, 100,

Phosphuretted hydrogenous gas,
q6.

Platina, 119.

s———=analysis of ores of, 212,

Poisons; method of detecting,
222,

e—— remedigs. in cases
228, 22q.

Potash, pure, to prepare, 43.

e m——iSe d a2 test, 190,

—————— mode of ascertain-
ing the purity of its solution,
234,

w———— carbonate of, 53, 150.
- moude of
ascertaining its purity, 233.
me—— — mucie of ascertaining the
quantity of alcali it contains,

551 251,

——— sulphate of, 6-,

— mode of as-
certaining its purity, 237.

=——— sulphurct of, 6.

= hydrosulphuret of, 71.

—— nitrate of, So.

- mode of ascer-
taining its purity, 237.

——-uriate of, 84.

hyperoxy-

of,

genized, 87.
wme——— prussiate of, 126,
improved
. mode of preparing, 127,
as'a test,

176.
m——— arseniate of, 137.
‘me——a— acidulous tartrite of,

147, 239.
S oxalate of, 106g.

Potash, acetite of, 238,

== neutral tartrite of, 23g.
Prussiate of iron, 126, 162,
———=———— potash, 120.
improved
mode of preparing, 127.

as a ftest,

176,
—— lime, 176.
Prussic acid, 161.
Pyrophorus, Homberg’s, 104,

Quicksilver, su‘M-:r'cur}r. \

R.

Radish-juice a test of acids and
alcalis, 165, 107.

Reagents. 164.

Realgar, 137,

Resins, 14g9.

Respiration requires oxygenous
gas; 27

- produces carbonic
acid, s2.

Rochelle salt, mode of ascer=
taining its purity, 23g.

S

Salt, common,
Soda.

Salts, defnition of, 186.

method of examining and
analyzing, 18g.

Saturation, 0.

Sebacic acid, r160.

Sedative salt of Homkberg, see
Boracic acid.

Silex, 110.

Silicated aleali, 111,

Silver, 11g.

nitrate of, 120, 246.

fulminating, 121.

how tarnished, 121.

sulphate, nitrate, and

acetite of, used as tests, 173,

see Muriate of
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Siver, analysis of exes of, 213.

Soap, solutien of, in alcshol, a
testy [77.

Soda, pure, to prepare, 44.

e e 15661 3 A TESTy T7000

—— carbonate ofy 57, 170.

mude of as-
certaining its purity; 234.

w— sulphate of, 67.°

made of ascer-

taihing ifs purity, 236s

sulphur{:t of, 459;

— nitrate.of, "B2. .

r——

_ mude of ascer=
'~ taining its purity, 238.
— hyperoxygeni-

zed, 9I.
e—— phosphate of, g6.
= borate of, 98, 241,
Soils, analysis of, 26r1.

" Solution, 4, 40.

nical division, 4, 11L

- hcaf.z;.
agita-

tion, s.
— effects a minute divi-

sion of bodies, s.

necessary to enable
bodies to act on each other, §.

——— occasions a change of
temperature, 40.

Soup, portable, 15g.

Stains, method of gemoving,
268, ,

Stones, method of analysing,
[(2s

—— casier mode of decom-
posing some, 205.

m——— substances that may be
expected in, and means of se-
parating them, 208.

Strontites, I14.

e arranged by Fourcroy
among the alcalis, 112,

e

-

Succinic acid, mode of ascértains
ing its purity, 233

Sugary, 143,

Sulphate of’ potash, 6%, 237,

soda, 67, 216.

ammonia, 63.

limf, i

magnesia, T07, 240,

alumine, 109, 24I.

barytes, 113

micreury, I23,

iron, ¥2§, 241.

= Used as a test,

pE————

HIHH

——— COpPpEr, T3Z.

—_— lead, 133-

——— zing, 13§.

———— silver, atest, 173,

Sulphur, 62,

———= its binary compounds,
6.

Sulphureous actd gas, how ob-
tained, 63. -

its pro=-

‘pcrtics, 66,
Sulphurets of soda and potashy
69g.

lime, 100.
iron, 131,
coppery 133. -
Sulphurctted hydrogen gas, %0.
Sulphuric acid, 63.

mode of purify=

g, 604.
as a test, 168.
remeodies against,

22.9.

method of ascer-
taining its purity, 22q.

Sympathetic inks, 128,
134y 140,

130,

iy

Tan, 152.
Tartar emetic, a certain mode of
preparing, 133

w®

-y
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'I;'nr;ar emetic, how to asgertain
its purity, 24T.

s cream of) I47.

s mode of ascera
taining its purity, 23g.

w———— vitiiolated, see Potash,
sulphate of.

Tartareous acid, 147.

mode of ascer-
“taifing its purity, 232.

Tartrite of potash, acidulous,
147 239.

—

neutial,2 39,

compound, z39.

Terra japonica, I53.

Tests employed in examining
waters, 164. '

Thermometer, qg.

Tin, 134.

=——— analysis of cres of, 214.

Tungsten, analysis of ores of,
218.

Turbith mineral, 122, 243.

Turmeric paper and tincture,
166,

’ U.

Uranite, analysis of ores of, 218,

V.
Vapour occasioned by caloric,
I3.
Vegetable substances, T4z, 158.
Vegetables, effects of carbonic
acid on, 52. . *
results of their de-
composition, I354
Verdegris, 132, 24%.
distilled, or crystal-
lized, 248.
Vinegdr, distilled, 156.
mode of as-
certaining its purity, 23I.

— and soda, |

Vinegar, radical, cr concentra«
ted, 1570

— — mode of as-
certaining its purity, 231.
Vinolt§' fermentation, g4,

"WViolets, sirupcf, 165, 167.

Vitriol, blue, %z Copper, sul-
phate of,

w———— precn, see Iron,
phate of,

—-F-- white, sec Zinc, sulphate
of. 4

Volta’s pile,” 37.

W, il
Water, its capability of cons'
ducting heat disputed, 10,
— may be heated to a verf®
great degree, 12. :
= c¢omposition of, 31, 32.
————decomposition of, 31, 24
———— ts properties and effects,
39- .
-—g—mndr: of impregnatiug
with carbonic acid, so.
Waters, mineral, directions for
analyzing, 163, 178, 180.
Wax, 153.
Wine, method of
stains of, 26g.
Woody fibre, 15T,

sul-

removing

b
Yellow, mineral, or patent, 133.
: a &
Zaffre, 1471,
Zinc, 135.

affords the purest hydro-
gen gas, 13s.
sulphate of, 133,

—— analysis of ores of, 216,

= white oxyd of, 246.

ErraTa, —P. g4, lines 6 and 3 from bottum, for phusphorus rm;cf

phosphoreous.

e
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