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Continuation of the Second Setion,
or the Hiftory of Saline Subftances.*

" CHAPTER IV.
Genus III. Acips.

CIDS are diftingunithed by their
four tafte, when diluted with
water ; they redden vegetable co-
2\ lours.. Many acids exift in the
gifcous form ; they unite with great rapidity
to

* Temay be proper, in this ):S_I_acef to remind the reader,
‘that the prefent work is divided into four parts; the firfh
confifting of eight chapters, contains general fadts and ob-
- v 2l fervations
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2 ACLIDS.

to alkalis; their a&ion on inflammable
fubftances is much ftronger than that of the
laft mentioned falts, and moft commonly
reduces’ them to the ftate of bodies which
have been burned. As inflammable matters,
more efpecially metallic fubftances, are found
to contain‘a large quantity of pure air after
having been fubjeéted to the action of acids,
while the acids themfelves become converted
into combuftible bodies; it may be con-
cluded, that this genus of falts is much lefs
fimple than has hitherto been thought, and
that they are in general compofed of inflam-
mable matter, combined with the oxyginous
principle or bafis of vital air, according to
the opinion of Mr. Lavoifier. = All the phe-"
nomena in chemiftry tend to confirm’ this
theory. -
We are acquainted with fix {pecies of mi-

neral acids, very different from each other:

The cretaceous acid,

The marine acid,

The {parry acid,

The nitrous acid,

The vitriolic acid,

The acid of borax, or fedative f{alt.
fervations relating to chemiftry; the fecond contains the
muneral kingdom, or mineralogy; the third contains the

chemical hiftory of vegetables ; and the fourth that of ani-
mal fubftances. g

TTI’{e mineralogical part is divided into three feSons.
af hc;‘. firlt exhibits the phyfical and chemical charadters of

flartns and ﬁ;:ines ,b tI}; {econd fe@ion reiates to faline fub-
itances, or the fubjelt with which we are at prefent oceu—
pied.—Note of the Author. : 5 g

; Speci'es-. _
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ACIDS. 3

h £ a ':r'
Species 1. The CRETACEOUS AcID.

We give the name of cretaceous acid to
that which was originally called fixed air by
the Englifh ; mephitic acid by Mr. Bewly ;
mephitic gas by Macquer; and acrial acid
by Bergman. Mr. Lavoifier now calls it
carbonaceous acid. :

This acid has not always been confidered
as fuch. Itsleading properties were perceiv-
ed by Paracel{us, Van Helmont, Hales, &c.
but it is to Black, Prieftley, Bewly, Berg-
man, and the Duke de Chaulnes, that we are
indebted for the certain knowledge of its
acidity.. The name of cretceous acid agrees
very well with this fabftance, becaufe it is
contained, in very large guantitics, in chaliss
and there is no other body with which it has
fo ftrong an affinity, as with the lime which
compofes the bafe of this earthy falt.

The cretaceous acid pofiefles all the more
obvious qualities of air, and exifts in the atmo-
{phere of which itis a fmall part.* Itisfound

¥ My, Tavoifier concludes, from his ingenious experi-
mients, that atmofpheric air confilts of vital air; cretaceous
acid, and mephitis; ufually in' the following proportions

Viital air, e .3 S 27
Cretaceous acid, = A 12 -
Atmofpheric mephitis, . = 72

Total - = 1eo

A2 . . difeighged



4 CRETACEQUS ACID.

difengaged and in a ftate of purity in fub-
terraneous cavities, as in the grotto del cane,
&c. It exifts in a ftate of combination in
a great number of natural bodies, fuch as
mineral waters, and feveral neutral falts:
great quantities are produced in the {pi-
rituous fermentation; it is likewife pro-
duced in the procefles of refpiration, and
“of the combuftion of charcoal ; and laitly,
all the parts of plants, more efpecially the
leaves, continually emit it while in the fhade.
“This acid, though elaftic and tran{parent,
differs greatly from air, even in its phyfical
nroperties ; its {pecific gravity is double that
of air: hence it may be poured, like other
denfe fluids, from one vefiel to another; and
for this reafon it flows out of the cock aftera
cafk of wine has been drawn off.  Tts tafte is
brifk, and {ubacid ; animals which refpireit
die inftantly; and all bodies in a flate of
combuftion are extinguifthed by being plung-
ed in this fluid. It colours the tinture of
turnfole with a clear red; which, however,
difappears by expofure to air, in proportion
as the acid evaporates. It does not alter the
colour of violets, becaufé its ation is too
feeble to produce a fenfible change in deep

and fixed colours. _
The eleétive attractions of this acid are in
general very weak, as it yiclds to eévery other
acid : 1t fuffers no change by expofure to
light,sor at leaft the change is ‘too fmall to

be perceived, ; '
' Heat
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Heat dilates this fluid, without changing
it in any other refpec: :

It mixes with pure or vital air, but with-
out combination ; and forms a mixture which
may be refpired for a certain time, provided
the cretaceous acid do not exceed the third
part of the whole: it may be adminiftered
in this manner as a remedy for diforders of
the lungs,

It combines with water, though flowly.
When thefe two fluids are agitated together,
and their f{urfaces of contact are by that
means multiplied, they unite more readily,
and form a liquid, which may be called acid.
fpirit of chalk. Bergman ealls this folution
acrated water ; but this name may be with
equal propriety applied to water containing
true air, by way of diftinguithing it from
water which has been deprived of that fluid
by ebullition. = Water diflolves a greater
quantity of acid the colder it is; but this
folution is limnited to a certain quantity : the
coldeft water cannot abforb more than its
own bulk of cretaceous acid. *

The acid {pirit of clalk is fomewhat
heavier than diftilled watef; it fparkles when
agitated ; its tafte is brifk and acidulous ; and
it reddens the tin€ure of turnfole. Heat

* Woater fubjected to preflure takes up a larger quantity
of this acid, in proportion as the preflure is greater; hence
it thould feem, .that the acid may exift in the pores of
water without lofing its elaftic form. T.

A 3 °*  decompofes



6 CRETACECUS ACID.

decompofes this combination, by driving off
the elaftic acid. The contact of air produces
the {fame effect the more quickly, as its tem-
peratare is higher. It is neceffary, there-
fore, for the prefervation of this liquid, that
it thould be kept in a cool place, in well-
clofed veflels, or under a ftrong compreffion.

This acid {pirit of chalk'is abundantly
found in nature, where it conftitutes acidu-
lous and gafeous waters. Such as thofe of
Pyrmont, Seltzer, &c.

As this acidulated water is a remedy pro-
per to be ufed in putrid diforders, both in-
ternally and externally, philofophers have
contrived various apparatus for {peedily im-
pregnating water, with the whole quantity
of cretaceous acid it is capable of diffolving.
A procefs for acidulating water was - firft
publithed by Dr. Prieftley, in the year 1772.
Dr. Nooth has invented a machine for pro-
ducing this effe&, which has been fince fuc~
ceflively improved by Mr. Parker and Mr.
Magellan, This isat prefent to be met with
in 2ll philefophical laboratories. A good de-
feription and engMving may be feen in the
fifth volume of Pr¥eftley’s experiments,

The eretaceous acid does not aét on fili-
ceous earth. It is well known that this
earth does not cryftalize in acidulated water,
as was aflcrted fome years ago.

The cretaceousacid unites with clay, pon-

. derous
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derous earth, and magnefia, and forms fe-
veral kinds of neutral falts. :

A combination of this acid with the fo-
lution of lime in water, is conftantly at-
tended with a phenomenon, which forms a
criterion of the prefence of this acid ; when
it comes in conta@ with the lime-water,
white clouds are immediately produced,
which increale in bulk, and form a very
abundant precipitate. Thefe clouds arife
from the combination of the cretaceous acid
with the lime, with which it forms chalk ;
a compound, which being {carcely at all
foluble in pure water, falls to the bottom:
lime-water is therefore a teft for diftinguifh-
ing the nature and quality of the acid we are
treating of. If an additional quantity of the
“acid be added after the precipitate is formed,
this excefls will caufe it to difappear, by a
fecond folution. Chalk diffolved m water,
by a fuper-abundance of the cretaceous acid,
is precipitated by boiling, by expofure to air,
and, in a word, by cvery procefs which can
take away this excefs. Hence it is that
cauftic fixed alkalis, poured into a folution
of chalk, by excefs of the cretaceous acid,
precipitate the .chalk by abforbing that ex-
~ cefs. k

Spirit of chalk, or acidulated water, pour=
ed into lime-water, produces exaltly the
fame effect.

The cretaceous acid combines rapidly with

Ay : the
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the three alkalis. If a {mall quantity of
cauftic fixed alkali, in a liquid ftate, be put
into a veflel full of this acid obtained from
chalk, or taken from the furface of a vat of
beer in a ftate of fermentation, and the ori-
fice of the veflel be quickly clofed with a
wetted bladder, the veflel being then moved
in fuch a manner, as that the liquid alkali
may be fpread over its internal furface, the
bladder will be obferved to be prefled in-
wards; the abforption of the cretaceous acid
by the alkali caufing a vacuum within the
veflel.  This combination is attended with
“heat, and the fides of the glafs are in a
thort time covered with cryftals, which
become larger and larger. We call this falt
cretaceous tartar, when the vegetable alkali
has been ufed ; or cretaceouns foda, when the
mineral alkali has been ufed. Thefe two
falts, which are truly neuatral, were formerl
called by the names of falt of tartar, and falt
of {foda: we fhall {peak of their properties
in the next chapter.

The contact of alkaline gas, and the aeri-
form cretaceous acid in clofed veflels, like-
wife produces an inftantaneous vacuum; it is
attended with heat, and forms a thick white
cloud, which becomes adherent to the glafs,
eitherin the form of cryftals, or ofan incruf-
tation. It is a true imperfe@ neutral falt,
which we fhall diftinguith by the name of
cretaceous ammoniacal falt, |

‘The
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The cretaceous acid adheres to thefe bafes
with different degrees of force. = According
to Bergman, its affinity with ponderous earth
is the ftrongeft : after which follow in fuc-
ceflion, lime, vegetable fixed alkali, mineral
fixed alkali, magnefia, and volatile alkali.
The phenomena on which Bergman has
eftablithed this gradation of affinity will be
feen when we {peak of neutral falts. '

The nature and compofition of the cre-
taceous acid have for fome years paft engaged
the attention of chemifts. Prieftley, Caven-
difh, Bergman, and Scheele, appear to be
of opinion that it is formed by the combina-
tion of pure air and phlogifton; but as the
exiftence of this laft-mentioned principle
has been juftly doubted by many celebrated
French chemifts, we cannot think that
this theory ought to be admitted. I
formerly thought that the cretaceous acid
might bea compound of inflammable gasand
pure air ; many experiments made fince the
year 1782, have caufed me entirely to give
up this opinion, and to adopt that of
Mr. Lavoifier, which appears to me to be
much more probable. This chemift, to
whom the fciences are indebted for the vaft
number of ingenious and accurate experi-
ments he has made, burned a determinate
quantity of charcoal, in glafs veflels filled
with vital air, over mercury: The charcoal

was
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was deprived of aqueous inflammable air, by -
a previous calcination in clofe veflels, as he
had obferved, that without this precaution
drops of water were obtained, by which the
accuracy of the refults were affeéted. « The
combuftion began by the help of a quar-
ter of a grain of fungus placed on the char-
coal, in contact with a very fmall particle of
phofphorus: a bent wire, whofe end was
heated red, being pafled through the mer-
cury, ferved to fet the phofphorus on fire;
this communicated to the fungus, and the
latter to the charcoal. The inflammation was
very rapid, and attended with much light.
"The whole apparatus being cold, Mr. La-
voifier introduced cauftic fixed alkali in the
fAuid ftate, which abforbed the cretaceous
acid formed during this combuftion, and
Iefta portion of vitalair as pure as at the be-
ginning of the experiment, This chemift
thinks, that in the prefent operation the
oxyginous principle, whofe combination with
the matter of fire forms vital air, eombines
with the carbonaceous fubffance, and pro-
duces the cretaceous acid, while the other
principle is difengaged with heat and light.-
Some athes remained, and the quantity of cre-~
taceous acid formed, exceeded the weight of
the vital air made ufe of, by a quantity equal
to the lofs {uftained by the charcoal. ~ From
many experiments of the fame nature, made
in various circumitances, Mr. Lavoifier con-
: cludes,
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cludes, that a centenary of this, which he
now calls carbonaceous acid, or acid of
charcoal, from its origin, is compofed of
about twenty-eight parts of carbonaceous
matter, and feventy-two' parts of the oxy-
ginous principle.

The refpiration of animals, in his opinion,
-difengages from the blood a true carbona-
~ ceous matter, which combining with the
oxyginous principle of the atmofphere, forms
the carbonaceous acid conftantly produced
during this procefs; and that the combina-
tion of the carbonaceous matter of fugar,
with the oxyginous principle of water, is
the caufe of the production of the cretaceous
acid in the {pirituous fermentation.

Several philofophers have obferyed, that
the cretaceous acid poffefies the property of
preferving animal {ubftances, by retarding
putrefation, and even diminifhing its ef-
fects after it has commenced. Hence it
was, that M‘Bride fuppofed that it unites
with the putrid fubftance, and reftores the
acid it had loft during the time of putrefac-
tion. For thislaft phenomenon, according to
his do&rine, arifes from the natural decom-
pofition of bodies,.and the diffipation of the
cretaceousacid; for which reafon he fuppofed
that the application of this acid was indif-
penfably neceflary to compenfate the lofs {uf-
tained in the animal wconomy, and to re-
ftore the fluids to -their former ftate, when

changed
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changed by heat and motion.” He admits
the exiftence of this acid in freth vegetables;
efpecially fuch as are fufceptible of fermen-
tation, as the decoéion of barley, which
has been {uffered to germinate, or the infu-
fion of raifins, &c. all which he thinks are
equally ferviceable in {eptic or fcorbutic dif=
orders. : w0 g

The acid {pirit of chalk has likewife, in
feveral cafes, been fuccefsfully prefcribed
in putrid, bilious fevers. Itis faid that the
Englifh ufe the cretaceous acid, mixed with
common air, in diforders of the lungs.

It has been ftrongly recommended as a
lithontriptic, or folvent of the ftone.in the
bladder ; but we are not in pofieffion of any
authenticated facts in proof of its efficacy.

The public prints contain accounts of fe-
veral inftances of the cure of the cancer,
made in England by the application of the
cretaceous acid.. We can neverthele(s affert,
that this means has been ufed by ourfelves
and others, without fuccefs, feveral times.
After the firft application, the cancerous
ulcer exhibits a more favourable appearance ;
the fanies, which commoniy flows, becomes
white, confiftent, and laudable; the fleth
allumes a lively colour: but thefe ﬂattering
appearances do not continue ; the ulcer foon
returns to its former ftate, and paffes through-
the ufual changes with unabated violence.

Species
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“ " “Species II." Tue, MARINE Acip.

The fluid called by the name of marine
acid, or fpirit of falt, in our laboratories,
has a tafte fufficiently ftrong to corrode our
organs when concentrated, and when much
diluted impreflfes a fenfation of acidity and
ftipticity. It is abfolutely colourlefs when
pure. When it is of a red, or orange
colour, as moft of the marine acid of the
fhops is, it is owing to certain combuftible
bodies, moft frequently iron. This acid is
obtained from marine falt, as we fhall fee in
the hiftory of that fubftance. If it be ftrong
and concentrated, it emits a white vapour or
fume. When expofed to the air, it has a
lively and penetrating {fmell, which, when
diluted or faint, refembles that of citron, or
the apple called golden renpets: it is then
called the fuming {pirit of falt. The fumes
are much more vifible when the air is moift,
If a bottle containing this acid be opened,
and the hand brought near its orifice, a fen-
fible heat is pereeived, whicharifes from the
combination of the acid vapour with the
water in the jatmofphere.  Spirit of falt
ftrongly reddens the {yrup of violets, and all
blue colours of vegetables, but does not de-
ftroy them. Thisliquid, however concen-
trated and fmoking, does not confift of the
pure difengaged magine acid, but conta]ins

: that
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that acid united to much water. Dr. Prieltley
has eftablithed the truth of this, by teaching
us how to obtain the acid in the permanent
form of gas over mercury: we muft there-
fore attend to the properties of this gas,
which in faét is the marine acid unmixed,
and in a ftate of perfect purity. '
The marine acid gas is obtained by heating
the fuming {pirit of falt in a retort, whofe
neck is plunged beneath the orifice of a vefiel
filled with mercury. This gas, which is
much more volatile than water, pafles into
the veffel. ' It has the ufual properties of
common air, but is heavier. Its fiell is
penetrating, and it is {o cauftic, as to inflame
the fkin ; it fuffocates animals, extinguifhes
the flame of a taper, firft enlarging it by the
addition of a green or blueith circumambient
flame. It is abforbed by porous bodies.
Light does not feem to produce any fenfi-
ble change in it; it is rarified, and itselafticit
is prodigiouily angmented by heat. Atmo-
{pheric air, mixed with marine gas, included
in glafs veflels, produces fumes or vapours
attended with a flight degree of heat; a proof
that combination takes place. The more
humid the air, the denfer thefe vapours ap-
pear ; and for that reafon they are not at all
feen at the fummits of lofty monntains,
where the air is very dry, according to the
obfervation of M. D’Arcet: the white va-
pours, which are exhaled from marine acid,
: are
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are therefore a confequence of the water con-
tained in the atmofphere. This liquid acid,
as well as the marine gas, does not abforb
vital air when in the elaftic ftate, though
there are methods of combining them, as we
fhall thew hereafter.

Marine gas eagerly unites with water. Ice
abforbs it very quickly, being inftantly melt-
ed. Water isftrongly heated dunn{r its union
with this gas; when faturated, it perfeétly
refembles the {pirit of falt, from which the
marine gas was criginally obtained by heat.
It emits white vapours, is colourlefs, red-
dens f{yrup of viclets, &c. We thall here-
after fee that this elaftic fluid, received in
pure water, produces the pureft and moft
concentra ted marine acid.

Marine gas has no aétion on quartzofe
earth ; it combines with clay, 101mme a
pecuhe.r falt.

It unites with the falino-terreftrial fub-
ftances, with which 1t forms marine falts,
with bales of penderous earth, of magnefia,
or of calcarecus earth.

Its combination with the fixed vegetable
alkali produces the febrifuge falt of S"‘\.x"“ 3
with the mineral alkzli it forms marine or
corumon, {alt.

Pv’Iai'iEi_e.-_g;\s, in conta& with alkaline
gas, 1N “weflels Jover “mereury, becomes
much heated; the fuids mutually pene=
trate each. other, and a white.cloud isiim-
mediately formed; tn— A8 T rifes
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veflels, and their. internal f{urfaces are co-

vered over with ramified cryftals of fal am-
moniac. If the two gafesare very pure, they
completely difappear when they aflume  the
concrete form, and the difengagemert of
heat has taken place. This experiment is one
of thofe which prove, 1ft, That all bodies,
which pafs from the liquid to the elaftic
{tate, abforb at the {fame time a certain quan-
tity of the matter of fire, or heat; for the
{pirit of f{alt does not become gas without
heat. 2d, That elaftic fluids, in their tran-
fition to the liquid or folid ftate, give out
the heat they before took up. 3d, That the
elaftic ftate depends on this ablorbed and
combined heat; and thatall aeriform fluidsare
unnpoundstovwnchtheInaﬂerofbeaton&s
this form, as M. Lavoifier fuppofes.

The marine acid abforbs the cretaceous
acid; the mutual a&ion of thefe two bodies
has not yet been properly examined ; it is
known, that the cretaceous acid is lefs
powerful than the marine, and is difengaged
from all bafes by this laft. As to the diffe-
rent degrees of attraction for the various
bafes, Bergman lays them down in the fol-
lowing order: ponderous earth, vegetable
fixed alkali, mineral fixed alkali, hme mag-
nefia, volatile alkalj, clay.

The intimate nature of the marine acid,
or the prmupics which enter into its com-
pofition, are not yet known. Beccher

thought
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- thought it to be formed of the vitriolic
acid, united to mercurial ecarth, becaufe he
obferved that this acid has a ftrong affinity to
all fuch bodies as he fuppofed to contain that
principle, fuch as arfenic, mercury, &c.
Stahl made no addition by way of explaining
this opinion of  Beccher. And among the
numerous and ingenious experiments of the
moderns, there are nat any which throw
much light on this fubject.

Scheele is the only chemift who has made
any difcovery of importance refpecting the
different itates in which this acid exifts :
this philofopher having diftilled fpirit of falt
from the calx of manganefe, obtained the
acid in the form of a yellowith gas, of a
very penetrating {mell, and capable of dif-
folving all metals with great facility, not
excepting mercury and gold. He thinks
that in this operation the manganefe, which
he takes to be very greedy of phlogifton,
feizes that of the marine acid; for which
reafon he calls the elaftic fluid, dephlo~
gifticated marine acid, and {fuppofes it to
“diffolve gold, in confequence of its ftrong
affinity to phlogifton. Thereis, however, no
direct experiment which fhews the prefence
of the inflammable principle in this acid ;
and it is four years fince I fufpected that the
vital airof the manganefe is united to the ma-
rine acid, as may be feen in the articles aqua
regia, manganefe, &c. in the firft edition of

Vior. T1.85 .ol thefe
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thefe elements. Mr. Berthollet has proved
the truth of this, by a very accurate and in-
enious feries of experiments.

The marine acid, poured on the calx of
manganefe, aftords yeliow vapours before the
application of heat. " If the retort be heated,
and the vapours received in vefiels contammg
water, a very {mall quantity is diffolved, and
the water is very foon faturated; the gas
which continues to be produced takes a con-
crete form, and falls to the bottom of the
lignid in cryftals. The water, in this experi-
ment, muft be cooled almoft to freezing, be-
caufe the flighteft heat diffolves this concrete
{alt, and occafionsit to efcape in the form of
bubbles.

The dephlogifticated marine acid, in a -
liquid form, or diffolved in water, has, ac-
cording to Mr. Berthollet, an auftere, but
not acid tafte. It deftroys the colours of
vegetables, and renders’ them white, with-
out firft caufing them to. become red. It
‘does not dlfcngwe the cretaceous acid from
its bafes, and confequently caufes no effer-
vefcence when applied to them: in a word,
it has no acid properties.

The dephlogifticated marine ac:d effer-
vefces when heated with quick lime, vital air
bemgdif..n gaged. Therefidue 1scalcarcous ma-
rine falt. The dephloglﬁcated marine acid

roduces an effervefcence in its combination
with the cauftic volatile alkali; but the bub-
é bles
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- bles which arife during this combination are
produced by the decompofition of a part of
this latter falt : the inflammable gas, which
is one of its prmcxples, unites with the de-
phlogifticated marine atid, and forms water ;
while the phlogifticated gas, or the other
pr1nc1ple of the volatile alkali, being fet free,
1s feparated in its elaftic form, and produces
the effervefcence obferved in tl'us experiment.
All thefe experlmcnts prove, that the dephlo-
gifticated marine acid of Scheele is a com-
bination of this pure acid with vital air, and
may, with greater propriety, be called acrated
marine acid, as I propofed in the firft edi-
tion of thefe elements. Mr. Berthollet has
not yet determined the quantity of air ab- -
forbed by the marine acid in thefe experi-
ments. = ;

The marine acid is employed in the arts,
and more efpecially in the art of aflaying
in the humid way.+ :In medicine it is
adminiftered, in a very diluted ftate, as
a diuretic and antifeptic; and it is the:
chief ingredient in the remedy of the Prior
de Chabri¢res for ruptures. It is exter-
nally ufed as an efcharotic; and likewife
in gangrenes of the throat, aphthz, &ec.
Mixed with a certain quantity of water, it

¥ Rozier’s Journal, May 1785.
t See Bergman’s Effays, vol. ii. either in the Englith
tranflation, or original Latin.

B2 conftitutes
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conftitutes a bath for the feet, which is 2
great fccret with fome praétitioners, and is
ufed for the purpofe of removing the feat of
the gout from the nobler to the inferior
parts. ¥ ' _

The dephlogifticated, or aerated marine
acid, has not been known a fufficient time
to apply it o any ufe. Mr. Berthollet thinks
that it may be ufed for the purpofe of dif=
covering, 1n a few minutes or hours, the
effe@ts which expofure to air will produce on
certain dyed ftuffs; and that their durability
may by that means be afcertained.

Species III. THE SPARRY Acip.

The f{parry acid, or fluor acid, difcovered -
by Mr. Scheele, received its name from a.
kind of neutral falt, called fluor, or vitreous
fpar, from which it is obtained. _

This acid, in a flate of purity, has the
form of gas; in which ftate, therefore, we
thall examine its properties. It'is heavier
than ajr, extinguifhes fire, and deftroys ani-
-mal life ; has a penetrating {mell, fimilar to
that of marine acid, but more powerful; and
its cauf’cici;y is fuch, that it corrodes the
fkin in a fhort time; light does not fenfibly
alter it; and heat dilates it, without pfo-
ducing any other change. :

The addition of atmofpherical air has
the fame effe& on this, as on the marifie acid

gas,
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gas, producing a white vapour, which is
more or lefs abundant, in proportion to the
humidity of the atmof{phere. :
The {parry gas unites to water very rapid-
.1y, and with heat; a peculiar phenomenon
attends their combination, - namely, the pre-
cipitation of a very fine white earth, of a fi-
liceous or quartzofe nature: it therefore
feems, that this acid, in the f{tate hither-
to defcribed, is very far from being pure.
For this reafon, I am inclined to think that
it cannot be had pure, but by depriving it
of the earth it took up during its volatiliza-
tion. ‘This gas, diffolved in water, forms
the acid {pirit of f{par, whofe {mell and cauf-
ticity are very powerful when the water is
faturated. This liquid acid firongly reddens
{yrup of violets. It poffefles the fingular
- property of correding and diffolving filiceous
earth, according to Scheele and Bergman.
Dr. Pricftley obferved that {parry gas cor-
rodes and penetrates glafs ; which circum-
_ftance obliged him to make ufe of very thick
glafs in his experiments. Macquer thought
that' this acid does not produce this effect,
but in its ftate of gas; and that in its liquid
ftate, or when combined with water, it ceafes
to poflefs’ that property: his opinion is
founded on the eonfideration, that water pre-
cipitates the f{iliceous earth, which is held in
folution by ‘the fparry gas. :
The acid fpirit of {par may be decompofed
B B in
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in the fame manner as {pirit of falt, by heat-
ing it in a retort, whofe neck is plunged un-
der the orifice of a veilel filled with mercury.
The fparry acid gas is obtained, and the water
remains pure. \

The two French chemifts, who, under the
name of Boullanger, publithed in the year
1773, a feries of experiments on the fluor
or vitreous fpar, are of opinion, that this

. . acid is nothing elfe but the marine acid,

combined with an earthy {ubitance, feparable
~ only by water. Bat Bergman confiders ‘it
as a peculiar acid, fufficiently diftinguifhed
from all others by its combinations. This
laft opinion is almoft univerfally received.
The {parry 1s the only mineral acid which’
poflefles the property of diffolving filiceous
carths. In the year 1779, Bergman thought
that this earth might be 2 compound of the
{parry acid and water, becaufe of the confider-
able quantity of filex depofited, when this-
acid gas comes in conta& with water; but the
experiments of Mr. Meyer prove that the
filiceous earth is obtained from the glafs
veflels which are corroded. This chemift
took three cylindrical veffels of tin, in each
of which he put an ounce of vitreous {par,
with three ounces of vitriolic acid, which
having a ftronger affinity with lime than the
{parry acid, is fuccefsfully employed in pro-
curing the latter. © To one of thefe mixtures
he added an ounce of quartz, in powder ; to

the
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the fecond, an ounce of glafs, in powder;
and the third was left without addition. In
each of thefe cylinders he fufpended a moif=
tened {ponge, and expofed the clofed veflels
to a_gentle heat. Half an hour after, he
found a filiceous powdcr depofited on the
fponge, included oyer the mixture contain-
mg powdered glafs ; twelve hours after, the
mixture containing quartz likewife exhibited
a filiceous incruftation on its fponge; but
the mixture which contained neither quartz
nor glafs, preﬁ:nted no appearance of any
depoftlon even at the end of feveral days.
Bergman himfelf forwarded an account of
this experiment to Mr. de Morveau, inform-
ing himat the fame time, that he renounced
his former opinion refpecting the formation
of filiceous earth by the union of {parry acid
and water. The precipitation, thmcforc,
depends on the quartzofe earth diffolved in
the fparry gas; and the acid is not in a
ftate of purity, till the earth has been pre-
cipitated by water, as we obﬁ:rved in our
former edition.
~ Theacid {pirit of fpar, and the gas, unite
with clay, and form a fweetifh neutral falt,
fpathic clay, or argillaceous fluor, which
eafily takes the confiftence of a thick jelly.
It combines with ponderous earth: the
falt refulting from this combination, which
we dlf’tmgm{h by the name of ponderpus

ﬂucr, is of a pulverulent form. i
B 4_ _ The
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The fparry acid forms a cryftallizable falt
with magnefia; {pathic magnefia, or magne-
fian fluor.

It precipitates lime-water, forming im-
mediately the fluor fpar. ; '

It likewife combines with the fixed vege-
table alkali,. and conftitutes fpathic tartar,
or tartareous fluor: with the mineral fixed
alkali it forms fpathic {foda, or fluor of foda;
laftly, with the volatile alkali it forms a falt,
which we diftinguith by the name of am-
moniacal fluor, or fpathic fal ammoniac.

The foregoing fhort account of thefe fa-
line combinations, prove that the acid of
{par differs greatly from the marine acid;
and this proof is flill further confirmed by
the order of its affinities with the feveral
bafes. Bergman obferves, that the {parry
acid, united to the vegetable fixed alkali, is
{eparated by lime-water, from which fluor
is feen to precipitate ; the fame appeafanée
is obferved when lime-water is added to the
folution of ponderous fluor. This philofo-
pher arranges its affinities in the following
order: ‘lime, ponderous earth, magnefia,
vegetable fixed alkali, mineral alkali, vola-
tile alkali; but he obferves that a greater
number of experiments are required fo give
the neceflary degree of accuracy to this ar-
rangemient. T

The fparry acid has not yet been applicd
to any ufe; but its property of diffolving fi-

' liceous
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liceous earth will probably render it of great
ufe in chemical operations, when means fhall
have been difcovered for obtaining it more
commegdioufly than at prefent.

Species IV. NiTrous AcIp.

The fluid called siitrous acid in chemical

laboratories, is the {pirit of nitre, or a com=

« bination of the acid with water: this {pirit,

‘when very pure, is white ; but a very {mall
“change caufes it to become yellow, or red,

and to exhale fumes of the fame colour in
great abundance. Its cauflicity is {uch, that
it immediately burns and ‘deftroys the or~
ganization of the fkin and mufcles: it red-
dens, and entirely deftroys the colour of {y-
rup of violets. :

Expofed to the rays of the fun, it becomes
of a deeper colour, and more volatile, ac-
cording to Scheele, which fhews that it is

‘acted upon by light : heatalone produces the

fame change: it attracts the humidity of the
air when it is ftrongly concentrated.

It unites with great violence to water,
which becomes at firft green, afterwards blue,
and laftly red.  Much heat is given out in
this combination.  Whenuinited to a .con-
fiderable quantity of water, it is called aqua-
fortis. ;

The white and red nitrous acids were for-
merly confidercd as one and the fame acid,

a7l differing
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differing only in the degree of concentration ;
and that which had ‘the moft colour, was
confidered as the moft concentrated : but the
nature of this faline fubftance being at pre-
fent much better underftood; it is admitted
that it may exift in two different ftates. In
the one, the nitrousacid is colourlefs, more
ponderous, lefs volatile, and does not emit
fumes ; in the other, it is tinged from yel-
low to a-brown red, being lighter, more vo-
latile, and continually emitting red vapours,
more or lefs abundant, accordingly as its
temperature is higher. Bergmandiftinguithes
thefe two ftates of the nitrous acid, by the
names of dephlogifticated and phlogifticated
nitrous acid; we fhall hereafter explain the
caufe of thefe differences; it will be fuffi-
cient in thss place to obferve, that if the co-
loured and fuming nitrous acid be diftilled
in a glafs retort, the red part comes over
firft in vapours, and the acid which remains
in the retort becomes white and colourlefs.
The deeper the colour of the nitrous acid,
the larger will be the quantity of vapours,
and the lefs the quantity of clear nitrous
acid remaining in the retort; and on the
contrary, if a nitrous acid, of a pale red, be
| {fubmitted to the fame procefs, the quantity
of vapour is very inconfiderable, and the
clear :Jicid, which remains, is in much greater
quantity than in the former cafe. ‘This
experiment proves, that the deep coloured
' : nitrous
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nitrous acid is more volatile than the paler
fort; and that as all f{pirit of nitre is com-
pofed of thefe two acids, they may be
obtained feparate, by diitillation properly
managed. In this operation, a wcertain
quantity of vital air is always difengaged,
which may be colle¢ted by adapting a pneu-
‘matic apparatus to the receiver. It muft
be obferved, that the fame procefs of diftil-
lation made with the paleft nitrous acid,
always difengages fome red vapours, and |
‘changes the colour of the acid, which be-
womes reddith. But this change produced
‘by mere heat, difappears when the acid grows
cold; and the vapour, which had arifen, is
again diffolved in the liquor.

Spirit of nitre has no ation on the vitri-
fiable and quartzofe earths ; it unites with
clay, ponderous earth, magnefia, lime, and
the three alkalis, with which it forms nitre,
with bafe of ponderous earth, and the fe-
veral nitres diftinguifhed by the names, mag-
nefian, calcareous, common, rhombeidal,and
ammoniacal ; its affinities with thefe diffe-
rent bafes are the fame-as thofe of the ma-~
rine acid. Bergman arranges them in the
following order : ponderous earth, fixed ve-
getable alkali, . fixed mineral alkali, lime,
magnefia, yvolatile alkal¥, clay.

The nitrous acid unites with the creta-
ceous acid, which it abforbs in-a confider-
able proportion : the mutual action of thefe
two bodies is not well known. ;
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he nitrous acid combines very readily
with the marine acid: the alchemifts gave
the name of aqua regia to this compound,
becaufe they ufed it to diffolve gold, the king
of the metals. It muft always have appeared
fingular; that two acids, neither of which
fingly has any action on gold, {hould become
capable of diffolving it when united. = The
alchemifts, happy in having difcovered a fol-
vent for this precious metal, did not trouble
them{elves about the caufe of the phenome-
non, It is but a few years fince two Swedifth
chemifts, Scheele and Bergman, attempted
to difcover the change which the admixture
of thefe two acids produces in each. Scheele,
as we have already obferved, perceived, that
the yellow vapour produced when the ma-
rine acid is diftilled from the calx of man-
ganefe, has the fame fmell as aqua regia ;
that it deftroys the blue colours of vege-
tables; and that its aCtion on metals is very
{ftrong, efpecially on gold, which it per-
fectly. diffolves, like aqua regia. He thinks
that thefe new properties arife, from its be-
-ing deprived of phlogifton by the calx of
manganefe, and that confequently it has a
ftrong tendency to feize that principle from
other bodies; and therefore acts powerfully
on combuftible bodies. From thefe facts and
fuppofitions, he gave it the name tffdephlogif-
ticated mazine acid. We muft here obferve,
this explanaticn is abfolutely contrary to the

theory
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theory of Stahl, which Scheele appeidrs to
“have adopted; fince the marine acid, by the
lofs of its phlogifton, acquires new proper-
tics, which that great man attributed to the
prefence of the inflammable principle, fuch
as volatility, a firong odour, and a power
of acting on combuftible bodies. We ap-
prehend, moreover, that all thefe phenomena
are much more naturally cxplained by the

new theory, as we fhall prefently thew.
Bergman thinks, that the nitrous acid
feizes the phlogiften of the marine acid, and
becomes partly diffipated, in the form of
vapour ; and that the marine acid is con-
verted into the fame flate as it pofiefies,
when diftilled from the calx of manganefe.
Aqua regia, therefore, diffolves gold by vir-
tue of the dephlogifticated marine acid it
contains. Such is the opinion of the cele-
brated chemift of Upfal. * The following
theory, however, appears to agree better
with the facts. When nitrous acid is pour-
ed upon fpirit of falt, the two liquors grow
hot, and deeper coloured ; an' effervefcence
1s produced, attended with a mixed fmell,
lefs penetrating than that of pure fpirit of
falt, but:perfedtly refembling marine acid,
diftilled from calx of manganefe. Mr. Ber-
thollet has difcovered, that dephlogifticated,
or acrated marine acid, isdifengaged during
this ftrong a&tion of the two acids. Spiric
of falt, therefore, takes from the nitrous
- : acid
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acid part of the pure air it contains, and is_
diffipated in the form of aerated marine acid.
A portion of this dephlogifticated fpirit of falt
remains charged with nitrous gas, and this
mixture conftitutes aqua regia.. Hence it
may be eafily conceived, why a very {mall
quantity of nitrous acid is required to give
the marine acid the characters of aqua regia ;
and why the falt of gold affords, by diftilla-
tion, nothing but the marine acid, as likewife
happens with aqua regia diftilled alone. But
it muft be obferved, that as a much greater
quantity of nitrous acid than is neceflary is
commonly ufed to faturate the marine acid
with air, or to dephlogifticate it, aqua regia
contains thefe two acids, which a& each
according to its peculiar nature, and form
various compounds with bodies expoled to
their a@fion. It is therefore a defideratum
to afcertain what quantity of nitrous acid
is required to faturate a given quantity of
marine acid, and to convert it into aqua
regia, without its containing any portion of
- aqua fortis, which would only tend to alter
its * properties, and render its effects uncer~
tain. Hence it is neceffary, in the record-
ing of nice chemical operations, to point out
the refpective quantities of the acids made
ufe of in compounding the aqua regia em-
ployed. :
The fpecific gravity of this mixed acid,
1s lefs than that of either of the two
which



NITROUS ACID. 31

which compofe it; its fmell is peculiar ;
its colour citron, verging towards orange :
its a&ion on various {ubftances diftinguifhes
it from every other acid: it is not fenfibly
changed by light; but heat feparates the two
acids. Aqua regia combines with water
in all proportions, at the fame time pro=-
ducing heat; it diffolves clay very flowly,
and unites with ponderous earth, magnefia,
lime, and the different alkalis, producing
mixed faline combinations, which either
cryftallize {eparately or together, according
to their folubility. Aqua regia is much
ufed in chemiftry, efpecially in the art of
affaying, as we fhall have occafion to obferve
more largely, when we come to fpetk of me-
“tallic fubftances.

The intimate nature and compofition of
the nitrous acid has been greatly attended
toeby chemifts, fince the earlier difcoveries
of Dr. Prieftley. The opinion of fuch as
think the formation of this acid may be at-
tributed to the vitriolic, and who regard it
as a modification of this Iaft, has been thewn
to be founded on fallacious experiments ;
and it was foon found to be compofed of
peculiar principles, in confequence of the
following obfervations.

It has long fince been obferved, that the
nitrous acid acts ftrongly on combuftible
bodies, efpecially metallic fubftances; a largé
quantity of red vapours exhaling at the fame

' time
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time into thé atmofphere, and the acid 4n
fome cafes being entirely diffipated in that
form. The combuftible body is quickly
converted into the ftate of a body which has
{uffered’ calcination, or combuftion. And .
this procefs is in fome cafes carried on fo
rapidly, as to caufe f{udden inflammation
of the combutftible bodies, fuchas oils, coal,
phofphorus, and certain metals. Stahl at-
tributed this effect to the rapidity with which
he fuppofed nitrous acid to combine with
phiogifton ; but this theory is infufficient.
Dr. Prieftley having received, under a
glafs veflel filled with water, the vapour
which is difengaged during the a&ion of the .
nitrous atid' upon iron, obferved, that in-
ftead of a red vaporous fluid, a tran{parent
and colourlefs gas, refembling air, is obtain=~
ed, which he diftinguithed by the name of
nitrous air. .
This gas has all the external chara@ers of
air, but differs in a great number of its
chemical properties: its fpecific gravity is
fomewhat lefs; it is incapable of maintain-
ing either combuftion or refpiration ; is
ftrongly antifeptic; has no fenfible tafte;
and does not immediately produce any change
in fyrup of violets. Nitrous gas is not fen-
fibly changed by the action of light; heat
dilates it ; vital air readily combines with it,
and converts it into nitrous acid ; atmo-
{pheric air produces the fame effet, but

with
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with lefs intenfity. This combination ex-
hibits many important phenomena. As foon
as the air comes in conta& with the nitrous
gas, thefe two colourlefs fluids become red,
like the fuming fpirit of nitre; a confider-
ablar degree of heat is excited; the water
rifes in the receiver, and abforbs the red va=
pours, which convert it intoa weak aqua
fortis. 'The purer the air, the more rapid
and evident are thefc phenomena, and a
lefs quantity is required to convert a given
quantity of nitrous gas into nitrous acid.
Mr. Lavoifier found, that fixteen parts of
atmofpheric air are required to faturate feven
parts, and one third of nitrous gas; while
four parts of vital, or dephlogifticated air,
are fufficient to faturate completely the fame
quantity of gas. This remarkable pheno-
menon perfetly refembles combuftion, as
Macquer thinks. In fad&, it is accompa-
nied with heat, abforption of air, and the
produétion of faline matter; and the deep
red colour, with which it is accompanied,
may be confidered as a kind of flame.

The effe@s of air, in this artificial re-
compofition of nitrous acid, being different
according to the purity of the air made ufe
of, Dr. Pricftley applied nitrous gas, as a
teft to diftinguifh the quantity of vital air
contained in 4ny given portion of elaftic,
fluid ; by taking, as the two extremes, the
moft impure gas, which is not changed at all

Vor. IL C by
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by nitrous gas (as for example, cretaccous
acid) and vital or dephlogifticated air, which
is changed the moft. This proof confifts in
employing known quantities of the two
gafes, and obferving the effect, or the quan-
tity neceflary for the complete faturation of
each. The lefs the quantity of any kind of
air, which is required to faturate nitrous gas,
the more pure or refpirable that air is; and
on the contrary, the larger the quantity re-
quired for that purpofe, the lefs 1s its purity.

Many philofophers have endeavoured to
contrive methods of performing this experi-
ment with the greateft precifion. The Abbé
Fontana has fucceeded the beft *in his at-
tempts ; he has contrived an inftrument,
which is accurately defcribed by Ingenhoufz
in his enquiries concerning vegetables : with
this inftrument, the purity of air may be efti-
mated to an extreme degree of accuracy; buta
degree of attention and experience is required
in its ufe, without which it is very likely
to be produétive of error, as the author him-
felf obferves.

It 1s of great confequence to be obferved,
with regard to thefe experiments, ufeful and
ingenious as they are, that they have not
been attended with near the advantage to
medicine, by determining the falubrity of the
air, which was at firft expeéted. They indicate
merely the quantity of refpirable air contained

in
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in the fpecimen under examination; but
teach us nothing cencerning the noxious
qualities of this fluid, with refpe& to the
other animal fun&ions; as for example, its
a&ions on the ftomach, fkin, and in parti-
cular the nerves, which produce effects well
known to phyficians, and which follow in
confequence of almoft every altcration the
air is fufceptible of.

Chemifts are not yet agreed in their opi-
nions refpe&ing the caufe of the produéion
of nitrous acid, by the mixture of nitrous
gas and yital air. Dr. Prieftley, to whom
we are indebted for this difcovery, thinks
that nitrous gas confifts of the nitrous acid,
loaded with phlogifton; and that pure air,
having a ftronger affinity for this laft {ub-
ftance, takes it from the acid, wwhich it
leaves at libelty: but this theory is far
from being fuflicient to explain the pheno-
menon, becaufe there is fcarcely any refidue
when the experimént is well made, and be-
caufe the nitrous acid, formed in this ope-
ration, weighs much more than the nitrous
gas made ufe of. Mr. Lavoifier imagined,
that this property of recompofing nitrous
acid, by the addition of pure air, is {ufficient
to thew the compofition of the acid itfelf.
By combining two ounces of {pirit of nitre,
of a known {ftrength, with mercury, which
is a combuftible body, he obtained 196
cubic inches of nitrous gas, and 246 inches
B : C 2 ; of

A
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of dephlogifticated air; the mercury, after
having changed its form during the difen-
gagement of the firft gas, was reduced to its
metallic ftate during the difengagement of
the fecond ; and was found to have {uffered
no lofs. From this experiment, performed
with great accuracy, he concludes, 1ft,
That the mercury having fuffered no lofs,
the elaftic fluids cannot be attributed to, or
be faid to have been obtained from, that
metal. " 2d, That they muft therefore be
attributed to a decompofition of the nitrous
acid. 3d, That the nitrous acid, made ufe
of, whofe fpecific gravity, compared with
diftilled water, was as 131607 to 100000,
appears to be formed of three principles;
nitrous gas, - vital air, and water, in the
followingsproportions, in the Paris pound,
of 9216 grains; nitrous ga@ 6274 grains;
vital air, 1082+ grains ; water, 7506 grains.
4th, That nitrous gas confifts of the nitrous
acid, deprived of vital air, or the oxyginous
principle. sth, That in all the operations
wherein nitrous gas is obtained, the ni-
trous acid is decompofed, and its oxyginous
principle abforbed by the combuitible body,
with which it has a ftronger affinity than
with the nitrous gas. .
There is, however, a difficulty atttend-
ing this opinion. Mr. Lavoifier did not fuc=
ceed in recompofing all the acid he made
ufe of, but loft at leaft the half, and the
. : quantity
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quantity of pure air obtained was much-
more than neceflary to faturate the whole
quantity of nitrous gas: lie confefles that
he cannot account for this circumftance.
Macquer fuppofes it to depend on the lofs of
phlogifton, or light, which he confiders as
one of the principles, and fuppofes to be
diffipated through the pores of the veflel
during its decompofition, a part of the pure
air, which is not diffipable in .the fame
manner, being left behind. But though
this laft opinion feems to remove the diffi-
culty, itis not eafy to fay why onc part of
the phlogifton fhould remain in the nitrous
gas, while the other efcapes through the
peres of the veffel.

The fpecies of gas, which remains after
the mixture of nitrous gas and pure air, has
been equally &nbarra{ﬁng té chemifts ; this
refidue was very inconfiderable in Mr. La-
voifier’s experiment, 7 parts and id of ni-
trous gas, with 4 parts of vital air, having
left only the 34th part of their whole bulk.
This chemift has fince afcertained, that the
refidue is much {maller when the fluids are
very pure, and in accurate proportions: if a
combination of nitrous gas and vital air
thould ‘be made, in.fuch proportions as to
leave no refidue, which Mr. Lavoifier ex-

ects to accomplifh, it will greatly add to
the probability of his opinien,

There is not the fame difficulty concern-~

C 3 ' ing
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ing the acriform refidue obtained, aftc_:r thp‘
combination of 16 parts of atmofpheric air
with 7 and 1d of nitrous gas; this fluid is
known to be phlogifticated gas, or atmo-
{pheric mephitis : it is likewife eafy to con-
ceive, that water, in conta& with nitrous
gas, may, in procefs of time, convert it into,
nitrous acid, by virtue of the air contained
in the firft-mentioned fluid.

But in the theory of Mr. Lavoifier, the
naturé of the nitrous acid remains to be en-
quired into; and this point has been cleared
up by a valuable experiment of Mr. Caven-
dith : he introduced into a tube of glafs, ~
parts of vital air, obtained without the af-
fiftance of nitrous acid, and 3 parts of phlo-
gifticated gas, or atmofpheric mephitis; the
¢lectric fpark being pafied through this mix-
ture, its bulk was much diminithed, and it
became changed into nitrous acid. Hence
he concludes, that this acid is a combination
of 7 parts of vital, and 3 of phlogifticated
air; and that when a certain proportion of
the firft of thefe principles is taken away, as
happens when metals, ‘&ec. are diffolved, it
becomes nitrous gas; confequently, accord-
ing to this opinion, the latter fluid muft
confift of atmofpheric mephitis, with a lefs
proportion of vital air than is neceflary to
conftitute nitrous acid; and that the addi-
tion of pure air only is wanting to convert
nitrous gas into that acid. Thefe experi-

ments,,
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ments; and the ingenious theory deduced
from them, tend greatly to explain the for-
mation of nitrous acid, by the putrefadtion
of animal matters. It is well known, that
a large quantity of phlogifticated gas is dif-
engaged from thefe fubftances during the
putrefactive procefs; and the neceflity of the
conta& of air, for the production of the
nitrous acid, is fufficiently evident, from the
confideration that it is formed by the union
of thefe two elaftic fluids.

Hence it is likewife eafy to afcertain the
difference between the pure, colourlefs ni-
trous acid, and that which is yellow and
fuming, called phlogifticated nitrous acid
by the northern chemifts. The latter exifts
in all cafes, when the proportfon of its two
component parts: is not accurately fuch as
conftitutes pure nitrous geid,s namely, 3
parts of mephitis to 7 of vital air. But as
a great number of circumftances, and in
general every phlogifticating procefs, may
diminith the quantity of vital air, by ab-
forbing more or les of that fluid, it follows
naturally, 1ft, That the nitrous acid is very
{ubject to alteration, and muft be more or
lefs fuming according, to circumitances.
2d, That in proportion to the quantity of
vital, or pure air, taken away, it may exift
in mapy different flates from that of the
pureft nitrous acid, which contains the
largeft portion of air to that of nitrous gas,

C 1 which
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which does not contain enough to be truly
acid.  3d, That if nitrous gas be totally
deprived of vital air, it will be converted into
phlogifticated air, or atmofpheric mephitis.
4th, That the attration between pure air,
or the oxyginous principle, and nitrous gas,
not being confiderable, and a great num-
ber of combuftible bodies having a ftronger
affinity with the former, the nitrous acid
muft be decompofed with much facility by
fuch bodies. Thefe four remarkable proper-
ties ferve to explain a great number of che-
mical phenomena.

The affinities of the nitrous acid to the
alkaline bafes, are the fame as thofe of the
marine acid. They are arranged by Berg-
man in the following order: ponderous
earth, vegetable alkali, mineral alkali, lime,
magnefia, volat# alkali, and clay. Ac-
cording to this celebrated chemift, the phlo-
gifticated nitrous acid has the fame eleétive at-
tractions as the pure acid itfelf. Itis ftronger
than the acids before treated of, and difen-
gages the cretaceous, {parry, and marine acids
from their bafes. &

The nitrous acid is of very extenfive ufe
in the arts; under the name of aqua fortis,
1t is more. particularly employed to diffolve
mercury, copper, and filver, by water-gild-
ers, engravers, and in domeftic and metal-
lurgic operations, &c. In furgery it is ufed
to deftroy excrefcences, and {fmall indolent

' tumours.
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tumours. In pharmacy it is ufed in. many
preparations ; fuch as mercurial water, red
precipitate, martial alkaline tin¢tureof Stahl,
the yellow unguent, &c. &c.’

Species V. The ViTrioric Acip.

The vitriolic acid is a very‘cauﬁic faline
fubftance, which, when concentrated, burns
and corrodes the fkin, reddens the {yrup of
violets, and exhibits a rough ftyptic tafte when
much diluted with water. This acid has the
form of a very tranfparent, oleaginous fluid,
twice as heavy as diftilled water, and with-
out fmell; it contains the acid united with
water, from which it cannot be entirely fe-
parated by any known method. It is called
vitriolic acid, becaufe it was formerly ob-
tained from martial vitrioly by diftillation.
It is now obtained in France, and in Eng-
land, by the complete combuftion of ful-
phur, as will be more amply explained in
the hiftory of that combuftible fubftance.

This acid takes the concrete form, either
by expofure to cold, or by combination with
feveral elaftic fluids.

The action of light on the vitriolic acid
3s not known. Some chemifts have affirmed,
that oil of vitriol, expofed in well-clofed
veflels to the rays of the fun, becomes gra-
dually more and more coloured, and even
that {ulphur is formed : this phenomenen,
which would afford a ftrong confirmation of

the
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the do&rine of Stahl, is very far from being
roved; and it is even probable that it does
not take place: for we fhall hereafter thew
that the vitriolie acid cannot be conwerted
into fulphur, but by the lofs of its pure air,
or oxyginous principle, and this feparation
cannot be made in clofed veffels. |
Stahl confidered the vitriolic acid as the
moft univerfally diffufed, and the principle
of all other acids. The firft of thefe affer-
tions, founded on the confideration that
linen cloths, impregnated with fixed alkali,
and expofed to the air, become charged, in
procefs of time, with vitriolated  tartar, or
the (alt formed by the union of the alkali
with vitriolic acid, is now thewn to be falfe;
becaufe thefe cloths are not found to contain
an atem of vitriolated tartar, though they
abound with ecretaceous tartar, which has
been improperly called acrated alkali. As
to the fecond, it is by no means prov-
ed that the other acids owe their origin
to the vitriolic. Modern experiments have
thewn, that each acid has its peculiar prin-
ciples, different from every other, excepting
the oxyginous principle, which is common
to all. :
QOil of vitriol, heated in a retort, becomes
- more concentrated by the lofs of a part of
its water, and 1s not volatilized but by a
ftrong heat. Coloured vitriolic acid be-
comes clear and tranfparent by tHe action of
heat.
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heat. During this operation, which is called
concentration and rectification of the vitriolic
acid, a gas of a very penetrating {mell, which
we fhall hereafter have occafion to fpeak of,
under the name of f{ulphureous gas, and
was the caufe of its colour, @ is fepa-
rated. Though this operation appears ta
render the vitriolic acid more clear and pure,
it muft be carried ftill further, if the acid
be defired in a high ftate of purity. The
fa& is, that the ordinary method of con-
centrating oil of vitriol, deprives it only of
water and fulphureous gas, without feparat-
ing the fixed matters by which it may be
changed : its complete purification requires
that it be diftilled to drynefs; changing the
recipient as “foon as the acid in the retort is
fufficiently concentrated by the firft part of
the procefs : the dry whitesrefidue, which
finally remains in the retort, confifts of vi-
triolated tartap, and fome other fubftances
taken up by the acid at the time of its origi-
nal manufacture.

Qil of vitriol, expofed to the air, attracks
humidity, and lofes a part of its force and
caufticity ; it likewife becomes coloured, by
means of the combuftible particles which
float in the atmofphere, and are ftrongly
ac&ted on by this acid : the quantity of moif-
ture it abforbs by this expofure, is nearly
double its own weight. The Duc D’Ayen,
by a curious {etof experiments, made during

the
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the violent froft in the month of January,
1776, has fhewn, that highly-concentrated
oil of vitriol, expofed to cold between 13
and 15 degrees of Reaumur’s thermometer,
becomes congealed ; that when it is diluted
with 2 or 3 parts of water, it cannot be
frozen; and that, if it be left continually
expofed to the air in its frozen flate, it be-
comes again fluid, though the temperature
of the atmofphere continues as ¢old, or even
becomes colder than before. This laft phe-
nomenon is produced by the water contained
in the atmofphere, with which the acid
unites, and produces an increafe of tempe-
rature {ufficient to countera& and overcome
the power of congelation.

Oil of vitriol unites to water with pheno-
mena, that indicate a fudden penetration, and
intimate union. A ftrong'degree of heat,
attended with a kind of hifling noife, is pro-
duced, a peculiar fmell being at the fame
time emitted. The acid, thus diluted with
water, lofes much of the intenfity of its tafte,
and its fluidity is greater. ’

It is then called fpirit of vitriol : by con-
centration it returns again to the ftate of oil
of vitriol. _

This acid does not aé& on quartzofe earths,
not even when they have been previoufly dif-
folved in alkalis: it combines with clay,
ponderous earth, magnefia, lime, and alkalis,
forming alum, ponderous {par, Epfom falt,

{elenite,
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felenite, vitriolated tartar, Glauber’s falt, and
vitriolic ammoniac ; its eleétive attractions
for thefe bafes have the fame order as thofe
of the marine and nitrous acids, but they are
ftronger; this acid being capable of difen-
gaging either of the others from its bafe.

The a&tion of oil of vitriol on other acids
has not yet been well afcertained ; we only
know, 1ft, That it abforbs a large quantity
of the cretaceous acid. 2d, That it unites
foeafily with the marine acid, as to produce
heat, sand the difengagement of a large’quan-
tity of marine acid gas in white vapours.
Boerhaave affirms, in his chemiftry, that the
marine acid renders oil of vitriol concrete,
which may perhaps be true of the aerated or
dephlogifticated marine acid. 3d, That the
white and pure nitrous acid, added to oil of
vitriol, coloured by a combuftible body,
renders it tranfparent, “and is exhaled in the
form of initrous gas, on the application of
heat to the mixture. 4th, That nitrous gas,
added to oil of vitriol, caufes it to take a
concrete form, as we fhall more largely thew
in treating of the decompofition of nitre by
martial vitriol.

The mode of a&ion of the vitriolic acid
on combuftible bodies gredtly elucidates the
nature and principles of thisacid; whenever
a combuftible body, as for example, a metal,
or any -animal or vegetable fubftance, is
placed in conta& with concentrated oil of

vitriol,
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vitriol, it paffes with a greater or lefs degree
of rapidity to the ftate of bodies which have
been burned, and the acid is at the fame time
decompofed.

Bodies containing oil, become black when
plunged in cold vitriolic acid, the acid at
the fame time afluming firft a brown, and
afterwards a black colour; if an inflammable
body in combuftion, as for example, red hot
charcoal, be plunged into this acid, it im-
mediately affumes a degree of volatility, with
a fulphureous fmell, emitting at the: fame
time a white fuffocating fume. If the acid
be putin contact with a combuftible body-of
a more fimple nature than organic {ubftances,
the changes which follow may be more eafily
perceived and eftimated, -and the principles
of the vitriolic acid may by that means be
feparated and known. When oil of vitriol
and mercury are heated together in a retort,
whofe neck is plunged beneath a glafs vefiel
filled with the fame metallic fluid, a per-
manent gas, of a ftrong and penetrating {mell,
fimilar to that of burning {ulphur, is pro-
duced as foon as the acid boils.

This zeriform acid, known by the name
of fulphureous acid gas, is fomewhat heavier
than common air®; it extinguithes flame, de-
ftroys animal life, reddens and difcolours
fyrup of violets, unites to water with lefs
rapidity than the marine acid gas, and ac-
cording to Pricftley, diffolves chalk, fulphur,

' and
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and iron; it is abforbed by charcoal, and all
very porous bodies; it is-a peculiar modifi-
cation of the vitriolic acid, capable of form-
ing with alkalis falts, very different from
thofe produced by the combuftions of that
acid itfelf. Stahl, who paid particular at-
tention to thefe important phenomena, ima-
gined, that in this combination the phlo-
gifton of the metal united with the acid, and
gave it fmell, volatility, &c. but this Breat
ichemift, not having purfued the experiment
to a fufficient length, was doubtlefs unac-
quainted with the circumftance, that the
{tfongeft objetions againft his do&trine may
be' deduced from thefe fa&ks. M. Lavoifier,
M. Bucquet, and myfelf, have feverally
examined the {ucceffion of phenomena, which
take place during the mutual a&ion of mer-
curyand thevitriolicacid. As foonasthemix-
ture becomes white and dry, fcarcely any ful-
phureous gas paffes over; if this vitriolic
mercurial falt be then ftrongly heated, a fmall
quantity of water is difengaged, together with
gas of a totally different nature from the form-
er. * It confifts.of air, as pure and refpir-
able as that which Dr. Prieftley calls de-
phlogifticated air. In proportion as this air
paffes over, the mercury 1s reduced to its
fluid and metallic ftate, abfolutely fimilar to
that which it originally poffeffed, and is in-
tirely recovered, excepting certain portions,
which, together, do not amount to the eighth
A part
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part of the quantity made ufe’of. Hence it
appears, that the mercury not having been
at all altered, the two gafes, which come
over, are produced by a decompofition of the
vitriolic acid itfelf. Sulphureous gas ap-
pears to have the fame relation to this acid
as the nitrous gas has to the acid of nitre.
There is, however, fome difference in the
compofition of thefe two acids; for it has
not been found practicable immediately to
reproduce the vitriolic acid by uniting the
two gafes it affords, though this may be done
at pleafure with the nitrous acid. It is pro-
bable, that the recompofition of the vitfi-
olic acid requires a confiderable fpace of
time, fince it really takes place when com-
pounds of the fulphureous acid, with diffe-
rent bafes, are expofed to the air, and are
found at length to contain mere vitriolic acid.
Thus it is that the combination of the ful-
phureous acid with the fixed vegetable alkali,
commonly known by the name of fulphu-
reous falt of Stahl, being expofed to the air,
becomes converted into vitriolated tartar at

the end of a certain fpace of time. .
From thefe experiments, Mr. Lavoifier
concludes, 1ft, That the vitriolic acid is a
compound of fulphur and vital air, or the
oxyginous principle, 2d, That when a
combutftible body is prefented to this acid,
which has a ftronger affinity than vital air
to {ulphur, it feizes the pure air, and de-
compofes
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compolfition’; -whereas, when - pitre, with

fand, is expofed to heat, ‘the latter fubftance

tending to unite with_ the alkali, and form

‘glafs, prevents it from.re<a&ing on the acd;

.
0

i

which, thercfore, comes over unchanged. " *

Argillaceous earths likewife decompofe. nitre,
"The clay commbnly ufed;-is coloureds Mr.
Baumé thinks, that the decompofition is°

5
1

produced by the vitriolic acid contained in .

the clay.. The diftillérs of aqua fortis make
ufe of an earth of the fame kind ; . they intro-
ducé two pou’nd’é of nitre with fix pounds
of coloured clay (of Gentilly), .into'earthens

retorts of a peculiar form, which are placed

in a row; on long furnaces, called galleries ;
their necks are inferted in bottles of the fame
form, which ferve as receivers. By this
means, they firft obtain a:tran{parent liquor,
feascely acid, which they call phlegm of
aqua fortis, which is folldwed by the acid

it{elf, more and more concentrated ;. the re- .
fidue is a red and hard  earthy fubftance, &

which 18 ufed as a kind of mortar, 'This'ex-
periment is far from proving that ‘clay de-
compofes nitre ; for, 1ff, The diftillers em~

ploy -a very impure nitre, which contains.
much nitre with an earthy bafe. 2d, They

Il

* make ufe of a very compounded clay, which .

is often loaded with pyrites, whofe vitriolic

acid may decompofe the nitre. - To afcer-
tain. whether fuch 2 decompofition takes: |
place, the whiteft clay, or which isftill better,” &
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ceiver for the efcape of the vapours. = It was
- remarked, that thefe vapours being very dif-
ficultly condenfed,” occafioned two princi-
pal inconveniencles : the firft was, the lofsof =
a confiderable quantity of the {pirit of nitre,
which was diflipated by the aperture; the
fecond confifted in the danger inturred by
the operator, from the acrid and corrofive

_ vapours.  Mr. Woulfe, a learned Englith
chemift, has contrived a method of remedy-
ing thefe inconveniencies: inftead of em-
ploying a perforated receiver, he ufes a re-
ceiver. with- two necks; the neck furtheft
“from the. retort confifts of a tube bent at
_right angles, the one part being horizontal,
and the other vertical ; which laft is inferted
in the neck of a bottle: from the fides of
~ this bottle proceed two tubes fimilar to that
laft defcribed, which pafs each into another
bottle; and thefe are in like manner con-
ne&ed with two others, whofe lateral aper-
tures remain open. . The firft bottle is com-
monly empty ; the collateral bottles contain
each a certain qbantity of water, in which
the inferior extremities of the tubes of com-
munication are plunged, the upper parts of
the bottles remaining empty. = The. acid
vapour, which is condu&ed by the' tubes
into the water, is there condenfed, either =
totally or in part; the part which efeapes is
conduéed to the fucceeding bottles; fo that
no part of the acid is loft, and the 6perétor
: is














































































































































































142 ©  SAL AMMONIAC.

Sal ammoniac is not decompofed by clay ;
neither does magnefia decompofe it, but with
difficulty, and in part, as Bergman obferves :
if a mixture of magnefia and folution of fal
ammoniac be put into a bottle, vapours of
volatile alkali, according to the remark of
the celebrated chemift of Upfal, are difen-
gaged at the end of fome hours. But this
difengagement foon ceafes, and the quantity
of {al ammoniac which is decompofed, is very
{mall. _ ' , ;

Lime, and likewife ponderous earth, fe-
parate the volatile alkali, even in the cold :
if fal ammoniac be triturated with quick
lime, the firong {mell of alkaline gas is im-
mediately perceived. When this operation
1s performed in clofe veflels, the volatile al-
kali may be collefted. But this operation,
nothaving been accounted for byauthors,in as
accurate a way as the modern difcoveries per-
mit, we thall proceed to givea more minute de-
fcription. If newly made quick lime and very

prevent their being loft, together with the important con-
fequences to which they often lead. 1 have in very many .
inftances obferved cryiftals formed in this way, where none
were obtainable by evaporation. It likewife 'h:ippcns not
unfrequently on opening bottles, which have food for {fome
time, cryftals are depofited, whofe origin is fingularly fa-
voured by agitation and the contaét of air. This note, which
is fuperfluous to fuch as are already in the habit of chemical
obfervation, is inferted for the ufe of beginners. Note of
the Author. :

dry
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and the bottles; and uniting with heat to the
water in the latter, faturates it, and forms
the motit highly cauftic alkaline {pirit. By
this means no part of the volatile alkali is
Toft : the producét is very pure and white,
and the procefs may be conducted to the beft
advantage, without any inconvenience to the
operator from the fumes, or danger from
the probable rupture of the veffels. The
late Mr. Bucquet and myfelf have afcer-
tained, that inflead of three parts, as com-
monly dire¢ted, one part and a half of lime
is {ufficient to decompofe one part of fal am-
moniac. Lime {laked in the air decompofes
this f{alt as well as quick lime; the refidue
is calcareous marine falt, which we fhall here-
after examine. It is proved by this operation,
that lime has a fironger affinity than the vo-
Iatile alkali to the marine acid.

The two fixed alkalis decompofe fal am-
moniac as well as lime, and difengage the
pure volatile alkali in the gafzous form ;
they may be employed with the fame fuccefs
as lime; but the expence of thefe bein
much greater than that of the falino-terref-
trial fubftance, and no greater advantages
arifing from the ufe of them than of this
laft, they are never ufed for this purpofe.

‘The vitriolic and nitrous acids feparate
the marine acid from the volatile alkali by
ftronger affinity, and compofc ammoniacal
vitriol and nitre.

Neutral
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to which it has a ﬁrong affinity, and forms
chalk.

This decompofition, whefe canfe is fo
well known fince the difcoveries of the cele-
brated Dr. Black, is fo evident, that if a
mixture of the folution of felenite with cauf-
tic vegetable alkali be left for fome time ex-
pofed to the air, it lofes its*original tranf-

arency, and becomes remarkably clouded at
its furface, by reafon of the cretaceous acid
precipitated from the atmofphere, which
caufes a double affinity to take place; and<™

the fame phenomenon is produced by paffing

a few bubbles of cretaceous acid through the
liquor. As the concrete volatile alkali, or cre-
taceous acid was formerly thought to be the
pure volatile alkali, Geoffroy, from the pre-
cipitation of felenite by this falt, concluded

}.

that the affinity of volatile alkali is greater

than that of lime to the vitriolic acid.

Selenite is decompofed by combuftible

matters, and forms fulphur by the combi-
nation of the phlogifton of thefe fubftances

with the vitriolic acid according to Stahl; or
by the decompoﬁt:on of the acid, and the e

paration of its vital air, by the charcoal,

according to Mr. Lavoifier, or by both thefe

effe&ts united, according to the doltrine of
{everal modern chemifts.

Pure {elenite in a cryftalline form, is care- *

fully preferved in cabinets of natural hif-
tory. When calcined, it is ufed to caft fta-

tues, 48
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tues, models, &ec. Several elegant pieces

of ornamental furniture are made of the gyp-

feous alabafter; cut and polithed. The fine

fpecimens of Lagny are ernploycd for this
urpofe.

Plafter-ftone is one of the moft ufcful ar-
ticles produced in the mineral kingdom. It
confifts c__)f a mixture of {clenite and’ chalk
when it is expofed to the action of heat, the
felenite lofes it water of cryftalhzatlon, and
the chalk its acid: burned plafter’'is there~ |
fore a mixture of lime and felenite- deprw-
ed of water ; confequently, when water is
poured on this fubftapce, it is very rapidly
abforbed by the lime, and heat is produced.
The fmell of liver of fulphur, which attends
the extin&ion of plafter, arifes from a {mall
quantity of f{ulphur formed by the vitrio-
lic acid of the felenite, which 1s decompof-
ed by the carbonaceous animal or vegetable
fubftances cafually exifting in the plafter-
ftone ; the fulphur diffolved by the lime
forms a kind of liver of fulphur from which
the fmell proceeds. When the lime has ab-
forbed a {ufficient quantity of water to form a
pafte, the felenite feizes a portion of the fluid,
and the whole mafs cryftallizes fuddenly, and
at the fame time becomesfolid. The lime gra-
dually dries, and together with the cryftals of
felenite forms the kind of mortar called plaf=
ter. From this theory it is feen, why plaf—
ter ought not to be burned beyond a certain

Nor, IT.o" S e % pomt.
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point. If it be fhort of this, ‘the lime will
not be fufficiently deprived of cretaceous acid
to unite well with water ; if it exceed, the
lime, together with the felenite, forms a kind
of vitreous frit, incapable of uniting with
water.

We may likewife obferve that plafter, by
long expofure to air, lofes its goodnefs by
the lime becoming flaked, and that its ori-
ginal properties may be reftored by a fecond
calcination. | Laftly, we may with equal fa-
cility account for the prefervation of this
fubftance in dry and warm fituations, and its
deftruction or {caling off in moift places. In
the latter cafe, the felenite being foluble in
water lofes by ‘degrees its cryftalline form
and confiftence ; and this folubility confti-
tutes the chief difference between plafter and
mortar ; the fand in this laft, which gives
folidity, not being attacked by water. Plaf-
ter is not, on this account, ufed in humid
or moift places, or in any works near or un-
der water, as refervoirs, &c. .

Species II. Carcareous NiTRE.

Calcareous nitre, or the falt produced by
the combination of the nitrous acid with
lime, is much lefs abundaat than calcareous
vitriol or felenite. It is only found in fuch
places as afford the nitre with bafe of alkali.
It is formed on the fides of walls in places

in=
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habited by animals, in putrified animal mat~
ters, and in certain mineral waters ; but as it
is very foluble in water, and even deliquefcent,
it is diffolved even almoft as foon as form-
ed. The fame property is the caufe why it
is retained in large quantities in the mother=-
water of the faltpetre-makers.

When regularly cryftallized, it has the
form of a fix-fided prifm, confiderably re-
fembling nitre, and terminated by dihedral
pyramids. It is not often obtained in this
regular form, but is moft commonly in that
of fmall needles adhering together, whofe
form cannot be determined.

This falt has a bitter and difagreeable tafte,
in which refpe&t it differs greatly from cal-
careous vitriol ; its tafte is rather cool, like
common nitre,

It eafily melts by heat, and becomes folid
on cooling; if it be carried into the dark
after being thus heated, it appears luminous,
and in this ftate conftitutes the phofphorus
of Baldwin ; it exhibits the fame phenome-
non when laid on a hot iron. On ignited
coals it melts and detonates feebly, in pro-
portion as it becomes dry. Calcareous nitre
kept hot for a long time lofes its acid, which
is decompofed. When this operation is per-
formed in a retort, whofe neck is plunged
under an inverted veflel filled with water, a
large quantity of very pure dephlogifticated
air is produced, and towards the end a fmall

Lz _quantity
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quantity of cretaceous acid. The refidue con-
fifts of lime united to a certain quantity of
phlogi&icatéd nitrous acid, if the fire has been
not continued for a {ufficient time, or {uffici-
ently intenfe ; but a very powerful degree of
heat will at laft entirely decompofe the nitrous
acid, and leave the bafe in the form of quick
lime. This decompofition is abfolutely fi-
milar to that which happens in the diftilla-
tion of common nitre,” and has been ex-
plained in the hiftory of that falt.

Calcareous nitre quickly attracts the moif-
ture of the air, and for that reafon it is ne-
ceflary to keep the cryftals of this falt in well
clofed veflels, which muft not be opened
too frequently.

It is very foluble in water; two parts of
cold, or lefs than one part of boiling water,
being fufficient to hold it in folution. To
obtain it in a cryftalline form, its folution
muft be evaporated nearly to the confiftence
of {yrup, and expofed in a cool place. The
cryftals formed by this means are very long
prifms, commonly diverging from one cen-
tre. When a folution of calcareous nitre, lefs
evaporated than the foregoing, is expofed to
a dry and hot air, prifms are formed in pro-
cefs of time, which are more regular, and are
fimilar to thofe defcribed at the beginning of
this article,

Sand and clay decompofc calcareous nitre,

and feparatc the acid.

Ponderous
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Ponderous earth, according to Bergman,
decompofes this falt as it does felenite ; but
magnefia produces no fenfible alteration in it.
Mr. Morveau has obferved that lime-water,
poured into a folution of calcareous nitre, oc-
fions a precipitate. He attributes it to the_
phlogifton of guick lime, and he thinks that
this Iaft has a ftronger affinity with the ni-
trous acid than the lime to which it is united
has, and which he fuppofes to have been
already robbed of its phlogifton by the acid.
It is unfortunate that this chemift did not
examine the precipitate, which might pro-
bably have afforded fome explanation of this
fingular experiment. Mr. Baumé had be-
fore obferved, that a folution of calcareous
fpar in the nitrous acid is precipitated by
lime-water; but he attributed this pheno-
menon to a {mall quantity of argillaceous
earth comtained in the fpar. It is likewife
known that this effect may be produced by
the magnefia, which often accompanies cal-
careous {ubftances.

Fixed alkalis feize the acid of calcareous
nitre, and precipitate the lime. Very pure
cauftic volatile alkali does not decompofe this
falt, nor any other with a calcareous bafe.

The vitriolic acid difengages the nitrous
acid with effervefcence, which may be ob-
tained in the fame manner as from common
nitre.  Spirit of vitriol poured on a folution
of calcarcous nitre immediately produces 3

L3 precipitate
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precipitate of felenite, and the nitrous acid
remains difengaged in the liquid. The a&ion
of other 2cids on this falt is not known.
~ Calcareous nitre decompofes the alkaline
vitriolic neutral falts ; felenite, and common
.or rhomboidal nitre being formed.. The vi-
triolic ammoniacal falt is likewife decom-
pofed, and ammoniacal nitre, together with
felenite, are produced: the latter, which,
being {carcely f{oluble, is precipitated at
the inftant of mixture, leaves no doubt with
regard to the nature of thefe double decom-
pofitions. :

Cretaceous tartar and calcareous nitre mu-
tually decompofe each other, nitre remain-
ing in the folution, and chalk being preci-
pitated. %2

Cretaceous foda and calcareous nitre in
the fame manner afford cubic nitre in folu-
tion, and a precipitate of chalk.* * ;

Selenite does not produce any change in
calcareous nitre ; but when thefe two falts
are diffolved in the fame water, they may be
eafily feparated; for the firft being very {pa-
ringly foluble, and the latter eminently fo,
the felenite is precipitated by evaporation,
and the calcareous nitre does not cryftallize

* It cannot be too often repeated, that thefe double de-
compofitions take place in confequence of the ftrong afhi-
nity between lime and the cretaceous acid 5 and that this
affinity fully juftifies the denomination of cretaceous acid
given to fixed air by Bucquet.. Note of the Author. :
: ' ' till
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till great part of the fluid has been driven
off, and the refidue {et to cool.

Calcareous nitre is not applied to any ufe ;
might be employed in medicine as a very
active folvent, and fome chemical phyficians
affirm, that its application has been attended
with fuccefs.

Species III. CALCAREOUS MARINE SALT.

The calcareous marine falt formed by the
combination of the marine acid and lime, is
abundantly found in all places that abound
with marine falt, and efpecially in the waters
of the fea; where it produces that acrid and
bitter tafte, which formerly caufed it to be
fuppofed to contain bitumen. It is never

ure in the fea, but always mixed with ma-
rine falt with bafe of magnefia: if it be de-
fired in a ftate of great purity, marine acid
muft be dire@ly combined to faturation
with lime. ‘It has been improperly called
fixed ammoniac, becaufe the refidué of fal
ammoniac “decompofed by lime confifts of
this falt. 3

Calcareous marine falt, in its dry and folid
ftate, has the form of four-fided prifms,
ftriated and terminated with very acute pyra-
mids. It has a very difagreeable bitter {faline
tafte. When expofed to the action of a mild
heat it is liquified by means of its water of
cryftallization, and becomes folid again when

' L 4 cold ;
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cold ; a ftronger heat {carcely alters it.
Mr. Baumé has obferved, that it does not
part with its acid: it becomes luminous
on a red het fhovel, for which reafon it is
called Homberg’s phofphorus.

The calcareous marine falt which remains
in the retort after the decompofition of fal
ammoniac by lime, and is called fixed fal
ammoniac, melts intoa kind of frit of a light
{late grey, and does not afford marine acid,
though the heat be raifed fo as even to
vitrify the furface of the retort. This frit
gives fire with fteel, and when rubbed in the
dark with the fteel, it gives a phofphoric
light.

It muft be obferved, that this faline refi-
due commonly contains a larger portion of
lime than is neceffary for the complete fatu-
ration of the marine acid ; becaufe more lime
is ufually employed than is neceflary to de-
compofe the marine acid. It is doubtlefs
from this fuperabundant lime, that the refi-
due acquires the property of affording a hard
vitreous frit; which however becomes moift
in procefs of time when expofed to the air.
The marine calcareous falt, without excefs
of lime, never becomes fo hard by the acion
of fire as this refidue, neither has it the fame
phofphoric quality.

Pure calcareous marine falt expofed to the
air attracts humidity, and liquifies. The

cryftalline



CALCAREOUS MARINE SALT. 169

cryftalline form cannot, therefore, be pre-
ferved, but in well clofed vefiels.

This falt is very foluble in water ; one part
and a half of cold, or lefs than an equal part
of hot water being fufficient to diffolve it,
When by evaporation the liquid is brought
nearly to the confiffence of {yrup, and af-
terwards f{uffered to cool gradually, prifma-
tic tetrahedral cryitals are obtained feveral
inches in length, difpofed in radii iffuing
from a common centre; a figure which we
may obferve is common to moft calcareous
falts. 1f the liquor be too far evaporated, or
if it be cooled too quickly, the faline mafs
is irregularly formed, with the appearance
of needles at its furface. '

A folution of marine calcareous falt eva-
porated till it exhibits forty-five degrees of
Baumé’s acrometer, and expofed in a bottle
to the cold, affords very regular prifms, fre-
quently of confiderable magnitade.

Ponderous earth decompofes calcareous
marine falt, by its greater affinity to the acid,
according to the experiment of Bergman.
Lime and magnefia do not change it.

Fixed alkalis precipitate lime: if the two
fluids be concentrated, the lime abforbs the
{mall quantity of water they contain, and im-
mediately forms a jelly, which foon becomes
folid. This experiment has been called mi-
raculum chemicum. It does not, however,

: : fucceed
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fucceed well but with cretaceous alkalis ; the
pure alkalis precipitating the lime in too di~
vided a ftate.

Very pure volatile alkali does not decom-
pofe calcareous marine falt, becaufe its affi-
nity is lefs than that of lime to the marine
acid. This order of affinity is likewife proved
from thecomplete decompofition of falammo-
niac by the fame falino-terreftrial {fubftances.

The vitriolic and nitrous acids difengage
the marine acid from this falt with effervef-
cence, and the acid may be obtained by dif-
tillation in the fame manner as from com-
mon falt. When the nitrous acid is ufed,
aqua regia is produced, on account of thc
volatility of both acids.

Calcareous marine falt deco_mpofes vitrio-
lated tartar and Glauber’s falt. It is eafy to
afcertain this fa&, by mixing folutions of
thefe falts together A precipitate is im-
mediately formed, which is found to be
felenite. The fluid contains either febrifuge
or marine falt, which may be obtained by
evaporation, and is diftinguifhable by thc
tafte.

Cretaceous tartar and cretaceous foda hke-
wife dccompofc the calcareous marine {alt,
In thefe mixtures the decompofitions - are
made by double affinity: the acid of the ma-
rine calcareous falt feizes the alkali, and forms
febrifuge or common marine falt; while the
cretaceous acid quits the alkali, and uniting

with
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with the lime, forms chalk. When the cre-
taceous alkalis and the folution of calca-
reous falt are very ftrong, this admixture
produces a folid form, or miraculum che-
micum, as we have juft obferved.

Cretaceous fal ammoniac decompofes cals .
carcous marine falt by double affinity, in the
fame manner as has been thewn with refpect
to felenite and calcareous nitre. The vola-
tile alkali unites with the marine acid, and
forms common {al ammoniac, which remains
diffolved in the liquor, while the cretaceous
acid forms a precipitate of chalk by com-
bining with the lime.

When the calcareous marine falt is dlf-
folved in water together with calcareous ni-
tre, it 1s difficult to feparate them ; becaufe
the law of cryftallization is the fame in both :
but if {elenite exifts in the folution inftead of
one of the two falts, the feparation will be
eafily made, becaufe this laft cryftallizes by
evaporation, and the calcareous falt cryftal-
lizes by cooling : ‘a5 thefe falts are frequent-
ly found diffolved in the fame acid, it is of
confequence to attend to thefc properties.

Marine calcareous falt is of no ufe. As it
exifts in confiderable quantities in the fel de
gabelle, which is recommended as a purge
in fcrophulous diforders ; it may be fufpe&-
ed, that a part of its propertlos depend on
the latter falt. We think it neceflfary to
add, that the ftrong taﬂ:e and great folubility

: of
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of calcareous marine falt, promife very ufe-
ful effe&s in diforders where a f{olvent is
wanting. Mr. Chambon has employed it
with fuccefs, and recommends it, in his
Treatife on the Diforders of Women, to dif-
cufs milky tumours. Itis.much to be withed
that phyficians were acquainted with the
roperties, and availed themfelves of the ufe,
of this falt, in thofe numerous cafes where
the ufual folvents are frequently ineffectual,
and more efpecially in thofe cafes wherein
mercurial remedie¢ cannot be ufed.

* Species IV. CALCAREOUS Borax.

The combination of the {edative acid with
lime may be diftinguithed by this appel-
lation. This falt has not been examin-
ed, though it is certain that the fedative
acid is capable of uniting with lime, becaufe
the latter decompofes borax, as we have ob-
ferved. The chemifts of the academy of
Dijon have obferved, that fedative falt, heated
with flaked lime, afforded a fubftance whofe

arts adhered weakly to each other, and not at ..
all to the crucible. This matter when thrown
into water, did not exhibit the fame pheno-
mena as lime ; which fthews that a true com-
bination took place. Mr. Baumé affirms, that
having faturated lime-water with fedative
falt, and expofed the folution to fpontaneous
evaporation, no cryftals were obtained, but
- - yellowifh
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yellowith pellicles, having a flight tafte of
fedative falt. Laftly, the academicians of
Dijon'digefted on a fand bath, a faturated fo-
lution of fedative falt with flaked lime. The
filtrated liquid afforded a plentiful white
precipitate, on the addition of fixed alkali.
Thefe experiments, indeed, prove that lime
is foluble in the acid of borax, but they
thew nothing concerning the properties of
the neutral falt refulting from their com-
bination.

Species V. Fruor Spar, ViTRrREOUS
SPAR, orR SrarrY FLUOR.

This fpecies of falt is a combination of
the fparry acid with lime, and abounds in
nature; it is more efpecially found in the
neighbourhood of mines, whofe exiftence
it indicates. It has been hitherto re-
garded as a ftony matter, from its infipi-
dity, hardnefs, and infolubility. It is
called fpar, becaufe it has the fparry form
and fraGure; fluor, becaufe it melts very
readily, and is fuccefsfully employed in mi-
neral operations ; and vitreous, becaufe it has
the appearance of glafs, and may be fufed
into glafs of no contemptible appearance.
Before the difcovery of Mr. Scheele, the
vitreous fpar, though well diftinguifhed from
all other mineral matters by workmen, on
account of its fufibility, was confounded by

naturalifts
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naturalifts, either with gypfums, calcarecus
{pars, or ponderous {pars, which have like-
wife been called fufible. The celebrated
Margraf neverthelefs diftinguifthed this falt
from the ponderous {par, by adopting the
name of fufible vitreous fpar for the firft,
and fufible phofphoric fpar for the fecond.
It is to this chemift that we are indebted for
the firft difcoveries relating to the propertics
of vitreous fpar.

This falt is commonly cryftallized in
cubes, of various colours, very regular, of
an icy or vitreous tranfparency ; its fracture
is fparry and it is eafily broken. "It often
ferves as the matrix or bed of ores. It is
fometimes found in irregular opake maffes ;
its weight is more confiderable than that of
any faline matters we have yet {poken of; it
is often clouded, veined, f{potted, and fre-
quently tinged throughout with green, vio<
let, red, rofe colour, &c. Ten principal va-
ricties of this fubftance may be diftin-
guifhed. ;

VoA BRI BT TR S.

1. Cubic vitreous fpar, tranfparent and
colourlefs.

2. Cubic vitreous fpar, opake white.

3. Cubic vitreous {par, yellow: falfe
topaz.

4. Cubic vitreous fpar, reddith: falfe
ruby, _
5. Cubic
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5. Cubic vitreous fpar, pale green: falfe
aqua-marine.

6. Cubic vitreous f{par, green: falfe eme-
rald.

7. Cubic vitreous fpar, violet : falfe ame-
thyft.

{3. O&ahedral vitreous fpar, with trun-
cated pyramids.

I am in poffeflion of a cryftal of this
kind, which is femi-tranfparent, and rather
blackith.

g. Vitreous {par, in irregular maffes.

It is almoft always of a clear green or
violet. It forms the gangue of feveral
ores.

10. Vitreous fpar, in layers of different
thicknefs, and of various colours.

Thefe different varicties of vitreous fpar,
confift, for the moft part, of one and the
fame faline fubftance; that is to fay, the
combination of the fparry acid with lime :
the natural {pecimens, however# are ufually
found by analyfis to contain feveral foreign
matters, as quartz, clay, and iron, as almoft
all natural products do. England abounds in
vitreous {par. '

Vitreous fpar, expofed to a gentle heat,
emits a very evident phofphoric light; but
if it be heated to rednefs, it intirely lofes this
property, and if the fpar be of a green co~
lour, it becomes white and friable: when fud-

denly
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denly heated, it decrepitates almoft as ftrong=
ly as marine falt. When powder of vitre-
ous fpar is thrown on a hot iron, a blueith
of violet'light is perceived, which quickly
vanifhes, and cannot be produced again by
the fame f{par.

A ftrong heat fufes vitreous f{par into an
uniform tranfparent glafs, adhering to the
crucible. Vitreous fpar fufes the one fourth
of its weight of quartz, and is for that reafon
employed as a flux in {melting.

Fluor fpar is not altered in the air, nor
foluble in water. Pure fixed alkalis do not
decompofe it, becaufe, according to Berg-
man, lime has a “fironger aflinity than thofe
falts to its acid. . '

Oil of vitriol difengages the fparry acid,
and is commonly the medium ufed for that
purpofe. One part of vitreous f{par, in powder,
is put into a retort, with three parts of oil of
vitriol ; the mixture gradually becomes hot;
an effervefcgnee takes place; and vapours of
{parry acid are difengaged. This diftillation
commences without the external application
of heat; and a white fubftance, refembling
an efflorefcence, fublimes into the receiver.
Heat being then applied, the concentrated
fparry acid comes over, covered with a thick
earthy pellicle, fimilar to the white eforef-
cence we have mentioned ; while the acid
falls drop by drop into the water in the re-
ceiver. 'This acid may be obtained in the

form
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form of gas, while the neck of the retort is
plunged beneathan inverted veflel of mercury.
The aeriform acid is tranfparent, and does not
depofit the earth to which it'is united to, un-
til it is brought in contaét with the water.
Hence it may be conceived, why the liquid
fparry acid depofits ftony incruftations in
the receiver; for it cannot hold them in fo-
lution when it comes in conta&® with the
water. We have before obferved, that this
earth, which is of a quartzofe nature, is taken
up by the corrofion of the glafs veffel, and
is not produced by the combination of the
acid with water, as Scheele originally thought.
‘When the diftillation is finifhed, the refidue
is obferved to be hard, white, or reddifh,
and laminated, and the retort is very fenfi-
bly corroded. This obfervation did not
efcape Margraf. When the nature of the
refidue is examined by different methods, it
is found to confift of felenite mixed with
a fmall quantity of quartz, frequently clay,
and a little magnefia. Thefe two laft {ub-
ftances, as well as iron, fcem to be only ac-
cidental in the vitreous fpar. The cruft de-
pofited by the {parry acid is neither fufible nor
foluble in aecids, and forms a white and du-
rable gla{s with fixed alkalis. Thefefa&sfhew,
that it is of a quartzofe nature, and alfo that it
1s impofiible to diftill a large quantity of this
acid at once. I have feveral times attempted
© 1o dqcompof_e{ a pound of vitreous fpar, but

Vorv'HLiiy "3 M . pever
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found the retort capable of withftanding the
corrofive acid.

The nitrous acid decompofes fluor fpar,
but with very different phenomena from thofe

“which attend the vitriolic acid, no cruft be-
ing obferved in this operation, according to
Boulanger: this experiment has not been
repeated and examined.

“The marine likewife feparates the fparry
acid, according to Scheele; but he has not
defcribed the phenomena which attend this
decompofition.

The action of moft neutral {alts on vitre-
ous f{par is not known ; cretaceous fixed al-
kalis decompotfe it by double affinity, which
the pure alkalis cannot effect. One part of
this fpar being fufed with four parts of cre-
taceous tartar, and poured hot into water, 2
precipitate of chalk, formed by the creta-
ceous acid united to the lime of the {par, is
obtained ; and the fluid holds in folution
{parry tartar, which may be obtained, By- eya-~
poration, in the form of a jelly. When the
experiment is repeated with cretaceous {oda,

chalk and {parry foda are in like manner ob-

tained.

Vitrecus, or fluor {par, is of no ufe, ex-
cepting in {fome mineral countries, where
it 1s ufed as a very good flux. It might be
applied to the fame purpofe in aflays.
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or a more complete feries of well-eftablifhed
facts, than that which relates to caleareous
bodies.  Long continued obfervation, which
has in no inftance failed, together with the

facts which fhew the {ucceflive operations of

nature in this refpect, have proved, that the
bed of the ocean is the great laboratory in
which thefe matters are continually formed.
Among the great number of animals which
inhabit thofe immenfe maffes of water,
there are feveral claffes whofe individuals,
infinite in number, feem deftined to add to
the mafs of eur globe: fuch are the fhell-
fith, madrepores, and lithopites, whofe fo-
lid parts, examined by chemical - analyfis
. fome time after they have ceafed to live, ex-
hibit all the chara&erstof calcareous {ub-
ftances. It is the bafe of this kind of ma-
rine - {keletons, which produces, by their
fucceflive aggregation, mountains intirely
formed of thefe matters. Though the cryi-
tallization of calcareous fpar is very far from
refembling the natural foft ftate of thefe
animals when living ; and though it is diffi-

cult at frft to eftimate the aftonithing diffe-

rence between the foft and pulpy fubftance
of the living animal, and the hardnefs of

the ftony {ubftances which are formed in

procefs of time, and calculated to give foli-
dity to the largeft edifices, it is neverthelefs

poffible to form an idea of the gradations 2
through which the one muft pafs, before it -

afflumes
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pofed of thells, has acquired fufficient hard-
“nefs to be capable of polith, and when the
thells have become varioufly coloured, it
then conftitutes the lumachello. If the traces
of organization are intirely deftroyed, and
the ftone be hard and fufceptible of polifh,
it is diftinguithed by the name of marble.
Water, impregnated with chalk, depofits it
on fuch bodies as it pafles over, and forms
incruftations. When it filters through the
roofs of fubterraneous cavities, it forms
white opake depefitions, compofed of con-
centric layers, whofe figure on the whole
is conical. Thefe ftalactites, if united to-
gether in large maffes, and perfeétly filling
up the caverns, remain a long time in the
earth; they acquire confiderable hardnefs,
and produce alabafter. Laftly, when water,
holding in folution chalk in the moft atte-
nuated ftate, flowly penetrates into the ca-
vities of rocks, it will depofit this {ubftance,

particle by particle, as it were; and thefe °

fmall bodies, being applied to each other by
the furfaces beft adapted to unite, will take
a {ymetric and regular arrangement, and
form hard tranfparent cryftals, fimilar to
thofe of faline {ubftances: thefe are calca-

- reous {pars. This ftate is the laft, or moft -

remote from its animal origin, in which
chalk is found, and in which it has the
greateft refemblance to a true falt.

- Thefe various and numerous tranfitions
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2. Tranfparent rhomboidal calcareous fpar;
Iceland cryftal.

It doubles objeéts.

3. Prifmatic calcareous fpar, without py-
ramids. :

Thefe are truncated hexahedral prifms,
whofe faces are either equal or unequal, and
whofe angles are fometimes truncated in fuch
amanner as to form twelve-fided prifms. It
confequently has three varieties.

_ 4. Calcareous fpar in prifms, terminated
by two pyramids.

There is a confiderable number of varie-
ties of this {par. Seme are hexahedral prifms,
terminated by hexahedral pyramids, either
entire or truncated. Others prefent trihedral

yramids, either entire or truncated, or with

dihedral fummits, at the extremity of the

famehexahedral prifms. Laftly, there are qua-
drangular prifms terminated by dihedral fum-~
mits. All thefe varieties may have either one
or two pyramids acgording to their pofition.

5. Pyramidal calcarcous fpar.

This is compofed of ene'or two pyramids
united without an intermediate prifm; the
hexahedral or triangular form of thefe py-

ramids, the inequality of their faces, and the.

truncature of their angles, eftablith a great
number of varieties.* p ¢

4

* An idea of the varieties of form diftinguifhable in fpars,
and of the greatgun

iber of fpecies thence refulting, may be

"“n"-_"ui‘.b & = o 3 g
; .I.I'.' o N. § gy T
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ting the Englith work of Dr. Hm,.?‘e.nu:;ed
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6. Dodecahedral calcareous fpar.

This {par, which in its figure refembles a
kind of garnet or marcafite, appears tosbe
compofed of two pentagonal pyramlds, truns
cated and united at their bafe.

7. Calcareous f{par in firize.

This is an aggregate of long prifms ad-
hering fide-ways, which do not prefent any
determinate or regular form. The fwine-
ftone of the Swedes belongs to this {pe-
Cics. ta

8. Lenticular calcareous fpar.

This fpecies is compofed of flat cryﬁals
difpofed ‘obliquely bcﬁdc each other. Romé
de Lifle thinks it a variety of the hexahedral
prifmatic {par, terminated by two obtufe tri-
angular prifms placed in oppofite directions.
. Cryftallographie, page 123. firft edition.

i |

-
§ II. Concerning the Chemical Properties

of Spar, and Calcareous Matters in ge-

neral. » ~

The fpar we hav@defcubed being the moft

pure cretaceous, or calcareous fubftance we
know, muft be adverted to in our inquiries

into the chexmcal properties of the {ub- .

the Hiftory of ' oﬂils, &c. London, 1748, Rome de Llﬂe'

has given an extract in the firlt edition of his C

phy, page 131, and feq. page 191, and feq. relative mﬁ;

careous fpar and rock cryftal. “He fhews that Dr. Hi

o’ |
method is defetive and embarraﬁing. Note of the Author.

ﬁanccs&g
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ftances among which it poffefles “the firft
place; at the fame time obferving, that all
the calcareous matters defcribed in the five
foregoing genera, prefent abfolutely the fame
propertiés in fimilar circumftances.

In order to analyze calcareous fpar, its
aggregation muft be firft deftroyed by re-
ducing it to powder. In this form it is
white and opake, and has no fenfible tafte,
though it feems to contra& or harden the
fibres of the tongue and palate, when kept
for fome time in the mouth. . _

When expofed to the action of heat, it lofes

oits acid and water of cryftallization ; if fud-
denly heated, it decrepitates, and becomes
opake. By diftillation in a retort, much water
and cretaceous acid is obtained ; but a confi-
“derable heat is required to difengage the latter.
After this operation, the fpar is reduced to
the ftate of quick-lime; and the fpar may
be regenerated by combining quick-lime
with the aeid obtained in this decompofition.
A diftillation of chalk, which does not dif-
“fer from calcareous fpar, except in its friabi-
lity and its opacity, has been made by Mr.
Jacquin. The Duc de la Rochefoucauld,
who repeated this experiment with great
.care, obferved, that ftone-ware retorts {uffer
a_part of .the gas to efcape. Dr. Prieftley
has eftablithed this fa& by many very accu-
rate experiments. A retort ‘of-iron, or gun °
barrel, may be ufed; but a fmall quantity of
. N 2 inflammable
s : -

-
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inflammable gas is always produced by the
 a&ion of the water contained in the chalk
upoen the iron.

Calcareous {par, expofed toa ftrong heat in
crucibles made of clay, is capable of flowing
into glafs, where it touches the veflel. Mr.
D’Arcet has melted feveral pieces into a
tran{parent glafs, with a few {pots. But as
Macquer has obferved that this earthy falt
did not melt in the focus of Mr. Trudaine’s
burning lens, it cannot be doubted but that
the fufion obtained by Mr. D’Arcet was
produced by the clay of the crucibles.

Calcareous f{par is not altered by expofure
to pure air; but the conta& of the humid
atmofphere, together with the action of the
fun’s rays, deprive it of its tran{parency, and
deftroy the cohefion ofiits laminz. Itsfurface
takes the colours of the rainbow, grows dim,
and fplits off by degrees. It does not appear
to be foluble in water. © Chalk, which can-
not by art be diffolved in this fluid, is never-
thelefs held in folution by waters which.pafs
over beds of cretaceous f{ubftances: fome
waters, {fuch as thofe of Arcueil, in the neigh-
bourhood of Paris, contain a confiderable
quantity ; {o thatin the {pace of a few months
bodies plinged thercin become incrufted,

The waters of the baths of St. Philip, in ;

Italy, are fo highly charged with this fub-
ftance, that they depofit it to ‘the thicknefs
of about half an inch in the fpace ofa few

- . dayS.
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days. This property is applied to the for-
mation of fmall tablets and figures ; moulds
are plunged in thefe waters, and the cha.lk
is depofited on their internal {urface.

Calcareous {par promotes the vitrification
of fome earthy and ftony fubftances. Mixed
with filiceous earth, it caufes fufion, when
the latter is in the proportion of one-third.

Chalk, when naturally mixed with argilla-
ceous earth, forms the fubftance called marle.
This fubftance prefents a great number of
varieties, with refpe& to colour, denfity,
&c. and melts into a greenith yellow glafs,
when urged by a ftrong heat. It is ufed
with great fuccefs as a manure to fertilize
lands. |

Ponderous earth and magnefia have no
aGion on calcareous fpar, by the humid
way, the cretaceous acid adhering more
firongly to the lime than to either of thefe;
but calcareous fpar, treated by fire with
thefe alkaline earths, forms a vitreous com-
" bination. Mr. Achard has made a2 nume-
rous feries of experiments on all thefe mix-
tures by vitrificatiop ; accounts of which are
inferted in Rozier’s Journal.

Fixed and volatile alkali do not affe& cal-
careous fpar, their affinity witl cretaceous
acid being lefs than that of lime.

The vitriolic, nitrous, marine, and {parry
acids decompofe it, by feizing its bafe, and
difengaging the cretacecous acid, If fpirit of

: D3 vitriol
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vitriol be poured on calcareous {par, an ebul-
lition is excited, which arifes from the dif-
~engagement of the cretaceous agid in ‘the
gafeous form. Naturalifts avail themfelves,
with great fuccefs, of this chemical charac-
ter, to diftinguifh calcareous fubftances. An
exact analyfis of calcareous {par may be made
by acids. For that purpofe {pirit of vitriol
is poured on this falt, firft reduced to pow-
der. The cretaceous acid, which efcapes with
effervefcence, may be collected by means of
a recurved tube, under veflfels of mercury.
The effervefcence is accompanied with cold,
arifing from thevolatilization of thecretaceous
acid. When the procefs is finifhed, if the new
combination be examined, it is found to be
felenite, formed by the vitriolic acid united
to the lime which compofed the bafe of the
calcareous {par. Recent experiments have
fhewn, that fome of thefe {pars contain a
fmall proportion of magnefia, and afford
Epfom falt when diffolved in the vitriolic
acid. The nitrous acid, which naturalifts
commonly employ in their affays, produces
the fame effervelcence; _when dropped on
calcareous fpar, it difengages the cretaceous
acid, and forms ecalcarecous nitre with its
bales s @

The marine acid likewife feparates the
calcareous acid from this fpar with violent
effervefeence, and forms calcareous marine
-falt by combining with the lime.

: : ¥ephe
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‘The f{parry acid décompofes it in the fame
manner, and forms vitreous {par, or fparry
fluor, with its calcareous bafe. :

The fedative acid, or acid of borax, does
not decompofe calcareous {par in the cold,
but it produces an effervefcence when mixed
with chalk in powder, diluted with a fuf-
ficient quantity of water, and expofed to
heat. «

The cretaceous acid has the property of
rendering {par and calcareous matters foluble
in water. We have already feen, in treating
of this acid, that it precipitates lime-water,
and that the chalk is re-diffolved, if more
cretaceous acid be added than is {ufficient to
produce this effect. The acid {pirit of
chalk, by remaining on calcareous fpar in
powder, becomes gradually charged with a
certain quantity of this earthy neutral falt.
Many waters contain _chalk diflolved by the
medium of this acid; but it foon precipi-
tates, when the acid is fuffered to efcape by
expofure to air. This effet is much more
quickly produced by the action of heat; and
for «that reafon boiling is fuccefsfully em-
ployed to correct waters loaded with chalk,
which, without this precaution, would be
crude or hard. '

As chalk is almoft alw.ays'ﬁfpended by
means of the cretaceous acid, it is therefore
eafily feen why it {o readily precipitates, and
caufes calcarcous depofitions and incrufta-

] Py~ tions,
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tions, as we have obferved of the waters of
Arcueil, and the baths of St. Philip in
Italyy When natural hiftory was lefs en-
lightened by chemiftry, {prings of this kind
were called petrifying waters, and were by
the vulgar reckoned among the number of

miracles.
- Calcareous fpar has no action on neutral
falts with bafe of fixed alkali. It decom-
ofes ammoniacal falts, as does likewife
chalk. A calcarcous falt, formed by the
acid of the ammoniacal falts and the lime of
{par, and alfo cretaceous ammoniacal falt,
arifing from the combination of the acid of
the calcareous fpar with the volatile alkali
of the fal ammoniac, are obtained. This
operation is made, by diftilling in a ftone-
ware retort, a rhixture of one pound of fal
ammoniac, and two pounds of chalk or cre-
taceous f{par, in powder. Thefe two fub-
ftances muft be very dry. A receiver or
cucurbit of glafs is adapted to the retort,
and the fire is gradually raifed to a low red °
heat. White vapours pafs over, which con-
denfe in very white and pure cryftals on the
fides of the receiver. This appears to be the
procefs ufed in England for preparing the
cretaceous ammoniacal falt, which was for-
merly exported from thence to every part of
Europe, under the name of fal volatile ; but
at prefent it is prepared every where. The
refidue of this operation is calcareous mari;xc
L falt,
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falt, which is ufually melted, if a brifk heat
be given towards the end. ;

The ufes of {par, and calcareous matter in
general, are very extenfive, as we have already
thewn in treating of their natural hiftory ;
but one of the moft important of thefe ufes
is, the preparation of lime. The burning
of lime confifts in decompofing calcareous
matters by the action of heat, which de-
prives them of their acid. Stones compofed
of fhells, marbles, and moft calcareous fpars,
are the {fubftances which afford the beft lime.
But the hard calcareous ftone, called lime-
ftone, is more commonly ufed, efpecially in
the neighbourhood of Paris. Thefe ftones
in France are arranged in a furnace, or kiln,
fo as to form a kind of vault, beneath which
a wood fire is lighted, and kept up till a
ftrong flame, without {fmoke, is raifed about
ten feet above the furnace, and till the ftones
become very white. Pit coal begins to be
ufed at Paris for the burning of lime.

Good lime is hard, fonorous, becomes
quickly and ftrongly heated by the addition
of water, and emits a denfe vapour during
its extinction. If it be not fufliciently cal-
cined, it is lefs fonorous, and heats {lowly :
if the calcination has been . too great,. it is
femi-vitrified, emits too clear a found when
ftruck, and does not eafily unite with wa-
ter. Theworkmen call it over-burned lime.
‘We thall not here enumerate the ufes of lime,

o g but
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but refer the reader to the hiftory of that
pure fubftance. = .

But we thall here add, that fuch calcareous
{par as is naturally found mixed with very
{mall fragments of felcmte, or gypfum, and
which is depofited in mountains in large re-
gular dtrata, feparated by clay and marle, as
35 obferved in the vicinity of Paris, conf’cl-

tutes the moft ufeful lime-ftone for building.
Though we have already fpoken of this ar-
ticle under the head felenite, we think it pro-
per to refume the fubject in this place rather
at length, becaufe all treatifes of natural
hiftory, and of chemiftry, are deficient in
this refpect. It muft be recolleted, that
ure felenite, by calcination, aﬁ'ords only
fine plafter, which makes an mcoherent pafte
with water, and is employed to caft ftatues.
Every one knows how eafily this pafte is_
broken when dry; a circumitance which
depends on the mafs being alike throughout,
ThlS is not the cafe with fuch plafter as 1s pro=
per for building. The ftone which affords it
at Montmartre, and other places, is a kind
of breccia, formed of very fmall granulated
“cryftals of felenite, together with thin la-
minz of calcareous {par: the prefence of
the latter may be afcertained by a drop of
nitrous acid applied to the ftone, which dif-
engages the cretaceous acid with a ftrong
cffervefcence. When a given quantity of
thc plafter ftone of Montmartre is dlﬂb.lVCd

in i
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in aqua-fortis, all the calcareous fpar is de-
compofed, in proportion as the lime unites
- with the nitrous acid. The felenite, which is
not foluble in this menftruum, remains be-
hind. The relative qualities of calcareous
fpar and {felenite in different plafter ftones
may thus be found ; and experience fthews,
that the belt plafter ftone contains more than
half its weight of the {par,

The mixed nature of the plafter ftone be-
ing admitted, it is eafy to account for the
phenomena exhibited in its burning, its ex-
tin&ion, and its hardening. *When this
earthy falt is burned, the felenite lofes its
water of cryftallization, and becomes friable;
the calcareous fpar, at the fame time, bein
converted into lime by the lofs of its acid.
In this ftate, the well burned plafter isacrid
and alkaline; converts the fyrup of violets
toa green; becomes hot with acids without
effervefcence ; and lofes its goodnefs by expo-
fure to air, in proportion as the lime is extin~
guithed by attradting humidity and: cretace-
ous acid from the atmoiphere. It abforbs
water with. avidity ; and with regard- to the
folidity it {o {fuddenly takes, which is a pro-
perty oppofite to thofe of pure lime, it arifes
from the circumflance, that when the quick-
lime has abforbed as much water s is necef-
“fary for its extin@ion, the felenite, which is
interfperfed between its particles, cryftallizes
fuddenly, and produces the famé effe@ s
: fand

e
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fand in mortar, by giving folidity to the
whole. :

Laftly, from this theory it is known,
why plafter may be well preferved in a hot
and dry place, but is quickly deftroyed by
humidity. The folubility of its two faline
principles in water is the caufe of this phe-
nomenon.

CH A PIFE"R °. VI

Genus IV. NEuTRAL SALTS, wiTH Base
oF MAGNEsIA, OR MAGNESIAN NEU-
TRAL SALTS.

WE have already obferved, in the hiftory

of acids, that magnefia readily combines
with thofe falts, and forms faline compounds
different from thofe which contain other
bafes. Thefe falts are not yet perfectly
known, few chemifts having paid particular
attention to them. The celebrated Dr.
Black is the firft who made a proper diftinc-
tion between thefe {alts and other terreftrial-
faline bodies, with which they were before
confounded.

Magnefian falts poffefs generic characters:
fufficient to diftinguith them. They are al-
moft all bitter and falt; the greateft part

cryftallize



EPSOM SALT. 20§

cryftallize regularly, though with difficulty ;
in general they are very foluble in water,
{ome even attracting the humidity of the air;
and they are more eafily decompofed than
ammoniacal and calcareous falts. Ponderous
earth, lime, volatile alkali, and the two
fixed alkalis, deprive them of their acid.
Thefe falts are fix in number; namely,
magnefian. vitriol, or Epfom falt, magnefian
nitre, magnefian marine falt, magnefian bo-
rax, magnefian fluor, and magnefian chalk.

Species I. MAGNESIAN ViTrioL, oR
Epsom SALT.

The neutral falt, compofed of magnefia,
united to the vitriolic acid, has been called
Epfom falt, from the name of a fpring in
England from which it was formerly ob-
tained : it exifts likewife in the waters of
Egra, Sedlitz, and Seydfchutz. Its true
name is magnefian vitriol ; Bergman calls it
vitriolated magnefia.

This falt has a very bitter tafte, and on
that account has been called fal catharticus
amarus : it is met with in commerce in the
form of very fmall needles, terminated by
acute pyramids ; in this ftate it much refem~
bles Glauber’s falt, but its tafte is more
bitter. It does not efflorefce in ‘the air;
and its regular cryftallization is very differ-
ent from that which we have juft dcfcrib%i ;

y y
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By f{pontaneous evaporation, it is obtained
in fine quadrangular prifms, terminated b
quadrangular pyramids, all the furfaces be-
ing fmooth and without furrows ; its cryf-
tals in general are fhorter and larger than
thofe of Glauber’s falt; and it likewife dif-
fers from that perfet neutral falt in all its
other properties. :

Epfom falt retains a fufficient quantity of
the water of cryftallization to admit the
aqueous liquefaction. A very flight heat is
fufficient to melt it; and it congeals, by
cooling, into a mafs of no determinate form.
Continued application of heat dries it into
a white friable mafs, which is merely the
falt deprived of its water of cryftallization :
it does not experience the true igneous fu- -
fion but by ap extreme heat. The water
of cryftallization in Epfom falt is nearly half
its weight.

Macquer and other chemifts affirm, %hat
it becomes flightly moiftened by expofure to
air, and that it may be thereby diftinguithed -
from Glauber’s falt, which efflorefces. But
Bergman on the contrary affirms, that Ep-
fom falt, expofed to adry air, lofes its tranf-
parency, and is at length reduced into a
white powder ; and he affirms, that the {alt
fold in the form of fmall needles, is humid
and deliquefcent, on account of the mag-
nefian marine falt it contains. Mr. Butini,
citizen of Geneva, to whom we are in-'deb;.ed

©  for



EPSOM SALT. SR o

for ‘a feries of valuable inquiries concerning

“magnefia, affirms, that he found in Englifh
- Epfom falt, a fuflicient quantity of Glauber’s
falt to which the efflorefcence might be at-
tributed ; but that vitriol of magncha, well
purified, though its tranfparcncy is dimi-
nithed by expofure to air, is'very fat from
efllorefcing like Glauber’s falt, which is in-
tirely reduced to powder at the end ofa fhort
fpace of time.

Epfom falt is fo foluble in water, that no,
more than twice its weight of cold, or halfits
weight of hot water, are required to hold it
in folution. It cryftallizes by cooling ; but
very regular cryftals can only be produced by
fpontancous cvaporatmn

This falt is not altered by filiceous or ar=
gillaceous earths.

Ponderous earth decompofes'lt becaufe
its affinity to the vitriolic acid is greatcnthan
that of magnefia, .

Lime decompofcs it for the fame reafon.
If a {mall quantity of Epfom falt be added
to lime-water, or if the latter be added to
a folution of the falt, a precipitate is form-
ed, conﬁftmg of magneﬁa and felenite; this
precipitation is a diftinctive charaéter, by
- which magncﬁan vitriol may be known from
Gihubgas falt.

Pure alkalis likewife dccompofc Epfom
falt. The cauttic volatile alkali decompof~:
ing this falt, and havmg no effeét on {ele-

o nite,
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~ nite, isa proof that it has a fironger affinity
than magnefia, and a weaker than lime, with
the vitriolic acid : it may therefore ferve as
‘a teft of the prefence of Epfom falt in waters.
Hence, likewife, pure magnefia isobtained, by
means of the cauftic volatilealkali. Bergman
obfer®es, that pure volatile alkali does not
completely precipitate. the magnefia “from
Epfom falt, but .that part remains unde-
compofed. The liquid holds in folution
ammoniacal, vitriol, and Epfom falt; {ome
chemifts have imagined, that thefe two falts,
combining together, formed a triple falt, or
compound of an acid united to two bafes s
but there is a2 manifeft error in this opinion ;
for though thefe falts are found in the fame
water, one confifts of the vitriolic acid unit=
ed to volatile alkali, and the other of the

fame acid ‘combined with magnefia. FEach

has aportion of acid ; and it is' not one and
the fame acid which adheres to the two bafes,
a condition abfolutely neceffary to conftitute
a true triple falt.*

The action of Epfom falt on neutral falt,
with bafe of alkali, is not yet known; it is

% The feparation of falts by cryftallization feems to be
the only method of afcertaining whether thefe compounds

of more than two principles exift or not. In fueh cafesas *

they do exift, it becomes a queftion, as for example, in
the prefent, whether the three principles be united together
as primary component parts, or whether two of them be

united fo 4s to form a {econdary principle, to which the

other unites, &c, T.

:

s .-_-'..:"y,; v

i

| probable

- |

5






























































































































250 PONDEROUS SPAR.

barytic borax, barytic ﬂuor, and barytxc
chalk, or mephitis.

Species I. PonDEROUS SPAR, or BARY-—-
Tic VITRIOL.

Ponderous {par, hitherto confidered as a
ftone, becaufe it has neither tafte nor folu-
bility, is the refult of a combination of the
vitriolic acid with ponderous earth. This
{par has hitherto been confounded with fluor
fpar, by many naturalifts, and in fac it
breaks in the fame manner, and does not
effervefce with acids ; but its form, its im-
perfect tranfparency, and efpecially its great
weight, are fufficient to diftinguith it. A
fingle chemical chara&er likewife anfwers
this purpofe; for ifa fmall quantity of oil of
vitriol be poured on this f{par reduced to pow-
der, no vapour of any kind is difengaged, nor
fmell perceived ; whereas the fluor fpar, if
treated in the fame manner, gradually emits
" a penetrating vapour, which forms a white
{moke when it comes into contaét with air,
and is eafily known to be the fparry acid.
Other naturalifts have confounded it with
the felenitic {par; but this laft has neither
the fame form, nor the fame infolubility,
and is decomyofed by pure or cauftic fixed
alkalies ; whereas ponderous f{par is not al-
tered by thofe falts.

Ponderous

¢ = elie
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each other. This variety is the moft
known on account of its phofphoric
property, it has evidently been worn
round by water. : T

4. O&ahedral ponderous fpar; it is cry-

«  ftallized like alum, the {fummits of
the pyramids being often truncated,
which form a decahedron. The
length of its fides, or the truncature
of its angles, likewife exhibits other
varieties.

5. Dodecahedral ponderous fpar; it has
the form of fome garnets and pyrites,
and is more rare than the former.

6. Pyramidal ponderous {par. This va-
riety, as well as the foregoing, is
indicated in Daubenton’s table.

I have confidered as a variety of ponderous
{par, the f{par called pearly (perl¢) which was
formerly clafled, like moft of the foregoing,
among the felenites. This fpar is formed of
fmall rhomboidal plates, ufually brilliant,
and placed obliquely one over the other. Tt
is opake, brilliant, as it were micaceous, and
fprinkled on calcareous fpar, or quartz, or
on the firft variety we have defcribed. It is
of a yellow or dirty green colour, and fome-
times of a filvery white. According to the
Abbé Hauy, it is a true calcareous {par.

Margraf, who examined many varieties of

onderous {par, fuch as the Bologna ftone,
and white opake ponderous fpar, fuppofed
‘ ek it
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though it feems in fome refpect to contri-
bute to its intenfity. :

Ponderous fpar, heated in a retort, af-
forded no produ&t, and was not at all altered
by the operation, as Margraf affirms.

This falt is perfectly infoluble in water,
and is not acted on by earths or falino-ter-
reftrial fubftances. Pure fixed alkalis do
not decompofe it. This laft is one of its
moft fingular properties. In fa&, the other
earthy and (alino-terreftrial fubftances have
lefs affinity than fixed alkalis to the vitriolic
acid ; but ponderous earth, on the contrary,
has more. Whence we have obferved, after
Bergman, that this earth decompofes vitrio-
lated tartar and Glauber’s falt, as it does
likewife falt containing the volatile alkali.

Mineral acids have no action on ponderous
fpar, becaufe the vitriolic acid adheres more

~ ftrongly than any other to the earth, which

forms the bafe of this {par. Neither do
-neutral falts produce any changein it, if we
except cretaceous tartar and cretaceous foda,
which produce a decompofition by double af-
finity. The ponderous earth is feparated from
the vitriolic acid, becaufe it is attacked by
the cretaceous acid, at the fame time that
one of the alkalis feizes: the vitriolic acid.
To produce this decompofition, a mixture
of two parts of fixed falt of tartar, well fa-

turated with cretaceous acid, and one part
of
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of ponderous fpar reduced to powder, are
firongly heated in a crucible;, The matter
which is femi-vitrified is to be wathed in dif-
tilled water ; and the liquid, after filtration
and evaporation, affords vitriolated tartar:
the fubftance which remains on the filtre is
cretaceous ponderous earth ; which, when
well wathed, is in the form of a very white and
fine pulverulent matter, but ufually impure,
becaufe it always contains a portion of pon-
derous {par, which has efcaped the decom-
pofition.

Combuftible {ubftances having the pro-
perty of decompofing ponderous {par, may
likewife be employed to obtain its bafe.
When pulverized fpar is expofed to a red
heat in a crucible, together with one eighth
of its weight of charcoal in powder, if the
matter be poured into diftilled water, it imme-
diately communicates a yellow colour to the
fluid, together with every other character of
a folution of liver of fulphur. The char-
coal having deprived the vitriolic acid of its
vital air, the {ulphur, fet at liberty by this
decompofition, unites to the ponderous earth,
which reduces it to the ftate of an hepar.
The {ulphur is precipitated from this folu-
tion by means of an acid. The marine acid
is preferred, becaufe it forms with ponde-
rous earth a foluble {alt, whereas the vitriolic
acid would re-compofe the infoluble ponde-
rous fpar. Theliquid is then filtered, and the

fulphur










































2"70 TUNGSTEN.

a {pecies of iron ore, and called it Ferrum
calciforme, terrd quidam incognita intimeé
mixtum. Moft German naturalifts clafs it
among tin ores, under the name of white
cryftals of tin, or zinn {path ; and it is ar-
ranged as fuch in moft cabinets of natural
hiftory.

The Swedith word tungften has the advan-
tage of diftinguifthing this faline fubftance
from ponderous earth and ponderous fpar,
with which the denomination of Bergman
feems to confound it.

An accurate analyfis of this fubftance was
not attempted before the time of Scheele,
and it was almoft generally confidered as an
ore of tin. Scheele examined this pretend-
ed ore, and difcovered that it confifts of
lime united to a peculiar acid. Bergman,
who likewife examined the fame fubftance,
had refults which confirmed thofe of Scheele.
This difcovery was made in the year 1781.
Meflrs. De Luyart, of the Royal Bifcayan
Society ; M. Angulo of the Academy of
Valladolid, and Mr. Crell, have repeated
and confirmed the refults of the Swedifh
chemift. _ '

Before we proceed to defcribe the proper-
ties of tungften and its acid, wé muft ob-
ferve that this fubftance has been rarely
met with till lately ; that it is found in
the iron mines of Bitzberg, in the tin mines
in Schleckenwalde in Bohemia, and that

moft
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that neutral falts, which produce the greateft
cold in their folution, as Glauber’s falt,
nitre, {al ammoniac, are much more foluble
in hot than in cold water, may we not con-
clude, that this folubility depends on the
water then poflefling a more confiderable
quantity of heat, which it is neceflary they
thould abforb, to become melted, and take
the liquid ftate ? This excefs of heat, being
eafily carried off by the air and furrounding
bodies, a part of the falt is precipitated in
the cryftalline form during the cooling.

G Bl A P XIV.

Concerning the Elective Attra&ions which

take place between the feveral Saline Sub-
{ftances.

THE difcoveries made in confequence of
the numerous experiments made by che-

mifts, on faline matters, fince the middle of .
the prefent century, have thewn, that faline
fubftances have very different degrees of affi-
nity, or ele&ive attraction, among each other.
Geoftroy is the firft who compared them ;
but later difcoveries have thewn, that his
table contains many errors. Bergman has
corrected them, and has added a much greater

number
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number of ele@ive attractions between all
the falts : however, on confulting the feve-
ral articles of the table of this celebrated
Swedifh chemift, we find that many of them
are not yet eftablifhed on a fufficient number
of accurate experiments, and that he himfelf
acknowledges their uncertainty. Without
extending the theory of elettive attraltions
to fo large a number of bafes as Bergman has
done, we fhall confine curfelves to the pre-
fent ftate of chemiftry, in our examination
of the affinities which are exerted between
thofe faline matters, whofe nature and pro-
perties are beft known.

Among the fix fpecies of acids we have
examined, the vitriolic appears to be the
ftrongeft in its elective attractions; that is
to fay, it deprives other acids of moft of their
alkaline falino-terreftrial bafes.® Thus it de-
compofes nitrous falts, marine falts or mu-
riates, fluor falts, boraxes, and chalks, by
difengaging their acids.

The nitrous acid in general occupies the
fecond rank, yielding the alkaline bafes to
the vitriolic acid, but depriving the four
- following acids of them. '

To fhew the different affinities which ob-
tain between the mineral acids and the faline
bafes of the fame kingdom, to the beft ad-

vantage, we fhall exhibit them in the order

or arrangement of Bergman ; by confidering,
ift, Each acid, with refpect to the different
U3 bafes
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tween the acids and volatile alkali, than be-
tween the fame falts and magnefia, becaufe
the latter does not decompofe ammoniacal
falts by diftillation ; and for that reafon we
have placed the volatile alkali before mag-
nefia, and think the correction is neceflary
to be made in Bergman’s table.

II. The ele&ive attractions of the fluor
acid for alkaline bafes, are very different from
thofe of the three foregoing. Alkalis yield
this acid to lime, and the two other f{alino-
terreftrial fubftances. A folution of barytic
fluor in hot water is precipitated by lime-
water, which immediately forms {parry fluor.
The fame thing happens with other fluor
neutral falts; lime {feizing the acid at the
eighth column of Bergman’s table, decom-
pofed hereunder denotes.

Fruor Acip.

Quick-lime.
Ponderous earth.
Magnefia.

Vegetable fixed alkali.
Mineral fixed alkali.
Volatile alkali,

Clay.

The fame phenomena take place by the
dry way ; for fluor fpar is not decompofed

by pure and cauftic fixed alkalis, though
. it
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it is by cretaceous tartar and cretaceous
foda.

I1I. Bergman, in his tenth column, ex-
hibits the affinities of the acid of borax, in
the fame order as thofe of the acid of fluor;
becaufe, when borax is heated in water with
quick-lime, the latter {eizes its acid, forming
the fcarcely foluble calcareous borax, and
leaves the marine alkali in a ftate of purity. As
to the other bafes, he has difpofed them by
analogy, and confiders the difpofition as no-
thing more than a probable conjecture.*

Acip orF BorAax.

Quick-lime.
Ponderous earth.
Magnefia.

Vegetable fixed alkali.
Mineral fixed alkali.
Volatile alkali.

Clay.

IV. The eleéive attra&ions of the creta-
ceous acid are fomewhat different from thefe.
It adheres more ftrongly to ponderous earth,
and after that to lime, than to any other
{ubftance. Its combination with magnefia
1s likewife deftroyed by the cauftic vola-

* Quod idem accidat cum alkali vegetabili, acido bo-
racis faturato, haétenus tantum probabilis eft conjectura,
zque ac terrz ponderofz, & magnefiz pofitura.

: - tile

g
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tile alkali, as Bergman has proved by accu-
rate experiments. The following extra& of
the twenty-fifth column of the table of this
celebrated chemift, exprefles the order of the
attractions of the cretaceous acid for the fe-
veral faline bafes.

CRETACEOUS AcCID.

Ponderous earth.
uick-lime.

Vegetable fixed alkali.

Mineral fixed alkali.

Magnefia.

‘Volatile alkali.

Clay.

V. The feven earthy, or alkaline bafes,
whofe combinations with the mineral acids
we have examined, have different cle&tive
attractions for thofe acids, when compared
together ; five of them, namely, the two fixed
alkalis, volatile alkali, lime, and clay, refem-
ble each other in the order of their atfinities.
All the five adhere to acids in the following
order : ‘the vitriolic, nitrous, marine, 'fluor
borax, and cretaceous acids; but ponderous
earth and ‘magnefia have different affinities
from the foregoing, though they agree with
each other. 3

Bergman difpofes the eleétive attractions
of ponderous earth.and magnefia; with re=

: fpet

_
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fpe& to the mineral acids, in the following
manner.

PonpeErRous EARTH AND MAGNESIA.

Vitriolic acid.
Fluor acid.
Nitrous acid.
Marine acid.
Acid of borax.
Cretaceous acid.

There is no difference between this order
of affinities, and that of the other five bafes,
except that the fluor acid is before the ni-
trous and marine acids, which fhews, that
nitre, and the barytic and magnefian muri-
ates, are decompofed by the fluor acid; while
the barytic and magnefian fluors do not yield
their bafes to the nitrous and muriatic acids.

VI. The eleftive attractions we have ex-
hibited, fhew the order of fimple decompo-
fitions, which take place on the mixture of
three faline bodies ; but it is equally necef-
fary that the chem#ft fhould attend to the
double affinities, or decompofitions which
take place when four fubftances are mixed
together.

It muft be recollected, that by double affi-
nity is underftood a combined force, by vir-
tue of which, a compound of two bodies,

which cannot be feparated neither by a third
% % nor
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nor a fourth body, prefented feparately, is
neverthele(s decompofed with the greateft
facility, when the two laft are combined to-
gether. ‘This double eleive attraétion is
very often exerted between neatral falts,
In this manner it is, that the vitriolic, ni-
trous, and marine calcareous falts, are not
decompofed by volatile alkali, or by the cre-
taceous acid alone; becaufe the firft of thefe
bodies has a lefs affinity than lime with the
vitriolic, nitrous, or marine acids, while
the fecond has a lefs affinity than lime with
the fame acids : but when a compound of
volatile alkali and cretaceous acid is prefented
to thefe calcareous falts, the adhefion of their
principles will be deftroyed. I have thewn,
1n the firft volume of this work, where affi-
nities are generally treated of, that the canfe
of this phenomenon might be explained, by
afluming numbers to exprefs the different
degrees of eletive attraction. I have at-
tempted to apply this idea to faline f{ub-
ftances ; but as the nature and combinations
of the acids of fluor, and of borax, are not
yet well known, I hawe'confidered only the
vitriolic, nitrous, marine, and cretaceous
acids, with refpe® to the faline mineral
bafes. The numbers I have affumed to ex-
prefs the different degrees of adhefion to thofe
bafes, are founded on the refult of fimple
decompofitions. It muft be noted, that

they are not perhaps accurately proportioned -
to
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to the forces of affinity, but are chiefly de-
figned to explain thc caufe of double eleétive
attra@ions.

I fhall, in this place," ﬁrf’c give a table of
numbers, exprefling the affinities of the four
acids above-enumerated, with fix bafes: I
do not comprchend ponderous earth, becaunfe
its feveral f{aline combinations are not yet
fufliciently known. After which, I proceed
to exhibit the known effets of double affi-
nity among neutral falts, according to the
method of difpofition invented by Bergman,
which I have already defcribed in the gene-
ral chapter on aflinities. I mufthere repeat,
that in this ingenious difpofition, to which
I have only added the numerical exprefiion,
the fum of the two vertical numbers, which
denote the divellent attraGions, muft exceed
that of the horizontal numbers, which in-
dicate the quicfcent attractions, in order that
a double decompofition may follow.

TABLE of the Degrees of Attraction between Four
Acids and Six Bafes, exprefled in Numbers.

FIRST COLUMN.

Vegetable fixed alkali equal to - 8
Mineral fixed alkali = £ 7
Quick-lime i - = 6
Volatile alkali - - - 4
Magnefia - - - 3%
C]ay - - - 2z

The * vitriolic
acid has an
affinity  of
combination
with
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Thefe ten examples of double affinity are
not the only inftances of this kind of de-
compofition which takes place among the
neutral falts we have examined. We have
feen, for inftance, that barytic falts are not
decompofed by pure fixed alkali, while cre~
taceous tartar and cretaceous foda decompofe
them ; that vitreous {par, or fluor fpar pre-
fent the fame phenomenon. Thefe two
kinds of double affinity, and perhaps others
which are not yet known, among falts, are
not reprefented in the foregoing table, be-
caufe the elettive attractions of ponderous
earth and fluor acid are not yet {ufficiently af-
certained to be exprefled by numbers. When
the neceflary inquiries have been made, thefe
numbers will doubtlefs require to be changed,
but the method will remain unchanged, and
is capable of improvement only in point of
accuracy.

PART
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CoMBUSTIBLE BODIES.

C: HE AP sl

Concerning Combuftible Bodies in general.

WE have already fpoken of combuftion
in the hiftory of air. The order we
have adopted requires a fhort recapitulation
in this place of the do&rines there main-
tained.

A combuftible body, according to Stahl,
is a compound which contains fixed fire or
phlogifton ; combuftion, according to his
theory, confifts in its difengagement, and
its tranfition to the ftate of liberty ; which
are manifefted by light and heat. When this

X3 procefs
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procefs is intirely finifhed, the body enters
the clafs of incombuftible matters, and may
regain its original combuftibility by receiving
its phlogifton, or by becoming again united to
the matter of fire transferred to it from ano-
ther body. We have taken notice of four prin-
cipal difficulties in this theory : 1. The im-
paoffibility of afcertaining the prefence of
phlogifton. 2. The augmentation of weight
by combuftion, which cannot be imagined
to arife from the lofs of a principle. 3. The
lofs of weight which a body fuftains when it
pafles from the incombuftible to the inflam-
mable flate, by the addition of phlogifton.
4. The little attention Stahl paid to the ne-
ceffity of air in combuftion.

A more accurate obfervation of this laft
phenomenon, and the augmentation of weight
which combuftible bodies acquire by being
burned, has given birth to the following
theory. :

Bodies are combuttible, becaufe they tend
ftrongly to combine with pure air, and com-
buftion is the procefs by which this combi-+
nation is effeCted. The four following facts
conftitute the bafis of this opinion. 1. Bodies
cannot burn without air. 2. Thepurer the air,
the more rapid the combuftion. 3. By com=
bultion air is abforbed, and the weight of the
burned body augmented. 4. Laftly, the body

_burned in the atmofphere contains the portion
of air which theatmofphere loft ; and this por-
tion



(_!OMBUSTIBLE BODIES. 327

tion may in fome cafes be extracted by dif-
ferent methods hereafter to be defcribed.

~ Macquer united this theory with that of
Stahl, by confidering fixed light as phlo-
gifton, and admitting pure air as the preci-
pitant of light. He {fuppofed that in every
combuftion the phlogifton was {eparated, in
the form of light, by the pure air which oc-
cupied its place in the combuftible body ;
and he confidered thefe two fubftances, light
and vital air, as mutual precipitants of each
other. So that when fixed light paffes from
a combuftible body into a body already
burned, he fuppofed that this tranfition
is made only in proportion as the vital
air united with the burned body gives place
to the matter of light, and becomes itfelf
transferred into the other fubftance from
which the light efcapes.

M. Lavoifier has propofed a different
theory from the two foregoing. He thinks
that vital air is compofed of a fixable bafe,
which he calls the oxyginous principle, held
in folution in the ftate of elaftic fluidity by
the matter of fire or light. When a com-
buftible body is heated in this fluid, it de-
compofes the vital air by feizing its bafe ;
the matter of fire being at the fame time fet
at liberty, and efcaping with the appearance
of its diftinguithing characters, namely, heat
and light, which conftitute flame. According
to this hypothefis, pure air is the true and

X 4 only
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only combuftible body. This theory does
not reject the prefence of phlogifton, which
is here exhibited in the form of light; but
it differs from that of Stahl, by the place allot-
ted to phlogifton or fixed fire, which M. La-
voifier admits in the body which maintains the
combuftion ; while Stahl imagined it to exift
in the combuftible body. The fame objec-
tion may likewife be made againft the oxy-
ginous principle of vital air, as has been
urged againft the phlogifton of Stahl. In
fact, this principle has not yet been exhi-
bited in an infulated or pure ftate, fince it
always exifts, either combined with the mat-
ter of fire in vital air, or with combuftible
bodies after they have been burned. Like
phlogifton, it is only perceived to pafs from
one body to another, and to change its com-
bination, without being capable of a feparate
exhibition in a ftate of purity.

The different combuftible bodies vary
greatly in their refpetive tendency to com-
bine with the bafe of vital air; and the
greater or lefs degree of combuftibility ap-
pears to depend on thefe variations : fo that
a table of the order of their combuftibi-
lity or affinity with vital air may be hence
conftructed.

This variety of affinity between combuf-
tible bodies and the oxyginous principle, is
the caufe of the different phenomena they

prefent
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prefent during their combination with that
fluid : four kinds of combuftion may there-
fore be diftinguifhed.

1. Combuftion attended with flame and
heat, fuch as, for example, the combuftion
of fulphur.

5. Combuftion attended with heat, but
without flame, as that of feveral metals.

3. Combuftion with flame, but without
heat, as that of phofphorus, &c.

4. Slow combuftion, without apparent
heat or flame, fuch as takes place by the
contac of certain combuftible bodies with
air.

It muft be obferved, that the phenomena
of combuftion differ likewife in many other
refpects, peculiar to each combuftible body.
The rapidity, colour, and magnitude of the
flame ; the fmell which accompanies it; the
quantity of air abforbed ; the form, the co-
lour, the weight, and other properties of the
refidue;; together with other concomitant cir-
cumitances, which it is needlefs to explain in
this place, becaufe they will be treated with
that attention which the importance of the
{ubjet demands, in the account of each
combuftible body, ferve to eftablith eflen-
tial differences, well adapted to charalterize
bodies belonging to this clafs.

When we confider the great variety of

" phenomena exhibited by combuftible bodies,

we cannot but admit that the caufe of this
phenomenon
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henomenon is ftill unknown, and that im-
portant difcoveries remain to be made in this

art of chemical theory. Thedifferent degrees
of affinity which appear to exift between com=
buftible bodies and vital air, or the oxyginous
principle, are already {ufficient to account for
fome of the facts. It is natural to believe,
that a body, which has a ftreng attraction for
the oxyginous principle, will exhibit more
heat, motion, and light; becaufe this laft
will be feparated with more energy, whether
from the combuftible body, according to
Macquer’s theory, or from the vital air, ac-
cording to that of M. Lavoifier, or from
both at once. But this hypothefis does not
explain the caufe of the various colours of
flame in combuftible bodies; why, for ex-
ample, copper burns green, &c.; neither
does it explain how certain combuitible
matters burn without apparent flame, unlefs
we adopt the opinion of many philofophers,
that the matter of light and of heat are one
and the fame, and differ only in the degree
of condenfation. The difficulties attending
this opinion are fufficiently known. If it
could be proved, that light is combined in
combuftible bodies, and that it is difen-
gaged during combuftion, it might be ima-
gined, that this fubftance is differently com-
bined in different bodies: that in fome, for
example, the whole of its feven rays, or

principles, is fixed ; that others containonly
' the
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the orange-coloured ray, as nitrous gas; -
and others the yellow or green, as zink
and copper. But this hypothefis, which has
already been mentioned in the hiftory of
combuftion, when treated of under the ar-
ticle air, has not yet been confirmed by facts ;
and we can {carcely avoid thinking, when
we reflect on the phenomena of combuftion,
that light appears rather to be contained in
the vital air, than in the combuftible bodies.
In fa&, how can we conceive, that a body
fo divided, and fo elaftic, as light, can be-
come fixed and folid ? Is it not more natural,
and conformable to the notions of found
philofophy, to conclude, that, far from be-
ing capable of affuming the folid form, light
is rather adapted to deftroy it in fuch bodies
as poflefs it, and that it is the caufe of elaf-
ticity in all aeriform fluids, which feem to
be fubftances naturally folid, but united
with light? T muft confefs, that the hy-
pothefis at prefent admitted by many phi-
lofophers, that elaftic fluids owe their ftate,
as fuch, to the matter of fire or light, ap-
pears to me infinitely more probable than
that which admits the prefence of this, in-
coercible fubftance, in matters of fo fixed
and folid a nature as metals.

It appears therefore, that difficulties ftill
remain to be cleared up in the hiftory of
combuftion ; bat that it is well eftablithed,
that combultible bodies, after having been

burned,
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burned, acquire a different nature, becoming
more heavy by the addition of the oxyginous
principle; and that this principle has af-
fumed a more folid form than it before pof-
fefled, when combined with light, in the
ftate of vital air.

We thall divide mineral combuftible bodies
into fix genera ; namely, diamond, inflam-
mable gas, f{ulphur, plumbago, metallic
fubftances, and bitumens.

v P
C.Hesa P2 Ik,

Genus I. Diamonp.

DIAMO_ND is a fingular fubftance; it

is ufually reckoned among ftones, be-
caufe of its hardnefs, infipidity, and infolu-
bility : it is, befides, the moft tranf{parent
and the hardeft of all minerals. This hard-
nefs is fuch, that the beft tempered fteel
has no effect on it; and it can only be worn
away by rubbing one diamond againft ano-
ther.

Diamonds are found in the Eaft Indies,
particularly in the kingdoms of Golconda
and Vifapour: they likewife come from
the Brazils; but thefe laft appear to be
of an inferior quality, and are known in

i comimerce
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commerce by the name of Portugueze dia-

~ monds.

Diamonds are ufually found in an ochreous
yellow earth, under rocks of grit-ftone and
quartz ; theyare likewife found detached in
torrents, which have carried them from their
beds. Diamonds are feldom found above
a certain fize. ‘The fovereigns of India re-
ferve the largeft, in order that the price of
this article may not fall. Diamonds have
no brilliancy when dry out of the earth, but
are covered with an earthy cruft, which in-
clofes a fecond cruft, of the nature of calca-
reous {par, according to Mr. Romé de Lifle.
Bright diamonds are occafionally found in
waters.

Diamonds very often have no regular form,
but are flat, or worn round. Sometimes
they are regularly cryftallized in octahedrons,
formed by two quadrangular pyramids, unit-
ed at their bafes; they are likewife found
with twelve, twenty-four, and forty-eight
faces.

Some diamonds are perfectly tranfparent;
others are fpotted, veined, clouded, and are
of much lefs price. Some are uniformly and
beautifully tinged with yellow, red, blue,
and black ; the latter are very rare.

Diamonds appear to be compofed of la-
mine, laid upon each other; and they are
eafily divided, by ftriking them in the di-
rection of thefe laminz with a good fteel in-

firument.
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ftrument. There are, however, fome dia-
monds which do not appear to be formed of
diftinét laminz, but of twifted fibres, like
thofe of knots in wood. Thefe laft are
exceedingly hard, and cannot be wrought;
lapidaries call them diamonds of nature.

The tranfparency, the hardnefs, and the
regular cryftalline form of the diamond, in-
duced naturalifts to clafs it among vitrifiable
ftones. They confidered it as the pureft and
moft homogeneous rock-cryftal. They fup-
pofed it unchangeable by fire, becaufe jewel-
lers are in the habit of heating, and even of
igniting, diamonds {potted with yellow ; the
{pots becoming black by this procefs, and
incapable of affefting the brilliancy of the
reft of the ftone. It was neverthelefs known,
that diamond is much heavier and harder
than rock-cryftal, and that it poffefies a
firong electric property; but thefe were at~
tributed to its extreme purity.

It is known, that all earthy or faline bodies
refract the light nearly in the dire@ ratio of
their denfity, but that tranfparent combuf-
tible bodies refra& it about twice as much.
The diamond produces nearly three times
the refraction it would have produced, ac-
cording to the ratio of its denfity; and as
the refraction of light, from the pofterior
furfaces of bodies, is greater in this ratio,
the fingular luftre of the diamond muft de-
pend on this property, As it is exceedingly

' ' tranfparent,
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tranfparent, and the light is ftrongly refract-
ed and refleGted by its {urfaces, every one of
the facets emits a very brilliant pencil of
light. For which reafon, fuch diamonds as
are cut into facets on every part of their fur-
face, emit a much ftronger light than fuch
as are cut only on one fide ; whence the la-
pidaries diftinguifh the firft by the name of
brilliants, and call the fecond rofes.

Boyle affirmed, that fire altered diamonds,
and difengaged acrid vapours ; but the fa&
firft mentioned by this philofopher was not
attended to. However, Coimo the Third,
Grand Duke of Tufcany, in the years 1694
and 1695, faw diamonds deftroyed, at Flo-
rence, by the burning mirror; and many years
afterwards, the Emperor Francis I. was a
witnefs of their deftruétion by the fimple fire
of a furnace.

Mr. D’Arcet, in his valuable experiments
on the deftruion of ftony fubftances, ex-

ofed to the heat of a violent and long con-
tinued fire, did not forget the diamond. He
afferted, that it is evaporated in the dire@ion
of its lamina, and that if the evaporation be
deﬁgnedlyinterrupted, the remainder is not
at all altered, but confifts of a diamond of
lefs magnitude. :

Mr. D’Arcet, being defirous of determin-
ing whether the evaporation of the diamond
be any thing elfe but a fimple decrepitation,

thought proper to treat them in veflels,
. clofed
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clofed by various methods. He took a
fphere of porcclain clay, and after haying
cut it in two, he placed a diamond in the
centre, and then clofed the two hemifpheres
together, in fuch a manner, as that the dia-
mond formed its own bed in the clay, with-
out any other cavity. This fphere, being
placed in the furnace till it was baked, was
then broken, and the diamond was found to
be evaporated, the fpace in which it was
lodged being empty, without the leaft per-
ceptible crack in the ball.

Mr. D’Arcet varied this experiment, by
fometimes ufing balls of porcelain clay, and
at other times baked crucibles of porcelain,
clofed with a ftopper of the fame fubftance,
covered with a fufible matter, which, vitri-
fying in the fire, formed an hermetical clo-
{fure. Mr. D’Arcet always found that the
diamond difappeared, and concluded that it
is evaporable without the accefs of air.

Mefirs. D’Arcet and Roux have fince ob-
ferved, that itis not neceffary to ufe fo vio-
lent a heat to volatilize diamonds; and in
the year 1770, Mr. Roux volatilized one, at
the School of Medicine, in five hours, in a
cuppelling furnace.

In the year 1771, Macquer obferved a
new phenomenon relative to the deftruction
of this fubftance. Having a diamond to
volatilize, he ufed the furnace of Pott, with
fome improvements of his own. This fur-

nace,
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nace, with the addition of a tube, or chim-
ney, of ten or twelve feet in height, pro-
duces a degree of heat equal to that of a fur-
nace for hard porcelain. Macquer, having
placed a muffle in the centre of this furnace,
which at that time had only two feet of
chimney, put a brilliant-cut diamond, weigh-
ing three-fixteenths of a carrat, in a cuppel,
which he firft placed near the mouth of the
red hot muffle, into which he gradually re-
moved it, that the diamond might not fly
in pieces by the too fudden heat. At the
end of twenty minutes, having obferyved the
diamond, he found it increafed in volume,
and much more brilliant than the capfule
in which it was placed; and laftly, he ob-
ferved a light, and apparently phofphoric
flame, forming a very evident glory round
the ftone; but he perceived no acrid vapours,
as Boyle mentioned. The diamond having
been replaced under the muffle, intirely
difappeared at the end of thirty minutes,
without leaving any trace behind. Mac-
quer, therefore, volatilized, in lefs than an
hour, a diamond weighing near four grains,
and found that it burned with a {enfible
flame, in the fame manner as other combuf=
tible bodies.

This fa&, publithed by Macquer, has
been verified feveral times fince. In the
year 1775, Bucquet volatilized a diamond of
about three grains and a half. = He ufed the

Vor. II. Y g o furndce
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furnace of Macquer, but without the chim-
ney; and the mufile remained open almoft
the whole time of the operation, in order
to obferve what paffed during the combuf-
tion of the diamond. It remained about
fifteen minutes before it inflamed, and in
lefs than twenty-five minutes afterwards it
was intirely diffipated.

None of thefe experiments proving what
became of -the diamond, Meffrs. Macquer,
Lavoifier, and Cadet, refolved to make {fome
experiments in clofe veffels. They diftilled
twenty grains of diamonds in a ftone-ware
retort, with a proper apparatus for colle&t-
ing the product, if any pafied over. A fire
of the greateft violence was ufed, and no-
thing was obtained. The dmmonds were
found intire, but had loft fome of their
weight. It was therefore fufpeted, that
this lofs depended on the diamond’s having
been partly burned, by means of a {mall
quantity of air included in the veffels. The
diamonds were, befides, covered with a
blackifh and coaly film, which was quick-
ly taken off by the mill.

While thefe chemifts were bufied in re-
fearches .into the nature of diamond, the
lapidaries f{till retained their belief of its
abfolute indiftructability by fire. = One.of
them, Mr. Le Blanc, brought a diamond
to Mr. Rouelle to be expofed to the fire,
but choic to mclofe it in his own way.
He

£V _{;,.'_ d
-~ SRR A



DlAMONI’h G . 339

He placed it in a crucible, with a cement of
chalk and powder of charcoal. This cru-
cible was inclofed in another, with a cover,
and luted. It remained in the fire during
four hours, as well as feveral other diamonds,
on which Mr. Rouelle was making experi=
ments. At the end of this time, the dia=-
monds of Mr. Rouclle, as well as that of
Mr. Le Blane, were found to have difap-
peared. Mr. Maillard, another lapidary,
waited on Mr. Cadet, with whom Mefirs.
Macquer and Lavoifier were then at work ;
he produced three diamonds, which he pro-
pofed to expofe to the fire, cemented in his
own way.

He filled the bowl of a tobacco pipe with
pounded charcoal, well prefled in, the dia=
monds being placed in the centre; he co-
vered the pipe with an iron plate, luted on
with founders fand. The pipe was included
in a crucible, furrounded with chalk, and
covered with a bed of fand, moiftened with
falt water. The whole was placed in Mac-
quet’s furnace, and the heat fo raifed, that at
the end of two hours it appeared {oftened, and
ready to melt. After the operation, the cru=
cible was found to be vitrified, and had loft its
figure; it was broken with care, and the pipe
was found perfe@ly whole, the charcoal as
black as ever, and the diamonds not at all
diminithed in weight. They were only
blackened on their {urface, and became white

Y i e L S agid
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and brilliant by fri&ion on the mill. Mac-
quer repeated this experiment, with equal
{uccefs, in the large furnace, in which the
hard porcelain of Seve is baked; yet, as the
iron which covered the pipe was melted, and
part reached the diamond, it was fcorified
on that fide, but the other fide remained
perfe&. . The fire lafted twenty-four hours.
Mr. Mitouard having had ‘opportunities
of treating many diamonds in clofed veflels,
and with different cements, found that char-
coal is the moft effecual in preventing the

deftruction of this body. :
All chemifts were convinced, from
thefe fadts, that the diamond burns in the
fame manner as other combuftible bodies,
and like charcoal is not deftroyed, but in
proportion to the contad of air. Neverthe-
Iefs, the well condué&ed and accurate experi=
ments of Mr. D’Arcet feem to thew the con
trary. To clear up this matter, Mr. Mac-
quer filled feveral balls of baked porcelain
and feveral crucibles of unbaked porcelain
clay, with powder of charcoal ; the char-
coal was reduced to athes, and the afhes
even became vitrified in the unbaked vefiels,
while that in the baked vefiels remained un-
changed. Whence this chemift concluded,
that there is a great difference between thefe
two kinds of veffels; he thinks that cracks
are made during the baking of the porcelain,
which are fuflicient to facilitate the com-
buftion,
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buftion, though they afterwards difappear by

the contraétion of the porcelain in cooling.
Mr. Lavoifier has made other experiments,
which prove, that diamond does not burn,
but in proportion to the quantity of air it is
in conta¢t with. He expofed diamonds to
the focus of Mr. Tradaine’s lens, after hav-
ing covered them with a bell, under which
he caufed water or mercury to rife by ex-
tra&ting the air. This chemift, in his ex-
periments on the effects of the burning glafs
made together with Mefirs. Macquer, Cadet,
and Briflon, had already obferved, that if
diamonds be fuddenly heated, they fplit and
fly abont very {enfibly; but that this does
not happen when they are flowly and gra-
dually heated., He likewife obferved, that
the diamonds melted and flowed in certain
parts. The furface of thofe which remain-
€d a certain time expofed to the focus of the
lens, appeared full of little cavities like a
pumice-ftone. By heating them in the faid
pneumato-chemical apparatus he afcertained
that the diamond burns only for a certain
time, proportioned to the guantity of air
contained under the veflel ; and that the air,
after the combuftion of the diamond, is ab-
{olutely fimilar to that which remains after
the combuftion of other inflammable bodies ;
that is to fay, deprived of the portion of vi-
tal air required to maintain that procefs. It
muft be noted, that this refidual air,  after
the combuftion of the diamond, contained
X 23 cretaceous
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cretaceous acid, as appeared by its precipi=-
tating lime-water.

To thew {till more evidently the nature of
the diamond, Mr. Lavoifier attempted ta
burn it under glafs veflels filled with creta-
ceous acid. The diamond f{uffered a fmall
lofs, doubtlefs owing to a portion of air
mixed with the cretaceous acid. This che- °
mift thinks, that great part of the lofs like-
wife depends on the volatilization of the
diamond ; and he thinks that this flone
might be entirely fublimed in clofe vefiels,
if a fufficient degree of heat could be ap-
plied. " Mr. Lavoifier having made the fame
experiments on charcoal, found the fame
events take place, both with refpect to com-
buftion and volatilization. He likewife ob-
ferved, that the diamond always became
black at its furface.

From thefe different fads it follows, that
the diamond is a fubftance not at all refem-
bling ftones ; but.is on the contrary a true
combuftible body, capable of burning with
a flame, whenever it is ignited with contact
of air. In a word, that it is a true com-
buftible volatile fubftance, which Jeaves no
fixed refidue ; perfeé&ly refembling charcoal
by its habitudes in the fire, though greatly
differing from that fubftance in tranfpa-
rency, weight, hardnefs, and many other
properties. All thefe experiments, as well
as - the art of fplitting the diamond, fhew
that it is formed of laminz placed one (13111

the
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the other ; that there is fometimes between
the layers a foreign colouring matter, which
perhaps caufes the earbonaceous film, with
which diamonds become covered when heat-
ed, efpecially in clofe veflels. This co-
loured ftratum, being placed at different
depths, may be the caunfe why the procefs
ufed by lapidaries to render clouded dia-
monds tranfparent, does not always fucceed.
If its depth be inconfiderable, it may be
cafily deftroyed, and the diamond will be-
come clear. ~ If,-on the contrary, it be far
within the ftone, it cannot be removed but
by the fucceflive deftru&tion of the laminz
placed over it, which in that cafe would re-
quire the diamond to be almoft entirely de-
ftroyed before the imperfection could be re-
moved. Notwithftanding all thefe experi-
ments, we are ftill unacquainted with the
compofition of the diamond ; and in the pre-
fent ftate of our knowledge muft confider
it as a' peculiar combutftible body different
from all others.

The diamond is of little ufe but as an or-
nament ; but its property of refracting the rays
of light, decompofing them, and exhibiting
the moft lively and brilliant colours, ren-
_ders it truly precious without the affiftance

* of the caprice of fathion. Its exceflive hard-
nefs, by which its exquifite polifh remains
‘unalterable, its rarity, and the labour of
cutting it, add ftill to its value. It is ad-
vantageoufly ufed to engrave onm glafs and

Y e R hard
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hard ftones, or to cut them into convenient
fizes.

Diamond powder is ufed in polithing dia-
monds.

Ca Y ASP_ - TH.

Genus II. INFLAMMABLE Gas.

TH E gascalled inflammable air by Dr.
Prieftley, is an elaftic fluid, poflefling
all the apparent properties of air. It is
about thirteen times lighter than the air of
the atmofphere, does not maintain com-
buftion, and quickly deftroys animal life
by producing ftrong convulfions. It has a
very evident and peculiar fmell. Its cha-
ralteriftic property is to take fire when in
contact with air, by the application of a body
already ignited, or by the ele@ric fpark.
Inflammable gas has been long known, as
a produ¢t both of nature and art. Mines,
coal-pits, the furface of waters, and putri-
fied animal or vegetable fubftances, exhibit-
ed a great number of inftances of vapours
naturally combuftible; and vapours of the
fame nature have long been artificially pro-
duced, in the folution of feveral metals in
the vitriolic and marine acids, and in the
diftillation of animal and vegetable fub-
ftances.
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ftances. But no one before Dr. Prieftley
thought of collecting them in receivers, and
examining their properties. This philofo-
pher difcovered, that they conftitute a kind
of permanently elaftic fluid.

Inflammable gas exhibits all the pheno-
mena of combuftible bodies, in a moft emi-
nent degree. Like them, it cannot be burned
without accefs of air. Its flame is more or
lefs red when pure, and blue or yellow when
it is united to a fubftance capable of modi-
fying its properties. It frequently crackles,
and produces fmall brilliant {parks during
its combuftion, with a noife fimilar to that
of nitre, when it detonates. A ftrong heat
is excited during its combuftion.

It burns more rapidly, in proportion as
it is environed with a larger quantity of air.
As thefe two fluids have a like aggregation,
it is poffible to mix them in fuch'a manner,
as that every particle of each fhall be con-
tiguous fo a particle of the other, in which
cafe it will burn with great rapidity. This
is evident, when a mixture of two parts of
common, and one of inflammable air is fet
on fire: the combuftion is inftantaneous,
and attended with a ftrong explofion, re-
fembling that of gunpowder ; whereas in-
flammable gas, not mixed, but expofed to
‘common air, when fet on fire, burns gently,
and at the furface. -

It may in the fame manner be burned in

_ _ B
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an inftant, and with much more vehemence,
if two or three parts be mixed with one of
vital air : the explofien is then much more
confiderable than in the foregoing experi-
ment. !

Mr. Cavendifh, many years ago, remark-
ed, that whenever inflammable gas is burned,
drops of water are always produced. In-
flammable gas being burned in a veffel full
of vital air, over mercury, a vacuum is pro-
duced in the apparatus; the mercury, rifes,
and the fides of the glafs are covered with a
large quantity of drops of water, which in-
creafe in propornon as the combuftion goes
on. Mor. Lavoifier in this manner combined
a {ufficient quantity of the two elaftic fluids
to obtain feveral drachms of water. Both
thefe fluids were previoufly pafied through
a glafs eylinder, filled with very dry cauftic
fixed alkali, in order to deprive them of the
portion of water they might contain. The
water obtained by the combuftion, agreed
perfeétly in weight with the elafiic %uids
made ufe of; whence he concluded, that
water is compofed of fix parts by weight of
vital, and one of inflammable air. The water
obtained in this experiment was found to
contain a few grains of nitrous acid. To
account for the formation of this acid, it
muft be recolleéted, that Mir. Cavendith pro-
ducediit, by combmmg, with the affiftance
of the ele&nc {park, feven parts of vital :nr(i

an
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and three of atmofpheric mephitis. Now,
the vital air ufed by Mr. Lavoifier, in his
experiment, having been obtained from red
precipitate, the nitrous acid, ufed in making
that fubftance, might afford a fmall quantity
of the atmofpheric mephitis, which enters
into its compofition. This portion of acid,
therefore, does not affect the refult, nor the
affertions of Mr. Lavoifier concerning the
production of water. If we compare this
capital experiment, with that in which the
fame chemift decompofed water, by caufing
it to fall on red hot iron, zink, and char-
coal, as well as on boiling oils, and in which
he obtained inflammable gas, in proportion
to the combuftion which took place in thefe
different bodies, we fhall be convinced, that
this theory of the nature of water is built
on as firm a foundation as any that has been
propofed refpecting chemical facts.

The nature of inflaimmable gas remains
then to be determined. TIs it a fimple fub-
ftance, always identical ? And may we con-
fider it as the phlogifton of Stahl, according
to the opinion of many Englith chemifts,
efpecially Mr. Kirwan ? '

With refpeé to the firft queftion, chemifts
are not agreed on the pretended identity of
inflammable gas, obtained from very diffe-
rent {ubftances, and which feems to have
yarious properties,

o RS Some,
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Some, and even the greater number of
chemifts, think, that there are really feveral
{pecies of inflammable air; fuch, for ex-
ample, are the inflammable gas obtained, by
means of water, from iron and zink, which
burns with a red flame, and detonates with
pure air ; that which Mr, Delaflone ob-
tained from Pruffian blue, and from the re-
duction of flowers of zink by charcoal,
which burns without detonating with air;
the inflammable gas of marfhes, which burns
with a blue flame, and does not detonate;
and likewife that obtained from the diftilla-
tion of organic matters, which refembles the
gas of marthes. An accurate analyfis has,
it is true, thewn, that the two laft are com-
pounds of pure detonating inflammable gas
with the cretaceous acid, in different propor<
tions ; and that by lime-water and cautftic al-
kalis, they may be brought to the ftate of pure
inflammable gas of the firft kind. We were
therefore inclined to think, with the illuf<
trious Macquer, in the year 1782, that it is
one f{ubftance, capable of various modifica-
tions, by its combinations with different
matters. Neverthelefs, Mr. Lavoifier, in
a memoir on the combuftion of alum with
various carbonaceous fubftances, inferted
among thofe of the academy for the year
1777, thinks, that there are three kinds of
inflammable gafes, the vitriolic, marine, and
cretaceous. It is this laft which he obtained

by
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by the re-action of alum on carbonaceous
{ubftances. The characters by which he
diftinguithes them is, that each, by inflam-
mation, becomes converted into an acid fimi-
lar to that from which it was obtained. Thus
vitriolic inflammable gas, after combuftion,
affords oil of vitriol ; marine inflammable gas,
{pirit of falt; and the third, the cretace-
ous acid. This chemift thinks, that the
inflammable gas, obtained during the pre-
paration of pyrophorus, is formed by the
charcoal itfelf, reduced into vapour, and
combined with the pure air of the vitriolic
acid, which, by the lofs of that principle,
is converted into fulphur. In fac, Mr.
Lavoifier, fince the publication of that me-
moir, has afcertained, that the inflammable
gas, obtained when metals are diffolved in
acids, is produced by the water which ac-
companies thofe falts, and is decompofed by
the metallic fubftances: and from this cir-
cumftance, it is more probable, at prefent,
that there is but one kind of inflammable air,
inall cafes produced by the decompofition of
water, compofing it again by uniting with vi-
tal air, more or lefs inflammable, and produc-
ing different colours, when burned, accord-

ingly as it is combined with other bodies.
As to the fecond queftion, though the
opinion of Bergman and the Englith che-
_ mifts, who confider inflammable gas as the
phlogifton of Stahl, appears to agree with a
cerfain
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certain number of facts, yet there is a greater
number which prevent our adopting it. It
appears, in fact, that inflammable gas is not
always produced by bodies in which Stahl
admitted the prefence of his phlogifton, but
that water almoft always contributes to its
formation. Mr. Kirwan, who has been
employed for fome years in the examination
of this important queftion, has not yet, that
we know, difcovered any fa& which pofi-
tively decides it. We fhall take care to ex-
plain, in feveral other articles of this work,
our opinion of the inflammable air, which
this celebrated chemift has obtained from
an amalgam of zink, as well as of another
experiment brought in fupport of this new
theory, by Mr. De Morveau, who appears
to have adopted it. We thall not here enter
into any detail of the objections which may
be made, becaufe they might not be under-
ftood by fuch as have only read the preced-
ing part of this work, but thall referve our
objections till we come to treat of metallic
{ubftances, phofphorus, &c. However, we
muft here admit, that the phenomena of
chemiftry may be explained in as fatisfactory
a manner, by admitting inflammable gas to be
the phlogifton, as by all the other theories ;
and that, if we at prefent appear to doubt
the identity of thefe two fubftances, it is
becaufe we are defirous of adhering to that
{crupulous exalnefs, which we have en-

deavoured
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deavoured to prefer%’e with refpec to all the
facts we have hitherto related: Laitly,
whatever part may be taken in the various
opinions held forth, itis (till a fac, that no
chemift has yet fucceeded in feparating the
principles of inflammable gas, and confe-
quently, thatit is a fimple {fubftance, in the
prefent ftate of our knowledge, which ap-
pears to combine totally with pure air, and
to form water. We take no notice of the
theories of thofe who affirm, that inflam-
mable gas is a compound of air and the
matter of fire, or that it is a modification of
light, fire, eleétricity, &c.; for thefe affer-
tions are all too vague, and bear too great a
refemblance to the inaccurate and uncertain
language of the infancy of natural philofo-
phy, and are befides too far removed from
experiment and proof to merit difcufiion.
It cannot, however, be doubted, but that in-
flammable gas contains much {pecific heat,
perhaps the matter of light; and that the
former is feparated from this gas, whenever
it lofes its claftic ftate, and pafles into li-
quid combinations.

Inflammable gas does not unite with wa-
ter, but may be preferved a long time over
that fluid without alteration ; though at laft
it ceafes to be inflaimmable. Dr. Prieftley
has not determined what kind of change 1s
produced, either in the inflammable gas or
in the water ; but it is probable, that this

experiment,

5
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experiment, carefully made, would tend
greatly tosexplain the nature of that com-
buftible body.

Inflammable gas does not appear to act on
earths, nor on the three falino-terreftrial
fubftances ; excepting, however, that it de-
ftroys the white colour of ponderous earth,
and renders it dark.

The change which alkalis and acids might
caufe in this fubftance, and themielves be {ub-
jeéted to by it,are not known. Itisprobable,
that it would decompofe certain acids, efpe-
cially the vitriolic and the dephloglﬁmated
marine acids, by feizing their pure air, or
oxyginous principle, and forming water : as
to the vitriolic acid, it may be fufpected,
that it would experience this decompofition,
becaufe the bafe of vital air has a ftronger
affinity with inflammable gas; the latter not
decompofing water, as we fhall hereafter fee.
The dephlogifticated marine acid has {o large
a quantity of fuperabundant vital air, which
adheres {o weakly, that it may be prefumed
it would unite with the inflammable gas, and
form water.

Inflammable gas does not appear to a&
on neutral falts; its a&ion on {aline fub-
ftances in general has been little attended
to. It is become a f{ubftance of greater
importance, in the eyes of the fcientific
world, fince it has becn applied to the fill-
ing of aeroftatic machines, difcovered by

Meffrs
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Mefirs.  Montgolfier. Its fpecific levity,
which is thirteen times more confiderable
than that of common air, is the caufeof the
afcenfion of thefe machines. It is more
than probable, that this fluid has a confi-
derable fhare in the produétion of meteors ;
that it exifts in large quantities in the atmo-
fphere, where, being fet on fire by the elec-
tric fpark, it forms water. Perhaps it may
be carried by the winds, like a kind of na-
tural aeroftat. -

Attempts have been made to fubftitute
this fluid, inftead of other combuftible mat-
ters, for the ordinary purpofes of life; to
give light and heat, to charge fire-arms, &c.
Mr. Volta has confidered it in this laft point
of view, and has propofed feveral methods
of applying it. Mr. Neret, in the Journal
de Phyfique for January 1777, has given a
defcription of a chafing-difh heated by in-
flammable air. Mefirs. Furftenberger of
Bafil ; Brander, mechanic at Augfburg; Ehr-
" mann, Le&urer in Natural Philofophy at
Stratburg ; have defcribed lamps which
may be lighted in the night by the ele@rical
fpark. Laftly, very pretty artificial fires
are made, with glafs tubes, bent in different
directions, and pierced with a great number
of fmall apertures. The inflammable gas is
introduced into thefe tubes, from a bladder
filled with that fiuid, and fitted with a cop-
per cock. When the bladder is prefled, the

Vor. IL. Z inflam-
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inflammable air being made to pafs into the
tube, iffues out of all the fmall apertures, and
is fet on fire by a lighted taper.

=

& Eoaa il SV

Genus III. SuLPHUR.

SULPHUR‘is a combuftible, dry, very

brittle body, of a lemon yellow, which
has no fmell, unlefs heated, and whofe tafte
is very weak, though fufficiently perceptible.
1t becomes ele@ric by friction ; if a piece of
a confiderable fize be expofed to a fudden
though gentle heat, as for example, by
holding it in the hand, it breaks to pieces,
with a crackling noife. Sulphur is found na-
turally in great quantities, {ometimes pure,
and fometimes in a ftate of combination.
We fhall in this place {peak only of the firft :
the following are the varieties of form in
which it is found pure.

Varieties.

1. Tranfparent fulphur, cryftailized in
oétahedrons, whofe two pyramids are
truncated : it is depofited by water,
moft commonly upon the furface of
calcareous fpar. Such is that of

Cadiz.
2. Tranf-
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2. Tranfparent fulphur in irregular pieces ;
from Switzerland.

Whitith pulverulent fulphur, depo-
fited in filiceous geodes : flints filled
with fulphur are found in Franche
Comté, &c. _ _

4. Pulverulentfulphur, depofited at the
furface of “Mfineral waters; fuch as
thofe of Aix la Chapelle, of Enghien
near Paris, &c. L

. Cryftalline fulphur, fublimed; it is
tranfparent, and found in the neigh-
bourhood of volcanos.

6. Pulverulent fulphur, fublimed by vol-
canic fires, without any regular form,
and often interpofed between foft
ftones, as is obferved at Solfatara,
near Naples. : _

7. Stalaltites of {fulphur, formed by vol-
canic fires. ke,

Befides thefe feven varieties of pure mi-
neral fulphur, this combuftible fubftance is
found combined with different matters. It
is ufually combined with metals, which it
converts into pyrites, or ores. It is fome-
times united to calcareous earth, in the form
of an earthy liver of fulphur. The he-
patic calcareous ftones, the fetid {par, and
twine ftone, appear to be of this nature.

Late difcoveries have added to the fore-
going varieties. Sulphur feems to be con=

tinually formed in yegetable and animal mat-
Z:2 ters

a3
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ters which begin to putrify. Though thefe
{pecies of fulphur do not appear effentially
to belong to the mineral kingdom, yet we
think it proper to join them with the pre-
ceding varieties, to render its natural hiftory
more complete.

Varieties.

8. Cryftallized fulphur, formed by the
flow decompofition of accumulated
animal matters; {fuch as that which
has been found in the ancient lay-
ftall *, near the gate of St. Antoine.

9. Pulverulent fulphur, formed by the
vapours difengaged by animal fub-

. ftances in a ftate of putrefaction. It
is colleéted on the walls of ftables,
privies, &c. _ .

10. Sulphur obtained from many vege-
tables, efpecially the root of the
baftard rhubarb, (Lapathum), the
ipirit of cochlearia, &c. ‘This dif-
covery, as well as the following, was
made by Mr. Deyeux, member of
the college of pharmacy, and lec-
turer in chemiftry.

11. Sulphur, obtained in the analyfis of
animal matters, particularly white of

€gg.

* A lay-ftall (voierie) is a place appropriated, by the chief
of a lordfhip, for the reception of mud, and other filth.
12. Sul-
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12. Sulphur, obtained from horfe-dung.
A lady of the acquaintance of the
Duc de Ia Rochefoucauld found
this combuftible body at the inftant
of its being emitted. It is probable,
that fubfequent inquiries will dif-
cover this body in a great number of
animal f{ubftances.

None of thefe fulphurs are ufed in the
arts. The {ulphur of commerce is extracted,
by diftillation, from metallic f{ubftances,
called pyrites. In Saxony, and in Bohe-
mia, this mineral is put into earthen tubes,
placed on a long furnace; the ends of the
tubes, which iffue out of the furnace, are
reccived in {fquare iron veflels, containing
water ; the fulphur is colletted in thefe re-
ceivers, but is very impure. In order to
purify it, it is melted in an iron ladle ; the
earthy and metallic parts fubfide to the bot-
tom. It is then pourcd into a copper boiler,
where it makes another depofit of the foreign
matters which contaminated it.  After hav-
ing been kept a certain time in fufion, it is
_ poured into cylindrical wooden moulds,
which give it the form it ufually has in
commerce ; that which is precipitated to the
bottom of the boiler during the fufion, is
grey, and impure: it is very improperly
called fulphur vivum. In other countries,
as at Rammelfberg, the fulphur is extracted
from pyrites, in a more fimple manner.

: Z 3 The
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The fulphur, which is found melted among
the mafles of pyrites, roafted in the open air,
is taken away with ladles, and purified by a
fubfequent fufion.

Sulphur is not altered by the contaét of
light; heated in clofe veflels, it becomes
foft, melts, and in cooling often aflumes a
red, brown, and greenifh colour, and need-
led form., To {ucceed in this cryftalliza-
tion, it muft, according to the procefs of
Rouelle, be fuffered to congeal at its fur-
face; and thefluid portion, which is under-
neath the cruft, muft be poured off. The
under f{urface of the congealed part prefents
needles of fulphur, crofling each other in
different dire&ions.

If fulphur be gently heated when in fu-
fion, it is volatilized in {mall pulverulent par-
cels, of a bright lemon yellow, called flowers
of fulphur. As the part which rifes con-
fifts of the pureft fulphur, this is the beft
procefs for obtaining it free from foreign
matters. For this purpofe, commen ful-
phur, in powder, is putinto an earthen cu-
curbit, to which pots are adapted, which
mutually cover each other, and are called
aludels. The upper is terminated by 2
reverfed funnel, whofe opening forms a
flight communication with the air; the cu=-
curbit is heated till the fulphur melts, at
which time it fublimes, and adheres to the
fides of the aludels.

Flowers
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Flowers of fulphur, prepared in the large
way, often contain a fmall quantity of vi-
triolic acid, formed by the combuftion of
the fulphur, which is effetted by the air
contained in the veflels: it is thoroughly
purified by wathing: fulphur ought to be
prepared in this way for medical, and the
nicer chemical purpofes.

Sulphur, heated with contac of air, takes
fire foon after it is melted, and burns with
a blue flame, if the heat to which it has been
fubjected be not confiderable; or with a
white, brilliant flame, when the heat is
ftronger. In the firft of thefe combuftions,
it emits a fuffocating fmell; and if the va-
pour which exhales be colleed, it is found
to confift of a very ftrong fulphureous acid.
In the rapid combuftion, it has no {mell,
and its refidue is not fulphurcous acid, but
oil of vitriol.

Stahl, who imagined that fulphur was a
compound of that acid and phlogifton, fup-
pofed, that during combuftion it loft ‘its
inflammable principle, and confequently be-
came reduced to the ftate of acidity. The
collecion of proofs, brought by him in fup-
port of this opinion, was well caleculated to
caufe it to be adopted by all fucceeding che-
mifts. However, fince experiments have been
made with a view to afcertain the influence
of air in combuftion, to which Stahl does
not appear to have attended, {fome chemifts,

Z 4 ftruck
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firuck with the difficulty hitherto experi-
enced in the attempt to exhibit phlogifton
alone, and the facility with which all the
objections to this dotrine are anfwered by
the late difcoveries refpeting air, have a-
dopted an opinion intirely oppofite to that
of Stahl, concerning fulphur and its com-
buftion.

The fadts on which the new opinion is
founded are thefe: Hales obferved that ful-
phur abforbs a great quantity of air when
burned. M. Lavoifier has demonftrated
that fulphur in this refpe¢t refembles all
other combuftible bodies: 1. That it can-
not burn without accefs of air. 2. That it
abforbs the pureft portion of this fluid dur-
ing its combuftion. 3. That the refidue of
the air is incapable of maintaining a new
combuftion. 4. That the vitriolic acid pro-
duced exceeds the quantity of fulphur from
which it was produced, by the weight the
air has loft. 5. That confequently fulphur
combines with the bafe of pure air, to form
oil of vitriol. This acid is therefore a com-
pound of the oxyginous principle and ful-
phur; and the latter, inftead of being a
compound, is one of the principles of oil of
vitriol, which requires only to be united
with the bafe of air to form that acid, a
procefs that takes place during combuftion.
Heat is neceflary, becaufe it divides and de-
ftroys the aggregation, and favours its com-

bination
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bination with the oxyginous principle. When
it is once burned or combined with the lat-
ter principle, it is no longer capable of be-
ing inflamed, but enters into the clafs of
incombufitible bodies.

According to the manner in which it is
burned, it abforbs different quantities of the
oxyginous principle, and becomes more or
lefs acid. ‘Such is the theory of the differ-
ence which exifts between the flow and ra-
pid combuftions of fulphur, and the {ulphu-
reous and vitriolic acids refulting from each.
Stahl fuppofed, that when fulphur is flowly
burned 1t does not lofe all its phlogifton,
and that the vitriolic a¢id retaining a portion
of that principle, preferves its {mell and vo-
latility : but it is now proved by experiment,
that when fulphur burns flowly, it does not
abforb as much of the bafe of air as it is ca-
pable of uniting with ; whereas in the rapid
combuftion, it becomes faturated with that
principle, and conftitutes vitriolic acid. The
fulphureous acid combined with alkaline
matters becomes gradually converted into
the common vitriolic acid, by abforbing the
bafe of vital atmofpheric air.

It will be eafy to form a clear notion, ac-
cording to this theory, of what happens
when f{ulphur is formed with the vitriolic
acid and certain combuftible matters, as we
have obferved with refpeét to the vitriols of
pot-afh, of foda, the ammoniacal, calcareous,

magnefian,
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magnefian, argillaceous, and barytic vitriols
heated with charcoal. According to the doc-
trine of Stahl, the phlogifton of the coal
united with the vitriolic acid of the falts,
forms fulphur; according to the modern
theory, the coal feizes the oxyginous prin-
ciple contained in the vitriolic acid, and
confequently leaves the {ulphur, which is its
other principle. Whenever, therefore, the
vitriolic acid is changed into fulphar by any
combuftible body, the latter is always re-
duced to the ftate of a body which has fuf-
fered combuftion, as we fhall obferve in the
hiftory of many metallic {ubftances. For
this reafon likewife it is, that a large quan-
tity of cretaceous acid is obtained during
the artificial producion of fulphur, namely,
by the tranfition of the oxyginous principle
from the vitriolic acid to the carbonaceocus
matter. It muft be recolleGed, that the
prefence of the bafe of pure air is eafily de-
monftrated in the vitriolic acid.

Sulphur is not at all changeable by expo-
{ure to air, nor foluble in water. Ifit be
held a certain time in fufion, and poured
into that fluid, it becomes red, and pre-
{erves a certain degree of {oftnefs, f{o that it
may be kneaded ; but it lofes thefe proper-
ties in a few days. Water, let fall drop by
drop into burning fulphur, is not decom-
pofed, and does not maintain the combuf-
tion, which proves that the bafe of yital air,

or
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or the oxyginous principle, has a ftronger
affinity with inflammable gas without ful-
phur. This affertion may be confirmed by
the action of inflammable gas on the vitrio-
lic acid, which it appears to deprive of the
oxyginous principle.

Sulphur has no aétion on filiceous earth,
and does not unite with clay, without diffi-
culty. The latter, however, when exceed-
ingly divided, appears to reduce fulphur to
the hepatic fate, as is feen in the prepara-
tion of pyrophorus,

The general name of fulphureous hepar,
or liver of fulphur, has been given to a
compound formed of fulphur, with fome
alkaline fubftance. This compound con-
fidered in general, is of a brown colour, re-
fembling that of the liver of animals; de-
compofable by vital air; foluble in water,
in which ftate of folution it emits a fetid
fmell ; precipitable in part by acids, which
difengage a peculiar gas, called hepatic gas.
There are fix kinds of liver of fulphur pro-
duced by ponderous earth, magnefia, lime,
and the three alkalis. The properties of each
require to be particularly examined,

Pure ponderous earth does not appear to
act ftrongly on fulphur; when thefeare boiled
together with water, the liquid becomes in a
{mall degree hepatic ; but it combines much
more intimate in the dry way. When amix-
ture of eight parts of ponderous fpar in po(;v-

. er
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der with one part of charcoal, is ftrongly
heated in a crucible, a coherent mafs is ob-
tained without fufion, which readily diffolves
in hot water, and has the {mell and every
other charaCters of a hepar, The folution is
.of a golden or orange colour. I have difco-
vered that it cryftallizes by cooling ; it is
then of a yellowith white. Expofure to air
ecompofes it, when it attraéts moifture,
and becomes of deeper colour; fulphur being
precipitated, and ponderous fpar regenerat-
ed. This liver of fulphur gives out on the
addition of any acid, an elaftic fluid, known
by the name of hepatic gas, whefe properties
we thall hereafter examine. When the ba-
rytic hepar is precipitated by vitriolic acid,
fulphur and ponderous f{par fall down; if
nitrous or marine acid be ufed, the barytic
nitre or muriate remains in f{olution, and

the fulphur is depofited alone, '
Sulphur combines with pure magnefia, by
the affiftance of heat. The falt, which we
have called aerated magnefia, is commonly
ufed for this purpofe, becaufe more diffuf=
able in water. A pinch of magnefia, with
a like mafs of the flowers of fulphur, is put
into a bottle with diftilled water; this vef=
fel beingiperfectly filled, and well ftopped, is
expofed to the heat of a water-bath for {everal
. hours. The water being then filtered, has
a fetid fmell of rotten eggs; ftrongly co-
lours metallic folutions, and affords fmall
_cryftalline
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cryftalline needles by fpontaneous evapora-
tion : in a word, it is a true magnefian liver
of fulphur; the magnefia being precipitable
by fixed alkali, which has a ftronger affinity
with the fulphur. As to the latter com-
buftible fubftance, its prefence is eafily af-
certained by the addition of an acid, which
{eparates it under the form of a white pow-
der. Such was the kind of liver of fulphur
which Mr. Le Roi, phyfician at Montpellier,
diffolved in pure water, to imitate the hepa-
tic mineral waters; but it is now known,
that moft of thofe waters do not contain a
true hepar, but are mineralized fimply by
impregnation with hepatic gas.

Lime unites much more readily with ful-
phur than the two falino-terreftrial fubftan-
ces before-mentioned. If water be pour-
ed by a little at a time on a mixture of

uick lime and flowers of fulphur, the heat
produced by the action of the water on the
lime is fufficient to promote the combination
between it and the fulphur. If more water
be added, it becomes reddith, and emits a
fetid or hepatic odour, being in faét a folu-
tion of fulphur combined with lime. This
hepar is not well prepared, but by the hu-
mid way, and it is often neceflary to affift
the combination by the application of a gentle
heat, when the lime is not freth. This com-
pound is of a red colour ; and the more cauf-
tic the lime, the deeper the red. When it

15
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is highly faturated, T have obferved that it de=
pofits, by cooling, a layer of fmall needled
cryftals of an orange yellow, difpofed in tufts,
which appeared to meto confift of flattened te-
trahedral prifms, terminated by dihedral fum-
mits. Thefecryftals graduallylofe their colour
by expofure to air, and become white and o-
pake, without any alteration in their form.
Calcareous liver of {fulphur moiftened with a
fmall quantity of water, and diftilled in the
pneumato-chemical apparatus, is part]y de-
compofed, and affords a large quantity of
hepatic gas: if it be evaporated to drynefs,
and calcined in an open crucible till it emits
no more fumes, the refidue confifts of fele-
nite formed by the lime and the vitriolic
acid, produced by the flow combuftion of
the fulphur. Calcareous liver of fulphur is
quickly changed by expofure to air, lofing
its {mell and colour, in proportion as the
hepatic gas is diffipated. When diffolved in
a large quantity of water, the fame altera-
tion takes place, efpecially when it is agi-
tated, as Mr. Monnet obferves, in his Trea-
tife on Mineral Waters. Selenite remains
after thofe changes. When preferved in bot-
tles, not quite full, it depofits a black incruf-
tation on the glafs, pellicles being at the
fame time formed, which fall to the bottom
of the liquor. If the veflel which contains
it be well clofed, it may bekept a long time

without change, as I have often obferved in
my
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- my laboratory. Caleareous liver of fulphur
is decompofed by pure fixed alkalis, which
have a ftronger affinity than lime to the ful-
phur. ‘Acids precipitate the {fulphur in the
form of a very fubtle white powder, which
has been called magiftery of {ulphur. The
cretaceous acid effe@s thi§ feparation as well
as the others; but the a&ion of neutral falts
on calcareous liver of {ulphur is not known.
The two pure or cauftic fixed alkalis, have
a very ftrong action on fulphur; they form
the true hepars, which are lefs decompofe-
able, and more permanent, than the other.
1 have difcovered, that the dry fixed cauftic
alkalis a¢t on fulphur when in the cold.
The pure fixed alkali and the fulphur in
powder muft be triturated in a mortar ; the
moifture of the air attratted by the alkali
favours the re-action of the falt on the ful-
hur. The mixture becomes foft, afflumes
an yellow colour, emits a fetid -fmell, and
is converted into hepar; but when this he-
ar is diffolved in water, the folution is of
a pale yellow colour, and is found to con-
tain a lefs quantity of fulphur than the fame
hepar prepared by heat. The alkaline he-
ar is prepared in laboratories in two me-
thods, by the dry, or by the moift way;
the firft procefs is performed by melting
ual parts of dry lapis caufticus and flowers
of fulphur in a crucible : as foon as the mix-
ture is intirely melted, it is to be poured
: out
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out on a marble flab, and appears when
cool to be of a red brown colour, refembling
that of the liver of animals. Mr. Gengem-
bre, who has communicated to the Academy
a feries of very valuable experiments concern-
ing hepatic gas, makes an important ob-
fervation on the akkaline hepar prepared by
the dry way; namely, that this compound
is not fetid, and does not emit hepatic gas
while it is dry ; its finell not becoming per-
ceptible till it has attra¢ted moifture from the
atmofphere, or is diffolved in water: a fact
which proves that water difengages hepatic
gas, as we fhall more fully explain. The
two pure and cauilic fixed alkalis a& abfo-
lutely in the {ame manner on liver of {ul-
phur, and are equally capable of diffolving
it by the dry way. Thefe combinations of
cauftic alkalis with fulphur have hitherto
been little attended to; liver of fulphur
having almoft always been made with fixed
alkalis, faturated with the cretaceous acid.
Yet there are remarkable differences between
thefe two kinds of hepar; thofe made with
the cretaceous fixed alkalis require a longer
time for their preparation, becaufe thefe
falts are much lefs active. But the mofit
important difference we have had occafion
to obferve between the livers of fulphur
made with cauftic or dry alkalis in the dry
way, is the comparative ftate of their fatu-
ration. In fa&, the firft are brown, and

more
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- more fetid when diffolved, and the gas they
afford is much more hepatic and iﬁ'gamm‘a-
ble than that of the fecond. Thefe laftare
of a paler colour, often of a greenith grey ;
their {inell is weaker, and their compolition
lefs durable. The cretaceous fixed alkalis
appear to preferve their acid in their union
with fulphur, the gas of thefe heparsnot be-
ing inflammable till it has been deprived of its
cretaceous acid, by wathing it in lime-water.
The caufe of the differences between livers
of fulphur made with cauftic alkalis, and
with thofe made with mild alkalis, confifts
therefore in the prefence of the acid in-the
latter, which diminithes the effect of the

alkali. ;
_ Solid alkaline liver of fulphur made with
either of the fixed alkalis, is very fufible,
and, like calcareous liver of Iulphur, is de-
compofed by heating in clofe veflels, after
having been moiftened with a fmall guantity
 of water, in which circumftance it gives
out much heat. It is capable of afflum-
. ing a cryftalline form when it becomes fo-
lid after fufion; but this form has not yet -
been well defcribed. While hot and dry it
has a brown colour; in proportion as it
cools and attracts the humidity of the air, it
lofes its colour, and becomes paler. The
conta& of the air foon gives it a greenith
ellow colour; after which it is rendered
liquid by the moifture it attracts, and is
V_‘_Q?‘,-EII.-;;‘ s A a . aseeiilowly
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flowly decompofed, fo as to become con-
verted at the end of a certain time into vitri-
olated tartar, or Glauber’s falt. It diflolves
readily in water, immediately afluming a
peculiar fetid {mell ; the hepatic gas being
formed by the re-a&ion of the water: this
folution is of a deep red colour, if the liver
of fulphur has been recently prepared, but
otherwife a green. The livers of fulphur |
prepared in the humid way, by heating a
folution of either of the cauftic fixed alkalis
in water, with half their weight of pow-
dered fulphur, exhibit the fame properties
as the folution here mentioned: we may
therefore defcribe both under the common
name of alkaline liquid hepar.

- The liquid alkaline liver of fulphur, when
very ftrong, depofits irregular needle-formed
cryftals by cooling. It is decompofable by
the action of heat. When diftilled in the
pneumato-chemical apparatus, it affords he-
patic gas: expofure to 2ir likewife decom-
pofes it, {o that it becomes turbid; pelli-
cles are then formed, and felphur depofited.
Bergman and Scheele thought that this de-
compofition is produced by the vital air of the
. atmofphere; a {mall quantity of liquid liver
of fulphur being placed under a glafs vefel
with vital air, the Iatter is entirely abforbed,
and the hepar decompofed. Mr. Scheele
has even propofed the application of this
fact to eudiometrical purpofes ; and it isf iri

; - fac
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£2& one of the beft methods of afcertaining
the purity of the air.

Earths, and falino-terreftrial fubftances,
have no aétion on alkaline liquid hepar when
. very pure; but if it has been prepared with

a cretaceous alkali, it becomes turbid by the
addition of lime-water. Acids decompofe
it, by uniting with the alkali, and precipia
tating the fulphur in the form of a very fine
white powder, called magiftery of fulphur.
Spirit of nitre, poured on folid liver of {ul-
phur in fufion, produces a detonation. Ac-
cording to Mr. Prouft, 2ll the acids decom-=
pofe alkaline liver of fulphur, difengaging
at the fame time gas, which may be col-
leGted in the pneumato-chemical apparatus,
and deferves to be particularly examined.
To obtain this gas, an acid muft be pour-
ed on pulverized {olid alkaline liver of ful-
phur; a ftrong effervefcence 1s produced,
which does not take place in the fame man-
ner, if the acid be poured into a folution of
the hepar. This phenomenon, which has
{carcely been attended to by chemifts, de-
pends on two circumftances : 1. Solid alka-
_ line hepar, according to the obfervation of
M. Gengembre, does not contain hepatic gas
ready formed ; but when anacid is poured on
it, the water, which holds this laft falt in
folution, contributes to its formation.  As
the quantity inftantly produced is very con-
fiderable, and the gas does not find a body
Aaz2 which
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which may retain it in folution, it efcapes, oc-
cafioning a ftrong effervefcence; fo that when
the experiment is made in a bottle, to which
a tube is adapted, the gas may be eafily col-
leGted over mercury. 2. The folution of,
alkaline liver of {ulphur contains a confider-
able quantity of hepatic gas ready form-
“ed; though a part of the gas was difen-
gaged during the a& of its folution; and
when an acid is added, the portion of gas
which is difengaged becomes diflolved in the
water, fo as not to produce a fenfible effer-
vefcence ; or at leaft the effervefcence is very
inconfiderable, and the quantity of gas col-
le&ed is but {mall, : R =
This gas, which is the fame in all livers
of fulphur, and is their diftinguithing cha-
raéteriftic, has been long known by its fetid

imell, and by its a&ion on metals and metallic

calces, particularly thofe of lead and bifmuth,
which it _renders intirely black. Its {fmell =
is infupportable; it {uddenly deftroys ani- =
mal life, renders fyrup of violets green, and
burns with a very light blue flame: if it be fet
on fire in a large and very clean glafs vefiel,
it depofits on the furface of the glafs certain
clouds, which are found to be fulphur. This
gas is decompofed by vital air, and depofits
its fulphur whenever it comes in contaét
with atmofpheric air ; it is from this caufe
that fulphur is found floating in the form of .
flowers on the f{ulphureous waters, which it
¥ e ‘mineralizes,

~m
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mineralizes, though they do not contain true
liver of fulphur. The fulphur depofited
from the waters of Aix-la-Chapelle, Eng-
hien, &c. hasithe fame origin. From this °
caufe likewife, fulphureous depofitions are
made on that part of bottles which contain
livers of fulphuar. . Bergman attributes this
decompofition to the ftrong aflinity of pure
air with phlogifton. He confiders hepatie -
gas as a combination of fulphur, phlogifton,
and the matter of heat; when one of thefe
principles is {feparated, the other two become
difunited. M. Gengembre, ftruck with the
obfervation, that hepars do not give out
gas when water is not prefent, concluded
that this fluid, by its decompofition, contri-
butes to the formation of the gas ; that its

~ vital air unites with a part of the fulphur,

and its inflammable gas diffolves a f{mall
portion, which folution conftitutes hepatic
~gas. He imitated the formation of this gas
by melting fulphur over mercury in a jar
- containing inflammable gas, by the folar fo-
cus of a lens of nine inches in diameter:
part of the fulphur became diffolved in the
inflammable gas, which afflumed all the cha-
racters of hepatic gas; but as the fulphur
alone cannot decompofe water, and the
oxyginous principle has a fironger affinity
with aqueous inflammable gas, than with
that combuftible fubftance, M. Gengembre
thinks that the alkali favours the decompo-

Aag fition



374 SULPHUR

fition of water by fulphur by reafon of its
tendency to unite with the combination of
{ulphur with the oxyginous principle; that
is to fay, with the vitriolic or fulphureous
acid. To fupport this theory, M. Gen-
gembre obferves, that the quantity of he-
patxc gas dlfengaged from liver of fulphur,
1s in p.0p01t10n to the force with which the
acid made ufe of retains its oxyginous prin-
ciple ; becaufe the water is in that cale de-
compofed, rather than the acid. Such, ac-
cording to him, is the reafon why the marine
acid affords one half more hepatic gas than the
nitrous, as obferved by Meflrs. Schecle and
»ennebler Laftly, the procefs of Mr. Scheele
for obtaining a large quantity of hepatic
gas, which confifts in diffolving pyrites in
artificial {pirit of vitriol, compofed of three
parts of iron, and one of fulphur, tends
greatly to eftablith this opinton. It there-
fore appears, that the vital air decompofes

hepatic gas, by uniting and forming water

with the inflammable gas, while the {ulphur
precipitates.
 Water diffolves hepatic gas with confider-
able facility. This folution, which has all
the properties of that aerlform fluid, is a
perfedt imitation of fulphureous mineral
waters.
Earths and alkaline fubftances do not ap-
ear to act on this gas.
The vitriolic acid does not decompoﬂ: he-.
Patlc
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patic gas, becaufe the oxyginous principle
has a ftronger affinity with fulphur than
with the aqueous inflimmable gas. The
nitrous acid, in which the oxyginous prin-
ciple is very weakly retained, quickly de-
compofes hepatic gas, and precipitates the
{ulphur. This acid is advantageoufly ufed
as a teft of the prefence of fulphur in he-
patic waters. _ 3

Alkaline liver of fulphur decompofes neu-
tral {alts, as well as metallic folutions, as we
fhall hereafter fee.

The cauftic volatile alkali, or volatile al-
kaline {pirit, has {carcely any action on con-
crete fulphur ; though Boerhaave affirms
- that this fluid, by long ftanding on flowers
of fulphur, afforded him a golden tincture.
To combine thefc bodies, they muft be pre-
fented to each other in a ftate of vapour.
With this 'intention, a mixture of equal
parts of quick lime and fal ammoniac, with
half a part of flowers of fulphur, are dif-
tilled in the apparatus of Woulfe, obferv-
Ing to put no greater quantity of water in
the bottle, than is neceflary to diflolve the
dofe of alkaline gas to be produced. In this
diftillation, which muft be carefully con-
duted, a reddith yellow alkaline liquor is
obtained of a penetrating {mell, and {fome-
what hepatic. In a word, a true yolatile
liver of fulphur, which has the property
of emitting whitith fumes, when in contact

Aa g4 with
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with air, whence it is called the fuming li-
quor of Boyle. This liver of fulphuris de-
compofed by heat. At the end of a certain
time, a large quantity of fmall rainbow-co-
loured needles, one or two lines in length, °
are formed, which appear to be the concrete
and cryftallized volatile liver of fulphur. A
light, blackith, and frequently golden-co-
loured cruft, is depofited on the fides of the
bottles. Lime and fixed alkalis decompofe
the fuming liquor; acids likewife precipi-
tate the {ulphur with great facility, and dif-
engage a very inflammable hepatic gas. The
ammoniacal falts, produced in thefe decom-
pofitions, differ according to the nature of
the acid made ufe of. A miftake made 1n
one of my lectures, produced an accidental
difcovery, which deferves to be mentioned.
Being defirous of precipitating the fuming

liquor of Boyle, I took a bottle, placed on
my table, with the title of {pirit of vitriol ; =

it contained only a very fmall quantity of the
fluid, which prevented me from perceiving
that it was pure oil of vitfiol. I poured a
few drops into the fuming liquor; a rapid
inteftine motion was inftantly excited, a
very denfe white cloud iffued out of the vef-
fel in which the mixture was made, and
a noife, refembling that of a large fufee,
immediately followed. The liquor flew out

_,.of the glafs, the veflel became very hot, and

~ broke into a great number of picces; no-

thing
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thing remaining but a yellowifh thick mag-
ma, refembling fulphur, on fome of the
fragments, I haye carefully repeated this
experiment a great number of times, con-
ftantly with the fame refult. The whole
mixture is thrown out, after a violent com-
motion ; but the different phenomena f{uc-
ceed each other with {uch rapidity, that it
is impofiible to avoid confounding them to~
gether. The moft fuming fpirit of nitre did
not appear to produce the fame effect on the
fuming liquor prepared fome time before;
the mixture is ftrongly agitated ; much heat
and ebullition is produced; a white cloud
of ammoniacal nitrous falt rifes, but no ex-
_plofion follows, as is produced by oil of vi-
triol on the fame hepatic liquor, though
made a long time before. Mr. Prouft af~
firms, that nitrous acid, poured on two
drachms of the fuming liquor of Boyle,
produces a report equally violent with that
of the fame quantity of fulminating powder.
This phenomenon does not appear to take
place, but with the volatile hepar recently

prepared. .
The cretaceous ammoniacal falt, or con-
crete volatile alkali, likewife wunites with
fulphur. Whenever thefe two bodies meet in
the vaporous form, they unite, and compofe
i a concrete volatile liver of fulphur. It may
- beobtained, bydiftilling a mixture, of equal
" parts of cretaceous tartar, or chalk, and fal-
: iz ~ ammoniac,
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ammoniac, with half a part of the flowers
of fulphur. This liver of fulphuris of a
red brown, and cryftallized ; it emits fome
white vapours when diffolved ; is decom-
pofed by heat; is changed, and lofes its
colour, by expofure to air; is decompofed by
acids, &c. The hepatic gas which it affords
contains cretaceous acid. It muft be ob-
ferved, that this concrete volatile hepar, is
merely ammoniacal chalk, vitiated by a fmall
portion of the fuming liquor of Boyle ; for
it 1s impoflible that the volatile alkali thould
hold fulphur in folution, while it is com-
bined with the cretaceous acid, which has
the property of precipitating the {fulphur very
readily. 3 '

Several acids a& upon fulphur. If oil of
vitriol be boiled on flowers of fulphur, the
acid afflumes an amber colour, and a fulphu-
reous fmell ; the fulphur melts, and floats
like oil: in cooling, it forms concrete glo-
bules, of a green colour, which is deeper, in
proportion to the time it has been expofed
to the altion of the acid. The acid difiolves
a fmall part of the fulphur, which is preci-
pitable by an alkali, as M. Baumé¢ has
thewn. This experiment, and many others
of* the like nature, convinced Mr. Bertho-
let, that the fulphureous acid confifts of the
vitriolic acid, which holds fulphur in folu-
tion. .

The {moking nitrous acid aés ftrongly

on

-
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on fulphur. Mr. Prouft was the firft who
obferved, that adetonation and inflammation
‘are produced when red nitrous acid is poured
on melted fulphur. Mr. Chaptal has made
a feries of experiments relative to this fub-
ject; he fucceeded in diflolving and con-
verting fulphur into vitriolic acid, by dif-
tillation, with the addition of nitrous acid..
Hence it appears, that vital air, or the 0Xy~
ginous principle, has a ftronger affinity with
fulphur, than with nitrous gas or atmofphe-
ric mephitis.

The common marine acid produces no
change in this combuitible f{ubftance; but
the excels of the oxyginous principle, ab-
forbed by this acid, in the dephlogifticated
ftat= of Scheele, is capable of a&ing more
ftrongly on it. Experiments have not,
however, been fufliciently varied, to render
it neceflary for us to dwell longer on this
fubject.

Vitriolic neutral fales have no a&ion on
fulphur; nitrous falts, ~on the contrary,
caufe it to burn with rapidity, even in clofed
veflels. Nothing can be more fimple than
the theory of this important phenomenon.
Nitre, decompofed by heat, affords a very
large quantity of vital air. Sulphurisavery
combuftible {ubftance ; that is to fay, it has
3 ftrong tendency to unite with the oxygi-
_ nous principle : it thercfore finds that, in the
. nitre which is neceffary for its combu{’cion&

. 2 an
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and does not therefore need the conta& of at-
mofphericair for that purpofe. The producs
are very different, according to the refpective .
quantities of nitre employed If a mixture
~of eight parts of {ulphur, and one of nitre,
be fet on fire in a clofe veflel, the fulphur
burns with'a very brilliant white flame, and.
becomes converted into vitriolic acid. 'This
method has been ufed in Enghnd and In
Holland, for more than twenty years, for
preparing this acid, which was before ob-
tained from vitriol. = Very large glafs vellels,
capable of holding about four or five hundred
pmts having a large neck, were at firlt ufed
in England: Thefe were placéd befide each
other, on a bed of fand, 1n two rows, ata
fufficient diftance ffom each other to be con-
veniently come at. = A few pounds of water
were putinto each of thefe veffels. " A ftone-
ware pot was introduced into the neck of each
veflel, on which a ladle of iron, prevmuﬂy
made red hot, was placed. . Into this lafi,
by means of another ladle of tin-ware, a mix-
ture of fulphur and nitre, in due proportion,
was put; the aperture of the glafs veffel be-
ing immediately clofed with a ftopper of
wood. The heat of the iron ladle fet thefe
fubftances on fire; the fulphur became
burned by the air 01 the nitre; and when
the combuftion was finithed, the veflel was
taken out, and the vapours ﬂlﬁ"ered to con- -

denfe. The fame operation was made in
: each
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in moft of the ufes to which this falire mat=
ter is applied. It is, befides, very eafy to
purify it for the nicer purpofes of chemiftry,
by diftilling it to drynefs.

_If, inftead of burning fulphur with the
addition of one-eighth part of nitre, the
dofe of the latter be ‘augmented, {o as to be 3
equal to that of the fulphur, vitriolated tar-

tar, formed by the combination of the vi-

triolic acid with the fixed bafe of the nitre;

will be obtained, inftead of the difengaged

vitriolic acid. The falt-obtained in this

method, is called the polychreft (a1t of Glafer.

It is prepared, by throwing a mixture of
equal parts of fulphur and nitre, into a red

hot crucible ; the refidue is diffolved in wa-

ter, evaporated to a pellicle, afterwards fil-

tered, and affords, by cooling, true vitrio-

lated tartar, which has been diftinguithed

by the name of its inventor, Glafer; though

it does not at all differ from common vitrio-

lated tartar.

A mixture of fulphur and nitre with char-+
coal, compofes gunpowder, whofe terrible
effeCts arife from its great combuflibility.
It is formed, for the moft part, of nitre,
with a much fmaller proportion of charcoal,
and ftill lefs of fulphur. One hundred
pounds of gunpowder of Effone, near Cor-
beil, contain feventy-five pounds of nitre,
nine pounds and a half of fulphur, and fif-
teen of charcoal. This mixture is. tritu-

rated
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rated for ten or twelve hours, in wooden
mortars, with peftles of the fame fubftance,
a very i{mall quantity of water being added
from time to time. When almoft the whole
of the fluid is evaporated, fo that the powder
will not foil an earthen plate, it is carried
to be granulated. This is effected, by cauf-
ing it to pafs through a number of fieves of
ikin, which are moved backwards and for-
wards in a right line. The holes in thefe
fieves are of various fizes, down to that of
cannon powder. The duft, or meal powder,
is feparated from the grains by fifting. The
grains are then carried to the drying-houfe,
which is a fhed expofed to. the fouth, with
glafs windows, foas to receive the raysof the
fun. Cannon powder receives no other pre-
paration than we have here mentioned. Muf-
quet powder is glazed, that it may not foil
the hands. 'To perform this operation, a
cafk,, mounted on an axis, and turned by
a water wheel, is half filled with powder.
The motion of the calk excites continual
friGtion, by which the grains of the powder
are worn {mooth. The duft is feparated
from this glazed powder by 2 fieve, and the
grains are likewife feparated by another fieve,
_into a finer and a coarfer fort. M. Baumé,
in conjunétion with the Chevalier D’Arcy,
has made a very numecrous fet of experi- .
ments on the method of preparing gun-
. powder, on the refpedive forces of this com-
' y ; pound,
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pound, made with different proportions of
the ingredients, and on the analyfis of this
{fubftance. Out of the many valuable cir-
cumftances of information derived from thefe
experiments, we fhall fcle&t the moft im-

ortant, and fuch as have an immediate re~
ference to chemical theory. 1. Good pow-
der cannot be made without fulphur, as
has been propofed by feveral perfons; this
fubftance being found greatly to increafe its
force. 2. Every kind of charcoal, whether
light or heavy, except animal coal, is equal-
ly fit for making gunpowder. 3. Charcoal
1s one of the moft ufeful ingredients, a mix-
ture of {fulphur and nitre not producing an
effect to be compared with that of gunpow-
der. 4. The goodnefs of powder depends
intirely on the accurate mixture and tritu-
ration, continued till the powder rifes in the
form of duftabout the mortar. 5. Powder
has a much greater effeét when fimply dried,
than when grained. The moifture neceffary
to grain the powder, caufesthe nitre to fe-
parate, by cryftallization, from the other
fubftances ; fo that it may be obferved, by a
magnifier, in the internal part of grains of
powder, cut in two. 6. Glazed, or muf-
quet powder, is lefs ftrong than unglazed.
powder, becaufe the particles of the former
are clofer together, and confequently lefs in-
~ flammable. As to the analyfis of gunpow-

.der, M. Baumé performs it in a very fimple
Ianner :
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manner : his procefs confifts in wathing the
gunpowder, well pulverized, with diftilled
water, and evaporating the water, which of
courfe affords the nitre in cryftals; the re-
fidue contains the fulphur and charcoal.
Sublimation does not completely feparate
the former, becaufe it appears to be partly
more fixed by the charcoal. M. Beau-
mé, to feparate them, burned the fulphur
by heat not fufficient to burn the char=-
coal. The latter, however, always retains
a {mall quantity of fulphur, fince, accord-
ing to the obfervation of that chemift, it
emits a fulphureous {fmell till it is intirely
reduced to athes. He eftimates the fulphur,
retained by the charcoal, at one twenty-
fourth of its weight. Gunpowder may like-
wife be deprived of its fulphur, by expofing
it intire, and without previous wathing, to
the a&tion of a gentle heat, as Mr. Robins,
in his Treatife on Gunnery, written in the
Englith language, has obferved. The per-
fons who fteal game have been long in the
habit of defulphurating gunpowder, by ex-
pofing it in a tin difh to the heat of a bed of
afthes. They are perfuaded, that the powder,
in this ftate, impells the fhot to a much
greater diftance, and does not f{oil the piece
fo much.
~ Chemifts and philofophers have main-
tained various opinions refpe@ing the vio-
lent effeCts of gunpowder; fome have attri-
buted them to water, reduced into vapour,
Vor. II. B b : and
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and others to the fudden dilation' of air.-
M. Baumé fuppofed them to arife from a
nitrous fulphur, formed in the inftant of
combuftion. For our part, we think this
phenomenon may be very readily explained,
by the application of the modern improve-

_ments in chemiftry. To render our theory
more perfpicuous, it muft firft be obferved,
that all the phenomena, which attend the in-

flammation of gunpowder, depend intirely

on its great combuftibility. The intimate

mixture, which has fo great an influence on

the force of gunpowder, as M. Baumé’s

valuable experiments have fhewn, is the

only caufe of its effeéts. The nitre is’ equal-

ly difperfed among all “the particles of very

combuftible matter : as its quantity is much

the greateft, ecach particle of fulphur and

charcoal is furrounded, and, as it were, co-

vered with nitre. A much greater quantity

of vital air, than is neceflary for the complete

combuftion, will be produced ; it being well

afcertained, that nitre affords that fluid in

great quantities, by the application of heat.
The fame thing happens in this combuftion,
as is obferved, when a combuftible body is
plunged in a veffel filled with vital air;
that is to fay, it is burned with great viva-
city, and in much lefs time than in the
common atmofpheric air. It follows, there-
fore, that the fulphur and the charcoal muft
be burned in an inftant, becaufe they are
really plunged in an atmofphere of vital air.
Hence, the rapid inflammation of powder,
: its
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its taking place in clofe veflels, and the ter-
rible force with which it explodes and drives
cvery obftacle before it, may be eafily con-
ceived. s
The effe@s of this mixture of nitre, ful-
phur, and coal, are nothing, in comparifon
with thofe of another preparation, called
fulminating powder. This is made, by tri-
turating, in a hot marble mortar, with a
wooden peftle, three ounces of nitre, two oun-
ces of verydry fixed falt of tartar or cretaceous
tartar, and one ounce of flowers of fulphur,
till the whole is very accurately mixed. Ifa
drachm of this powder be expofed to a gentle
heat, in an iron ladle, it melts, and foon after
produces a detonation as loud as the report
of a cannon. This phenomenon, which is
fo much the more aftonithing, becaufe its
effet is produced without inclofing the
powder in any inftrument, as is done with
gunpowder, may be explained, by obferv-
ing, 1. That it does not fucceed, but by
gradually heating the mixture, {o as to melt.
it. 2. Thatif fulminating powder be thrown
on ignited charcoal, it only detonates, like
nitre, but with very little noife. 3.Thatamix_
ture of liver of fulphur with nitre, in the
proportion of one part of the former, and
two of the latter, fulminates with more ra-
pidity, and produces as loud a report, as
the compofition of fulphur, nitre, and al-
kali: hence it appears, that when fulmi-~
nating powder is heated, liver of fulphur is
Bb 2 formed
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formed before the detonation takes place;
and this fact is fufficient to explain the whole
appearance. When cryftallized nitre, and
liver of fulphur, are expofed to the a&ion
of heat, inflammable or hepatic gas is dif-
engaged from the latter, while the falt gives
out vital air. Now thefe two, which to-
gether are capable of producing a ftrong in-
flammation, as we have obferved in the hif-
tory of inflammable gas, are fet on fire by a

rtion of the fulphur. But as the thick
fluid they are obliged to pafs through prefents
a confiderable obftacle, and as the whole
takes fire at the fame inftant, they ftrike the
air with fuch rapidity, that it refifts in the
{fame manner as the chamber of a mufquet
refifts the expanfion of gunpowder. A proof
of this is obfervable in the effeé the fulmi-
nating powder has on the ladle in which it
explodes. The bottom of this veflel is
bulged outwards, and the fides bent inwards,
in the fame manner as if it had been aded
on by a force dire¢ted perpendicularly down-
wards, and laterally inwards,

Laftly, we fhall in this place confider,
that mixture of nitre and fulphur, which is
called powder of fufion. It confifts of three
parts of nitre, one of fulphur, and one of
faw-duft. A {mall quantity of this powder
is put into a nut-thell, with a {mall piece of
copper money rolled ‘up; the piece is co-
vered with the fame powder, which being

fet
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fet on fire, burns rapidly, and melts the
coin, without burning the fhell, which is
_ only blacked. It is neceffary, however, to
plunge the whole in water as foon as the
powder has ceafed to burn. 'This experi-
ment proves, in fa&, that the powder is an
effetual flux. But as the prefent appear-
ance depends, in a great meafure, on the
action of the fulphur on the metal, we fhall
again mention this fa@ in the hiftory of me-
- tallic fubftances.

Marine and fparry neutral falts, and’ the
different {pecies of borax, have no a&ion on
fulphur. We have feen, that cretaceous al-
kaline falts unite with that fubftance, and
render it foluble in water, by forming the
alkaline hepars, which are not cauftic.

Inflammable gas does not a&, in any fen-
fible manner, on fulphur. Itis proper to
obferve, that it was very natural for che-
mifts to confider thefe fubftances, as having
a ftrong analogy with each other. For it
s certain that the vitriolic acid, in its com-
bination with combuftible bodies, affords in-
flammable gas, when it is diluted with water,
and fulphur, when it is concentrated. In all
places where inflammable gas is produced, as
for example, where large quantities of animal
matters putrify, fulphur is likewife formed ;
and the latter, combined with alkaline fub.
ftances, appeared to become changed intoin.
flammable or hepatic gas. Laftly, inflammable

b 3 gas
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gas alone acts on a great number of bodies,
nearly in the fame manner as fulphur. Tt
might therefore have been rationally conclud-
ed, that there is a fort of identity in thefe two
bodies, if it were not at prefent known, that
inflammable gas is almoft always produced
by the decompofition of water, and that ful-
hur does not enter into that fluid.

Sulpbur is capable of combining with
many other fubftances; but as thofe fub-
ftances have not yet been treated of, we
thall poftpone the confideration of their pro-

perties to the enfuing part of this work.
Sulphur is an excellent remedy in pitui-
tous diforders of the lungs, and efpecially
in cutaneous diforders. It is very {uccefi-
~ fully employed in the humid afthma, and in
{corbutic eruptions. It is adminiftered in
the form of flowers of fulphur, or in lozen-
ges prepared with fugar. An ointment is
made with fat {fubftances, with which cu-
taneous eruptions are rubbed.. Liver of ful-
phur has been propofed in obftru@ions,
numbnefs, palfies, foulneffes of the {kin,
&c. Though fome phyficians have fuppofed
that fulphur is not foluble in the animal
fluids, it is neverthelefs certain, that it pene-
trates to the extremities of the minuteft vef-
fels, fince the perfpiration, the urine, and the
faliva, of fuch as ufe it, are manifeftly im-
pregnated. The hepatic gas, diffolved in
mineral waters, as in thofe of Cauterez, Aix
' ' la
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1a Chapelle, Bereges, and Enghien, commu-
nicates to them difcufiive properties, of great
{ervice in diforders of the fkin, the lungs,
the joints, palfies, &ec. .

Sulphur is not lefs ufeful in the arts. We
have feen its utility in making gunpowder
and fire-works. It is ufed to take fine im-
preflions of en graved ftones, to make matches,
to bleach filks, and to deftroy certain co-
lours ; toimpede or ftop the progrefs of fer-
mentation in wines, &c. It has been pro-
pofed to be ufed in fixing iron in {tones, &ec.

——— R S R

C i AP X

Genus IV. PrumBAGoO.

PLUMBAGO was not known as a pe-
culiar combuftible matter, different from
molybdena, till the experiments of Scheele
were publiﬂaed, in the Memoirs of the Aca-
demy of Stockholm for the year 1779 : be-
fore the time of this celebrated chemift, it
was confounded with molybdena. Pott is
one of the firft who proved, that neither of
thefe fubftances, which by Pliny and Dio-
{corides are confounded with lead ores, do
contain that metal. -

b, TS Whe
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The many names by which plumbago and
molybdena have been diftinguifthed, ferve to
increafe, or at leaft to perpetuate, thefe er-
rors. Both, without diftin&ion, were .call-
ed lead ore, Englith crayon, plomb de mer,
black cerufe, mica of the painters, crayon
of lead, falfe galena, talc-blende, potelot ;
this laft name has been adopted by Mr.
Daubenton, to denote molybdena, and dif-
tinguith it from plumbago, which he calls
black crayon.

Plumbago is found in mountains, often
between beds of quartz, felt fpar, clay, or
calcareous earth, in the form of roundith ir-
regular pieces, of different magnitudes ; the
largeft of which weigh from eight, to ten or
eleven pounds: it is likewife found diffemi-
nated in much {maller fragments, and fome-
times even in beds or firata. The inhabitants
of Bleoux, a village near Curvan, in Upper
Provence, find plumbago in ftrata, four feet
thick, between two firata of clay. This is
fold at Marfeilles. Mr., De la Peyroufe
reckons plumbago among the minerals of
the Pyrenean mountains. It is likewife found
in Spain and Germany; and alfo in the
county of Cumberland, in England, where

it is made into pencils, which are highly
efteemed. North America, and the Cape of
Good Hope, likewife afford fome fpeci-
mens. ;
Plumbago is of a fhining blue black, of a

greafy
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greafy feel, and tuberculated fratture; where-
as the fratture of molybdena is lamellated.
Its un&uous and faponaceous quality, caufed
fome naturalifts to confider it as a {pecies of
impure clay. It foils the hands, and makes
a black trace on paper, which is very well
known to every one.

Plumbago is not altered in clofe veffels.
Mr. Pelletier, who has made experimental
inquiries on this fubftance, which confirm
the refults of Mr. Scheele, expofed zo0
grains in a porcelain crucible, accurately
clofed, to the heat of the furnace of the ma-
nufactory of Seve. The lofs was no more
than 10 grains. But when it is heated with
contaét of air, it becomes calcined, without
leaving fcarcely any refidue. Meflrs. Quift,
Gahn, and Hielm, obferved, that 100 grains,
treated in this manner, in a muffle, left only
10 grains of ferruginous earth. This cal-
cination is a flow combuftion, not eafily per-
formed. It does not fucceed in a common
crucible : a thin layer of plumbago muft be
expofed, in a fhallow veflel, to the action of
a ftrong fire, and the furfaces muft be often
renewed, by ftirring the matter.

Air, water, and earthy fubftances, have
no a&ion on plumbago.

Alkalis aét ftrongly on this fubftance. If
one part of plumbago, with two parts of
dry cauftic fixed alkali, or lapis caufticus, be
expofed to heat in a retort, with the pneu-

mato-
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mato-chemical apparatus, the fmall quan-
tity of water contained in the falt is fuffi-
cient to favour the combuftion : inflamma-
ble gas is obtained, the alkali is charged
with cretaceous acid, and the plumbago is
found to have difappeared. This experi-
ment, as well as the detonation with nitre,
hereafter to be mentioned, caufed Mr.
Scheele to conclude, that this matter is a
kind of fulphur, compofed of the cretaceous
acid and phlogifton. This theory fhall be
difcuffed, after we have examined the other
phenomena, exhibited by this combuftible
body with acids and neutral falts.

The vitriolic acid has no action on plum-
bago, according to Scheele. Mr. Pelletier
has obferved, that roo grains of plumbago,
and four ounces of oil of vitriol, being di-
gefted for feveral months in the cold, the
acid acquired a green colour, and the pro-
perty of congealing, by a very {light degree
of cold. This acid, diftilled from plum-
bago, pafles to the fulphureous ftate, by
burning part of that fubftance.

The nitrous acid has no effe&t whatfoever
on plumbago. The marine acid difiolves
the clay and the iron, and ferves to purify
it, according to Bertholet. Mr. Pelletier
ufed the fame procefs, in order to obtain
plumbago in a ftate of purity. As to the
clay, which the marine acid takes from
plumbago, Mr. Scheele obferves, that that

which
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which. he obtained in his analyfis, came
from the crucible in which he had before
treated that {fubftance.

Plumbago, fufed with four parts of vi-
triolated tartar, and of vitriol of foda, pro-
duces a liver of fulphur, and is intirely de-
compofed. :

Nitre detonates by the addition of this
mineral, ten parts of the falt being neceflary
for the complete combuftion of one part of
plumbago. The fixed alkali, which remains
after this operation, effervefces ftrongly with
acids, and contains a {mall quantity of mar-
tial ochre. The fame effec follows, when
rhomboidal nitre, or ammoniacal nitre, is
ufed. Mr. Pelletier bas obferved, that in
this laft operation, the volatile alkali is dif-
engaged, in combination with a portion of
the cretaceous acid.

Plumbago does not a& on the muriate of

ot-ath, nor on the muriate of foda.

Whendiftilled with fal ammoniac, itaffords
martial ammoniaczal flowers; heated with ful-

hur in a retort, the fulphur fublimes alone,
without affeting the plumbago in the leaft.

All thefe faés prove, that plumbago is a
peculiar combuftible matter ; but the theory
of Scheele, who confiders it as a combina-
tion of the cretaceous acid and phlovzﬁon,
cannot be faid to be proved; Becaufe
that chemift did not afcertain the quan-

tity of acid produced. 2. Becaufe he has not
oS artificially
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artificially produced plumbago, by combin-
ing the cretaceous acid with a combuftible
fubftance. Moreover, the two fubftances,
by the addition of which Mr. Scheele chang-
ed plumbago into cretaceous acid, appear to
effe& this converfion, by affording vital air,
which, combining with the inflammable
matter of that fubftance, produces the cre-
taceous acid by the fixation of the oxyginous
principle; for fuch is the procefs by which
the nitrous acid converts tungften, arfenic,
and fugar, into acids. The cauftic fixed al-
kali likewife converts plumbago into creta-
ceous acid, moft probably in confequence of
the water that alkali always contains, and
which burns the combuftible matter, as it
does iron and zink. * This opinion is con-
firmed, by the inflammable gas obtained
during the reciprocal action of the alkali and
the plumbago ; and it might be ftill more
confirmed, by pafling the vapour of water
over plumbago, made red hot ina tube of
copper, in the fame manner as the experi-
ment is made with iron and zink. And
though this has not yet been tried, I think
I may venture to predi&, that all the plum-
bago would be deftroyed, and converted into
cretaceous acid ; and that the produét of this
operation would confift of inflammable gas,
mixed with a large quantity of cretaceous
acid, formed by combination of the oxygi-
nous principle of the water with the plum-

bago.



PLUMBAGO,. 397

bago. It would therefore feem natural to
conclude, that the cretaceous acid is a com-
pound of plumbago and the oxyginous prin-
ciple. But as we know, by many other ex-
periments, that this acid is very abundantly
produced by combining charcoal with pure
air, it follows, that there is a very ftrong
analogy between charcoal and plumbago: a
few leading circumftances will fhew this
more evidently. :
The charcoal of many vegetable matters

is brilliant, and of a metallic afpe&, like
plumbago; foils the hands, and leaves traces
on paper; is brittle, and of-a granulated
fracture. The mofl brilliant charcoals, fuch
as thofe of certain animal f{ubftances, are as
difficult to burn as plumbago, which re-
quires to be frequently ftirred, at the fame
time that it is expofed to a ftrong heat, with
contact of air: both contain iron ; and, laft-
ly, both are fufceptible of being changed into
cretaceous acid by combuftion. May we not
from hence confider plumbago, as charcoal
formed in the interior part of the globe, or
Duried in the earth ? May we not even fup-
pofe, that this matter 1s formed by the com-

* bination of certain mineral principles, though
almoft all chemifts have concluded, that or-
anic bodies only are convertible into char-

coal ? Thefe ideas may be confirmed, or de-
ftroyed, by a conne&ed inquiry into the ftate
of plumbago in nature, the circumftances .of
: its
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and its formation, the changes to which it is
fubjected. Plumbago is of confiderable ufe,
Pencils are made of it ; the beft come from
England. The Englith black lead comes
from Kefwick, in the county of Cumber=
land. It is cut into thin plates, the edge
of which being fitted into a groove, in a
femi-cylinder of wood, it is then fawed off,
{o as to leave the cavity intirely filled. The
mineral is retained in its place, by the other
half of the cylinder, which is glued on. The
powder of plumbago ferves to make pencils
of an inferior quality; great numbers of
which are fold in Paris. It is either mixed
with gum-water, or fufed with fulphur.
Thefe inferior pencils are known, either by
their taking fire at the flame of a candle, or
their falling into powder, by moiftening in
water. German plumbago is likewife ufed
to make pencils, with the addition of vari-
ous foreign fubftances, fuch as charcoal,
fulphur, &c.

The very fine powder of plumbago is ufed
in England inftead of greafe, to facilitate
the motion of the axes of certain mechanical
inftruments, which it effe@&s by its un€uous
quality.

One of the principal ufes of plumbago, is
to cover iron which is to be defended from
ruft. The pipes of {toves, chimney-plates,
and other utenfils, expofed to the acion of
fire and air, are covered with plumbago, ap-

plied
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plied to their furface by fimple friGion with
with a bruth. Homberg, in the year 1699,
defcribed a procefs for giving a leaden colour
to iron utenfils. It confifts in mixing eight
pounds of lard, melted with four ounces of
camphire, together with a fufficient quan-
tity of plumbago; the iron is to be fmeared
with this compofition, when it is almoft too
hot to retain it, and muft be rubbed with a
cloth when cold.

The makers of fmall fhot polith and
blacken its furface, by agitating or rolling it
in a cafk, with powder of plumbago. This
mineral likewife enters into the compofition
for razor ftraps. Laftly, it is an ingredient
in certain black pottery, and in crucibles
made at Paflaw in Saxony. Mr. Pelletier,
who has well defcribed the feveral ufes of
plumbago, prepares a lute or coating, after
Pott, confifting of one part of plumbago,
three of common clay, and a {mall quantity
of cow dung, chopped very fmall. This
coating fupports glafs retorts fo well, that
they fometimes may be even melted without
producing any change in its form.

C HAP.
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C &t "ayE. Vi

Genus V. Merarric SUBSTANCES IN
GENERAL.

METALLI'C fubftances conftitute an
order of bodies, of the greateft im-
portance and. utility in the different purpofes
of ordinary- life, as well as in chemiftry and
medicine. They effentially differ from earthy
and faline matters, by théir phyfical charac-
ters, and their chemical properties.

Before we proceed to the examination of
each particular metallic fubftance, it will
be proper to confider them in general. We
fhall do this in order, under feveral heads;
namely, 1. We fhall {peak of their phyfical
properties. 2. Their natural hiftory. 3. The
art of afcertaining their nature and quantity,
which is ufually called the docimaftic art,
or art.of affaying. 4. The art of working
metals in the large way, or metallurgy. s.
Their chemital properties. 6. The method
of diftinguifhing themfrom each other, and
the divifions which it is neceflary to eftablifh
among them. :

§ I. Concerning the phyfical properties
of metallic fubﬁan%es. 3 i

Metallie
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Metallic fubftances are abfolutely opake ;
a circumftance in which they differ greatly
from ftony fubftances: for the moft opake
frone, being divided into thin portions, has
a fort of tranfparency ; whereas the thinneft
plate of metal, is as perfectly opake as the
moft {olid piece.* The opacity of metallic
fubftances, renders them exceedingly proper
to reflect the rays of light, no bodies poflefi-
ing this property in fo eminent a degree.
Thus we obferve, that looking-glafles do
not ftrongly reflect the fpecies of objeéts,
unlefs they be coated with metal. The me-
tallic brilliancy arifes from the fame pro-
perty, and is always greater, in proportion
as the denfity and hardnefs of the metal per-
mits it to take a finer polith. White metallic
fubftances reflect a greater quantity of light,
and are more brilliant than thofe which are
coloured. _ :

Metallic fubftances have a much greater
fpecific- gravity than all other bodies. A
cubic foot of marble weighs only 252

ounds ; a cubic foot of tin, which is the
lighteft of metals, weighs 516 pounds; and

* ‘This has not been well inquired into. *Gold in leaf,
which is about the s5.%75 of an inch in thicknefs, tranf-
mits light of a lively green colour, and is tranfparent.
Silver leaf, which is about the ~»+% 45 of an inch thick, is
perfectly -opake; and fo likewife is leaf brafs, or Dutch
gold, whofe thicknefs is zzi52 of an inch. Qther metals
have not been extended in this way, and whether any of
them are capable of it in any confiderable degree, is not
‘known. T. ° : .

VDL‘ II: b ol 01‘5-;”1_‘;'.'-.2'- L fat CubIC
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a cubic foot of gold weighs 1326 pounds.
This exceflive weaght fo much beyond that
of other earthy fubftances, doubtlefs depends
on their great denfity, to which their per-
fe&t opacity and brilliancy are likewife owing.
Moft metallic fubftances may be extended,
by repeated percuffion, or ftrong preffure.
This property, peculiar to metallic mat-
ters, and which for that reafon we have
not had occafion to notice in any of the fub-
ftances we have yet examined, is termed
duétility. We think it ought to be diftin-
guifhed into two kinds; the one, duéility
under the hammer, or malleability, confifts
in the property of being extended into thin
plates, without cracking; lead and tin pof-
fefs this kind of ductility only: the other
confifts ‘in the fucceffive, and almoft ex-
treme lengthening of certain metallic matters
into wire. This duéility, which is emi-
nently obfervable in iron, copper, and gold, is
likewife called tenacity. It is of much more
confequence to make a proper diftinction
-between thefe two forts of duétility, becaufe
they appear to be really very different from
each other. Metallic {ubftances, which are.
very malleable, have often fcarcely any tena-
city ; and many of thofe which are very duc-
tile, when in the hand of the wire-draw-
er, are not very malleable. The tenacity
of metals is very accurately exprefled, by
the quantity of we;ght a metallic wire, of a
known diameter, s capable of fuftaining
without
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without breaking: both thefe properties ap-
pear to depend on the peculiar form of the
. Integrant parts of each metal. Metals, which
are extended into thin plates by percuffion,
feem to be formed of {mall laminz, which,
when comprefled, flide on each other, and
are increafed in breadth, in proportion as
their thicknefs is diminithed; while fuch
as are capable of being drawn into fine wire,
have a kind of fibrous texture, whofe fila-
ments are caufed to approach each other,
and become lengthened, by the ftrong pref-
fure they {uffer in the drawing. The duc-
tility of metals is limited. It is obferved,
that when a metal, even of the moft duétile
kind, has received feveral ftrokes of the
hammer, it becomes hard, and cracks, in-
ftead of extending; it is then faid to be
hammer-hardened ;: a metal in this ftate, re-
covers its former dutility, by being heated,
and gradually cooled. The parts feem to
extend under the hammer, only while the
{pace between each particle is {fuch, that
they may yield before the hammer. It may
* eafily be conceived, that thefe parts, being
once brought fufficiently near each other to
leave fcarcely any interval, can no longer
yield or efcape before the ftroke of the ham-
mer; and in that cafe, the impulfe will be
exerted in deftroying the texture, or break-
ing the metal. Heat, by dilating, caufes
‘the parts to feparate, and produces new

Cec2 «  {paces
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fpaces between them, which confequently
allow of their being again brought together,
by reiterated ftrokes.

As dudtility is a property of certain me-
tallic fubftances only, chemifts and natu-
ralifts have availed themfelves of it as a dif-
tinctive character. They call thofe which
have the metallic weight and brilliancy, to-
gether with du@ility, metals; and thofe
which, with the metallic appearance, are
not duile, they call femi-metals. But this
diftinction, though confiderably accurate, is
not fufficient to feparate all metallic matters
into two clafies, fince the difference between
the extreme ducility of gold, and the fingu-~
lar brittlenefs of arfenic, is conne&ed by
infenfible degrees in the other metals ; there
being perhaps a greater difference, in this
refpect, between gold and lead, which are
reckoned metals, than between lead and
zink ; the latter of which is reckoned amon
the femi-metals, or between zink and arfenic:
the difference between one body and another
being almoft imperceptible.

Metals, confidered with refpect to their
duéility, may be arranged in the following
order. Gold is the moft malleable, and is
fucceeded, in order, by filver, copper, iron, -
tin, and lead. The femi-metals have been
confidered as poflefling no dudctility. We
thall, however, fee, that this property ex-
ifts, in a certain degree, in zink and mer-

cury.
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cury. As to tenacity, gold poffefles it in
the higheft degree, and is fucceeded by iron,
copper, filver, tin, and lead. The tenacity
of platina is not well known.

Metallic fubftances are fufceptible of
a regular figure, either naturally, or by
art. Naturalifts have long acknowledged
this property in native bifmuth, virgin fil-
ver, and {fome other metals. The alchemifts
have carefully obferved the ramified, or ftel-
lated figures, which are formed at the fur-
face of regulus of antimony and bifmuth.
Mr. Baumé, in his chemiftry, affirms, that
metallic matters, after being well fufed, af-
fume a {ymmetrical arrangement, by gradual
cooling, &c. The Abbc Mongez, regular
canon of St. Genevieve, has made a conti-
nued feries of experiments on the cryftal-
lization of all metallic {ubftances. Mr.,
Brongniart, leGturer of chemifiry, at the
king’s garden, has likewife made experiments
relative to this inquiry, which have been re-
peated by many chemifts. The general re-
{ult is, that all metals are capable of cryf=
tallizing, and that though many of them
apparently differ, yet the greateft number
prefents the {fame octahedral form, with fome
modifications.

Certain metallic matters have a fenfible
tafte and fmell, as lead, copper, iron, re-
gulus of arfenic, and regulus of antimony.

Thefe properties are conftantly obferved in
CicEn fuch
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fuch metallic fubftances as are moft fubject
to change. They fometimes exift in {o emi-
nent a degree, as to be capable of corroding,
and intirely deftroying, the organs of ani-
L : 7 2peC :

§ II. The Natural Hiftory of Metallic
Subftances.

Metallic fubftances exift in the earth in
four different ftates: the firft is that of vir-
gin, or native metal ; that is to fay, poflef-
fed of all its properties. Gold is always
found in this ftate; filver, copper, mercury,
bifmuth, and arfenic, ‘often ; but iron fel-
dom : and lead, zink, regulus of antimony,
&ec. {till more rarely. _

The fecond ftate in which metallic {ub-
ftances are found, ‘is that of earth, or calx;
that is to fay, without the metallic afpe&,
and rather refembling ochres, or the fton
fubftances called fpars ; in which cafe thefe
minerals are called fpathofe ores. Copper is
often found in the ftate of green or blue calx;
iron in the ftate of ruft, or white, or coloured
{par, fometimes cryftallized ; lead in the ftate
of cryftallized calx, or white, red, or green
fpar; tin alfo has fometimes the metallic
form; zink in the ftate of calamine; cobalt
in red flowers ; arfenic in a white calx, &c.

The third natural ftate, and the moft com-
mon in which metals are found, conftitutes

' ores .
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ores, or mineralized metals. The metallic fub-
ftance is found combined with a combuftible
matter, which deprives it of its metallic pro-
perties, and requires to be feparated before
thofe properties can be again manifefted.
This matter, which is called the minerali-
zer, is either {ulphur, or fome metal. Some
chemifts even affirm that fulphur is the moft
common mineralizer. It is united to filver
in the vitreous ore; ores of copper almoit
always contain much fulphur; iron is com-
bined with this mineral in the martial pyri-
tes, lead in the galena, mercury in cinnabar,
zink in blend, the regulus of antimony in
antimony ; and laftly, it 1s fometimes united
with bifmuth, and often with arfenic.

It is proper to obferve, that metals have
not all the fame affinity with fulphur. There
are fome metals which contain large quan-
tities, and readily part with it, their metal-
lic ftate appearing fcarcely altered ; fuch are
copper, lead, and regulus of antimony.
Others contain it in very fmall quantities,
but ftrongly adherent, and caufing almoft all
the metallic qualities to difappear ; as 1s ob-
fervable in cinnabar.

Metals are occafionally found alloyed with
other metals, but arfenic is the moft ufual =
mineralizer. Iron, tin, and cobalt, are fre-
quently united to arfenic. Sometimes the
metal is combined both with arfenic and
- with fulphur, as in the red ore of antimony,

e Cc 4 and
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and the red filver ore. Laftly, there are
metallic ores compofed of many metals and
many mineralizers ; fuch as the grey copper
ore, the grey filver ore, and {ome others.

The fourth ftate in which metals are
found, is in combination with faline fub-
ftances, almoft always acids. The vitriolic
acid is moft frequently found combined with
metals ; as for example, zink, lead, copper,
and iron. The cretaceous acid is likewife a
common mineralizer ; and the arfenical and
phofphoric acids have likewife been difco-
vered in minerals within the laft few years.

Metallic {ubftances are much lefs abun-
dant than ftony matters ; they are formed in
mountains in veins or clefts, which interfect
the firata of earths and ftones with various
degrees of obliquity. This is the moft ufual
ftate of mineralized metals ; fuch as are in
the ftate of calx, or of falts, are often found
in mafles depofited by water, and fometimes
cryftallized. Metallic ores are alfo found
in large irregular maffes ; in this cafe, their
formation arifes from peculiar caufes.

The metallic veins are accompanied with
ftony matters, which feem to have been
formed at the fame time. Thefe ftones are
ufually quartz and fpar. The layer on which
the ore is placed is called the bed or floor
of the mine; the other which covers it is -
called the roof. Stones conftitute what is
called the gangue or matrix of the ore, and

muft
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muft not be confounded with the minera-
lizer ; for this laft is combined with the me-
tal, fo as not to be feparated but by chemical
methods ; whereas the gangue may be fepa-
rated by mechanical means. Neither muft
the gangue, which is formed of cryftallized
ftones, be confounded with the rock which
forms the mafs of the mountain wherein the
metallic veins are formed. The veins are
divided into rich, or poor; large, or fmall;
ftraight, or crooked; continued, or inter-
rupted. .

Metallic fubftances appear to be all form-
ed by water. ‘The greater part, in fa&, are
found cryftallized, or mixed with fubftan-
ces incapable of fuftaining the action of fire
without change; "as calcareous ftones and
fulphur. Bodies are likewife found among
them which have the animal or vegetable
organization ; a certain proof that they have
not paffed the fire. There may, perhaps,
exift certain ores, whofe formation may be
attributed to fire ; as for example, the fpe-
cular iron ore of Mont D’or, in Auvergne;
but thefe inftances are rare.

Ores are more commonly found in moun-
tains than in plains; and almoft always
in fuch mountains as form continued chains.

It is obferved that the plants which grow
on the furface of metalliferous moun-
tains, are dry; the trees are finuous, and

deformed ; fnow melts almoft immediately
' when
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when it falls in thefe regions, and the fands
often exhibit metallic colours. Mineral
metallic {prings are found in the vicinity ;
by the examination of which, and of the fands
over which they flow, good indications of the
metallic matters in the neighbourhood may
be obtained. When metallic veins appear
at the furface of the earth, the ground may
be broken into with probability of advan~
tage, and the boring inftrument bringing up
the fubftances which compofe the internal
parts of the mountain, together with the
metallic mineral {ubftance, ferves to fhew
the nature of that fubftance, as well as the re-
fiftance which may be expected in digging.

§ III. The Art of Affaying Ores, or
Docimafia,

When a certain quantity of any ore has
been extracted, it is neceflary to make an
affay, that its nature and produce may be
known. Thefe aflays form one of the moft
important parts of chemiftry, and require to
be varied according to the nature of the ore
under examination ; though there are cer-
tain general principles to be followed in all
affays.

Specimens of the ore are to be taken from
the richeft, the pooreft, and that which is
of a middle quality. This precaution is very
neceflary ; becaufe if the affay were mad§

wit.
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with a rich fpecimen, it might excite toe
flattering expetations ; or if with avery poor
one, it might produce difcouragement. The
ores being finely powdered, muft afterwards
be thoroughly wathed with water, which
carries off the pulverized gangue, while the
more ponderous mineral remains at the bot-
tom of the veffel. The wathed ore muft
then be carefully roafted, in order to drive
off, by fublimation, as large a quantity as
poffible of the mineralizer. The roaftin

ought to be performed in a {mall fhallow
earthen dith, covered with a veflel of the
fame kind. This precaution is neceffary,
becaufe certain ores decrepitate in the fire,
and would fly out of the capfule in which
they are roafted, and by that means render
the refult uncertain. As the roafting made
in the open air ufually leaves the metal in
the ftate of a calx, and may even diffipate a
part, if it be of a volatile nature ; we prefer
the roafting of ores in an earthen retort.
This operation has the advantage of exhibit-
ing the nature and property of the minera-
lizer, and of affording a much more accua-
rate analyfis of the mineral. When the ore
has been kept red hot for a certain time, and
no longer emits any vapour, the roafting is
finithed. 'The ore being weighed before and
after the wathing, determines the quantity
of the gangue; a fecond weighing after the
% ) roafting
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roafting thews how much it lofes by that
operation.

The roafted ore muft then be fufed. For
this purpofe, it is mixed with three parts of
black flux, and a {fmall quantity of decrepi-
tated marine falt, and put into a crucible
clofed with its cover, and placed in a good
melting furnace. The alkali of the black
flux fufes the metal, and abforbs the portion
of mineralizer which remains in the ore.
The coal of the tartar which exifts in the
black flux ferves to reduce the calcined part
of the metal. The marine falt prevents the
mixture from fuﬁ_‘ering any lofs during the
fufion ; becaufe that falt, being lighter than
the other matters, occupies the upper part
of the crucible, and covers the mixture.
The fufion being performed, the crucible
muft be fuffered to cool very gradually.
When the fufion has been properly made,
the metal is found in a fingle button with a
convex {urface, and fo metallic grains are
difcovered in the f{coriz; the fcoriz them-
felves being vitreous, compact, and uniform,
covered with a bed of common falt melted
into a folid mafs. The metallic button muft
be accurately weighed, and fhews the pro-
portion of metal contained in the ore.

Some ores are harder, and more refradory ;
to thefe muft be added, a larger quantity of
the moft a&tive fluxes, fuch as borax, poun-
ded glafs, fixed alkalis, &c. It frequently

happens,
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happens, that the fame mineral contains the
perfe& metals mixed with the imperfect ;
thefe are feparated by heating the metallic
button with contac of air. The imperfe&
metal is diffipated by calcination, and leaves
the perfect metal in a ftate of purity. The
- perfe@ metal almoft always confifts of gold
and filver mixed together. Thefe are fepa-
rated by diflolving the filver in a men-
ftruum, which does not aé upon. the gold,
the operation being called parting. The re-
fidues of all thefe proceflfes muft be weighed
with the aflay balance.

Thefe procefles, accurate as they may
feem, are often lefs ufeful to thofe who un-
dertake to work mines than an affay lefs care-
fully conducted would be; becaufe in the
large way, neither the {fame expenfive mate-
rials are ufed, nor the fame minute accuracy
obferved. It is therefore proper to attempt
to fufe the ore among the coals of a melting
furnace. The charcoal reduces the metallic
calx ; and the fixed alkali produced in the
combuftion of the coal, abforbs a portion
of the mineralized fubftance. It is fome-
times neceflary to add a {mall quantity of iron
filings or {corie,. or glafs gall, to facilitate
the fufion of the more refractory ores.

There is likewife a method of affaying in
the humid way, which may be practifed
when it is rcqmred to know what metals

are contained in fpccxmcns intended to be
prcfcrved
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preferved in cabinets of natural hiftory. A
fmall piece of the ore is taken, which is di-
gefted in acids, that diffolve the metal, and
feparate the mineralizer ; the falt produced
by the union of the metal to the acid, thews
the quality of the metal : but this kind of
affay is not applicable to every ore, becaufe
they are not all capable of being attacked
by acids. Bergman has written a very va-
luable differtation on this method of analy-
fis, which may be confulted.*

§ IV. Concerning the Art of extra&ing
and purifying Metals in the large Way ;
or Metallurgy.

When by the aflay of an ore it is afcer-
tained that it is worth working, the opera-
tion is conducted in the following manner :
A f{quare perpendicular well, or cavity is dug
in the earth, of fufficient magnitude to con~
tain ladders, by means of which the work-
men may defcend and afcend. Over this is
ufually ereted fome fimple apparatus for
drawing up veflels loaded with the mineral ;
and {fometimes pumps are erected to draw up
the water which may iflue from the earth
into the cavity. If the ore is too deep for
one fingle well, or fhaft, to lead to the floor
of the vein, a horizontal drift is dug, at

# See Bergman’s Effays, tranflated by Cullen.
the
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the end of which a new fhaft is funk, and
this is done repeatedly, till the works are
carried to the required depth.

If the rock in which thefe operations are
carried on be very hard, it will not be pe-
ceflary to fupport it; but if it be crumbly,
as when the work is carried on through
earths, the drifts muft be properly fupported,
and the fhafts lined with planking properly
fixed. .

It is of great confequence to renew the air
in mines. When it is practicable to open an
adit from the bottom of a fhaft, fo as to
communicate horizontally with the plane
below, a current of air is eafily produced ;
but where this cannot be done, a new fhaft
is funk, fo as to communicate with the end
of the gallery, fartheft from the original
thaft. When one of thefe two fhafts is
lower than the other, the air circulates rea-
dily ; but if both open at the fame level
above, no current of air will be produced.
In this laft cafe, a fire is lighted in a fur-
nace at the mouth of one of the fhafts, and
the air being rarified by the heat, pafles
through the combuftible matters, and is
continually renewed in the gallery.

Water is likewife productive of great in-
convenience in mines. If it iffues by a lit-
" tle at a time from the earths, the miners
attempt to conyey it to fome lower ground,
or to the neareft river, by a floping dnf}.f
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If it is colle&ed in larger quantities, pumps
are ufed to draw it off. It fometimes hap-
pens, in piercing the rock, that a prodigi-
ous quantity of water, capable of filling all
the drifts, iflues out in an inftant. The
workmen are aware of this, by the parti-
cular kind of noife produced, in firiking
their inftruments againft the rock. In this
cafe, they conftruct a door, or gate, in one
of the galleries ; a workman breaks the rock
to give vent to the water, and quickly re-
tires, fhutting the door after him ; by which
means, he has time to efcape before the wa-
ter gains too much. LS

Vapours of cretaceous acid, and inflam-
mable gas, are often difengaged, or formed
in mines, by the re-action of mineral and
metallic matters on each other. The fires
which thé workmen are obliged to light for
the purpofe of foftening or fplitting the
rock, favour the difengagement of thefe
gafes ; whofe dangerous effeCts can only be
prevented by rapid currents of air, or by
detonation.

The ore extracted from the earth is poun-
ded, wafhed, roafted, fmelted, and refined.
The ore is in fome cafes pounded under large

cftles, moved by water ; and the pounded ore
1s wathed on inclined planes or tables, by the
current of water which carries off the gangue.
Ores that contain much fulphur muft be
roafted in the open air; fuch as contain but
g listle;
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little, may be roafted in the furnaces, which
afterwards ferve to fufe them. Some ores
are fufible alone ; others require to be
melted in contaé with charcoal, and with
different fluxes. 'The melting furnaces vary
in different countries, and according to the
nature of the ore. The refining furnaces
do not effentially differ from thofe ufed in
melting ; and fometimes the fame furnace
{erves for both operations. When the me-
tals have been reduced in this manner, they
almoft always confift of feveral united to-
gether. The methods of fepdrating them
are intirely chemical, and will be {poken of
when we come to treat of each metal indi-
vidually.

§ V. Concerning the Chemical Properties
' of Metallic Subftances.

“All the chemical properties of metallic
fubftances {feem to prove, that they are fim-
ple, and not decompofable. The changes
they are f{ubject to by the altion of heat,
air, and faline f{ubftances, always arife,
as we fhall fee, from combinations ; none of
thefe changes i'efcmbling an analyfis, as we
thall prove by a particular explanation of the
phenomena which accompany thfem.

Light appears to alter the colour and
the brilliancy of fome metallic fubﬁa?;:?se
Though well clofed in tranfparent veflels,

' Vof. I1. 23 dr’%i%ﬁ ' they
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they become tarnifhed by a change of co-
lour, which gradually increafes till the me-
tallic brilhancy no longer remains. This
kind of alteration has not been obferved to
any farther extent. '

Heat only produces certain changes of ag-
gregation, with various degrees of facility in
each. All metallic fubftances heated 1n well
clofed veflels become fluid, or melt; fome
long before the red heat, others at the inftant
of ignition ; and others long after. No two
metals perfectly agreeim fufibility. If they be
{uffered to cool gradually, after having been
melted, they cryftallize. If the fire be greatly
urged, they boil after the manner of fuids,
and are reduced into vapours. Thefe pro-
perties have long been known in mercury ;
many goldfmiths have affured me that they
have obferved gold and filver to boil when
in fufion. M. de Buffon obferved, that
when plates of filver are expefed to the fo-
cus of a large concave mirror, a white fume
- 1s emitted from their furface. Mefirs. Mac-
quer and Lavoifier, having placed cuppelled
filver in the focus of the lens of Tfchirn-
haufen, obferved, that this metal exhales in
the form of {moke. A plate of gold ex-
pofed to this fume was perfe&ly filvered.
Gold placed an the fame focus likewife emit-
ted fumes, which perfeétly gilded a plate of
filver expofed to them. The chimneys of
goldfmiths and afiayers are filled with fumei_

iy =0
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of gold and filver. Copper, tin, lead, zink,
regulus of antimony, bifmuth, and arfenic, °
are volatilized with confiderable facility.
All melted metals appear convex on their
{urface, and form perfeét fpheres when their
quantity 1s {mall.- This effe depends on
the force of aggregation, which caufes the
metallic parts to approach each other, and
likewife on their {fmall tendency to combine
with the body which {upports them. This
property is general in all fluids, and may
be obferved in oil, furrounded with water,
or water furrounded by any fat fubftance.
Metals expofed to the action of fire with
contact of air, are very fenfibly altered ; but
the time required to produce thofe altera-
tions is exceedingly different in the feveral
metals. Such as are not fenfibly changed,
are called perfe& metals; and fuch as are
intirely deprived of their metallic properties
by thefe properties, are called imperfect me-
tals, This change, to which metallic {ub-
ftances are liable, is called calcination, and
is a true combuftion ; which cannot be per-
formed without the accefs of air, and when
performed in a certain quantity of air, can-
not be continued, unlefs that air be occafion-
ally renewed. The air in which metals have .
been burned becomes mephitic. The com-
buftion of metallic fubftances is accompa-
nied with a flame more or lefs firong, which
~ is very fenfible in zink, regulus of arfenic,
Ddz2 iron,

3
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iron, gold, filver; and even in lead, tin,
and regulus of antimony, when ftrongly
heated. Metals in a more eminent degree
lofe their mertallic properttes, the longer
they are expofed to heat in contact with
air. Some approach in their charatters to
earthy matters, in which ftate they have
been called metallic earths. The name of
metallic calx ought to be preferred to this
laft term, becaufe it is now afcertained that
thofe burned metals are not earths, as was till
within a few years paft believed. Metallic
calces do not retain the brilliancy they pof~
{fefled when ia the form of metals, and have
no affinity with metals; not excepting even
the {pecies from which they were made.
When urged by fire, they are either volatiliz-
ed, or flow into glafs; which is the more
tran{parent and refra@ory, the more perfe&
the calcination. Metallic calces or glaffes
unite with faline and earthy matters. Several
‘of them have the faline chara@er. Arfenic,
well calcined, becomes a pecuha: acid, whofe
-properties have been examined by Scheele and
Bergman. Mefirs. Rouclle have  informed
us, that the calx of antimony, like that of
arfenic, 1s {oluble 1n water.

Some metallic calces, expofed to the ac-
tion of heat, are reduced to the metallic

form, affording at the fame time an aeriform

fluid, which is the pureft vital air we know.

We are_indebted to Mr. Bayen. for the firt

mfermanon
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information refpecting this fubje@. He ob-

ferved, that the calces of mercury heated in
clofe veffels give out much air, and are re-
duced into running mercury. - Dr. Prieftley
having examined this air, perceived that it
was much purer than the air of the atmo-
{phere ; and from this difcovery it is, that
we may date the epocha of the commence-
ment of that accurate knowledge we at pre-
fent poffefs, refpecting ‘the calcination of
metals. Let us take a fhort review of the
phenomena of this caleination : A metal
never becomes caleined, but when in con-
tact with air ; the more extenfive this con-
tact, the larger is 'the quantity of metal
which becomes caleined. A given quantity
of air can ferve for the calcination of no
more than a given quantity of metal; as
M. Lavoifier has ingenioufly proved by cal-
cining lead with a refleCting mirror in. 2
glafs veflel, containing a known bulk of air.
The metal, during its caleination, abforbs
a portion of the air which f{urrounds it, as
is prowzd by the afcent of the mereury c}u,r-
ing the procefs. The increafe of We:_ght
acquired by the metallic ealces, is owing
to this portion of air abforbed during cal-
cination ; for when it is extraéted from

" the calces of mercury, they lofe the excefs

of weight in theic return to the metallic

. ftate ; and this excefs 1s aecurately found

in the air t_Hey afford by diftillation. From
' : Dd3 all
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~all thefe phenomena, it appears to be de-
monftrated, that calcination is merely the
combination of the metal with the bafe of
pure of air contained in the atmofphere.
This combination is often made by the fimple
contact of air, in metals which calcine or
ruft. The neceffity of heating moft metals,
in order to calcine them, arifes from the'
force of affinity or combination being in-
creafed in the {ame proportion as the force
of aggregation is diminithed ; whence the
change intended to be effeGted is greatly
promoted. Heat, therefore, in this opera-
tion, as in many others, is only an accef-
fary. The air, which has ferved the pur-
pofe of calcination, cannot maintain com-
buftion, becaufe it is deprived of that pure
portion, or vital principle of the ancients,
which alone is capable of maintaining com-
buftion and life. 'The greater the quantity
of pure air contained in the atmofphere, the
better adapted it is to calcine a given quan-
tity of metal in a fhorter time. I have
often obferved, that a much greater quan-
tity of calx of lead, bitumen, &c. may be
obtained by plunging thefe melted metals
into a veflel filled with vital air, than would
have been produced in the fame time in the
open air. All thefe facts, and many others,
which will be found in the particular hif=
tory of each metal, are well calculated to
prove, that a metallic calx is merely a che-
' mical
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mical combination of metal, and the bafe of
pure air ; that calcination is fimply the a& in
which this combination takes place; and
that the air of the atmofphere is decompofed
during the procefs. :

The reduéticn of metals, by the addition
of combuftible matters, likewife elucidates,
and greatly tends to confirm, this theory,
When a calx is to be reduced to the metallic
ftate, it is often neceflary to heat it in clofe
veflels, with fome combuftible matter, as
greafe, oil, charcoal, &c. In all thefe cafes
the metallic calx is decompofed, by depriv-
ing it of the bafe of the air, which produced
the calciform ftate. This operation may
be explained, by obferving, 1. That metals
are not the moft combuftible {ubftances in
nature, or, which is the fame thing, their
affinity with the bafe of vital dir is not the
- greateft poffible. 2. That combuftible ani-
mal, or vegetable fubftances, have a ftronger
affinity with this oxyginous bafe than me-
tallic {ubftances have. 3. That, confequent-
ly, when a metallic calx is reduced by the
addition of charcoal, the latter being more
combuftible than the metal, or having a
ftronger affinity with the oxyginous prir:E-
ciple, feizes it, and decompofes the metallic
calx, which confequently pafles to the me-
tallic ftate. Thefe operations, therefore, do
not fucceed well but in clofed veffels, be-
- caufe the combuitible matter, being exclud-
b oot Dd g4 ed
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ed from the contaé& of air, can only burn
by the affiftance of that of the calx. Hence,
alfo, the portion of this inflammable fub-
ftance, which feizes the oxyginous principle
of the metallic calx, is found to be con-
verted into cretaceous acid, and athes, after
the redu@ion. While we are explaining

~ the hiftory of metallic calcination, accord-
ing to the modern theory, we muft not for-
bear to mention the do&rine of Stahl, which
was almoft univerfally adopted, till the
time of the lateft difcoveries refpeGing air
and combuftion. Stahl confidered metallic
fubftances, as compounds of peculiar earths
and phlogifton. = Calcination, according to
him, confifts in the difengagement of phlo-
gifton ; and the reduction reftores to the me-
tallic calces, the principle they loft during
their calcination. This theory, we may ob-
ferve, is abfolutely contrary to that of the
moderns; as it holds metals to be compound
fubftances, while the pneumatic theory con-
fiders them as fimple.  According to Stahl,
they lofe a principle in their calcination ;
and the modern do&rine proves, that during
this operation they combine with a new fub-
ftance. Laftly, this great chemift imagin-
ed, that during reduction, the metallic calces
refumed the phlogifton they had loft, by the
action of fire; and the moderns, on the con-
trary, believe, that redu&ion is nothing
more than the feparation of the oxyginous
prin=
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principle, which combined with them dur-
‘ing calcination.

After this flight comparifon of the two
theories, let us endeavour to afcertain which
is fupported by the greateft number of falts.
Stahl is intirely taken up in attempting to
prove the exiftence of phlogifton in metals,
but feems to have forgotten the influence of
air in calcination : neverthelefs, Beccher,

ohn Rey, Boyle, and feveral other chemifts,
fufpected, before him, that the principal
circumftance depended upon that clement.
The theory of Stahl, however fatisfactory it
may have appeared before the time of the
modern difcoveries copcerning air, could not
therefore agree with all the facts which de-
monftrate the neceflity and ation of that
fluid in calcination. +And" we accordingly
obferve many phenomena not explicable, by
that theory, and even contradiftory to it.
Such, for example, is the increafed weight
of metallic bodies, beyond that of the me-
tals before their calcination. We can never
form any conception, how a body can be-
come heavier by lofing one of its conltituent
parts ; and as weight 15 one of the properties
by which the prefence of matter is proved,
the ingenious cxplanation, given by M. De
Mortveau, in his differtation on phlogiﬁon,
_ relative to this phenomenon, cannot be aaf—
mitted as intirely fatisfactory; more efpeci~

- ally fince the exiftence of air in metallic
e : calces

-
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calces has been proved. From thefe faéts
it therefore appears, that the pneumatic
theory has great advantages over that of
Stahl. Yet Macquer, guided by that phi-
lofophical caution, which cannot be too
firongly recommended to every cultivator of
{cience, has thought proper to conne& the
modern difcoveries with the doé&rine of
phlogifton, and was even of opinion that
they tended to confirm that doétrine. Ac-
cording to this celebrated chemift, ‘metals
cannot lofe their phlogifton, and become
calcined, but in proportion as the pure air
of the atmofphere precipitates, and becomes
united to them, difengaging, at the {ame
time, the light they contain; and,%on the
contrary, theyare not reducible, until light,
affifted by heat, feparates the pure air, and
takes its place: fo that thefe two bo_dies are
mutually precipitated by each other.

As it is clearly demonftrated, at prefent,
that metallic calces are compounds of me-
tals and the oxyginous prineiple, it becomes
an important {ubject of inquiry, to afcertain
the various elective attractions, which exift
between this principle and metallic fub-
ftances.  Mr. Lavoifier has already made
fome progrefs in this interefting refearch;
but experiments have not yet been fuffi
ciently multiplied, and the accuracy of their
refult is not well enough afcertained, to al-

low
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low of our entering into the {ubject at full
length. : -
Metallic fubftances are changed by expo-
{ure to the air, their furface being tarnifh-
ed, and {fome of them becoming covered
with ruft. We fhall have frequent occafion
to re-confider this {fubje&, and to thew, that
the vapour of water calcines many metals,
and that the cretaceous acid of the atmo-
{phere unites with them after calcination.
- Water diffolves fome metals, and has no
action on others.  In the vaporous form, it
fingularly favours the production of ruft, in
fuch metals as are fufceptible of that modi-
fication. The recent difcoveries of Mr. La-
voifier have fhewn, that it calcines with great
facility {uch metals as are moft combuftible,
as for example, zink and iron; and that it
is itfelf decompofed into the oxyginous prin-
ciple, which unites to the metals and in-
flammable gas which is difengaged.
Earthy matters do not appear to a& on
 metallic fubftances; but they unite, by fu-
fion, with their €alces.
The acion of the falino-terreftrial fub-
ftances on the metals, is noet known.
Alkalis diffolve certain metals, though
they a& bur feebly on moft of them.. The
water which is salways united to salkalis,
appears to contribute greatly to the calci-
nation they produce in many metals.
Acids a¢t ftrongly on metals, and diffolve
them
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them with various degrees of facility. The
vitriolic acid produces either inflaimmable
gas, or fulphureous gas, accordingly as it is
united to water, or concentrated. In the
firt cafe, the water is decompofed, and af-
fording its oxyginous principle to the me-
tal, produces inflammable gas: in the fe-
cond, the acid it{elf is decompofed ; and its
oxyginous principle becoming partly fixed
in the metallic {ubftances, leaves the fulphur
ftill united with a portion of that principle,
and confequently in the ftate of fulphureous
gas. The vitriolic acid, faturated with me-
tallic calces, in either circumftance forms
vitriols, which, when cryftallized, muft be
confidered as compounds of four bodies ;
namely, metal, the oxyginous principle, vi-
triolic acid, and water. Thefe metallic vi-
triols are varioufly coloured, cryftallizable,
foluble in water, decompofable by heat, &c.
The nitrous acid appears to at on metals
with more rapidity than the vitriolic, though
it in general adheres to them much more
flightly. A large quantity of nitrous gas is
produced ; the metal is more or lefs cal-
cined, and either falls down, or remains
united to the acid. Stahl attributed this ef-
fe& to the difengagement of the phlogifton
of metals. * All chemifts, at prefent, think
it is produced by the decompofition of the
nitrous acid, and the feparation of the vital
air and nitrous gas, which they confider as
# Quere? “E, :

the
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the two principles of this acid. Nitrous
metallic {olutions are more or lefs decom-
pofable by heat, byair, and by water. Al-
kalis feparate the metallic calces. The ni-
trous, as well as the vitriolic acid, has various
degrees of attraction for the different metals.
Mr. Prouft has difcovered, that feveral me-
tallic fubftances take fire by the contaét of
this acid. .

The marine acid, in general, a&ts with
very little energy on metals. The water
with which it is united, calcines them, and
difengages inflammable air. The muriatic
{olutions of metals, are in general more per-
manent, and more difficultly decompofed by

> heat, than thofe which are made in the vi-

triolic or nitrous acids. Some afford cryf-
tals by heat; but in general they do not
cryftallize without difhiculty. - The marine
acid has a ftronger aflinity, than the vitrio-
lic or nitrous, with feveral metallic fub-
ftances, and decompofes their folutions.

The dephlogifticated, or acrated marine
acid, calcines moft metals with the greateft
facility, by means of the excefs of the oxy-
ginous principle it contains, and which is
not -ftrongly united with it. It diffolves
them without effervefcence, in the fame
manner as water diffolves falt. "

The cretaceous acid aéts weakly on me-
tals, though it is capable of combining with

 moft of them, as Bergman has thewn. Com-

binations
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binations of metals with this acid are ofter
found in nature; they are fometimes cryf-
tallized, and are known by the name of
fpathofe ores, of which iron and lead are in-
{tances.

The acids of fluor, and of borax, likewife
unite with metals; but the compounds they
form are little known.

Among the various combinations of me-
tals with acids, fome are capable of cryftal-
lizing, while others affume no regular form.
Some are decompofed by fire, and others, on

the eontrary, are not at all changed by that -

agent. 'The greater number are changed by
expofure to air. All are more or lefs foluble
in water, and may be, for the moft part,
decompofed by that fluid, as Macquer ob-
ferved. All are precipitated by clay, pon-
derous earth, magnefia, lime, and alkalis,

which have a ftronger affinity with acids.
‘When certain metals, which havea ftronget
affinity with acids than others, are ufed to
{feparate the latter from their acid folutions,
the precipitated metals appear with the me-
tallic form and brilliancy, becaufe the oxy-
ginous principle, which was united to them
in their ftate of folution, is feparated, and
becomes combined with the precipitant,
which becomes diffolved in the acid in its
turn. For this reafon, Mr. Lavoifier con-
fiders the precipitations of metals by each
g other,

»
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other, .as effe@s of their feveral affinities
with the oxyginous principle.

Neutral falts are very little changed by
the action of metals in the humid way ; but
if a mixture of thefe falts with metals be
ftrongly heated, many of them are decom-
pofed. Several vitriolic falts form f{ulphur
in thefe circumftances. Mr. Monnet is the
only chemift who has mentioned this de-
compofition with the regulus of antimony.
In a feries of experiments relative to this in-
quiry, I have difcovered feveral other me-
tals, fuch as iron, zink, &c. which decom-
pofe vitriolated tartar, &c.

Nitre detonates with moft metallic fub-
{tances, and calcines them more or lefs.
This phenomenon depends on the greater
affinity of the oxyginous principle with many
of thefe {ubftances, than it has with the at-
mofpheric mephitis. Metals calcined by
this falt, are called metals fixed by nitre.
The alkaline bafe of this falt often difiolves

art of the metallic calces.

Sal ammoniac is decompofed by many
metals, and by the caleces of moft metallic
fubftances. Bucquet, who made many ex-
periments relative to this fubje, has ob-
{erved, that all metals, on which the marine
acid is capable of atting immediately, are
capable of completely decompofing fal-
ammoniac ; that inflammable gas is difen-
gaged during thefe decompolitions ; and tiimt

) ' they
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they do not take place in the fame manner,
with fuch metals as are not foluble in the
ordinary marine acid. The volatile alkali,
obtained by thefe decompofitions, is always
very cauftic and pure.

Almoft all mineral combuftible bodies
unite gradually with metals” Inflammable
gas gives them a deeper colour, and reduces
fome of their calces, becaufe it has a f’cronger
affinity with the oxyglnous prineiple, as is
proved by feveral very ingenious experiments
- of Dr. Prieftley. Thefe reductions of metal-
lic ealces are acccmpamed with the. pro-
duction of a certain quantity of water, form-
ed by the combination of this gas with the
oxyginous principle of the calces.

Sulphur unites with moft metals; its
combinations form a kind of artificial ores;
when they are moiftened, or expofed to a
moift air, they become gradually vitriolized.
The hepars of fulphur diffolve all the me-
tals. Hepatic gas colours them, and de-
compofes their caleces, which it caufes to
refume the metallic ftate, by abforbing the
oxyginous principle they were united to.

Metals combine with each other with
various degrees of facility, and produce al-
loys, whofe rcfpe&we propertlcs render them
very ufeful in the arts.

§ VI. Methodical arrangement of metallic
fubftances.

The numbcr of metallic {fubftances being
con-
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confiderable, renders it neceflary to eftablifh
an arrangement, or order of claffing them,
by which fuch as have fimilar ‘properties
may be placed together, and fuch as differ
may be feparated. Dudility is a leading
charaéer. Metallic gubftances, which are
not at all ductile, or “at leaft which poffefs
but a very inconfiderable degree of ductility,
are called femi-metals. Thofe, on the con=-
trary, which are very dactile, are called
metals. The femi-metals are- either very
brittle under the hammer, or capable of a
{mall degree of extenfion, which affords an-
other {fub-divifion of thefe {fubftances. The
metals may likewife be fub-divided, witle
refpect to the a&ion of fire upon them. In
fa&, fome, when treated with the contalt
of air, become quickly calcined; others, on
the contrary, treated in the {ame manner,
experience no change.  The firft are the
perfect, and the latter the imperfect, metals.
In order to avoid multiplying divifions, we
fhall here exhibit a Table, containing the
metallic fubftances arranged according to
the foregoing diftinctions.

Vor. II. E e Metallic
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Metallic Subftances are either

Scarcely dudlile,

Sect. 1.
Semi-metals.

Dirvision L

Brittle under the hammer,

Arfenic,

Cobalt,

Bifmuth,

Regulus of antimony,

Nickel,

Manganefe.

Division IL
Poflefling a {mall degree of
duétility under the ham-
mer,
Zink,
Mercury.

‘
|

Or very duétile.

Srers I1.
Metals.

Division L.
Esfily calcined by heat, with
accefs of air.
Imperfect Metals. *
Lead,
Tin,
Iron,

Copper.

Division II.

Not calcinable by mere heat
with accefs of air.
Perfe& Metals.
Silver,
Gold,

Platina.

C-H AP
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G A =P VII.

Concerning Arfenic. *

ARSENIC may be properly placed the

firft in the arrangement of femi-metals,
becaufe it greatly refembles falts. Kunckel
confidered it as a coagulated aqua-fortis;
Beccher and Stahl reckoned it a faline mat--
ter : Scheele has proved, that it is eapable
of forming a peculiar acid ; and on the other
hand, Brandt and Macquer have proved,
that it is a true femi-metal. Arfenic, when
poflefled of all its properties, has the cha-
racters of metallic {ubftances ; it is perfectly
opake, ponderous, and brilliant.

Arfenic is often found native, in black
heavy maffes, fcarcely brilliant. It has
{fometimes the metallic luftre, and refle&s
the colours of the rainbow ; in its fracture,
it appears to be more brilliant than at its {ur-
face, and feems compofed of a great number
of {mall fcales; when thefe f{cales appear ex-
ternally, the fpecimens are called teftaceous

* We give the name of arfenicy to the femi-metallic
fubftance ufually called regulus of arfenic : the latter de-
nomination ought to be abandoned as improper. The
fubftance called white arfenic, is a calx of the femi-

metal. : .
Ee 2 arfenic,
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arfenic, or improperly, teftaceous cobalt ;
becaufe formerly, when the metallic cha-
raer of arfenic was unknown, the tefta-
ceous arfenic was confidered as an ore of co-
balt, to which appellation the arfenical na-
ture of moft cobalt orés contributed.
Native arfenic is very eafily known,
when it has the metallic brilliancy and
{caly texture ; but when it is black, and of
a clofe-grained texture, it is only diftin-
_guithed by its great weight, and total
diffipation on hot coals, in white fumes
of a garlick fmell. This laft is abundantly
found mixed with grey filver ore at St.
Marie-aux-Mines, and 1s likewife found
among the ores of Saxony, and at Andrarum,
in the province of Schonen in Sweden.
- Arfenic is fometimes naturally found in
the form of a white calx, of a vitreous ap-
pearance, though more commonly in the
form of flowers, or mixed with certain
earths. This calx is alfo found at St.
Marie-aux-Mines, and is known by the
white fumes, and {mell of garlick, which
it exhales when thrown into the fire.
Arfenic is often combined with fulphur,
and then forms orpiment and realgar. Na-
tive orpiment is found in yellow, brilliant,
and as it were, talcky mafles, often mixed
with realgar, and fometimes of a greenith
colour. Realgar is of a red colour, more
or lefs lively and tranfparent, and often
cryftallized
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cryftallized in brilliant needles, It is found
in great quantities at Quito, and near Mouynt
Vefuvius. Thefe two f{ubftances appear to
differ only in the degree of fire, by which
they have been combined.

Mifpikel, or arfenical pyrites, is the laft
ore of arfenic, and contains that {femi-metal
combined with iron. Mifpikel is fometimes
cryftallized in cubes, and is frequently with-
out any regular form.. Wallerius calls it
white cubic ore of arfenic. '

Arfenic is likewife found in the ores of
cobalt, antimony, tin, iron, copper, and
filver. :

Pure arfenic, likewife called regulus of
arfenic, is of a blackith grey, refle€ting the
colours of the rainbow. It is very ponde-
rous and friable. Expofed to heat in clofe
veflels, it fublimes without decompofition,
being one of the moft volatile among me-
tallic fubftances. When flowly fublimed,
it cryftallizes into triangular pyramids.
Arfenic, hecated with contaét of air, be-
comes very quickly calcined, and its calces
are diﬁipated in the form of white fumes,
with a very ftrong (mell of garlic. The
red ore of arfenic burns with a yery per-
ceptible fame, of a blacith colour. In this
_ combuition, it combines with the bafe of
vital air, and forms the compound, knowa
by ‘the name of white arfenic, or calx of
arfenic ; and by this procefs it 1s, that _thc

Fc 3 arfenical
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arfenical ores of cobalt afford a large quan-
tity of white fumes when in the furnace,
which are condenfed in the chimney, in the
form of a white, ftratified, ponderous, femi-
vitrified calx, known in commerce by the
name of arfenic.

Calx of arfenic differs effentially from all
other metallic calces. Its tafte 1s very ftrong,
and even cauftic ; and it is one of the moft
violent of poifons. Expofed to heat in clofe
" veflels, it rifes in the form of a white cryf-
tallized powder, called flowers of arfenic :
if the heat be very ftrong, a very tran{parent
glafs is produced, capable of cryftallizing,
in the form of a triangular folid, with trun-
cated angles. This glafs quickly tarnithes
in the air:  None of the metallic calces, ex-
cepting that of arfenic, is volatile without
addition. It is alfo very fufible, and vitri-
fiable. Beccher attributed the weight and
volatility of arfenic to a peculiar principle,
which ‘he called mercurial, or arfenical
carth, the exiftence of which Stahl was
unable to prove.

Arfenic, in the reguline ftate, does not
adt fenfibly on combuftible bodies; but the
calx and glafs of arfenic evidently alter
them, and at the fame time refume the
metallic ftate. Stahl thought, that the
phlogifton loft by the arfenic in calcination,
is reftored by the combuftible body. The
moderns, on the contrary, think, that the

: calx
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calx of arfenic is a_ ,compound of arfenic
and the bafe of vital air ; and that the com-
buftible body, by depriving it of this prin-
ciple, caufes the arfenic to refume the me-
tallic ftate. To reduce the calx of this
femi-metal, it is pulverized, and made into
a pafte with foft foap, which is put into
a matrafs on a fand bath. A gentle heat is
firft given, to dry the oil ; and when humid
vapours are no longer exhaled, the fire is
raifed to {ublime the arfenic. The matrafs
being broken, is found to contain, in its
upper part, a mafs, poffefiing the metallic
brilliancy ; it is calx of arfenic. Motft of the
coal of the oil remains at the bottom of the
matrafs.

Arfemc, expofed to the air, becomes fen-
fibly black. The vitrified calx of arfenic
lofes its tran{parency, and afflumes a milky
colour.

Arfenic does not appear to be attacked by
water, but its calces are foluble in this
menftruum, in a quantity {omewhat greater
when heated than when cold ; the folubility
of this fubftance likewife varies, accordingly
as it has been more or lefs perfettly calcined.
The calx of arfenic, by flowly evaporating
its folution, affords yellowith cryftals, in
triangular pyramids. No me_tallic _ fub-
ftance we are acquainted with, is fo
largely foluble in water: in this property,

By and
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and alfo in its firong tafte, it refembles fa-
line fubftances. _

Calx of arfenic unites with earths by fu-
fion, becoming fixed with them, and acce-
lerating their vitrification; butall the glaffes,
into which arfenic enters, have the bad qua-
lity of becoming tarnithed, by the aion of
the air, in a thort time. The a&ion of the
falino-terreftrial matters on arfenic, or its
calx, is not known. Cauftic fixed alkalis,
which have no fenfible a&ion on arfenic,
diffolve its calx very well. Macquer, in his
valuable Memoirs on this fubjeét, publifthed
among thofe of the Academy for the year
1746, has obferved, that when the calx of
arfenic, In powder, is boiled in a folution
of fixed nitre, or of a vegetable alkali nearly
cauttic, it is diffolved completely, and forms
2 brown gelatinous fluid, whofe confiftence
gradually increafes, This compound, to
which he gives the name of liver of arfenic,
does not cryftallize, but becomes hard and
brittle ; it is deliquefcent and foluble in
water, which precipitates fome brown flocks.
‘When urged by a ftrong fire, the arfenic is
diffipated. It is decompofed by acids. The
mineral alkali exhibits the fame phenomena ;
but its folution afforded Macquer irregular
cryftals, whofe general form he found it im-
pofiible to defcribe.

The vitriolic acid, even when concen-
trated, does not attack arfenic in the cold ;

but



ARSENIC. 441

but if it be boiled with this femi-metal, in
a retort, much fulphureous gas comes over,
which is fucceeded by a {mall portion of
fulphur, and the arfenic is found calcined,
but not diffolved. Concentrated and boil-
ing oil of vitriol likewife diffolves the culx
of arfenic, but it feparates in cooling, in the
form of a precipitate. In this combination,
it acquires a confiderable fixity ; but Buc-
quetaffirms, that it refumes all its qualities,
when the acid is wathed off by water.

The nitrousacid, applied to arfenic, ftrong-
ly attacks and calcines it; it likewife dif-
folves a confiderable quantity of the calx,
by the affiftance of a mild heat. Saturated
with either of thefe fubftances, it preferves
its own peculiar {fmell; when ftrongly eva-~
porated, it forms a falt, which, according
to Bucquet, has not a regular form, but
is by Baumeé affirmed to be partly cubi-
cal, and partly fhaped to a point, like dia-
monds. Wallerius affirms, that its cryftals
refemble lunar nitre. Nitre of arfenic ftrong-
ly attrads the humidity, of the air; does not
detonate on hot coals; 1s decompofed nei-
ther by water nor by acids ; and affords no
precipitate on the addition of alkalis. The
latter neverthelefs decompofe it, according
to Bucquet ; fince nitre and neutral arfenical
falt are obtained by evaporating the nitrous
arfenical folution, with the previous addition

 of alkaline lixivium. We fhall prefently
; fee,
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fee, that all chemifts were for a time em-
barraffed with the fingular nature of the
folutions of arfenic, and 1ts calx, in acids,
and attempted in vain to difcover what hap-
pens in the combination of this calx with
the ' nitrous acid, as they did not fufpe&t
that the arfenical acid is produced.

The marine acid, affifted by heat, diffiolves
arfenic and its calces, according to Bucquet.
Thefe combinations may be precipitated by
fixed or volatile alkalis. Mr. Baumé af-
firms, that the regulus difiolves in boiling
marine acid, and that a yellow powder, re-
fembling fulphur, is precipitated. Mefirs.
Bayen and Charlard, 1in their inquiries
refpecting tin, have afeertained, that the
marine acid does not a& on arfenic in the
cold, and fcarcely at all when heated.

The adtion of other acids on arfenic, and
its calx, are not known. This femi-metal,
mixed with nitre, and thrown into a red
hot crucible, produces a ftrong detonation.
The nitrous acid calcines and burns the
femi-metal; and after the operation, the
crucible 1s found to contain the fixed alka-
line bufe of the nitre, and the arfenic, in the
form of a calx and partly combined with
the alkali. '

If equal parts of calx of arfenic and nitre
be mixed together, and expofed to diftilla-
tion in a retort, very red vapours of {pirit of
nitre come over. This acid cannot be con-

denfed,
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denfed, but by a {mall quantity of water put
into the receiver, which gives it a blue co-
lour. Beccher, Stahl, and Kunckel, have
defcribed this operation. Macquer, whao
carefully repeated it, having examined the
refidue to which thefe chemifts did not at-
- tend, difcovered, that it is formed by the
combination of the calx of arfenic with the-
alkali. «He called it neutral arfenical falt.
Mr. de Morveau calls it arfeniate of pot-afh.
This falt diffolved in water, and evaporated
in the open air, affords very regular eryftals
in tetrahedral prifins, terminated by py-
ramids of four equal fides; the form of
thefe cryftals, however, fometimes varies.

Neutral arfenical falt expofed to heat,
melts readily, and remains in fufion, with-
out becoming alkalized, or any part of the
calx of arfenic being driven off. Itis not fen-
{ibly altered by theaction of air. It is much
more foluble in water than pure calx of arfe-
nic, and diffolves more plentifully in hot
than in cold water.

It is not decompofable by any. pure acid,
but its component parts may be {eparated
by the way of double aflinity. If a folution
of martial vitriol be added in a fmall quan-
tity to a folution of this falt, a double de-
compofition takes place. The vitriolic acid
quits the iron to unite with the.alkali; and

the calx of arfenic unites with that of ir.on.
: Combufitible
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Combuftible matters readily decompefe the
neutral arfenical {alt. : -

Calx of arfenic likewife decompofes rhom-
boidal nitre by diftillation, and forms with
its bafe a neutral arfenical falt of foda ;
which, according to Macquer, does not
greatly differ from the falt laft {poken of,
and cryftallizes abfolutely in the {fame man-
ner, This calx produces the fame effe
with ammoniacal nitre, conftituting an ar-
{fenico-ammoniacal falt, with its bafe. It
was formerly thought that this operation re-
quired to be conducted wit}_i great precau-
tion, on account of the property of ammo-
niacal nitre, which detonates without addi-
tion in clofe veflels : but Mr. Pelletier has
proved, that it may be made without danger
even in the quantity of feveral pounds. The
difcovery of the arfenical neutral falt of
Macquer, was a prelude to the difcovery of
the arfenical acid; that illufirious chemiit.
having feen and obferved that the calx of
arfenic a&ts as an acid in this falt.

Calx of arfenic is not decompofed by ma-
rine falt, and does not {feparate the volatile
alkali from fal ammoniac, but with great
difficulty ; in which property it agrees with
the regulus. '

The a&ion of combuftible mineral mat-
ters on arfenic has not been examined. The
calx feems reducible by inflammable gas and
plumbago, which have a ftronger affinity
' than
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than arfenic with the oxyginous principle
or bafe of air.

Calx of arfenic combines very well with
fulphur. When thefe two fubftances are
inelted together, a yellow or red volatile
body is produced, which has a weaker
tafte than pure arfenic, and is not fo-
luble in water. This compound is called
factitious orpiment, when it is yellow, and
is capable of cryftallizing in triangles like
the glafs of arfenic; when red it is called
realgal, realgar, rizigal, or red arfenic.
Some chemifts have thought that the realgal
does not differ from orpiment, but in the
larger proportion of fulphur it is fuppofed
to contain : but Bucquet has proved, that
the compound of fulphur and calx of ar-
fenic is red, when it has been melted ; no-
thing more being neceffary than to expofe
orpiment to a ftrong heat, in order to con-
vert it into realgar. I find that realgar is
much lefs volatile than orpiment, fince it
remains at the bottom of the matrafs, in
which the mixture of calx of arfenic and
fulphur has been fublimed, where it has the
form of porous red laminz, which have been
manifeftly fufed. The artificial orpiment and
realgar, do not differ from the natural : they
are decompofed by lime and alkalis, which
have a ftronger affinity with fulphur than the
calx of arfenic has. This calx, ncverfi‘lcf-

efs
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lefs has, like acids, the property of decomn-
pofing liver of fulphur.

All the properties of the calx of arfenic -
prove, that this femi-metallic and combuf-
tible fubftance united to the bafe of vital
air, aflumes the chara&ers of a falt. The
theory we have explained in treating of falts
in general, appears, therefore, to be. con-
firmed by thefe experiments. Macquer, as
I have already obferved, took notice in the
courfe of his valuable difcoveries refpeting
the neutral arfenical falt, that the metallic
calx performs the part of an acid in this falt.
But it was difficult to conceive, why the
calx of arfenic immediately diffolved in al-
kali, fhould differ fo greatly from the fame
combination made by the decompofition of
nitre, by this calx. Mr. Scheele, reafoning
from the difcovery of the marine acid, which
he calls dephlogifticated, imagined, that the
fame thing happens when nitre is diftilled
with calx of arfenic. He thinks that the
nitrous acid feizes the phlogifton ftill remain-
ing in the calx, and that the calx when de-
prived of this laft portion, becomes con-
verted into a peculiar acid, which he calls
the arfenical acid. The Academicians of
Dijon have adopted this opinion. The great
chemift of Upfal confirmed his affertion, by
preparing the arfenical acid by procefles
fimilar to thofe ufed in obtaining the de-
phlogifticated marine acid. One of thefe

confifts
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confifts in diftilling a mixture of dephlo-
gifticated marine acid and calx of arfenic.
The marine acid, according to him, feizes
the phlogifton of the calx, which then paffes
to the acid ftate. The arfenical acid is
likewife prepared by diftilling fix parts of
nitrous acid from one of the calx. Much
nitrous gas is produced, and the calx of ar-
fenic aflumes the charalers of an acid ; it
muft be expofed for a confiderable time to
heat, in order to difengage all the fupera-
bundant nitrous acid. The facs here re-
lated, are greatly in favour of the medern
do&rine. On the one hand, it is difficult,
according to Stahl, to fhew that calx of ar-
fenic contains phlogifton ; and on the other,
nothing is more eafily conceived, according
to the new theory, than the tranfition of
this calx to the acid ftate, by the action of
{pirit of nitre, or the dephlogifticated ma-
rine acid of Scheele. The calx of arfenic
appears to have a ftrong affinity with the
oxyginous principle, with which it is not
faturated ; when it is diftilled with the ni-
trous, or with the dephlogifticated or ae-
rated marine acid, it feizes the oxyginous
principle contained in either. The more of
this principle it contains, the nearer it ap-
proaches to the nature of faline fubftances ;
and when it is intirely faturated, it affumes
all the chara&ers of acids, which, as we

have proved, are combuitible fubftances
ébmibined
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combined with the bafe of vital air, to whith
they owe their faline properties. This theory
very happily explains why the calx of arfe-
nic not faturated with air, but in the ftate
of fimple calcination by fire, does: not form
the neutral arfenical {alt of Macquer 5 -and
why it cannot conftitute that falt ¢ill it has
been previouﬂy treated with zcids; from
which, by the affiftance of heat, it takes
‘the oxyginous principle. :

The arfenical acid differs greatly from the
common calx of arfenic. Its tafte is ftronger;
it is fixed in the fire ; {o that the difference
with refpe@ to volatility, affords a method
of accurately feparating from this acid. the
portion of arfenical calx it may contain.
Its fixity,when treated with the vitriolic acid,
is doubtlefs a confequence of its approach
to the acid ftate. It is capable of being
converted into a tranfparent glafs by fufion ;
in which melted ftate, it acts as a flux on
earthy fubftances, and appears to be capa-
ble even of corroding glafs. It flightly
reddens blue vegetaple colours. I have ob-
ferved, that by expofure to air, it lofes its
tranfparency, and fcales off in fragments,
which are often pentagonal, and gradually
attra& humidity. It is foluble in two parts
of water, and readily combines with lime,
but more difficultly with ponderous earth -
and magnefia. When united with alkalis,
it forms neutral falts, decompofable by

' lime,
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lime, according te Bergman. Barytes and
magnefia appear likewife to have a {tronger
affinity with this acid than alkalis, accord-
ing to the fame chemift. Many experi-
ments remain yet to be made for the dif-
covering of all the properties of the arfenical
acid. Mor. Pelletier has prepared this acid,
by decompofing ammoniacal nitre by calx
of arfenic ; the ammoniacal arfeniate which
~is produced, gives out its volatile alkali by
heat; and by the continued action:of fire
the arfenical acid will remain pure and -
difengaged at the bottom of the retort.
Bergman obferves, that the f{pecific gra-
vity of arfenic varies greatly from its me-
tallic to its acid ftate. The following are
iven by him: Regulus of arfenic, 8, 7;08
glafs of arfenic, 5,000 3 white calx of acfe-
nic, 3,706 ; arfenical acxd, 530 .
Arfenic is ufed in feveral arts, more efpe-
cially in dying. The neutral arfenical falt
is likewife ufed; and M. Baume has long
repared it for manufactories. The facility
with which the calx of arfenic diffolves in
water, and in all aqueous fluids, renders it
the more dangerous, as it is highly poifon-
ous, and may be very eafily conveyed in
fuch fluids. The following fymptoms de-
note that a perfon has been poifoned with
arfenic : The mouth is dry, the teeth fet
on edge, and the throat contracted; the
 patient {pits involuntarily, has a ﬂ:roncr fenfe

Vot. II% F f of
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of pain at the ftomach, great thirft, ficknefs,
vomiting of mucousand bloody matter, ex-
crucmtmg cholics, cold fweats, convulfions,
and foon after, death. An examination of
the fufpected food, will {foon thew whether
it contains the poifon of arfenic, If a por-
tion be previoufly dried, and thrown on hot
coals, a white fume arifes of a garlic-like
ifmell.

It was formerly ufual to give mucﬂagL—
nous drinks, or milk, or mild oils, in large
dofcs, to Perfons poﬂoned by ar {emc,_ v;th
the 1intention of relieving the vifcera, and
carrying off the greater part of the arfenic.
Nayier, a phyfician of Chalens, who has
made inquiries concerning the beft remedies
againft the poifon of arfenic, has difcovered
a fubftance which eombines with it in the
‘humid way, and deftroys the greateft part
of its caufticity. This fubftance is the cal-
carcous or alkaline liver of fulphur, and is
ftill better adapted to the intention, when
it holds a fmall quantity of iron in folution.
When this martial hepﬂ: 1s poured into a
folution of arfenic; it is decompofed with-
out emitting any {fmell ; becaufe the arfenic
.combines with the fulphur, and forms orpi-
ment ; and at the {fame time unites with the
iron. Navier prefcribcs a drachm of the
liver of fulphur in a pint of water, which
he directs to be taken a glafs at a time ; or
five or fix grains of dry liver of fulphur may
be given - pxlls, a glafs of warm water

bcmg
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being taken after each pill. When the firft
{fymptoms are diffipated, he advifes the ufe
of fulphureous mineral waters; experience
having fhewn him, that they are very effica-
cious in removing the tremors and paraly-
tic affetions, which ufually remain after
arfenic has been taken, and often bring on
confumptions, that terminate in death.
Navier likewife approves the ufe of milk,
becaufe it diflolves arfenic as well as water
does ; but he condemns the ufe of woils for
the contrary reafon.

B T e D P e e

CHAP. VIIL

Concerning CoBALT.

YNOBALT, or cobolt, is a femi-metal
of a reddith white colour, and clofe
grain, fo brittle as to be eafily reduced into
powder by the peftle. Weighed in water,
it lofes about the eighth of its weight; its
* {pecific gravity is about 7,700, according to
Bergman. It cryftallizes in aggregates of

~ needles placed one on the other.
~ Cobalt has never been found pure and na-
tive, but it is almoft always calcined and
united with arfenic, the arfenical acid, ful-
phur, iron, &c. The following are the
Pf2 - principal
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principal ores of cobalt, diftinguifhed accor-
ding to their component parts, by Berg-
man and Mongez.

1. Native cobalt, combined with arfenic.
This ore is folid, grey, ponderous, has little
brilliancy, andis granulated in its fracture. It
gives fparks with fteel, and becomes black
in the fire. The nitrous acid diffolves it
with effervefcence ; and it forms a {fympa-
thetic ink with the muriatic acid.

2. Cobalt in the calciform ftate. ‘This
ore, which appears to confift of cobalt cal-
cined by an acid, is ufually of a blackifh
grey, fometimes fimilar to lamp-b]ack of-
ten friable and puiverulent, it {oils the
fingers. When compadt, its fratture pre=-
fents rofe-coloured fpots; it fometimes re-

fembles fcoriz or glafs, whence it has been
called vitreous ore of cobalt, by fome natu-
ralifts. This ore does not contain arfenic
when it 1s pure, but is frequcntly mixed
with martial ochre.

3 Cobalt united to the arfenical acid :
flowers of cobalt, red, rofe-coloured, or the
colour of peach bIoiIoms ‘The arfemcaf
acid difcovered in it by Bergman and Mon-
gez, give it this colour. This ore is either
in maﬁ'es, in powder, in a ftriated effloref-
cence, or in four-fided prifms, with fum-
mits of two faces. Its colour is deftroyed
by fire, in proportion as the arfenical acid
1s diffi ipated.

4. Cobalt
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4. Cobalt united to iron, and the vitrioe
lic acid : {pecular ore of cobalt; it is very
improperly called fulphureous cobalt, fince
it does not contain fulphur, but a fmall
proportion of vitriolic acid. This ore is
white, or grey, and very brilliant. It is
the richeft of any, and often gives fire with
the fteel.

5. Cobalt united to fulphur, arfenic, and
iron. This mineral is called white, or grey
cobalt ore. It is of a whitifh grey, cryftal-
lized in cubes, either intire, or truncated
fo as to form folids of fourteen, eighteen,
or twenty-fix facets. Its fracture is lamel-
lated, and fpathofe ; it fometimes has den-
drites on its furface, refembling fern; in
this ftate it is called knit cobalt. The white
ores of cobalt are frequently without any
regular cryftallization; but they are always
known by their whitith grey colour, their
weight, which is lefs than that of the pre-
ceding ores, and by thered efflorefcence they
almoft always have on their {urface.

To affay cobalt ores, pounding, wathing,
" and roafting, muft be ufed. The cobalt
remains in a ftate of black calx, more or
lefs deep with refpect to colour; this is
mixed with three parts of black flux, and a
fmall quantity of decrepitated marine falt ;
the fufion 1s performed by a forge heat in a
covered crucible, which muft be {lightly
agitated to precipitate the metal as foon as

Ff 3 the
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“the fufion is complete. The metallic button
is fometimes found to confift of two diftin&
fubftances, cobalt being uppermoft, and
bifmuth beneath; a ftroke of the hammer
readily feparates them.

Modern mineralogiits, efpecially Bergman
and Kirwan, propofe to affay cobalt ores by
the nitrous acid. The cobalt and the irom
are by this means diffolved, and are preci-
pitated by the addition of cretaceous foda;
the cobaltic precipitate is to be afterwards
diffolved by the acetous acid. Scheffer ad-
vifes trying the colouring quality of cobalt
ores, by fufion with three parts of vegetable
alkali, and five of powdered glafs.

In the large works, cobalt is not extraced
in the metallic form: after pounding and
wathing the cobalt ore, it is roafted in a fur-
nace, which terminates in a long horizontal
flue, that ferves inftead of a chimney. In
this flue, the calx of arfenic being fub-
limed, becomes condenfed into the femi-
vitrified fubftance, whichis improperly called
white arfenic. If the ore contain bifmuth, this
very fufible metal is ccllefted at the bottom
of the furnace; the cobalt remains in the
ftate of an obfcure, grey calx, called zaffre.
The zaffre, in commerce, is never pure, but
is mixed with three times its weight of pul-
verized flints. In this flate, if it be expofed
to a ftrong fire, it melts into a glafs, of a dark -
‘blue colour, called fmalt. This is reduced

to
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to powder in mills, and mixed with water.
The firft portion which falls down, is the
largeft grained, and is called coarfe (malt: the
turbid water bemg decanted off, affords a
fecond precipitate; and this decantation is
repeated four times in the whole: the laft de-
pofition,which is finer than the reft, is impro-
perly called azure of four fires. ThlS azure
is ufed in many arts, to give a blue eolour
tormetals, glafles, &c.

The zaffre of commerce, fufed with three
times its weight of black ﬁux, a {mall quan-
tity - of tallow, and marine falt, affords the
femi-metal, known by the improper name
of regulus of cobalt. The reduction of zaffre
is very difficult. A large quantity of flux
muft be ufed, and the crucible muft be kept
a confiderable time ‘in a white-red heat,
that the matter may become very fluid,
and that the {coria may be completely
fufed into a blue glafs: at this period the
cobalt finks to the bottom, in the form of
a button.

Cobalt, expofed to heat, does not melt
till it is well 1ignited. = This femi- metal ap-
pears to be very fixed in the fire, and it is
not known whether it can be volatilized in
clofe veflels. 1fit be fuffered to cool flow-
ly, it cryftallizes in needle-formed prifms,

laced one on the other, and united in bun-
dles. It confiderably refembles mafles of

F {8 o5 Lbafaltess
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bafaltes, which are feparated from each other,
as Mr. Mongez obferves. To fucceed in
this cryftallization, the cobalt muft be melted .
in a crueible, till it appears to boil; and
when the {urface of the femi-metal becomes
fixed on withdrawing it from the fire, the vef-
fel is to be inclined. The metal, which ftill re-
mains fluid, runs out; and that portion which
adheres to the fides of the kind of geodes,
formed by the cooling of the furface of the
cobalt, is found to be covered with cryftals.

Cobalt, melted and expofed to the air,
becomes coyered with a dull pellicle, which
is a calx of the femi-metal, formed by its
combination with the bafe of vital air. A
larger quantity of the calx of cobalt may
be more ealily had, by expofing the pulve-
rized femi-metal, 1na thallow veflel, under
the muffle of a cuppelling furnace, and ftir-
ring it up, from time to time, to renew the
calcining furface. This powder, after re-
maining ignited for fome time, lofes its bril-
liancy, increafes in weight, and becomes
black. This calx requires a moft violent heat
to convert it into glafs, which is then of a
deep blue colour.

Cobalt becomes {flightly tarrufhed by ex-
-pofure to air, and is not attacked by water.
It does not unite with earths, but its calx
combines with them, by fufion, and forms
a beautiful blue glafs, extremely fixed in the

fire.
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fire. This property of the calx of cobalt,
renders it of the greateft ufe in the art of
painting in enamel, on porcelain, &c.

~ The acion of ponderous earth, magnefia,
and lime, on cobalt, is not known. Al-
kalis manifeftly alter it; but thefe changes
have not been accurately defcribed.

This femi-metal diffolves in all the acids,
but with different phenomena, according to
its own ftate and that of the acid.

Cobalt, in the metallic flate, is not fo-
luble in vitriolic acid, unlefs it be concen-
trated and boiled. This folution is made
in a glafs phial, or retort: when the acid
is almott intirely evaporated, in the form of
fulphureous gas, the refidue muft be wafthed ;
a portion diffolves in the water, and com-
municates a rofy, or greenifh colour: it is
the vitriol of cobalt. The other part con-
fifts of cobalt, calcined by the acid, whofe

_ oxyginous principle has combined with the
“femi-metal, M. Baumé affirms, that by
{ufficiently evaporating the vitriolic folation
of cobalt, two forts of cryftals are obtained
by cooling:the one white, fmall, and cu-
bical ; the other greenifh, quadrangular, fix
lines in length, and four in breadth. He
confiders thefe laft as the vitriol of cobalt.
The former are produced by certain foreign
matters, united to the cobalt. The cryitals

of the vitriol of cobalt moft commonly ob-
tained,
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tained, have the form of fmall needles, de-
feribed by Mr. Sage as tetrahedral-rhom-
boidal prifms, terminated by a dihedral fum-
mit, with thombic faces. = They are decom-
pofable by fire, and leave a calx of cobalt,
not reducible alone. Ponderous earth, mag-
nefia, lime, and the three alkalis, likewife
decompofe this falt, and precipitate the calx
of cobalt. 100 grains of cobalt, diffolved
in the vitriolic acid, afford, by the addition
of pure foda, about 140 grains of precipi-
tate; and by cretaceous foda, 160 grains.
This augmentation depends on the oxygi-
nous principle of the vitriolic acid, which
is united to the cobalt; and in the fecond
cafe, likewife on the cretaceous acid, which
combines with the calx of cobalt. The vi-
triclic acid, diluted with water, alts on
zaffre, and diffolves a portion, with: which
it forms vitriol of cobalt.

The nitrous acid diffolves the regulus of
cobalt, with effervefcence, by the affiftance
of a gentle heat; nitrous gas is difengaged,
in proportion as the oxyginous principle of
the acid unites with the cobalt. When the
folution is nearly faturated, it is either of a
rofy brown, or bright green colour. By a
ftrong evaporation, 1t affords nitre of cobalt,
in fmall needles, joined together. This falt is
very deliquefcent, boils up on hot coals,
without detonating, and leaves a deep red

calx.
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calx. It is decompofed by the fame faline
intermediums as the vitriol of cobalt. If
more alkali be added in thefe decompofitions,
than is neceflary to precipitate the cobalt,
the precipitate difappears, by f{olution in
the excefs of alkali.

The muriatic acid does not diffolve cobalt
in the cold, but takes up a portion by the
affiftance of heat. This acid a&s more
{trongly on zaffre, forming a folution of a
red brown, which becomes green when
heated. By evaporation, it affords a cryf-
tallized falt, in {mall needles, very deliquef-
cent, which becomes green when heated,
and is foon after decompofed.

Aqua regia diffolves cobalt rather more
eafily than the muriatic, but lefs {o than the
nitrous acid. This folution has been long
known as a fympathetic ink, which is not
vifible unlefs heated, in which cafe it be-
comes of a beautiful {ea-green, that difap-
pears in proportion as the paper becomes
cold. This property belongs to the folution
of the cobalt in the muriatic acid ; and the
nitrous acid of the aqua regia only facilitates
its {folution and fufpenfion. It was formerly
thought, that the green colour, produced
by heat in the fympathetic ink of cobalt,
arofe from the metallic falt being cryftal-
lized, and afterwards attracting a fuflicient

~ quantity of water, from the cold air, to dif-
: - folve
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folve it, and caufe it to difappear intirely ;
but it is proved, that the marine falt of co-
balt, diffolved in water; aflumes the fame
colour when expofed to a certain degree of
heat.

The acid of borax does not diflolve cobalt
immediately ; but when a folution of borax is
mixed with a folution of the femi-metal, in
one of the foregoing acids, a double decom-
pofition takes place. The foda unites with
the acid which held the metallic calx in
folution, and the calx combining with the
acid of borax, forms a precipitate, which
may be feparated by filtration.

Cobalt has no action on moft of the neu-
tral falts. Heated with nitre, it becomes
calcined. If a mixture of one part of cobalt,
in powder, and two or three parts of dry
nitre, be thrown into a red-hot crucible, a
ftrong detonation does not follow, but {fmall
{cintillations are very evidently feen. A por-
tion of the cobalt is found, converted into @
calx, of a red colour, more or lefs deep, and
fometimes of a green. This experiment, as
well as many others, relating to the detona-
tion of nitre with metallic {ubftances, de-

ferves to be more particularly attended to.

Cobalt does'not decompofe fal ammoniac.
Bucquet, who made this experiment with
great care, did not obtain a particle of vo-
latile alkali; a circumftance which no doubt
depends on the {mall degree of affinity,

which
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which exifts between this femi-metal and
the muriatic acid.

The aétion of inflammable gas'on cobalt
is not known, Sulphur umtes very diffi-
cultly with this {fubftance ; liver of {ulphur
favours this c.omblnation, and produces a
kind of artificial ore, of a finer or clofer
grain, and of a whiter or yellower colour,
in proportion to the quantity of fulphur in
the combination. M. Baumé, who hasgwen
an excellent account of this compound, in
the fecond volume of his Chemiftry, ob-
ferves, that it is not decompofable by acid,
and that fire is not Ca-pablc of feparating all
the fulphur. _

Cobalt is not ufed in its metallic ftate ;
its calx, as we have obferved, is applied to

ive a blue colour to glafs, enamel, pottery,
and other {ubftances of the like nature.

Exp orF VOLUME THE SECOND.



