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PREFACE.

I
Happened to be converfing, a few
months ago, with a foreign gentleman

of diftinguifhed knowledge and abilities,

on a circumftance which is obferved by
every foreigner, who is capable ofmaking
obfervations, and of which every native,

whole information extends beyond the

productions of his own country and one

or two among the fwarm of Parifian jour-

nals, muft be fufficiently fenfible : I mean,

on the very flow and imperfedt manner

in which the improvements of literature

and fcience, that are made in feveral coun-

tries abroad, become generally known in

England ; and to the accidental occur-

rence of this fubjedt, the prefent publica-

a 3
tion



VI PREFACE.
tion entirely owes its rife. The train of

fuch a converfation would naturally lead

us to recoiled: many names, among the

philofophers of Germany and Sweden in

particular, ofwhom it may be faid, almoft

in the ftrid: acceptation of the terms,

'H/xaj cTe xXtog olov UKzoy.iv, jjJe n ’ifytv'

with whofe contributions to the fum of

human knowledge, the Authors and Pro-

feffors of Britain, how confident foever

of their own fuperiority, might find it

no difadvantage to be better acquainted

than they in general appear to be.

In a review of this kind, it was im-

poilible to leave, unnoticed, the merits

of that original genius, whofe effays are

collected into this volume, and concern-

ing whom it was well obferved to me by a

near relation of Bergmann, that thegreatejl

o/Bergm Ann’s difcoverics was the difcovery

o/’Scheele. It was not long before I learn-

ed, during a continuance of our conver-

fation, that my friend had, lying among
his papers, ,mofl of the following effays,

which he had been induced to tranflate,

at
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at different periods, in confequence of
the folicitations of different perfons, who
were eager to obtain fuller information

concerning them than could be had from
any Englifh book. I was no fooner appri-

fed of this treafure, than I became defl-

rous of laying it open to public accefs

;

and accordingly offered, when he hefita-

ted, becaufe the translation was, for the

mod part, written when his acquaintance

with our language was very imperfedt,

and mud therefore be altogether undt

for the prefs, to revife and corredt it as

well as circumdances would permit. And
in performing this tads of minute dili-

gence, I have not contented myfelf with

a bare perufal of the manufcript, but

have almod condantly compared it with

twro German trandations, one by Profef-

for Kaestner of Gottingen, which is by

no means free from inaccuracies and mil-

takes, and the other by Dr Crell or

fome of his coadjutors, wEich, though for

the fake of brevity, fome parts of diffe-

rent papers are omitted, and others a-

bridged, I have found very exadtly to

a 4 convey
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convey the author’s fenfe. - Hence, al-

though the moll carelefs reader of the

following pages will undoubtedly be of-

fended with many harfh conftru&ions,

and many phrafes of foreign growth, yet

I hope with fome confidence, that few

obfcure palfages will occur, and fiill few-

er in which the meaning of the original

has been mifreprefented. The aids which

I have juft mentioned, have enabled me
to exhibit a faithful tranilation ; but in

order to have flood any chance for

attaining corre&nefs of language, I

mult have tranfcribed the whole manu-
fcript, a labour to which I would never

have fubmitted, even if the various en-

gagements which occupied my time had
not rendered it impofiible.

I have juft alluded to the Swedifh efi

fays, as the original; but the truth is,

as I have been credibly informed, and it

is a curious circumftance, that Mr Scheele

tranfmits his communications to the
«

Stockholm Academy of Sciences, not in

Swedifh, but in German, his native lan-

guage,
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guage, from which they are tranflated

by fome Member, in order to be inferted

in the Tranfadtions. This may perhaps

account for the obfcurity of one or two

paffages of no great moment, which I am
obliged to leave as I found them, not be-

ing able to clear them up by the help ei-

ther of the German or the French tranf-

lation, as it occurs in the Journal de Phy-

fique . Thefe paffages, which are, I

think, not above two in number, I in-

tended to point out to the reader ; but I

neglected to note them, and cannot now
difcover them.

»

I have, moreover, made fome additions,

fuch as the papers of Mr Wiegleb and

Mr Meyer, together with thofe both ofthe

author and of Dr Crell, which occur at the

end of the volume, and are chiefly taken

from the moft excellent of modern jour-

nals. Other fources, too, would perhaps

have afforded other additions to the au-

thor’s difcoveries and corredlions of his

opinions; but having fo lately annexed

to Bercmann’s Dissertation on E-

lectjve

v
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lective Attractions, much of what
it would have been proper to obferve con-

cerning Mr Scheele’s experiments and

deductions, as far as I am acquainted

with it, I chufe rather to refer to that

publication, than repeat the fame things

in the prefent. I know not whether it

can now be necedary to put any reader

on his guard againfl the notions concern-

ing the compofition of heat which run

through mod of the effays, and are em-
ployed to explain the phenomena ofphlo-

gifbic procedes, as they have been deno-

minated—phenomena, perpetually recur-

ring in the operations of chemidry. Yet

erroneous as this theory certainly is, it

required for its formation no common
talents ;

it is among the mod driking

proofs of a genius for difcovery, and im-

plies nothing lefs than accuracy of ob-

fervation, and equal fagacity and bold-

nefs in deducing concludons. The ne-

cedity of fome body, which diould fup-

ply both pure air and phlogidon, had ne-

ver been fo clearly dated, nor had this

principle been applied in a fydematical

,
manner.

/
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manner, to account for the appearances.

The reader needs only to fubftitute wa-
ter for heat, and all will be conform-

able to the molt accurate experiments

with which we are even yet acquainted.

Had the author but fortunately fixed up-

on another element, as it was fuppofed to

be, his view of chemiftry would perhaps

have been as juft as it was extenfive. But

what analogy led to this ? and who, with-

out the moft direct experiments, would

have allowed himfelf to imagine, that

water was more nearly allied to phlogi-

fton than heat? I know indeed, that

this great difcovery, confirmed as it has

been by feveral philofophers*, countenan-

ced by all the phenomena which appear

in the leaft connected with it, and, with

a fate very different from that of moft of

the great advances in fcience, feeming at

once likely to meet with univerfal recep-

tion, without cavil or contradi&ion, has

been lately called in queftion. But if

the

* Watt, Priestly, Lavoisier, even Mr Kir-

wan, while he maintains an hypothecs fcemingly quite

inconfiftent with it, Teems to admit it.

/
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the account of Mr Fontana’s experi-

ments, which has lately been given in a

French Journal (Journ. de Phyf. Septem-

bre 1785) be not exceedingly defective,

it is certain that they do not in the fmal-

left degree tend to invalidate the conclu-

sions of Mr Cavendilh. They only fhew,

that Mr Lavoifier has formed fome opi-

nions with too much precipitancy.

The printer’s mark Sufficiently intimates

the defign of continuing this collection.

At prefent, there are but few materials for

a fecond volume. The continuation of

the experiments on Pruffian blue, and

a few other papers of very recent date, be-

ing, I believe, all that the author has

publifhed, except the contents of this vo-

lume, and the Freatife on Air and Fire.

I can only therefore promife to gratify

the impatience of the public as foon as

poffible, and ffiall be willing to publilh

the fecond volume in three or four diffe-

rent parts, of which the firfi: Shall appear,

as foon as the author himfelf {hall have

Supplied materials for a few flieets.

The
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The eflays of Mr Scheele have been
lately published in France, with notes by
Mr Morveau ; but as I have not hitherto

been able to procure that tranflation, I

could not borrow any afliftance from it;

but whatever it contains, more than the

prefent, of ufeful or curious matter, lhall

be added in the fecond volume.

THOMAS BEDDOES.

Edinburgh, Feb. 12. ?
1786. 3

P, S . Having fortunately procured the

fecond part of the paper on Pruflian

blue fince this preface went to the prefs,

I have fubjoined it at the end of the pre-

fent volume, that the reader might not

be left in a difagreeable hate of fufpenfe

by the half-finiflied difcuflion of fo in-

terefting a fubjedt.

\

CON-
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CHEMICAL ESSAYS,

ESSAY I.

On Fluor Mineral, and its Acid.

1771.
.

,

'
,

'

§ 1.

FLUOR mineral is a kind of (tone,

efpecially remarkable on account of
the beautiful phofphoric light which it

yields in a dark place, when it has been
heated. But its condiment parts are as

yet little known. In order to difcover

them, I made feveral experiments with

this fubdance. I made ufe of two forts,

one of a green colour, found at Garpen-
berg, and a white fpecies from Gidof in

Scania.

§ 11.

It is well known, that fluor mine-

ral, after having been once thoroughly

heated, lofes its power of becoming phof-

phoric for ever after. In order to find

out whether it thus lofes any of its con-

Vol. I, A ftituenc
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ftituent parts, I expofed three ounces in

a covered crucible to a ftrong fire, fo that

it was thoroughly heated. It decrepitated,

as foon as it grew red hot, with a loud

noife, very like common fait. I took it

out of the furnace, and found, after it

was cooled, that it had loft hardly any of

its weight, and that it appeared in eve-

ry refpedl like fluor mineral which had

not been burnt, only that it, ]\Ji, Neither

Ihowed any figns of decrepitation nor phofi-

phorefcence, on being heated anew
;

2dly^

That it was more friable than before ;
and

$dly
y
That the green fort had become red-

dilh, and the white had loft its tranfpa-

rency.

§ ni.

I put a piece of fluor heated to phof-

phorefcence, into cold water : It imme-
diately loft a great part of its light, re-

taining, however, fome glimmering for

very near an hour. The fame thing hap-
pened when it was put into acids, inftead

of water
;
but the folution of fluor in

acids, though made by boiling, fhewed
no kind of phofphorefcence. A piece of
fluor, in its luminous ftate, fufpended by-

means of a brafs wire in the vacuum of
an air-pump, continued to emit light for

about an hour, but it was faint during
the laft half hour.

§ iv.
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§ iv.

The following experiments were made,
in order to find whether the property

of becoming phofphoric could be refto-

red to the fluor, after it had been once
loft.

Fluor mineral that had been thoroughly

heated, was ftratified with powder of

charcoal in a crucible, which, after being

well clofed, was kept hot for two hours.

It was then taken out of the fire, cooled

and heated again, but no light appeared.

Burnt fluor was expofed to the fiinihine

for a whole day, and afterwards heated,

with as little fuccefs. I therefore con-

clude, that its phofphorefcence does not

depend upon a fubtile inflammable mat-

ter.
/

§ V. Effefts of Acids on Fluor.

I poured two ounces of concentrated

vitriolic acid upon the, fame quantity of

fluor, which had been previoufly powder-

ed in a glafs mortar, and then put into a

retort, to which a receiver was adapted,

and the juncture well clofed with gray

blotting paper : A gentle fire was then ap-

plied
;
the mafs began immediately to ef-

fervefce and fwell
;

invifible vapours pe-

netrated every where through the joining

of the veffels
;
and, towards the end ot

. A 2 the



ESSAY I.4

the procefs, white vapours rofe, and form-

ed a white matter on the whole internal

furface of the receiver. The lute was fo

much corroded as to be quite friable be-

tween the fingers, but its colour was un-

changed. The mafs remaining in the re-

tort was as hard as {tone, and could not

be taken out without breaking the vefifel.
i

§ VI.

The procefs (v.) was repeated exactly

in the fame manner, excepting only, that

a quantity of diftilled water was put into

the receiver before the operation. When
the mafs began to grow warm, and to

fwell, a vapour rofe, which was conden-

fed upon the furface of the water in the

receiver, and formed juft in the center

of it, immediately under the mouth of

the retort, a white round fpot : This fpot

continually increafed, till it at laft oc-

cupied the whole furface of the water,

forming a pretty thick cruft, which pre-

vented the communication of the water

with the new vapours that came over
;

I

therefore gently agitated the receiver, up-

on which this cruft burft and fell to the

bottom, and foon after a new cruft like

the former was produced. At laft the re-

ceiver, and foon after likewife the retort,

were become white in the infide. As foon

as the vapours ceafed to rife with a gentle

fire,
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fire, the vefTels were permitted to cool.

Their internal furface was found much
corroded. The liquid in the receiver was
a mixture of water,' and of ai; acid, which
the vitriolic acid had expelled from the

fluor. The great quantity of white mat-
ter which had fettled at the bottom during

the procefs, was feparated from it by fil-

tration.

§ VII.

The mafs remaining in the retort was
reduced to a fine powder, and edulcorated

with diftilled water, till no veftige of acid

appeared. This lixivium was filtered, and
a little evaporated by boiling. In a few
days time felenite was depofited, with a

little alum, weighing about two fcruples.

The lixivium was then evaporated anew,

and its fuperfluous acid faturated with ve-

getable alkali
;
but no more cryftals were

depofired.
s

,

*...

§ VIII.

The lixivium, thus infpiffated by eva-

poration, became blue on the addition of

phlogifticated alkali. In both proceffes,

(v. vi.) I ufed the green fluor. In orden

to know whether the folutions of every

kind of fluor mineral fhewed figns of

iron, I made an experiment with the white

fpecies, previoufly calcined with concen-

A 3
trated



6 ESSAY I.

trated vitriolic acid in a crucible
;
but no

Prufiian blue was obtained by means of

the fame phlogifticated alkali
;
the green

colour therefore is owing to iron.

§ IX.

The remaining refiduum of the for-

mer diftillation, after being perfectly edul-

corated by means of diftilled water, was
boiled repeatedly with rain-water, until

feven kannes of water were ufed, where-

by every thing foluble in water was dif-

folved, fince nothing was precipitated

from the laft water employed, by adding

alkali of tartar. The mafs now remain-

ing was -4 of the whole employed. It was
reduced to fine powder, and calcined with

acid of vitriol to drynefs. In the begin-

ning of this operation, a quantity of cor-

rofive vapours were feparated from the

maE, which at the fame time fwelled con-

fiderably. After the veffel was cooled, I

reduced the mafs to a very fine powder,

boiled it in pure water, and found it en-

tirely diffolved. On part of this folution

I poured fome cauftic volatile alkali, which
produced no precipitation

;
but, by means

of alkali of tartar, true calcareous earth

was precipitated. A kanne of the liquor,

from which the precipitation was obtain-

ed, yielded upon evaporation vitriolated

vegetable alkali. The alkali, at the fame
time,
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time, decompofed an earthy fait, (felenite,)

which was diffolved in the water. The
remaining fourth part, not foluble in wa-
ter, was powder of fluor undecompofed.

§ x.

Fluor, therefore, confifls principally of
calcareous earth, faturated with a pecu-

liar acid
;
the nature of which we fhall

invefligate hereafter. Pure clay, or, as it

is generally called, earth of alum and iron

feem to be accidental ingredients. The
following experiments vyill prove this fyn-

thetically.

I mixed diluted acid of fluor, obtained as

in par. vi. with lime-water, upon which
a white powder was immediately precipi-

tated. When nothing more would preci-

pitate, the water was found perfectly pure.

The precipitate itfelf, though not of a

cryflalline form, proved however to be the

fame as fluor. It yielded phofphoric light

when put upon a red hot flone in the

dark, melted by means of the blowpipe,

and flill more readily by adding fome

gypfum. And when this fluor, thus ar-

tificially produced, was again decompo-

fed by means of vitriolic acid, it {hewed

itfelf to be the fame as the native.

§ XI.

The white matter, which, during the

A 4 proceffes.
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proceffes, (No. v. vi.) was- depofited in

the receivers, after being well edulco-

rated and dried, {hewed the following pro-

perties : i. It was rare, friable, and white.

2. It was not fenfibly foluble in acids.

3. It did not make a tough pafte with wa-
ter, but was loofe and incoherent after be-

ing dried. 4. It diffolved by boiling in

lixivium tartari, and the folution on cool-

ing affumed a gelatinous confidence. 5. In

its pure (late it buffered no change in the

flronged heat
;
but, 6. When mixed with

a little alkali of tartar, it frothed and
boiled in a melting heat, and formed a

glafs. 7. This glafs, with three parts of

fixed alkali melted in the fire to a blui£h

miafs, which, when powdered and put in-

to a cellar, fil'd deliquiated, and then be-

came gelatinous. The acids precipitated

a powder from it. 8. It diffolved in borax

without any intumefcence. Thefe feveral

properties lhew it to be filiceous earth.

§ XII.

That this filiceous earth was formed
during the proceffes themfelves, appears
from feveral experiments.

(a) I poured vitriolic acid upon powder-
ed fiuor in a cylinder of brafs, which was do-
led by an exadl cover, after having fufpend-
ed over the mixture an iron nail and a bit of
charcoal. Two hours afterwards I opened

the
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the vefiel, and found the nail and charcoal
unchanged. I now moiftened them, and
fufpended them as before. The cover

was put on again, and, being removed in

two hours, I found the nail, as well as the

coal, covered with a white powder, which
had all the properties of filiceous earth.

In this experiment I made no ufe of glafs

vefiels. The filiceous earth, therefore, ob-

tained in the experiments (v. vi.) was not

the earth of the glafs difiblved by the

acid of fiuor, and afterwards precipitated,

as one might otherwife fufpedl, from the

internal furface of the glafs being To much
corroded.

(b) The artificial fiuor (x.) was treated in

the fame manner, by means of vitriolic

acid, as the native, (vi.) and diftilled wa-

ter was poured into the receiver for the

condenfation of the acid. As foon as the

fumes reached the furface of the water, a

white cruft of filiceous earth was fortned.

When no more acid came over, I filtered

the liquor contained in the receiver, and

found it to be fiuor acid diluted with wa-

ter. By means of lime-water, I obtained

a precipitate, which, like the former, was

an artificial fiuor, and its acid was extri-

cated by the vitriolic, with the fame phae-

nomena as in the former experiment.

Upon repeating this experiment five times

in the fame manner, I confiantly found
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the filiceous earth and the acid diminifh

considerably, fo that, after the lad effay,

the water had hardly any mark of acidity.

Thence I conclude, that all the fluor

acid united itfelf by degrees with the va-

pours of water, and thus formed the fili-

ceous earth. It may be objected, that

the fluor acid is perhaps already united,

by nature, with a fine filiceous powder,
which.it volatilifes and carries over in di-

ftillation, but leaves it as foon as it finds

water to unite with, juft as muriatic acid

parts from the regulus of antimony, when
butter of antimony is dropped into water.

But if this was the cafe, the fluor acid

would leave the whole quantity of fili-

ceous earth thus combined with it in the

firft diftilla^tion, and therefore fhow no
mark of its prefence in the following pro-

ceffes.

(c) When I put fpirit of wine into the

receiver inflead of water, no filiceous earth

was produced
;

but the alcohol became
four.

(d) When I put an undfcuous oil into

the receiver, all the fluor acid penetrated

through the crevices of the lute, and did

neither unite with the oil, nor produce a

filiceous earth.

(e) This alfo happened when acid of

vitriol was put into the receiver. If, there-

fore, the filiceous earth was not a produdl

of
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of each diftillation, but, being previoufly

contained in the acid, was only depofited

from it, in confequence of the union

of the acid with a third fubftance, I think

the filiceous earth ought equally to appear

when alcohol was put into the receiver,

with which it unites, as well as with wa-
ter

;
but as this does not happen, I con-

clude, that not all the filiceous earth,

which is depofited upon the furface of

water during the diftillation of the fluor

acid, was previoufly diffolved in this acid.

§ XIII.

I diflilled one part of powdered fluor

with two parts of concentrated nitrous

acid, one part of which went over, to-

gether with the fluor acid, and upon the

water of the receiver there was a thick

cruft formed. The mafs remaining in the

retort was calcareous earth, faturated with

nitrous acid, of a porous texture and red-

difh colour, which attradled moifture from

the atmofphere.

§ xiv.

Two parts of concentrated muriatic

acid being diflilled with one part of the

fpar, the fluor acid paffed over into the

receiver with a large quantity of the

muriatic. The internal furface of the

receiver, as well as the furface of the wa-

ter
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ter contained in it, was covered with a

white cruft. The refiduum in the retort

was reddifh, attracted moifture from the

air, and exhibited the properties of mu-
riated lime, (fixed fal ammoniac).

§ xv.

If there had appeared no filiceous

earth, except when vitriolic acid was em-
ployed for expelling the fluor acid, it

might feem as if this earth owed its ge-

neration to the vitriolic acid. (Becher

and Stahl pretend, that acid of vitriol

contains filiceous earth). The fluor acid,

reduced into vapours, might be fuppofed,

in this cafe, to deprive the vitriolic acid

of this earth, and to lofe that power again

in proportion as its vapours are condenfed

and unite with water
;
but as there is fi-

liceous earth likewife produced, when no
vitriolic acid has been employed, it is evi-

dent that this earth has not been feparated

from the acid of vitriol during the diftil-

lation.

§ XVI.

I diffolved fome fpar in the nitrous

and in the muriatic acid, in a land bath.

From thefe folutions, a calcareous earth,

capable of effervefcing with acids, was

precipitated, by aerated or common fixed

alkali. But if the precipitation was per-

formed
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formed with cauflic fixed, or with volatile

alkali, the precipitate was fluor in fine

powder. The fame thing happened with
aerated volatile alkali. When vitriolic

acid was added to the above foliations,

a precipitation took place immediately,

and the precipitate was vitriolated lime.

The fame thing happens if vitriolated

magnefia, (Epfom fait), vitriolated vege-

table alkali, (vitriolated tartar), or vitrio-

lated volatile alkali, (Glauber’s fal ammo-
niac), were mixed with the above folu-

tions.

§ XVII.

I digefted powdered fluor with phofi-

phoric acid, which diflolved a good deal

of it. On diftilling this folution, the fluor

acid went over, together with the watery

particles of the mixture
;
but the remain-

ing mafs in the retort had the properties

of afhes of bones.

It has been lately difcovered, that the

earth of bones or horns is calcareous earth

combined with phofphoric acid.

Diddled vinegar and acid of tartar had

no effedt in decompofing the fluor.

§ xviii. With Alkalis .

I melted one part of fluor with four

parts , of cauflic fixed alkali in a cru-

cible, upon which I afterwards poured

water.

>
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water, in order to diffolve all the foluble

parts. I found the alkali had not in the

leaft united with the fluor
;

this latter re-

maining unchanged after the water had
diffolved the alkali.

§ XIX.

I melted one part of powdered fluor

with four parts of aerated fixed alkali,

and then poured water upon it, which
diffolved all that was foluble

; there re-

mained at the bottom calcareous earth,

which effervefced with acids. The liquor

before mentioned was evaporated, and con-

tained fixed alkali united with fluor acid,

which remained dry in the air.

§ XX. With neutral Salts .

I diflilled one part of powdered fluor

with two parts of muriated volatile alka-

li (fal ammoniac). At firft, cauftic vo-

latile alkali paffed over, then fal ammoniac,
at lafl yellow flowers, which attached

themfelves to the internal furface of the

veffel with the fal ammoniac. The refi-

duum in the retort was fluor unchanged.

The iron contained in the fluor was
mod probably the caufe of the fmall de-

compofition of the fal ammoniac, which
took place at firft.
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§ XXI.

I fublimed one part of powdered fluor

with two parts of vitriolated volatile al-

kali, (fecret ammoniac of Glauber)
;
and

obtained, firft, fome cauflic volatile alka-

li, then a kind of fal ammoniac. The refi-

duum in the retort was vitriolated lime (fe-

lenite) ;
the acid of fluor confequently

united in this procefs with the volatile al-

kali, forming a kind of fal ammoniac
;
and

its earth remaining in the retort, united

with the vitriolic acid of the vitriolated

volatile alkali. I diffolved this kind of fal

ammoniac in lime-water, and obtained a

precipitate, which was regenerated fluor.

On mixing fome of the fame fal ammoniac
with a folution of vitriolated magnefia, a

precipitation likewife took place.
4 / ,

§ XXII.

I expofed equal quantities of powder-

ed fluor and corrofive fnblimate to fub-

limation. The mercurial fait rofe unal-

tered
; but a final 1 quantity of muriatic

acid went over towards the end of the pro-

cefs. The refiduum in the retort was fluor

unchanged. The muriatic acid obtained

in the receiver had been probably firft dif-

engaged from the corrofive fublimate by

the iron contained in the fluor ;
but was

afterwards again feparated from it by the
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too great degree of heat, and was thus

carried over into the receiver.

«

§ XXIII.

I expofed equal quantities of pow-
dered fiuor and vitriolated mercury in a

clofe vefiel to the fire, and obtained firft

a liquid
;
but foon after, when the retort

became red hot, fome fiuor acid went
over, and fome globules of quickfilver

adhered to the neck of the retort. The
refiduum was of a reddilh colour. The
fmall decompofition, which took place

here, was likewife owing to the iron con-

tained in the fiuor
;
for, after the iron had

united with a part of the acid of the vi-

triolated mercury, fome quickfilver was
necefiarily difengaged, and rofe

;
but,

on increafing the heat, the vitriolated

iron was again decompofed, and its acid

left at liberty to unite with the calcareous

earth of the fiuor, and thus expel the acid

of fiuor.

§ xxiv. With Sulphur and Arfenic.

Fluor expofed to fire in clofe veflels,

with an equal quantity of arfenic, fuf-

fered no change. The fame thing happen-

ed with fulphur.

§ xxv. On the Acid of Fluor.

The effects produced by fiuor acid upon
other
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other bodies is very remarkable. By
the fmell alone it is not diftinguilhable

from the muriatic acid
; but the expe-

riment in xiv. evidently {hows, thtft

thefe two acids are very different. Befides

this, the fluor could not be fixed, perma-
nent, and of a tranfparent and cryfialline

appearance, but would be conftantly li-

quid, like muriated lime. The fluor acid,

in fome experiments, a<fts like muriatic

acid
;
in others like acid of tartar

;
but in

others it fhows phenomena peculiar to it-

felf.

i

§ XXVI.

The fluor acid, obtained in the man-
ner defcribed in vr. was filtered, and

rectified in a glafs retort, by means of a

gentle fire. The whole liquor which a-

fcended at firft wras of a fourilh. tafle

;

at the end of the procefs the vapours were

concentrated fluor acid
;
they formed a

white cruft upon the more diluted acid

which came over firft. After thofe va-

pours had done rifing, I found the inter-

nal furface of the retort much corroded

by the concentrated acid, and, at the bot-

tom of the retort, fome filiceous earth was

left behind, which had been before dif-

folved in fluor acid, and may be feparated

from it befides by another method, of

which I (hall fpeak hereafter.

Vol. I. B The
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The filiceous earth thus produced to*

wards the end of the procefs, was fepa-

rated by filtration from the rectified acid,

with which I then repeated the fame pro-

cefs. At the end of it I again found fili-

ceous earth in the retort, as well as in the

receiver. After a third re&ification, I ob-

tained the fame. Thence it feems to fol-

low with certainty, that the acid alfo, by
itfelf, might be changed entirely, with

vapours of water, into filiceous earth, if

the diflillation was repeated with water

always in the receiver.

§ xxvii. Effects produced by this Acid on

Alkalis . ,

The folution of alkali of tartar in fluor

acid immediately formed a gelatinous

mafs, almoft without tafte. I filtered and
evaporated it, but was not able to bring

it to cryflallifation. I evaporated it then

to drynefs, and obtained a faline mafs,

which only was in weight the fixth part

of the fixed alkali diffolved
;
did not change

the colour of fyrup of violets, but pre-

cipitated lime-water. The liquid above
this precipitate was a folution of pure al-

kali in water. The fame fait likewife

precipitated the folutions both of mu-
riated lime, and vitriolated magnefia.

The precipitate obtained from the lime-

water
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water and folution of muriated lime, was
regenerated fluor.

The gelatinous folution of fixed alkali

in fluor acid was well edulcorated, dried,

and expofed to the fire in a clofe covered

crucible. It melted without any ebulli-

tion. I then took it out and powdered it.

The tafle was cauflic* Expofed in a cel-

lar, it deliquefced, and fhowed itfelf in

every refpedt to refemble the liquor fili-

cum.

§ XXVIII*

With mineral alkali fluor acid yielded

exadlly the fame products as with the ve«

getable.

§ XXIX.

Volatile alkali diffolved in fluor acid

likewife formed a jelly, which, when it

was feparated from the liquid, and well

edulcorated* I found to be real filiceous

earth. The fupernatant liquid had a tafle

refembling that of the vitriolated volatile

alkali, and yielded cryflals, though indeed

very fmall, with which I tried the follow-

ing experiments :

(a) By fublimation, I at firft obtained

a little volatile alkali, and afterwards fal

ammoniac, of a tafle rather acid.

(b) Upon diflillation, with a mixtuie

B 2 of
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of powdered chalk and water, all the vo-

latile alkali came over immediately.

(c) On the addition of lime-water, re-

generated fluor was inftantly precipi-

tated.

(d) A precipitate of the fame nature as

the former was obtained, when the com-
pound of fluor acid and volatile alkali

was put into a folution of muriated lime.

The liquor was a folution of common fal

ammoniac.
(e) Regenerated fluor was likewife pre-

cipitated by a folution of lime in nitrous

acid.

(f) A powder was precipitated from the

folution of fiver, which, by means of the

blowpipe, was reduced to fiver, lofing, at

the fame time, its acid, which partly flew

off, and in part uniting with the watery

particles of the flame, generated fliceous

earth, which appeared in the form of a

white circular fpot upon the charcoal,

round the reduced fiver.

(g) A mafs was precipitated from the

folution of quickflver in nitrous acid, en-

tirely volatile in heat
;

but a folution

of corrofve fublimate remained unchan-
ged.

(h) All the lead was precipitated from
its folution in nitrous acid.

(i) A folution of vitriolated magnefa
became turbid.

,

(k) Vitriolic
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(k) Vitriolic acid, mixed with the fo-

lution of this kind of fal ammoniac, and
diftilled in clofe veffels, yielded pure fluor

acid, which formed, at the fame time, a

thick cruft upon the water in the receiver.

Regenerated fluor, obtained in the man-
ner as mentioned c, D, E, is decompofed
by digeftion with aerated vegetable alkali.

The acid of fluor unites with the alkali

;

but the calcareous earth, thus freed, uni-

ting, at the fame time, with the aerial

acid, falls to the bottom of the veffel.

When the experiment was made with

aerated volatile alkali, no decompofition

enfued.

§ XXX. On Abforbcnt Earths.

(a) A folution of lime in fluor acid re-

mained clear till the acid was faturated

;

but then the whole quantity of diilolved

earth united with the acid into a mafs,

which partly precipitated and partly con-

gealed with the liquid into a jelly in the

open air, and proved to be regenerated

fluor.

(b) Magnefia, diffolved in the fluor acid,

partly precipitated immediately wicn it,

and in part formed a jelly.

(c) Pure clay, or earth of alum, formed

with the fluor acid a fweet folution, which

alfo formed a jelly.

13 ^ § xxxi.
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§ XXXI. On Metals.

The under mentioned metals were di-

gefted with fluor acid in feparate glafs vef-

fels for fix hours. The liquor was made
to boil towards the end. They {hewed
the following phenomena :

(a) Gold was not attacked. The fluor

3-cid fhewing in fome particulars a refem-r

blance with muriatic acid, I was induced
to try whether it would diffolve gold,

when mixed with nitrous acid, as muria-

tic acid does j
but without fuccefs.

(b) Neither did fllver undergo any
change. The calx of fllver, precipitated

by an alkali, was partly diflolved
;
but

the remainder united with the fluor acid

into an infoluble mafs, which lay at

the bottom of the veffel. On pouring vi-

triolic acid upon it, the fluor acid was
expelled, under its common form of a

corrofive vapour.

(c) Quickfilver was not diflolved
; but

the calx of quickfilver, precipitated from
nitrous acid by fixed alkali, was diflolved

in part. The remaining infoluble part

united with the acid, and formed a white

powder, from which the vitriolic expelled

the fluor acid in the form of vapour.

The fame powder formed, by means of

the blowpipe, a yellowiih glafs, which,

however, evaporated by degrees, leaving

at
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at the end a fmall globule of fixed glafs

behind.

(d) Lead was not difiolved
; but with

its calx the acid formed a fweet folution,

from which the calx could be precipitated

by vitriolic or muriatic acid, as alfo by
fal ammoniac. After digefting a quanti-

ty of acid with calx of lead, which ha-

ving been previoufly digefted with the

fame calx, of courfe held fome of it al-

ready difiolved, a fpontaneous precipita-

tion took place. The vitriolic acid ex-

pelled that of fluor from the precipitate,

in the form of corrofive vapours. It was

eafily brought into fufion by means of the

blowpipe, when the acid flew off, and the

calx of lead was reduced. Part, however,

of the glafs remained fixed in the fire.

(e) Copper was partly difiolved
;
for the

acid, after digeftion with this metal, grew

bluifh, on the addition of volatile alkali.

The calx of copper was readily foluble.

This folution was gelatinous
;
yielding,

however, blue cryfials, partly of a cubic,

partly of an oblong form, from which the

acid could not be feparated but by heat.

(f) Iron was attacked with violence.

The vapours which arofe during the folu-

tion were inflammable. The folution had

a tafte like vitriol of iron ;
it congealed

during the evaporation, but was not re-

ducible into cryfials, forming only a hard

B 4 mafis.
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mafs, after all the liquid was evaporated.

Vitriolic acid expelled from this mafs the

fluor acid under the form of vapours. The
fame effect was likewife produced by
fimple heat; and in this cafe a red ochre

or calx of iron was left behind. The calx

of iron was likevvife foluble in this acid;

the folution had a tafte like alum
;

it could

not be reduced to cryftals
;
upon the ad-

dition of alkali, it was decompofed, and
the calx precipitated.

(g) Tin was not foluble
;
but the calx

was eafily diffolved
;
the folution became

gelatinous
;

it had a naufeous tafte.

(h) Qifmuth was not diffolved
;
but its

calx was diffolved by the acid, with the

very fame phamomena as the calx of lead,

(i) Zinc produced the fame effects as

iron with the fluor acid, excepting that

the folution feemed to be more inclined to

cry ftal life.

(k) The regulus of cobalt- was not fo-

luble
;
but its calx diffolved and formed

a yellow gelatinous matter.

(l) The regulus of antimony was not

attacked
;
neithet was powdered crude an-

timony (antimonium fulphuratum) ieniibly

diffolved.

§ XXXii. With Solutions of Salts.

(a) Fluor acid precipitated fomething

from a folution of filver* The fmall quan-

tity
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tity of precipitate, thus obtained, neither

melted nor evaporated under the blow-
pipe.

(b) Quickfilver, difTolved in nitrous a-

.cid, yielded precipitate, which melted up-
on the charcoal under the blowpipe, and
was afterwards evaporated. The folution

of corrofive fublimate was not changed by
the fluor acid.

(c) The folution of lead in nitrons acid

was not changed; but, from the folution

of this metal in vinegar, all the lead was
precipitated by the fluor acid. Upon add-

ing more of this acid than was neceffary

for precipitating the calx of lead, the calx

was difTolved, and found to be foluble af- .

terwards in diddled vinegar.

(d) The folutions of vitriolated iron,

copper, and zinc, of alum and vitriolated

magnefia, were but little afTedled by the

fluor acid.

§ XXXIII.

From what has been faid of the fluor

acid hitherto, it follows :

(a) That it diffolves filiceous earth,

(xxvi.)

(b) That it parts from this earth as

foon as it finds fome other fubftance,

alkali, (xxvii, xxvin, xxix,) abforbent

earths, (xxx.) metals, (xxxi.) to unite with.

(c) That
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(c) That the fluor, produced by art,

(x.) was not quite pure, but mixed with
filiceous earth

;
which however does not

militate againft the aflertion mentioned in

that paragraph
;
for the filiceous earth is

obliged to remain always behind when it

is decompofed, together with the gypfum
that is formed at the fame time.

(d) That the fluor acid will hardly ever

be obtained pure, but always combined
with fome filiceous earth, which may be
feparated from it by volatile alkali.

(e) That if pure fluor acid is to be com-
bined with fome other fubftance, the furefl:

way to effedluate this, is to make firfl

a kind of fal ammoniac by uniting it with

volatile alkali.

(f) A compound of fixed alkali and
fluor acid is capable of combining with

finely divided filiceous earth, via humida*

(xxvn.)

ESSAY

<
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ESSAY II.

On Fluor Mineral. 1771.

§ 1.

I
N the year 1771, I had the honour to

prefent to the Royal Society fome expe-

riments made with fluor mineral, which
were inferted the fame year in the Tranfac-

tions, and by which I proved, that the

condiment parts of this foflil are calcare-

ous earth, and a peculiar acid, to which
I gave the name fluor acid. Two years

afterwards, Mr Boullanger*, in a littleTrea-

tife, endeavoured to fliew, that this acid

was nothing elfe than muriatic acid, inti-

mately combined with fome earthy fub-

ftance. A fhort time after this again Mr
Monnet f brought forward fome experi-

ments, made by himfelf upon the fame

fubftance. He maintains, that the acid,

which I obtained from fluor mineral, is

only vitriolic acid volatilifed by means of

fome extraordinary combination with fluor,

§ 11.

* Experiences et obfervations fur Ie fpath vitreux,

ou fluor fpathique, par M. Boullanger, 1773*

f Obfervations tie phyf. de M. PAbbe Rozier,

tom. x. p. 106. •
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§ n.

Thus we have three different opinions

on the origin of this acid. A natural phi-

lofopher, who feeks for truth, will natu-
rally wifh to know which of thefe opi-

nions he is to follow. Far from adhering
tenacioufly to the proportions advanced in

my former paper, I fhall fhortly examine
the arguments adduced by both thefe Che-
mifts in favour of their refpedtive opi-

nions.

§ hi. :

MrBoullanger maintains, that fluor acid

precipitates the folutions of filver and
quickfilver, yielding with the former mu-
riated filver, (vulgo lunci cornua); and he

afferts, that, by fubliming half an ounce
of the fecond precipitate, he obtained

mercurius didcis. It is indeed true, that

the fluor acid precipitates filver and quick-

filver, as I mentioned likewife in my
Differtation on the fluor mineral

;
but

the precipitate obtained is in very fmall

quantity
;

(for the fluor mineral, as well

as all other mineral fubftances of a calca-

reous nature, is adulterated with a fmall

quantity of muriatic acid)
;
but the great-

eft abundance of the remaining acid will

not precipitate the above mentioned me-

tallic folutions
\ which however fhould

happen,
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happen, if Mr Boullanger’s opinion was
true. He mull have alfo made ufe of a

very large quantity of fluor acid, in order

to obtain fuch a confiderable precipitate

:

For, from the quantity of acid, which I

obtained from two ounces of perfectly

pure fluor, I procured only half a drachm
of luna cornua : But I fhall fhewhow to fe-

parate this fmall quantity of muriatic acid

from that of the fluor. A folution of fil-

ver made with nitrous acid is to be preci-

pitated with alkali of tartar ;
and upon

the precipitate, after being edulcorated, fo

much acid of fluor is to be poured as is

requifite for giving an excefs of acid, and
then the folution is to be filtered. Of this

folution of filver, fo much is dropped into

the fluor acid, till no more precipitation

enfues, then the acid is filtered through

gray paper, and afterwards evaporated to

drynefs in a glafs retort. Water firft comes

over into the receiver
;

this is followed by

fluor acid, which covers the infide of both

the veflels, together with the furface of

the water in the receiver, with a thick fili-

ceous cruft. The acid, thus retftified, does

not precipitate the folution of filver, and

ft\ews not the leaft mark of muriatic acid.

Were Mr Boullanger’s opinion juft, the a-

cid, notwithftanding it has been thus pu-

rified, fhould {till precipitate the folution

pf filver, becaufe he maintains, that, it

the
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the terreftrial part can but be feparated

from the acid, we fhould have nothing
left but* pure muriatic acid *. Now we
know' that this terreftrial part of fluor a-

cid is a filiceous powder
;

if therefore Mr
Boullanger is able to compofe fluor acid

with this powder, or any other filiceous

fubftance and muriatic acid, I fhall imme-
diately give my aflent to his opinion, but
not before. Why does not fluor acid mix-
ed with nitrous acid diflolve gold ? Why
is no corrofive fublimate produced when
fluor acid is diftilled with vitriolated

mercury ? Why do we not obtain plum-
bum cornuum on dropping this acid into

a folution. of lead made with nitrous acid ?

&c. Would not all this happen, if muria-

tic acid was contained in pure fluor acid ?

I readily believe that Mr Boullanger was

not able to expel the^fluor acid from the

fpar by the ftrong concentrated nitrous and

muriatic acid. Had he made ufe of thofe

acids a little lefs concentrated, or diluted

as they commonly are; he would have

furely feen the fluor mineral decompofed,

as well as it was in my experiment ;
for

thefe acids have not fo ftrong an elective

attraction for lime as vitriolic acid has j.a

fmall quantity of water is therefore re-

quired, and then the fluor is decompofed

by means of a double ele&ive attra&ion.

§ IV*

* Exp. & Obf. par M. Boullanger, p. 29.
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§ iv.

I now come to Mr Monnet’s EBay,
who maintains, in oppofition as well to

mine as to Mr Boullanger’s experiments,

that fhior mineral contains neither acid

nor lime, but that this fubflance, being
Volatilifed when united with a fufEcient

quantity of vitriolic acid, forms the acid

called fluor acid. The refiduum in the

retort, or the cryftallifed fait which I and
Mr Boullanger call felenite, is in his opi-

nion quite a different fubflance, fince both
this fait, and the cruft which is fublimed,

want only a fmall quantity of vitriolic

acid, in order to be changed into fluor a-

cid. Such are the conclufians of Mr Mon-
net. Thus we have a new kind of earth

hitherto unknown to Chemifts, and which
will probably remain unknown to them
to all eternity. It mufl be a curious kind

of earth which is fixed by itfelf, but not-

withflanding is able, without the affiftance

of fire, to volatilife the vitriolic acid ; fo

. that both united together form a kind of

air, which even retains its^elaflicity in the

cold. If I juftly think that fluor acid con-

tains not the leafl veftige of vitriolic acid,

and if all the vitriolic acid, made ule of

for the procefs, is found in the retort, af-

ter the diflillation, united with the balls

of the fluor; and if this bafis is lime or

pure
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pare calcareous earth ;—if I fhall be able to

prove this, I fay, Mr Monnet’s theory
muft fall of itfelf.

§ v.

Upon one ounce of pure levigated fluor

with alcohol, I poured three ounces of con-

centrated acid of vitriol, and diftillcd the

mixture in a fand-bath, having previoufly

put twelve ounces of diftilled water into

the receiver. Then I took three other

ounces (as exactly weighed as the former)

of the fame acid of vitriol, diluted with
four-and-twenty ounces of water, to which
I afterwards added lixivium tartari (li-

quid fixed alkali) previoufly weighed, till

I attained the exact point of faturation

;

then I weighed again the remaining lixi-

vium tartari, after the end of the diftilla-

tion, which was continued for eight

hours with fuch a degree of heat, that

none of the vitriolic acid was carried

over ; I carefully broke the retort, took

out the mafs, and reduced it to powder in

aglafs mortar; it was then boiled in a

glafs vefiel with four-and-twenty ounces

of water, for fome minutes
;

after which,

I added juft as much lixivium tartari as I

had found before to be requifite for the

faturation of three ounces of the vitriolic

acid, and continued the boiling for a few

minutes longer. When I at laft came to

examine
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examine the folution, I found it to be per-

fectly neutralifed, neither the acid nor al-

kali prevailing. It was a perfect vitrio-

lated vegetable alkali, (vitriolated tartar)

and confequently not a drop of the vitrio-

lic acid had palled over into the receiver.

I afterwards lixiviated all the faline mat-
ter with hot water, dried the lime, and
found it to weigh 9§ drachms. I dif-

folved two drachms of this lime in di-

luted muriatic acid
;

there remained
fomething which was infoluble, and
feemed to be undecompofed fluor

; it

weighed, after being dried, nine grains.’

Upon one part of this folution I poured

lome acid of fugar, which immediately

produced a precipitation of faccharated cal-

careous earth. To another part I added

vitriolic acid, upon which fmall cryftals

immediately precipitated, which were

found to be vitriolated lime or gypfum.

The third part of the folution was evapo-

rated to drynefs, whence a fait was ob-

tained, which was deliquefeent in the air.

The remaining part of the aerated lime

being put into a crucible, and burned in

a ftrong fire, I obtained a real quicklime,

which made with water a perfect lime-

water
j and, when it was boiled with ful-

phur, dilfolved it. It is probably unne-

ceflary to adduce any more arguments, in

order to prove that lime is the balls of

fluor. After having thus (hown, that the

Vol. I C whole
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whole quantity of vitriolic acid employ*
ed was retained by the lime, it would ap-

pear unnecelTary to mention all the expe-

riments which I made, in order to afcer-

tain, whether, 1. fluor really contains vi-

triolic acid. But, in order to fhow the

falfehood of Mr Monnet’s aflertion on this

fide alfo, I (hall relate a few of them,

i. Pure acid of fluor does not precipitate

the folution of the terra ponderofa. 2. Nei-

ther does it precipitate the folution of lead

in nitrous acid. 3. Acid of fluor, fatu-

rated with alkali of tartar, and evaporated

to drynefs, then mixed with charcoal-

powder, and melted, does not yield hepar

fulphuris. Not to mention, that feveral

other acids have the power of expelling

the acid from fluor. Mr Monnet, how-
ever, might very eafily fay, in anfwer to

this, that fluor mineral has the property

of volatilifing all acids, the fixed acids of

phofphorus and of arfenic not even ex-

cepted. But no good chemift can poffibly

allow, that the cruft, fublimed into the

neck of the retort, and into the receiver,

as likewife the felenitic mafs remaining in

the retort, diftilled anew with vitriolic acid,

is altogether converted into acid of fluor,

§ VI.

Mr Monnet, in order to give farther

proof that fluor contains no calcareous

earth, adduces the following experiments

:

He
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He melts equal quantities of alkali and
fluor together, and obferves, that this mi-
neral is thereby little or not at all chan-
ged

;
for, after having lixiviated the al-

kali employed, he diflolved the fluor re-

maining in the filter in nitrous acid
;
and

to the folution he added vitriolic acid :

and becaufe he obtained no precipitate,

he thinks it fully proved that fluor con-
tains no lime. I maintain, on the con-
trary, that all folutions of fluor yield a

precipitate of gypfum whenever vitriolic

acid is added to them.

Was I to attempt an explication of Mr
Monnet’s experiment, I fhould be indu-

ced to think, that he diluted his folution

with too great a quantity of water. But
why does he take equal quantities of al-

kali and fluor, whereas, in my Diflerta-

tion on fluor, I fay, that I took four parts

of alkali to one part of fluor ? I likewife

mentioned in the fame Difiertation, that

fluor, melted with cauftic alkali, under-

goes no change. Now, Mr Monnet un-

doubtedly knows, that alkali, when expo-

fed to a ftrong fire, without fufing, be-

comes cauflic, the very thing which hap-

pens in his experiment. The refult is

quite different, if the experiment be made
with four parts of alkali, here the fluor

is decompofed by means of a double elec-

tive attradlion
;
and this is the reafon that

Mr Monnet obtains pure lime in the fil-

C % ter.



ter. Mr Monnet is farther of opinion,

that fluor may be precipitated by the phlo-

gifticated alkali, becaufe he obtained from
its folution a much larger quantity of Pruf-

flan blue, though of a paler colour than
was to be expected from the fmall quan-
tity of iron contained in the fluor. Thus
we fhould have, according to Mr Mon-
net’s idea, a new difcovery concerning the

conftituent parts of the fluor, viz. a new
metallic earth, quite different from all

others, flnce metallic calces alone have the

property of being precipitated by phlogi-

fficated alkali. If a chemift, however,
fpeaks of the lixivium fanguinis, or phlo-

gifticated alkali, he always underftands a

lixivium where the alkali does not pre-

dominate, but where it is perfectly neutra-

lifed
;
but of fuch an alkali Mr Monnet

probably did not make ufe in this experi-

ment for I can affirm with certainty,

that phlogifticated alkali does not precipi-

tate the fluor. Lajily
,
Mr Monnet pretends,

in contradiction to all thofe who have di-

ffilled the acid of fluor, that he has never

obferved the glafs attacked by this acid.

Eveiy chemift, who has any fluor acid

Handing in a glafs veffel, muft be convin-

ced of the contrary by his own ocular te-

ftimony : And thus, 1 hope, I have de-

monftrated, that the acid of fluor is and re-

mains entirely a mineral acid fui generis.

ESSAY
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ESSAY III.

Chemical Investigation of Fluor
Acid, with a View to the Earth
WHICH IT YIELDS, BY Mr WlEGLEB.

§ *•

THE obfervation communicated by Mr
Margraaf to the Academy of Scien-

ces at Berlin in 1768 *, that a peculiar vo-

latile earth might be obtained by diftilla-

tion from fluor, to which vitriolic acid

had been added, probably gave occaflon

to Mr Scheele to make fome experiments

with a view to this. They have ferved to

{hew the truth of what Margraaf had faid

concerning the volatile earth. But Mr
Scheele has attempted to advance farther,

and to explain the lingular phenomenon
which this earth exhibits.

§ II.

It appears from his EfTay, that he does

not confider the earthy matter as coming

from the fluor, from which there is only

a very peculiar acid fui generis expelled

by the vitriolic acid. He fuppofes that

the fluor acid, which arifes in the form of

C 3
vapour,

* Memoires, tom. xxv. for 1768.
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vapour, combines with the water as foon

as it reaches its furface, and thus changes
it into earth, conftituting the cruft which
appears on the furface of the water du-
ring the operation. At the fame time, he
takes it for granted, without exprefsly

mentioning it, that another portion of the

acid is condenfed, and forms with the

water an acid liquor.

§ hi.

Having moreover obferved, that the li-

quor feparated by filtration from the earthy

cruft, coagulated on the addition of alka-

line falts, and, when it was more dilu-

ted, yielded a femitranfparent, gelatinous,

and vifcid precipitate, he confidered the

coagulation as a property of the acid it-

felf, not imagining that there took place

a feparation of any earthy fubftance that

was combined with the proper acid : He
therefore looked upon the gelatinous mat-

ter, which, after edulcoration and defe-

cation, was found to poffefs the moft di-

ftinguifhing properties of filiceous earth,

as newly formed from the water and acid.

In lhort, Mr Scheele confiders both the

cruft which forms upon the water during

the diftillation of the fpar, and the filice-

ous earth obtained by precipitation, as

an earthy fubftance originating from the

acid of fluor and wviter.

§ IV.
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§ iv.

Since the appearance of Mr Scheele’s Ef-

fay, many hands have been fet in motion
by the lingular phenomena related in it.

Boullanger was probably led by the vola-

tility of this acid, and the ftrong fmell of

pure marine acid, which the liquor emits

after diftillation, to look upon the acid of

fluor as an acid of fea-falt. Monnet and
Prieftley, on the other hand, declared in fa-

vour of the vitriolic acid. With refpedl

to the earth, Margraaf and Achard fup-

pofed that it muft proceed from the fluof

itfelf, and conftitute an unknown fpecies.

Profeflbr Weigel maintains, that it has its

origin in a decompofition of the acid*

Such are the principal opinions hitherto

formed concerning the earthy matter which

appears on this occaflon*

§ V.

Mr Scheele’s explanation of the pheno-

mena appeared to me, on the firft reading

’of his Eftay, fomewhat bold and impro-

bable : For we are not acquainted with

any inftance in which water is thus chan-

ged into an earth by an acid, and Rill

lefs with a tranfmutation of this liquid

into filiceous earth. I endeavoured, there-

fore, to difcover its origin by experiment.

Having therefore firft repeated feveral ex*

C 4 periments
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periments in the way defcribed by Mr
Scheele, accurately obferved all the phe-
nomena that occurred, and thus fallen

upon a track which promifed to lead to

the folution of the whole problem, I pro-

ceeded to fomething which Mr Scheele

had neglected, and from which I hoped
that it might be ultimately determined
whether the earth proceeded from the fluor,

or was formed of the acid and water.

§ VI.

For this purpofe, I firft weighed the

retort deftined for the experiment in a

very accurate manner, and found that its

weight was two ounces and five drachms.

I then put into it two ounces of cal-

cined fluor in powder, and added, by
means of a glafs tube, 2| ounces of oil of

vitriol. The retort was then placed on
the furnace, and a receiver, which, when
empty, weighed two ounces, two drachms,

and thirty grains, and now contained

two ounces of diftilled water, luted to it.

The diflillation was conducted with all

pofiible care, and at laft pufhed till the

retort grew red hot. A few vapours could

not be prevented from penetrating through

the lute. The next day, the retort being

feparated from the receiver, was found to

weigh, together with its contents, five

ounces, five drachms, and thirty grains

;

it
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it had therefore loft one ounce, three

drachms, and thirty grains. The receiver,

which, with the water, had originally

weighed four ounces, two drachms, and
thirty grains, now weighed five ounces

and three drachms, and had therefore

gained one ounce and thirty grains. This

gain, compared with the lofs of the re-

tort, fhews, that the retort loft more by
three drachms than the receiver gained.

Thefe three drachms muft have inevita-

bly palled out of the veftels in the form
of vapour.

§ VII.

But, from this inference, we can de-

duce nothing towards the determination

of the point in difpute
; it was neceftary

to examine more narrowly what had hap-

pened in the veftels. But, before I give

any account of that, I {hall, for the fake

of perfpicuity, briefly ftate what has been

juft faid.

Oz. dr. gr.

The empty retort weighed 250
The calcined fluor - 200
The oil of vitriol - -240
Total weight before diftillation, 710
After it, - - 5 5 3°

Lofs, 1 3 3°

The
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The empty receiver weighed
The water put into it

Total weight,

Oz. dr. gr;

2

2

423°
Weight after diflillation, - 5 3 o

If We now dedudt this gain from the

above lofs, three drachms will be mifTmo*

;

and they mull have been diffipated in the

form of vapour.

I now broke the retort, and, in the firft

place, feparated, as accurately as poflible,

the dry earth, both in the neck and arch

of the retort
;

it weighed three drachms.

Then the refiduum in the retort was tried,

and found to weigh three ounces, two
drachms, and forty grains. Now, as the

mafs in the retort had originally weighed
four ounces and four drachms, it appears,

by deducting the refduum, to have fuf-

fered, upon the whole, a lofs of one

ounce, one drachm, and twenty grains.

In order to determine the lofs more ac-

curately, I made the following calcula-

tion :

Gain, •* 1 o 30

§ vm.

§ IX.

(a) The
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Oz. dr. gr.

(a) The white earth, feparated

from the neck and arch of the re-

tort, amounted to - 030
(b) The gain of the receiver, 1 o 30
(c) Loft in vapour, - 030

Total 1 6 30

Here, to my great aftonifhment, the

matter that had come from the retort a-

mounted to more by five drachms,, ten

grains, than the mafs in the retort had loft

of its original weight (vm). Now, no-

thing remained for the illuftration of this

circumftance but to weigh the retort and
receiver themfelves. The retort, or, more
properly fpeaking, the pieces of it, which
had been carefully preferved, weighed
an ounce, feven drachms, and fifty grains

;

whereas, before the procefs, the weight

of the retort was two ounces, five drachms

;

and hence it was obvious, that it had loft

five drachms, ten grains, the precife quan-

tity which the products ofthe whole opera-

tion had gained, and by which they ex-

ceeded the lofs of the matter in the retort.

§ x.

This began at once to throw light on
the controverted point. For where are

the five drachms, ten grains, which the

glafs of the retort had loft, but in the

products
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produdls obtained out of the retort ? In
order to examine thefe, the fluid in the

receiver was diluted with four ounces of

diftilled water, and poured on a filter,

that the clear liquor might be feparated

from the earthy cruft which floated in it

;

frefh water was poured on the filter as

long as the earth retained any four tafte.

The empty receiver was found, upon
weighing, to have loft no fenfible part of

its original weight. The earth remaining

on the filter, weighed, after it had been

dried, fifty-feven grains.

§ XI.

The clear liquor was then diluted with

more diftilled water, and afterwards pre-

cipitated with fpirit of fal ammoniac, pre-

pared with fixed alkali and water, which

was added till the fmell of volatile alkali

indicated the point of faturation. Before

any precipitate began to fall, there was a

brifk effervefcence, that continued for

fome time. The precipitation itfelf took

place without effervefcence : There was

prefent, therefore, a quantity of unfatu-

rated acid. The femitranfparent gelati-

nous precipitate not having quite reached

the bottom the next day, the whole was

poured upon a filter, and when the liquor

had palfed through, frefh water poured

upon the precipitate as long as it retained

any
4
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any faline tafte. After drying, it weigh-
ed exadlly two drachms.

§ XII.

If we add together the three kinds of

earth obtained in the above procefs, viz.

Oz. dr. gr.

(1.) The earth in the neck, and
arch of the retort, - 030

(2.) The earth that had form-
ed a cruft on the water, o o 57

(3.) The earth that was precipi-

tated out of the fluor acid, 020
It amounts upon the whole to 0 S 57

and therefore only to forty-feven grains

more than the retort had loft of its weight

;

which fmall excefs is to be attributed in

part to the acid inhering in it, and partly

to fome moifture attracted by it. To aft

certain this, I made each by itfelf red hot

in a fmall crucible, after which

,
Oz. dr. gr.

(1.) Weighed - - o 2 36

(2.)
- - - o o 21

(3.) - - - - o I J£

In all o 4 52

which is lefs by eighteen grains than the

lofs of the fubftance of the retort (ix)

;

they
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they mull certainly have efcaped in the

three drachms of vapour,

§ XIII.

Hence, I think, the origin of the earth

which makes its appearance during the di^

flillation of fluor, rendered quite evident.

It proceeds neither from the fpar itfelf,

and ftill lefs, as Mr Scheele fuppofes, from
the fluor acid and water *, nor does it ori-

ginate in any other way but from the fo-

lution of the glafs.

' § xiv.

Hence the idea of the fluor acid afliimes

a totally different form. It is true, that

fluor contains an acid before unknown,
and

* To this I am induced, by my own experience, to

accede. In diflilling fluor with oil of vitriol, I have

found the retort, as well as the receiver, very much
corroded. I poured the acid obtained by the pro.cefs

into a phial furniflied with a glafs. Hopple, and obfer-

ved, after fome time, a confiderable depofition. I then

poured the liquor into another phial like the former
;

and that it might neither, on the one hand, attack the

glafs, nor, on the other, compofe filiceous earth with

the particles of water, according to Mr Scheele’s hy-

pothefis, I added highly re&ified fpirit of wine. I faw,

however, after fome time, another confiderable depo-

flrion. This feemed alfo to proceed from the glafs

that had been before diflolved, which the acid let fall

in confequence of the gradual combination with the

fpnv of wine; otherwise we mud fuppofe, what to

me a op-oars incredible, that the acid decompofes the

fpirit, at;; vflts the water, and forms the earth. Crell,
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and totally different from every other,

which has the lingular property not only

of diffolving glafs, but of carrying it off

in the form of vapour : And moreover,

that this acid forms, with all the alkaline

falts, very peculiar neutral falts, of which
the ammoniacal fait arifing from the preci-

pitation (xn. 8c xvi.) furnifhes an inftance.

§ xv.

I cannot leave untouched the fingular

property of this laft fait, in which the

duor acid, though in the form of a per^

fed neutral fait, yet retains its power of

diffolving glafs unchanged : For, upon e-
;

vaporating to drynefs in a cup of Mifnia

porcelain, the liquor of § xii. which, by
its fmell, fhewed an excefs of volatile al-

kali, I obtained four drachms forty grains

of an ammoniacal fait in thin prifmatic

cryflals
;
but, upon examining the cup,

I found all the glazing corroded, and the

bottom as rough as a file. During the

evaporation, the cup was covered with

white paper, which, when dry, appeared

full of fmall cryflals of an acid tafle, ea-

fily diftinguifhable with the naked eye.

Thefe, as well as the ammoniacal fait, for-

cibly attraded moifture from the air.

§ xvi.
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§ XVI.

From the properties of fiuor acid, with
which we are now become acquainted, ali

Mr Scheele’s other obfervations may be
quite naturally explained

;
as, for inflance,

that regenerated fiuor flill continues to

yield filiceous earth when it is diflilled

with vitriolic acid : That fiuor acid, by
being merely redlified, always leaves be-

hind filiceous earth, and yet paffes over

flill loaded with that earth : That the am-
moniacal fait, in the formation of which
the filiceous earth is feparated by volatile

alkali, yet yields an acid, when it is mix-

ed with vitriolic acid, and diflilled, that

contains this earth. But the knowledge
of fo fingular an acid may lead to much
farther inflrudlion, as we are already cer-

tain, that it completely and abundantly

diffolves flint, quarz, and glafs, the on-

ly refractory bodies. From this quality,

it mufl alfo be apparent to every one, that

the prefent can neither be the acid of fait

nor of vitriol, but one totally different

from all before known, and peculiar to

fiuor.

At the fame time, we mufl perceive the

almofl inluperable difficulty of obtaining

it pure, and afcertaining its effedls on

other bodies.

Additional
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ESSAY IV.

Additional Information concerning Fluor MB
ncral *. By Mr Meyer.

§ i-

I

T is always of advantage to chemiftry^

when new and important experiments

are controverted foon after their publica-

tion. If any miftakes, as fo eafily hap-

pens in chemical refearches, be committed
in the experiments themfelves, or if a

falfe theory be founded upon them, the

error is not continued half a century, nor
does it pafs from one elementary book in-

to another, till at laft fome fceptic thinks

of enquiring more narrowly into the

matter.

If the experiments be exadl, and the

theory founded on them true, fuch a con-

troverfy commonly gives occafion to new
refearches which otherwife would not

have been made, and the fubjedt is placed

in a clearer point of view.

It were indeed to be wifhed that both

parties held truth ftricftly in view
;
that

they brought no falfe experiments into the

difpute, and obferved and explained the

Vol. I. D phenomena
* Meyers Beytraage zur Kenntmfs des Jlufspaths.

Schriften der Berlinifcher Gefellfchaft Natiir-forfcher-

der Freunde. B. 2. t. 319.
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phenomena no otherwife than a friend to

truth, uninterefled in the controverfy,

would do, and advanced contradictory

*a£fertions with as much caution as pofh-

ble. It is, by no means, rare, for a man,
eager to conviCt his adverfary of a mi-

ftake, to commit another in the very fame
experiment by which he thinks to attain

his purpofe.

Truth, however, let the difpute be car-

ried on in whatever manner, is common-
ly a gainer

;
and this is no fmall advan-

tage.

§ ii.

This has been the fate of the fluor

acid, a fubftance made publicly known
by that excellent chemift Mr Scheele, in

the Swedilh Tranfadlions.

Many doubted concerning it, but its

moft zealous avowed oppofers were, as far

as I know, Mr Boullanger and Mr Mon-
net. Though I had made but few expe-

riments with it when I read Mr Monnet’s

effay, yet I ealily perceived, that, while

he charged Mr Scheele with having ob-

ferved wrongly, his own obfervation had

been fhill more faulty.

I refolved to defend my friend
;
but

learning that he was himfelf making ex-

periments in order to refute his adverfa-

ries, I willingly relinquilhed the talk to

his
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his mafterly hand; I read with fatisfac-

tion the experiments publifhed by him
with this view, in the firft quarter of the

Swedifh Tranfadtions for 1780 ;
and more-

over, tranflated them, in order to commu-
nicate them to my countrymen in fome
journal.

Hence I was led to repeat a few experi-

ments, and thefe again fuggefted others
5

and, as I think them likely to contribute

fomewhat to a more intimate knowledge

of this remarkable Hone, I lay them be-

fore the Society.

§ hi.

Among Mr Scheele’s experiments, I was
particularly {truck by one in which he

obtained no earthy cruft on diftilling fluor

with vitriolic acid, when he had put fpi-

rit of wine into the receiver. I repeated

this experiment, in hopes, that, by putting

but little fpirit into the receiver, I might
procure a new kind of aether.

With this view, I put an ounce of fine-

ly powdered fluor, that had been before

heated red hot, into a glafs retort, and
added three ounces of white Englilh oil of

vitriol
;
the receiver contained three ounces

of highly rectified French brandy.

I had continued the diftillation for three

hours in a gentle heat, when the acid,

having made its way through the bottom

D 2 of
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of the retort, put a flop to the procefs,

part of the mixture running into the fand.

On the furface of the fpirit, I could not
obferve the lead trace of any cruft; but
in the place where the receiver had been
in contadl with it, there was a thin ring of
tranfparent jelly.

The fame mixture of fiuor and oil of
vitriol was again put into a retort of very

ftrong glafs, and the fame fpirit, as in the

former experiment, fet in the receiver.

The diftillation was continued in a fand-

bath for two hours, at firft with a gentle,

but afterwards with a ftronger heat. When
the diftillation was half over, the fpirit

of wine began to change into a thin jelly;

and, at the end of the procefs, I found
fome firmer pieces at the bottom. Thefe
I wafhed with fome fpirit of wine

;
and,

in order to obtain the fpirit, together with

the acid, in a pure ftate, I poured it into

a large retort
;

as the retort grew warm,
the opal-coloured fpirit grew clear and
fwelled; what palled over became again

gelatinous. A good deal of earth remain-

ed behind, but did not adhere firmly to

the retort, which was fmooth in the in-

fide, and yet full of broad (hallow ex*

cavations : And it was evident, that it

is not a mere cruft which fixes itfelf to the

glafs, in treating fluor mineral with oil of

vitriol, but that the glafs is actually cor-

roded,
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roded, which Mr Monnet, contrary to all

experience, denies.

§ iv.

I gave over my attempt to procure aether,

thoroughly edulcorated the jelly and the

earth that remained in the retort after the

rectification, and precipitated the earth

that was diflolved by the water with
fpirit of fal ammoniac. The quantity of

earth amounted in all to two drachms,

and that which had feparated fponta-

neoufly from the fpirit was femi-tranfpa-

rent.

Neither of thefe earths fuffered any
change under the blowpipe, but they

both flowed on the addition of a little fait

of tartar,

This was a large quantity of earth from
two ounces of fluor ;

and it could not be

eftimated as the whole, fince the firft pro-

cefs was cut fliort before it was completed.

As this earth fhewed the properties of

filiceous earth, and the glafs, which was

fo much corroded, confifls in great mea-

fure of it, the greateft part might come

from the glafs, and the reft perhaps be a

conftituent part of the fluor itfelf.

§ v.

In order to afcertain this, it was necef-

fary to obtain the fluor acid quite free

D 3
from
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from filiceous earth. I therefore expofed

the ley, which I had procured by the pre-

cipitation of the earth with fal ammoniac,
to a gentle evaporation in a flightly cover-

ed glafs veftel. The product was one
drachm fifty-fix grains of an ammoni-
acal fait

;
the glafs did not appear to have

been attacked.

I fublimed half a drachm of this fait

in a fmall retort, which, towards the end
of the operation, I laid upon the bare

fire. No cruft appeared upon the furface

of the water in the cover. At the bottom

of the retort lay a little flocculent earth,

of a light grey colour, above which the

internal furface was covered with a white

pellicle that refledted various colours, and

in the neck there was a fublimate.

The thin pellicle eafily feparated in ma-
ny places from the glafs, which was quite

fmooth beneath, though it was not with-

out fmall furrows.

I poured water both upon the ammo-
niacal fait and the cruft, in confequence

of which it acquired a very four tafte,

and coloured the tindlure of turnfol red.

The white cruft that was left undiftolved

behind, weighed five grains, and under

the blowpipe ran without addition into a

green glafs. This was nothing but the

glafs that had been corroded by the fluor

acid
j
but, as this acid can be fet loofe
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only by a flrong heat, it had done no
more than corrode the glafs, without paf-

fing over along with it in the form of va-

pour, and then depositing it again on the

water. For, upon pouring two drachms
of oil of vitriol upon half a drachm of

this ammoniacal fait, a little moiftened,

and placed in a glafs retort, a great foam
arofe, and the thick vapours that afcend-

ed covered the water in the receiver with

a white cruft.

A fcruple of the fait on folution left be-

hind a grain of earth, which, as I con-

jecture, it had taken up during the eva-

poration in the glafs veil'd.

§ vi.

In- order to prevent this, I diftilled half

an ounce of fluor with an ounce of oil of

vitriol for five hours. The crufts were

Separated from the water
;
they weighed,

after being well waihed and dried, eleven

grains
;
they were white and very floccu-

lent
; thirty-two grains of filiceous earth

were precipitated from the filtered water

;

the ley was then evaporated in a leaden

veffel, and yielded eighty grains of fait.

Glafs veffels were no longer to be trail-

ed
;
a piece of a gun-barrel furniihed with

a cover and terminated by a bent tube,

intended to ferve inflead of the neck of a

retort, was ufed in the following experi-

D 4 meats,
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merits, and the difiillation was performed
in a fand-bath. In this apparatus, to half

a drachm of the newly procured ammo-
niacal fait I added two drachms of oil of

vitriol, and diflilled for two hours into a

glafs receiver, containing an ounce of wa-
ter.

No veftige of a cruft could be percei-

ved on the water
;
but I faw fome earth

in the receiver, where the vapours having

afcended through the tube came into con-

tact with the wet glafs ; and here the fur-

face was become fenfibly rough.

On the addition of volatile alkali, a few
fiocculi of filiceous earth, amounting on-

ly to one-fourth of a grain, were thrown
down out of the water.

Again, I added a drachm of oil of

vitriol to 1-5 drachm of the fait in the

fame apparatus; but I now ufed a re-

ceiver of lead, containing an ounce of wa-
ter.

At the clofe of the difiillation, I found
no cruft on the water which had an

unpleafant fmell; and, on the addition of

fpirit of fal ammoniac, let fall a little grey

earth that weighed half a grain.

A fcruple of this fait, mixed with an e-

qual quantity of white fand in fine pow-

der, and diflilled in the iron apparatus

with 1 f drachm of oil of vitriol, an ounce

of water being put into the leaden recei-

ver,
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ver, {hewed no veftige of a cruft. The
water had a putrid fmell, and left on the

filter 2 \ grains of grey earth, which ran

under the blowpipe into a grain of lead
;

and, by volatile alkali, five grains of grey

earth were precipitated, which melted on
the addition of a little fait of tartar in-

to a black globule, though the blowpipe

alone produced no change on it. This

probably arofe from fome diflolved lead
;

but as there was a more copious precipi-

tate here than in the preparation of the

ammoniacal fait without filiceous earth, it

muft unqueftionably have arifen from a

portion of that earth being diflolved and
carried over by the fluor acid.

My ammoniacal fait being expended, I

prepared more from a weaker acid, which
I had remaining from another experiment*

in a leaden veflfel, but procured only thir-

teen grains.

To this quantity I added a drachm of

oil of vitriol in the above defcribed appa-

ratus, putting in moreover two fcruples

of green glafs in fmall pieces. Scarce had

the iron tube grown warm, when I per-

ceived on the water in the leaden receiver

a great fpot of filiceous cruft; and I faw

the fame appearance on the moift fides of

the veflfel. I continued the diftillation for

two hours
;
but there did not feem to be

any increafe of the filiceous cruft; i }

grain
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grain remained on the filter, partly con-

fining of grey earth, partly of white

films, which ran under the blowpipe in-

to a greenifh glafs.

It feems therefore certain, that the earth

which pa(Ted over in thefe experiments

comes not from the Hone, as any condi-

tuent part of it, but that it is filiceous

earth dilfolved by the acid. Did the ftone

contain an earth which fo wonderfully

altered acids, it mull be thrown down by
the volatile ley.

§ VII.

To fet the matter in a Hill clearer

light, I ufed a different fpecies. Some
yellow cubical fluor from Saxony be-

ing heated and pounded, and then di-

ddled in the iron tube, with a double

quantity of oil of vitriol, and with a

drachm of water in the leaden receiver,

‘yielded a thin pellicle, of the appearance

of lead, but no filiceous crud. By preci-

pitation with volatile alkali I got 2* grains

of grey earth.

A drachm mixed with the fame quantity

of pulverized fana afforded a pellicle of

lead, interfperfed with a few particles of

white crud, which ran into glafs under

the blowpipe. Volatile alkali precipitated

eight grains, a driking difference.

A
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A drachm mixed with an equal quan-
tity of green glafs, reduced to powder,
fwelled a good deal, and yielded a thick

filiceous cruft.

§ VIII.

Not yet fatisfied with thefe experiments,

I added to a drachm of green fluor, that

had been heated and pounded, two drachms
of oil of vitriol, ftill employing the iron

tube. I alfo fufpended a piece of wet
charcoal in the infide, fixed a cover upon
the tube, heated it in a fand-bath, and
found, upon taking off the cover, in the

fpace of fifteen minutes, that the char-

coal was dry, and had no earth upon it.

I now added a fcruple of fand in fine

powder, wetted the charcoal, and replaced

it
;
but found after the fame time nothing

more than at firft.

Some bits of green glafs were now
thrown into the mixture, when it began

to foam fo vehemently, that it ran over

;

and I did not now hang the charcoal in

the tube, as it was no longer clean, nor

was this at all neceftary
;

for, after I had

held it a few feconds over the orifice, it

was covered with a white powder.

Mr Scheele, in his firft Eftay, fays, That

he obferved the white powder on a piece

of charcoal that had been moiftened and

fufpended over fluor, to which vitriolic

acid
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acid was added. As this experiment was
made in metallic veffels, I conjecture that

the mortar ufed for reducing the fluor to

powder was of foft glafs, and that fome
particles being abraded by the trituration,

had occafioned the phenomenon.
The glass was therefore the chief caufe

of the production of the filiceous pellicle

on the furface of the water in the receiver,

§ ix,

In order to afcertain whether, when a

quantity of glafs fufhcient for the fatu-

ration of the acid is added to it, it can

carry over much more along with it, to half

an ounce, of fluor, ounce of white oil

of vitriol was added in a retort of glafs,

and three ounces of water put into the

receiver. The retort was corroded through

in an hour’s time, and the cruft on the

water weighed ten grains. The water

was filtered and divided into two equal

parts, of which the one being precipitated

with cauftic volatile alkali, afforded twen-

ty-five grains of filiceous earth, and the

other with aerated vegetable alkali yielded

fixty-eight grains of a precipitate which

flowed under the blowpipe, ran into the

pores of the charcoal, and gave out flrong

vapours of fluor acid.

In this cafe, therefore, the filiceous earth

was precipitated in a ftate of purity by the

volatile
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volatile alkali
;
but the precipitate by fixed

alkali was a mixture of filiceous earth,

fluor acid, and alkali, as ProfefTor Berg-

mann has already obfervecl.

§ X.

To a mixture of half an ounce of fluor,

and the fame quantity of glafs in powder,

i\ ounce of oil of vitriol being added in

a retort that was thus half filled, the in-

gredients adted fo violently on each other,

that in a fhort time the mixture rofe to

the neck of the retort. It was left expo-

fed to the open air on account of the va-

pour, and the next day I found the rim of

the retort covered with fafciculated cry-

ftals as with hoarfroft.

The fame mixture being on another oc-

cafion made in a capacious retort, and
thoroughly blended by agitation, became
a thick mafs, and fwelled like dough in

fermentation
;

the bottom of the retort

grew very hot, and the filiceous cruft

appeared, on three ounces of water, which
had been put into the receiver.

At the end of the diftillation, which
was continued three hours, I found fix-

teen grains of filiceous earth on the fur-

face of the water, and the precipitate by
volatile alkali weighed fifty-fix grains.

The retort was not nearly lb much cor-

roded as ufual.

On
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On diftilling thirty grains of this pre^

cipitate in a glafs retort, with if drachm
of oil of vitriol, I Taw no flliceous earth

on the water in the receiver, nor fublimate,

nor did fpirit of fal ammoniac throw
down any thing, either out of the water

in the receiver, or that with which the

earth was edulcorated. I mixed the ley

of fluorated volatile alkali with a folution

of chalk in nitrous acid, till no more pre-

cipitation took place. The mixture was
palTed through nitrous acid, and the pre-

cipitate edulcorated
;

it weighed, when
dry, two drachms thirty-lix grains.

Two drachms of oil of vitriol being

added to a drachm of this precipitate con-

tained in a glafs retort, the precipitate

was attacked in the cold, yet no cruft ap-

peared
;
but heat was fcarce applied, when

the whole furface of the water was cover-

ed, and all the phenomena which the na-

tural exhibits were fhewn by this regene-

rated fluor.

This {hews, that Mr Scheele’s theory

of fluor acid is true, and that fuch an

acid adtually exifts.

§ XI.

My firft experiments were communica-

ted to Mr Scheele, with a requeft that he

would repeat them
;
by which means I

hoped to guard againft any new miftake.

That
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That worthy philofopher informed me,
that he had long obferved, that a mixture
of fluor, as tranfparent as mountain cry-

stal, and of oil of vitriol in a metallic cy-

linder, produced no appearance of filiceous

earth on a wet fponge fufpended in the

infide.

At my requeft he made a new experi-

ment, which confifted in adding oil of

vitriol to portions of fluor of this tranf-

parent kind that were placed in two tin cy-

linders
;
fome filiceous earth was put into

one, a wet fponge fufpended in both, and
a cover fixed on them. The next morn-
ing the fponge that was fufpended over

the mixture to which filiceous earth had
been added, was covered with that earth,

while the other exhibited no fuch appear-

ance.

However contrary this may appear to

my experiment (§ vm.), I have no doubt
of the fad!, having often experienced my
friend’s accuracy

;
I might have commit-

ted a miftake before.

§ XII.

The experiment was therefore repeated*

but no heat was applied to the mixtures

in the tin cylinders. After the expiration

of fifteen minutes, neither fponge had

any earth adhering to it
;
but after con-

tinuing fufpended for a whole night, the

refult
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refult was exadlly fuch as Mr Scheele de-
fcribed.

Here, therefore, the filiceous earth a-

lone, on mixture with fluor, had yielded
the dry filiceous earth which I obferved
only when 1 added glafs. Hence it be-

came neceffary to attempt a few more ex^

periments.
'

§ xiii.

A drachm of fluor, mixed with a double
quantity of oil of vitriol in the iron ap-

paratus, afforded, after a diflillation of two
hours, a thin film of lead on the furface

< of the water in the receiver, but no fili-

ceous earth. While I was wafhing it out,

1 perceived fome few particles, which
were like the filiceous cruft, but they

were too inconfiderable to be weighed. If

the mixture had been treated in glafs vef-

fels, the filiceous earth would have amount-
ed to grains, which, on account of its

rarity, makes a tolerable bulk. In order

to be better able to obferve it, the fame

mixture was difpofed in the fame man-
ner, except that, inftead of the leaden re-

ceiver, one of glafs, with 3-5 ounces of

water, was fo applied, that the mouth of

the iron retort nearly touched the furface

of the water. In the beginning of the

diflillation, a fmall fpot appeared under

the neck of the retort, and the mouth it-

felf
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felf was covered with white powder. But
it all foon difappeared, and I faw no more
of it, though the procefs was long conti-

nued.
:

The empty part of the receiver was cor-

roded, yet I procured, after edulcoration,

but half a grain of earth.

This feems further to {hew, that nothing
but the glafs has any {hare in the produc-
tion of the iiliceous earth.

§ XIV.

It follows from thefe experiments, that

uncombined fluor acid diilblves filiceous

earth, and carries it up into the water in

the receiver. If no water be prefent, it

afcends in the form of a dry vapour
;

a

remarkable fa6t, confidering the fixity of

this earth. May not this ferve to illuftrate

the volatility of the diamond ? I think it

probable that fluor acid is a conftit.uent

part of this gem.
The origin of the filiceous cruft on the

furface of the water may be explained,

by fuppofing, either that the acid dii-

folves an excefs of the earth which is pre-

fent in the glafs, and already half prepa-

red for folution, and that being over-fa-

turated, it lets fall a part which it cannot

retain when mixed with water, ox that

the alkali in the glafs comes into aftion.

Vol, I. ' E In
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In Mr Scheele’s experiment, the filiceous

earth was depofited on the fponge, with-

out any other circumftance to promote
the volatilization. But it is, at the fame
time, to be noticed, how flowly this hap-

pened
;
for it, doubtlefs, did not begin to

take place till the fmall quantity of water

contained in the fponge was faturated with

the filiceous earth diffolved in the acid.

Fluor acid, which I have kept above a

year in a phial, has corroded the glafs in

many points, which are furrounded with

concentric circles, and depofited a pow-
der that adheres to the bottom.

This remarkable folfil may Hill furnifh

a fubjedl for many experiments. Golden
veffels would, in my opinion, be the mod
convenient in fuch an undertaking, as alfo

for keeping the acid *.

ESSAY
* Thefe experiments To clearly point out the origin

of the filiceous cruft, that Bergmann, who had adopt-

ed Mr Scheele’s opinion concerning its formation du-

ring the procefs, candidly deferted it- (Opnfc. vol. iii,

p. ^97.). That this fubjetft might not remain in ob-

fcurity for want of inveftigation, Mr Wenzel of Dref-

den likewife made a number of experiments on floor,

which coincide in every eflential point with thofe of

Mr Meyer, though they differ in a few particulars.

The title of his pamphlet is, G. Wenzels Chymifche

Unterfuchiing des Flufs -/paths. Drfden bey Gerlach,

178^. 4to.

Mr Wenzel, in order to obtain the floor acid free

from filiceous earth, performed the diftillation in a

leaden retort, provided with a glafs receiver ;
there

appeared.

/
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ESSAY V.

On Manganese, Manganesium, or
Magnesia Vitrariorum. 1774.

» »•** *

i.

THOUGH the different fpecies of man-
ganefe have attracted the attention

of chemifts of late years, the refult of

E 2 their

appeared, however, upon the water in the receiver

a variegated cruft, and the acid, with fixed alkali,

yielded a gelatinous precipitate. Upon examining the

receiver, he found that the vapours had corroded its

internal furface, fo that it appeared as if it had been
rubbed with coarfe fand. Mr Wenzel, however, ac-

complifhed his purpofe, by fubftituting a balloon of

lead in the place of a glafs receiver, and by diddling

with a gentle heat. At the end of the operation,

there was no appearance of any earthy cruft, either

in the retort, or on the furface of the water in the

receiver : The acid liquor gave no jelly on the addi-

tion of alkali, though there was a precipitation of

iron and earth of alum.

To complete his proof of the origin of the filiceous

earth, he mixed floor, quarz, and vitriolic acid, and

performed the diftillation in his apparatus of lead. But

he now found the ufual cruft upon the acid liquor, and

obtained a gelatinous precipitate on the addition of

alkali.

Moreover, Mr Wenzel obferved, that two ounces

of fluor loft upon calcination in open veflels only two

grains. When this experiment was performed in an

air apparatus, fome inflammable air was obtained, and

a very fmall quantity of fluor acid, which attacked the

glafs.
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their experiments has gone no further

than to difclofe fuch of their qualities as

ferve to diftinguifh them from other mi-
nerals

;
at leaft nothing has been publifh-

ed to elucidate their nature any further,

except a differtation by Mr Weftfeld, in

the year 1767, in which this author firft

examined their conftituent parts. My ex-

periments, however, will fhew, that his

conclufions were too haftily made. I

think it unneceffary to enumerate all the

different kinds of manganefe which I have

examined, as they all agree in their prin-

cipal qualities.

§11. EjfeSls of Vitriolic Acid on Manganefe.

(a) Two drachms of manganefe, levi-

gated in a glafs mortar, were digefted with

an

glafs. Fixed alkali threw down a precipitate, amount-

ing, after proper edulcoration, to one ounce, twenty-

two grains, from the acid expelled by oil of vitriol

from two ounces of fluor. This precipitate was very

fufible, and yielded fluor acid with oil of vitriol. Both

lire alone and vitriolic acid expelled a little acid of fluor

from the earthy cruft. When the precipitation from

the fame quantity of acid was made by volatile alkali,

two drachms and fifty three grains of an infufible fub-

ftance were obtained, which likewife, on addition of

vitriolic acid, yielded forne floor acid. It appears then,

that a portion of it is contained in the earthy cruft, and

that even fixed alkali is not capable of leparating it

completely from filiceous earth, but it- remains united

with fome filiceous earth and alkali after precipitation.

The refidnum, after diftillation, contains calcareous

and aluminous earth
;

this, at leaft, was the cafe with

the German fpecies examined by Mr Wenzel.
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an ounce of diluted acid of vitriol for fe-

veral days. No effervefcence enfued, nei-

ther had the acid loft any of its tade, nor
was the manganefe diminilhed in quan-
tity. I notwithdanding filtered the liquor,

and faturated the acid with alkali of tar-

tar, whence I obtained a yellowifh white

precipitate, (b) Upon the remaining man-
ganefe I poured another ounce of diluted

acid of vitriol
;
which, however, appear-

ing to have no adtion upon it, I put ano-

ther half ounce of levigated manganefe
into the mixture, and boiled it. The fo-

lution dill retained fome acid tafle
;
but

on adding two drachms more of levigated

manganefe its tade grew bitter.

(c) I expofed an ounce of powdered
manganefe, mixed with as much concen-

trated acid of vitriol as to reduce the mafs

to the confidence of honey, in a glafs re-

tort to the fire, till it became red hot,

during which operation fome vitriolic

acid mixed with water came over in the

receiver. After breaking the retort, the

mafs was found hard, white in the infide,

and red on the furface
;

it weighed I2i

drachms. This mafs was reduced to pow-

der, and diftilled water poured upon it

;

in confequence of which a great heat was

generated, and a great deal of it difTolved.

The folution, after being filtered, was e-

dulcorated. Afterwards, when it was dry, it

E 3
appeared
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appeared of a dark grey colour, and weigh-
ed one drachm and a half. This refiduum
was calcined in an open crucible with con-

centrated vitriolic acid, till no more va-

pours arofe ; then it was put into water,

when one drachm remained undiffolved,

which was again calcined with concentra-

ted vitriolic acid, and the undiftolved re-

fiduum was a white powder, weighing
half a drachm, (d) This white refiduum

was further infoluble in the vitriolic acid.

During its fufion with borax, it made
an effervefcence, and yielded a trans-

parent brown glafs
;

it likewife effervefi-

ced with fixed alkali, changing into a

brown mafs, which yielded an hepatic

fmell with acids, becoming, at the fame
time, a gelatinous mafs. (e) The Solution

of manganefe obtained by calcination was
evaporated, and, in the firft place, a few

fmall cryftals were depofited, which were

nothing but vitriolated lime (felenite).

Afterwards, fome very fine large cryftals,

of an oblique parallelopiped form, were

depofited, which increafed in number as

long as there was any liquid remaining.

Their tafte was very much like the tafte

of vitriolated magnefia (Epfom fait).

Mr Weftfeld pretends that they are alum
;

but they rcfemble alum in no other re-

fpetft, except in containing the fame acid.
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§ III. Effects ofphlogifticated Vitriolic Acid.

I dipped, according to Stahl’s prefcrip-

tion, fome rags into a folution of fixed alka-

li of tartar, and, after faturating them with
the acid of burning brimftone, I put them
into a retort, poured fome acid of tartar

upon them, and luted on a receiver which
contained water and levigated manganefe.

The retort was put into a fand-bath, and,

after a warm digedion of one day, the

liquid of the receiver had become as clear

as water, and a little fine powder was
precipitated to the bottom, confiding, for

the mod part, of filiceous earth.

§ IV. Effects of pure Nitrous Acid*.

(a) I poured one ounce of pure colour-

lefs nitrous acid upon two drachms of le-

vigated manganefe. After this compound
had been kept in a heat of digedion for

feveral days, the mendruum was found

to have lod nothing of its acidity, nor

was there any appearance of effervefcence.

I abdradted the acid by didillation, pour-

ed the didiiled liquor again upon the re-

E 4 fiduum

# Under the name of pure nitrous acid T underftand

colourlefs nitrous acid—the fuming acid diftilled in a

gentle heat, till the mafs remaining in the retort ap-

pears colourlefs, and yields white vapours when heated.

Nitrous acid of this quality mull be preferred in a

glals velTel furnilhed with a ground ftopple, in a, dark

room.
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fiduum, and diftilled it over again, but
very flowly. The refiduum was but very

little diffolved. I again poured the diftil-

led acid upon it, and afterwards added as

piuch powdered manganefe as was necef-

fary for the perfedl faturation of the acid,

and found that nine drachms were re-

quired for this purpofe. (b) The folu-

tion of manganefe being by thefe means
faturated, was filtered and divided in-

to two equal portions. Into one of thefe

I poured fome drops of vitriolic acid,

whereby a fine powder was precipitated,

which, however, did not fettle at the bot-

tom till after fome hours had elapfed.

This powder was neither foluble in boil-

ing water nor in acids. The limpid folu-

tion, after being evaporated, yielded fome
fmall cryftals of felenite or gypfum

;
but

would afford no others, (c) From the

other half of this folution, after it had
been evaporated in a gentle heat, I obtain-

ed fmall fhining cryftals, which, as well

as the folution itielf, were of a bitter

tafte, and weighed about ten grains. On
pouring fome drops of vitriolic acid into

this folution, infpiftated by a gentle heat,

no precipitation enfued, except of a little

felenite ; but as foon as it was infpiftated

to the confiftency of honey, fome fine

acicular cryftals, verging towards the

fame centre, began to form, but they

grew
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grew {oft and deliquefced in a few days
afterwards.

§ V. Effeffs of phlogifticated Nitrous Acid.

As this acid {hews, in feveral experi-

ments, quite different phenomena from
thofe which the pure nitrous acid fhews,

I purpofed to try its effecls alfo upon man-
ganefe. I therefore put a little levigated

manganefe, mixed with fome water, into

a large receiver, to which I luted a tubu-

lated retort, and poured through the open-

ing fome ounces of common nitrous acid,

and added, at feveral different times, fome
iron filings, taking care to clofe the veffcl

always with a glafs ftopple. The nitrous

acid thus combined with the phlogifton

of the iron went over , into the receiver,

and there united with the black mafs a-

bove mentioned. The manganefe was
thus entirely dififolved in a few hours time

;

the folution was as limpid as water, a lit-

tle fine earth excepted, which was filice-

ous. There began now to precipitate a

white earth, of the fame kind as that

mentioned in § iv. (b). In other refpe&s,

this folution agreed with that made in pure

nitrous acid, as it is defcribed in the pre-

ceding paragraph.

§ vi. EffeSs of common Muriatic Acid.

(a) I poured an ounce of purified mu-
riatic
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riatic acid upon half an ounce of leviga-

ted manganefe. This acid, after (landing

quiet for an hour’s time, grew dark brown.
A portion of this folution was digefted in

an open glafs veffel in heat. It yielded a

fmell like warm aqua regia. In a quar-

ter of an hour, the fmell tvas gone, and
the folution became clear and colourlefs.

(b) The reft of the brown folution was
digefted, with a view to fee whether the

muriatic acid would be faturated with
manganefe. As foon as it grew warm,
the fmell of aqua regia was confiderably

Itronger, and an effervefcence enfued,

which lafled till the next day, when the

folution was found faturated. Upon the

refiduum, which was not diffolved, I

poured another ounce of muriatic acid,

which was followed by the very fame
phenomena, and the manganefe was en-

tirely diffolved, a fmall quantity of fili-

ceous earth remaining, (c) This yellow

folution was divided into two portions.

Into the one I poured fome drops of vi-

triolic acid, and the folution in a few mi-

nutes turned white, and a fine powder

was precipitated, which was not foluble

in water. After the folution was evapo-

rated, fome fmall felenitic cryftals formed,

and the refiduum exhibited the fame phe-

nomena as are defcribed above, with the

mixture of nitrous acid and manganefe.

(d) The
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(d) The other half was evaporated, and
fome fmall angular fhining cryftals were
obtained, which, with regard to their >

cryftallifation, agreed with thofe obtained

by the nitrous acid.

§ vii. Effefls of Fluor Acid.

But very little of the manganefe, after

being digefted with this acid for feveral

days, was diffolved
;
and it was neceffary

to add a very large quantity of levigated

manganefe before the acid was faturated.

The folution had hardly any fenfible tafte;

a little precipitation took place on adding

alkali. But if a neutral fait, compofed of

this acid and volatile alkali, be added to

the folution of manganefe in any one of

the above mentioned acids, a double de-

compolition takes place, and the manga-
nefe uniting with the fluor acid is precipi-

tated.

§ VIII. Effects of Phofphoric Acid.

One drachm of phofphoric acid being

boiled with half a drachm of powdered

manganefe, diffolved but little of it
;
and,

though evaporated to drynefs, the remain-

der had a very four tafte. At lad, how-

ever, by adding more manganefe, the a-

cid was faturated. On adding microfmic

fait to a folution of manganefe, a decom-

pofition follows, like that effected by the

fluor acid. §
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§ IX. Effects of Acid of ’Tartar.

Pure acid of tartar, digefted in the cold

with manganefe, produced a brown folu-

tion
;

but, on digefting in heat, morer

was diffolved with a kind of effervefcence
;

the whole quantity, however, was not dif-

folved, but the acid was at lafl faturated

by the addition of more manganefe. On
adding tartarized fixed alkali to a folution

of manganefe, a double decompofition

happens, as § vii. vm. ix.

§ X. Effe&s of diftilled Vinegar

.

In a boiling heat little of the manga-
nefe was diffolved by vinegar

;
but, af-

ter diddling the fpirit of verdigreafe fe-

veral times from manganefe, the acid was
faturated. On adding vitriolic acid, I ob-

tained a little white precipitate, (§ iv. b).

Of the remaining manganefe hardly any
fenfible quantity was ddfolved by con-

centrated vinegar, though repeatedly di-

ftilled over it. The produdt of the fo-

lution upon evaporation to drynefs was

deliquefcent in the open air.

§ XI. EJfc5is of Acid of Lemon.

Two drachms of levigated manganefe

were digefted with an ounce of the acid

of lemon. The mixture, when cold,

acquired a brown colour; but, on the

application
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application of heat, the liquid began to

effervefce, which continued till the acid

was faturated, when it had loft its brown
'colour. In the fame manner the remain-

ing manganefe was diffolved. More acid

was poured upon it, and thus the whole
was in a few hours diffolved, a white

earth excepted.
/

'

§ XII. Effects of Aerial Acid,

I faturated cold water, which contained

a little fnow unmelted, with aerial acid,

and then put a little levigated manganefe
into it. The phial which contained this

mixture was carefully clofed, and left for

feveral days in the cold, during which
time it was now and then agitated. The
liquor was afterwards filtered, and alkali

added to it, upon which a white powder
precipitated. The manganefe likewife fe-

parated from its folution, on Handing a

few days in the open air.

§ XIII.

Such are the effedls of acids upon man-
ganefe. What is moft remarkable in them
is, that fome of the acids, fuch as the vo-

latile fulphureous, the phlogifticated ni-

trous, the common muriatic acids, and
the acid of lemon, completely dilfolve it.

Others during the folution caufe a confi-

derable cffervefcence
j
others again pro-

duce
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duce the folution quietly, and others dif-

folve a part of the manganefe only.

Before I enter upon any explication of

thefe lingular phenomena, it will be ne-

celfary to point out the general properties

of manganefe.

§ xiv.

(1.) Manganefe has a ftrong elective

attraction for all phlogiftic fubftances.

(2.) This attraction becomes ftronger, if

there be a menftruum prefent which at

the fame time can unite with the phlogi-

fticated manganefe. In this fituation the

manganefe is able to attract phlogitton

more ltrongly than the nitrous acid does

via humida. (3.) When manganefe is fa-

turated with phlogifton, it lofes its black

and affumes a white colour, which how-
ever difappears as foon as the phlogifton

is feparated from it again. (4.) Without
combining it with phlogifton, there is no
way of producing a colourlefs folution of

manganefe in any acid
;

and, whenever
phlogifton is wanting, the folution be-

comes blue or red. By means of thefe

four general qualities of manganefe, dis-

covered by a train of experiments, all its

known effects are eafily explicable, as will

appear from the following obfervations.

§ xv.
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§ XV.

Diluted vitriolic acid diffolves manga-
nefe only in part, whether digefted or

boiled with it, (§ 11. a). This part there-

fore ought to be feparated from the reft,

becaufe the folution of manganefe is ne-

ver colourlefs, except when combined
with phlogifton, (§ xiv. No. 4.) Whence
it follows, that this foluble part of it is

united with phlogifton. That manganefe
naturally contains but little phlogifton, has

been fome time ago taught by Mr Weft-
feld

;
but the caufe he affigns is not to be

admitted, till it is confirmed by other ar-

guments, efpecially as nitre, without the

addition of phlogifton, may become al-

kalefcent, and that the fooner, if there be

a body prefent which is capable of uniting

with the alkali, in which cafe a heat only

half as ftrong is requifite. This happens in

the calcination of manganefe with nitre

;

for if the mixture is diftilled, nitrous acid

is obtained in the receiver : But that fome

phlogifton really enters into the compofi-

tion of manganefe, the following experi-

ments will Ihew
:
(a) If the folution of

manganefe in vitriolic acid (§ 11. A, b)

be evaporated to drynefs, and then the re-

fiduum diftilled in the open fire in a glafs

retort, with a receiver applied to it, the

vitriolic acid does not feparate from the

manganefe
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manganefe till the retort begins to melt
$

but it is then changed into volatile fulphu-

reous acid. The rehduum is black, and
nothing but common manganefe. (b) Let
the folution of manganefe in nitrous acid

(§ iv. a) be put into a glafs retort, all the

liquid abftradted, and, when it begins to

foam, let a receiver, with fome water in

it, be applied. By a flow fire, the nitrous

acid, employed for the folution, will be

driven over in the form of blood-red va-

pours, and yield green volatile nitrous
• acid. In the retort there will remain like-

1

wife real black manganefe. (c) A folu-

tion of manganefe in vitriolic or pure ni-

trous acid-, (§ 11. iv. b, a) precipitated by
alkali of tartar, retains its colour

;
but,

when calcined in the open air, grows black

(§ xiv. No. 3.). Hence it follows, that

manganefe contains phlogifton
;
and, fince

the rehduums in the retort have loft their

phlogifton, by means of which they were

united with the acids, they are no longer

foluble in pure acids. If therefore vitrio-

lic acid be poured upon the rehduum (a),

little or nothing of it will be diffolved
;

but if the volatile vitriolic acid, which

was driven over into the receiver, be pour-

ed upon it, it will again diffolve it, afmall

portion excepted, for want of a fufficient

quantity of acid
j
for there is fome of the
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acid loft during the diftillation through
the lute. The fame thing happens with
the diftillation and folution of manganefe
in nitrous acid, (b).

§ Xvi.

Now, fince only a part of this mineral

is diftolved by the vitriolic acid, it may
be afked, Why the remainder does not

diiTolve ? To this I anfwer, The undiftol-

ved portion has parted with the little phlo-

gifton it naturally poflefled, to that por-

tion of manganefe which is taken up by
the vitriolic acid during the firft digeftion;

for, without that principle, manganefe is

infoluble. That the remaining manga-
nefe lofes its phlogifton, is evident from,

this, that if nitrous acid be abftraifted

from it, there appears little or no red va-

pour. That manganefe, according to its

fecond general property, attradls phlogi-

fton more ftrongly when it is combined
with fome acid, the following experiments

will ihew : (a) Levigated manganefe di-

gefted or boiled with a folution of fugar,

honey, gum Arabic, hartfhorn, jelly, un-

dergoes no change. But on mixing the

manganefe with fome diluted vitriolic

or pure nitrous acid firft, afterwards

adding fome of thefe fubftances, and ex-

pofing the whole to digeftion, you per-

ceive with admiration how the black co-

VoL. I. F lour
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lour vanifhes by degrees, and the folution

becomes as limpid as water. During this

phenomenon, a quantity of air-bubbles

is difcharged with a violent effervefcence

;

they are found to be aerial acid, Nay,
manganefe, in fuch a combination, fhews

fuch a ftrong attraction for phlogifton, that

metals, not even the noble ones excepted*

render it foluble in thefe acids in a limpid

form
;
and what is ftill more remarkable,

the volatile alkali, as well as the above

mentioned vegetable and animal fubftan-

ces, is entirely deftroyed. But of this

I fhall fpeak more fully hereafter. At
prefent I conclude from thefe experi-

ments, that the fuperficial particles of le-

vigated manganefe, on touching an acid,

acquire a great attraction for phlogifton;.

and if fuch an acid contains no phlogi-

fton, nor the manganefe fo much as is re-

quifite for its entire folution (§ n. iv. A, a},.

thofe fuperficial particles attract as much
of the phlogifton as is required from the

particles next adjacent to them, which

have not yet come in contact with the

acid. This is the reafon why the exter-

nal particles difToive in vitriolic or nitrous

acid ;
and the internal, or thofe lying

neareft under the external ones, having

been deprived of their phlogifton, remain

undiftblved ;
but thefe likewife difToive as

foon as the requifite phlogifton is com-
municated
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municated to them from the above men-
tioned fubftances^ fuch as fugar, &c.

§ XVII.

We now come to fpeak of the effeCts

of concentrated vitriolic acid on man-
ganefe, (§ 11. c). It is remarkable, that

this acid diffolves the manganefe en-

tirely without the addition of any phlo-

gifton. It would be difficult to compre-
hend whence the phlogifton in this cafe

ffiould come, if we were not certain that

feveral fubftances, which have a great at-

traction for phlogifton, can attraCl it in

a red heat. Quickfilver, and filver when
diffolved in the pureft nitrous acid, really

lofe the phlogifton (§ iv.), which is a

conftituent part of thefe metals. This

appears from the red vapours, under the

form of which the nitrous acid arifes
;
and

the diffolved metallic earth cannot be

again reduced to its metallic form, till

it has again acquired the loft phlogifton,

which is effedted either by precipita-

tion with complete metals, or elfe by
means of heat alone. It is known, that

nitrous acid, when combined with a little

phlogifton, adheres afterwards to abfor-

bent bodies fo loofely, that it may be ex*

pelled from them by vegetable acids. It

a fmall glafs retort, filled with nitre, is

kept upon the fire, till the nitre Ihall

F 2 have

1
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have been in a red fufton for half an
hour, it is found, after cooling, to have
acquired fome phlogifton. For, when
rubbed with tamarinds, a ftrong fmell of

aquafortis rifes
;
and it likewife deliquefces

in the open air, though there is no mark
of any fuperabundant alkali. And what
elfe can be the caufe, that fuming nitrous

acid, when diddled, rifes at laft, when
the retort is nearly of a white heat, in

blood-red vapours, whereas it afcends du-

ring the diftillation in a limpid form like

water ? I could adduce many more expe-

riments to prove, that phlogifton is con-

tained in fire, if I was not afraid of ren-

dering this diflertation too long. This,

however, I may add, that the following

objedtion is void of foundation : Why,
if what I aftert was really the cafe, the

calces of the ignoble metals are not equal-

ly reducible by heat ? fince all bodies have

not an equal degree of attradlion to phlo-

gifton.

Thus manganefe can attradi the quan-

tity of phlogifton neceftary for its folu-

tion, by means of concentrated vitriolic

acid, from heat. It is not probable, that

the concentrated acid undergoes a decom-

pofttion in this degree of fire ;
for if you

Saturate half an ounce of this acid with

alkali of tartar, and afterwards calcine in

a retort, with a receiver applied, an ounce
and
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and a half of powdered manganefe, with
an equal quantity of the fame vitriolic

acid, then diffolve the calcined mafs in

diftilled water, and likewife wafh well the

receiver, which contains fome drops of

vitriolic acid, which are alfo to be add-

ed to the folution ;
and laftly, add the

fame quantity of alkali, there will be no
mark either of abundant alkali or acid.

Thence it may be concluded, that the

phlogifton in the vitriolic acid (if there

really exifts any in it) contributes no-

thing to the folution. But the manga-
nefe, precipitated with alkali, contains a

confiderable quantity of it
;
in confequence

of which, it is afterwards entirely foluble

in acids, without the addition of any
phlogifton,

§ XVIII.

Manganefe is often mixed with hetero-

geneous earths, which are not to be rec-

koned as its condiment parts. Among
thefe are, (1.) a little iron ochre. This

was the reafon why the mafs in the retort,

after diftillation, was red on the outfide

(§ 11. c), becaufe it was there expofed to

the greatefl heat; whence the vitriolic acid,

that was combined with the iron, quitted

it. Calx of iron is befides eafily obtained

from the folutions of manganefe in acids.

If a few drops of a folution of alkali are

F 3 /
dropped
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dropped in, the iron will be precipitated

firft, becaufe it has lefs attraction for the

acid than the phlogidicated manganefe
has. That this fmall quantity of calx of

iron is only mechanically mixed with
manganefe, has been proved by Mr Pott,

and afterwards by Mr Rinman, though
Mr Weftfeld looks upon it as a condituent

part of manganefe. (2.) Some filiceous

earth is likewife found mixed with man-
ganefe, but it does not enter into the fo-

lution, (§ 11. d). That the filiceous earth

is not pure, appears from experiment ; but

it may be obtained quite pure by means
of proper acids. (3.) A little calcareous

earth, which, as far as I know, has not

hitherto been taken notice of. It is

this with which the feparated filiceous

earth is mixed, (§ ij. d)
;
and, in confe-

quence of its abforbent nature combining
with the vitriolic acid, it forms a neutral

fait, which is foluble in water, and forms

with borax a brown glafs (§ 11. d), on ac-

count of the fulphur produced during the

fufion
;
of which I {hall fpeak more par-

ticularly hereafter, § xxxij.

§ XIX.

If the fait, confiding of vitriolic acid

and manganefe (§ 11. c), be again diffol-

ved in diddled water, and afterwards cry-

dadifed, it will be obtained in a date of

purity,
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purity, containing nothing of the admix-

tures, mentioned in the preceding para-

graph. From it manganefe, faturated

with phlogifton, may be precipitated by
alkali of tartar. That this manganefe is

really faturated with phlogifton, appears

from this, that it cannot be united

with more phlogifton, fo as to yield any
metallic fubftance. If Mr Weftfeld had
examined this precipitate a little more,

he certainly would not have pronoun-
ced it to be the earth of alum. The
earth, thus obtained, is without the leaft

particle of iron, and is befides endowed
with all the properties which mineralo-

gifts afcribe to manganefe, after the phlo-

gifton has been feparated from it by cal-

cination in the open air, (§ xv. c). Thence
i infer, that Mr Weftfeld’s Diftertation

affords no inftrudlion whatfoever.

§ XX,

The effects of volatile fulphureous acid

on manganefe clearly prove what has been
afterted (§ ill.). The manganefe attradls

the phlogifton contained in this acid,

which is the caufe of its great volatility,

and which renders the manganefe foluble in

the now pure vitriolic acid. If this folu-

tion be mixed with concentrated vitriolic

acid, and diftilled, no volatile Sulphure-
ous acid is obtained ; and if it be preci-

<
* F 4 pitated
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pitated by means of fixed vegetable alkali,

vitriolated tartar is obtained. This proves

that manganefe has a ftronger attraction

for phlogifton than for vitriolic acid in the

moift way.

§ xxi.

The effeCts of nitrous acid on manga-
nefe coincide, upon the whole, with thofe

of vitriolic acid. If this acid could fup-

port fuch a degree of heat as the other in

a date of concentration, it would alfo en-

tirely diffolve the manganefe without the

addition of any phlogifton. But as this

is not the cafe, it is neceffary to fupply

the defeCt of phlogifton. The extrane-

ous fubftances mixed with it appear in this

procels more clearly, (§ xviii.). Here the

pure filiceous earth remains undiffolved at

the bottom
;
but another unknown earth

unites with the nitrous acid, and yields

cryftals, (§ iv. e). It likewife may be

precipitated by the vitriolic acid
;
and this

is the precipitate mentioned in the fame

place (h), as infoluble in water. The
calcareous earth, with vitriolic acid,

forms gypfum, and the fmall portion of

iron is readily feparated, by means of

a few drops of alkali of tartar, (§ xviij.

No. j.).

§ xxi r,
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§ XXII.

All this appears dill more clearly with

phlogifticated nitrous acid. The manga-
nefe decompofes this acid for the fame
reafon as it does the volatile fulphureous

acid (§ xx.). That the phlogifton of the

acid really combines with the manganefe,

appears from this, that on adding to fuch

a folution fome vegetable acid, there is

no fmell of aquafortis obferved, (§ xvii.)

and the diftillation with pure vitriolic acid

yields limpid, by no means yellow, nitrous

acid. There appears no effervefcence

here, as happens with the folution in pure

nitrous or vitriolic acids, on adding a lit-

tle gum or fugar (§ xvi. a). It is well

known, that a great quantity of aerial

acid is conftantly developed in the decom-
pofition of any animal or vegetable fub-

ftance. Now, fince manganefe, affifted

by acids, has the fame effedt upon thofe

fubftances as air and other bodies have,

which extract from them their phlogifton,

there muft neceffarily be, in this procefs,

a feparation, or perhaps a generation of

aerial acid. But, in the prefent cafe, with

phlogifticated nitrous acid, no fuch effer-

vefcence can take place, becaufe it is com-
bined with pure phlogifton

;
and if this

be again feparated, I do not fee why aerial

acid fhould be extricated. Moreover, man-
ganefe,
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ganefe, when united with nitrous acid
and metals, arfenic or oil of turpentine,
is entirely diffolved without fhewing any
effervefcence.

§ XXIII.
1

The vith paragraph {hews the effedls of
muriatic acid. In this cafe, perhaps, it

does not immediately appear whence man-
ganefe Ihould obtain its phlogifton

;
no

phlogifton being added here, and the en-

tire folution taking place without heat.

There occurs, indeed, here a circumftance,

which certainly proves that muriatic acid

contains fome phlogifton; a property which
one fhould have attributed to the nitrous

acid, chemifts having been of opinion that

this principle was prefent in a pretty

large quantity, as one of its conftituent

parts. But this we now reverfe, and aN
tribute phlogifton to the muriatic acid.

Muriatic acid, when digefted in the cold

with manganefe, affumes a dark-brown

colour (§ vi. a)
;
for, fince this fubftance ne-

ver affords a colourlefs folution without

phlogifton, the prefent folution will be ei-

ther blue or red (§ xiv. iv.), though the

muriatic acid is capable of diflolving man-

ganefe, without the addition of the in-

flammable principle. In this cafe, the co-

lour has more of brown than red, on ac-

count of the fine particles of the manga-
nefe
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nefe floating in the folution, and not

eafily finking to the bottom
;

for, with-

out thefe particles, the folution is red;

and red mixed with black yields a brown
colour. Manganefe adheres here loofe-

ly to the muriatic acid
;

fo that it may
be precipitated by water

;
and the preci-

pitate {hews the fame properties as com-
mon manganefe. Whenever I expofed

the mixture of manganefe and muriatic

acid to digeftion, an effervefcence enfued

with a fmell of aqua regia, (§ vi. b).

In order to fet this new difcoverv in a

clear light, I tied to the neck of a retort,

which contained a mixture of manga-
nefe and muriatic acid, an empty bladder,

and put it into hot fand. An effervefcence

enfuing, the bladder was filled. When
the acid no longer occafioned any effer-

vefcence, which was a fign of its fatura-

tion, I took the bladder off, and found
that the air had rendered the bladder yel-

low, as nitrous acid would have done

;

but there was not the leaft mark of aerial

acid, only a very fenfible pungent fmell,

highly oppreflive to the lungs, and refem-

bling the fmell of warm aqua regia. The
folution in the retort was clear, and of a

yellowifh hue, which was owing to the

iron contained in it. If you wifh to be

convinced, that the manganefe, thus dif-

folved, likewife contains phlogifton, you
fhould precipitate the folution with alkali

of
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of tartar, edulcorate the precipitate, and
treat it in the manner above mentioned,

(§ xvi. A, b, c). But whence did it ac-

quire its phlogifton ? From the muriatic

acid. The matter of heat has no fhare

here, becaufe the folution becomes limpid

without it, if it be only expofed to the

air for a few hours. The following is the

theory of the folution : The manganefe is

firft attacked by the acid, and thus we have
a brown folution. The manganefe, when
diffolved, acquires, by means of the acid,

a ftrong attraction for phlogifton, (§ xiv.

No. 2.) and really attracts it from the par-

ticles with which it is combined. Thefe

particles having thus loft one of their

conftituent parts, and being but very

loofely combined with the phlogifticated

manganefe, are expelled from it by the

remaining muriatic acid, which h^s not

yet luffered any decompolition, and now
appear with an effervefcence, as an highly

elaftic air ;
the brown colour has now

difappeared, and the folution is become
limpid.

§ XXIV.

The marine acid feparated from phlogi-

fton, one of its conftituent parts, unites

with water in a very fmall quantity only,

and gives it a flight acid tafte : But, when-

ever it is enabled to combine with phlo-

gifton,
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gifton, it affumes its former nature, and
again becomes a true muriatic acid. In

order to difcover the properties of this ae-

rial fluid, it is bed to examine it in its

elaftic Hate. Common muriatic acid is to be

mixed with levigated manganefe in any
quantity in a glafs retort, which is to be

put into warm fand, and a glafs receiver

applied, capable of containing about twelve

ounces of water. Into the receiver put

about two drachms of water
;
the joints

are to be luted only with a piece of blotting

paper tied round them. In a quarter of

an hour, or a little longer, a quantity of

elaftic acid, going over into the receiver,

gives the air contained in it a yellow co-

lour, and then it is to be feparated from
the retort. At this time, if the paper

has been clofely applied, a portion of the

aerial fluid will rufli out with fome force ;

and you therefore muft have a cork ready

to clofe .. it immediately
;

and then an-

other receiver, with two drachms of wa-
ter in it, fhould be applied to the retort

as before
;
and thus feveral fuch veflels

may be filled with dephlogifticated mu-
riatic acid. In the procefs care fhould

be taken, that the retort be fixed in

fuch a pofture, that if a few drops fhould

rife into its neck, they may run back in-

to the body. The water put into the

receivers ferves to condenfe the vapours of

marine
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marine acid, fhould any go over. I fill

feveral glades at once, in order to get a

good quantity, and to avoid the trouble

of repeating the procefs as often as I want
fome of the fluid for my experiments. It

is better to make ufe of fmall vefTels for

receivers, becaufe a great part of the acid

is loft every time the cork is taken out.

§ xxv.

The bodies which I wifhed to expofe to

the action of this dephlogifticated aerial

fluid were fixed in a glafs tube, which
pafted through the cork of the receiver. I

obferved that the corks (a) became yel-

low within the receiver, as from aquafor-

tis, and the lute was likewife corroded

during the diftillation. (b) Paper colour-

ed with lacmus became nearly white
;

all

vegetable red, blue, and yellow flowers,

grew likewife white in a fhort time
;
the

fame thing happened to green vegetables :

Meanwhile, the water in the veffel was

changed into a weak but pure muriatic

acid. (c) The former colour of the

flowers, or of the green vegetables, could

not be recovered either by alkalis or

acids ,(d), expreffed oils and animal fat,

whether dropped into the tube, or fmear-

ed upon it, grew in a fhort time as tena-

cious as turpentine, (e) Cinnabar grew

white upon the furface, and, when it was
wafhed
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wafhed in water, a pure folution of cor-

rofive fublimate „ was obtained; but ful-

phur was not changed
;

(f) vitriol of iron

grew red and deliquefcent
;
vitriol of cop-

per and zinc remained unchanged
; (g)

iron filings, put into the tube, were dif-

folved. The folution, after being evapo-

rated to drynefs, and then diftilled with

the addition of fome concentrated vitrio-

lic acid, again yielded pure marine acid, in

which gold remained undiffolved. (h) All

the metals were attacked
;
and, with re-

gard to gold, it is remarkable that its fo-

lution in this dephlogifticated muriatic acid

yields with volatile alkali aurum fulmi-

nans. (1) When fome volatile alkali, prepa-

red from fal ammoniac and quicklime, was
dropped upon the tube, a white cloud was
produced, and a great number of air-

bubbles were difcharged from them, which,

on burfting, yielded a vapour, (k) Fixed

alkali was changed into common fait,

which decrepitated, but did not detonate

in the fire, (l) Arfenic became deliquef-

cent in this vapour
;
(m) infeCts inftant-

ly died in it
;
(n) and fire was inftanta-

neoufly extinguifhed.

§ XXVI.

This fufficiently fhews how ftrong an
attraction dephlogifticated muriatic acid

has for phlogifton. Perhaps Stahl ob-

tained
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by means of iron, and, from the yellow
colour of the cork, was led to fuppofe that

the muriatic had been changed into the

nitrous acid. If you make a mixture of

manganefe, muriatic acid, or diluted vi-

triolic acid and alcohol, and, after digeft-

ing it in a well clofed phial for fome days,

diftil it by a gentle fire, no effervef-

cence enfues
;
but the fpirit of wine goes

over, and, what is very remarkable, has a

ftrong fmell of nitrous aether. The remain-

der in the retort will have loft its acidity,

and be faturated with manganefe. If me-
tals, fugar, linfeed, or oil of turpentine,

be combined with a mixture of pulveri-

zed manganefe and muriatic acid, no fuch

dephlogifticated muriatic acid is produced

;

becaufe, in this cafe, a fufficient quantity

of phlogifton is prefent for the elaftic

acid to unite with. It is remarkable of

quickfilver, that a great part of it enters

into the folution, and may be afterwards

again obtained by cryftallifation with all

the properties of corrofive fublimate. If

plates of pure gold be put into a mixture

of pulverized manganefe and pure muria-

tic acid, it will afterwards appear that gold

as well as manganefe is contained in the

folution.

§ XXVII.
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§ XXVII.

As fluor acid yields a precipitate with
manganefe, (§ vn.), it is eafily underftood
why it diffolves fo little

;
for the fait

forms a fine pellicle round the particles of
the manganefe, and thus prevents the acid

from penetrating any further. The fame
thing happens with the acid of phofpho-
rus, (§ viii.).; for microcofmic fait like-

wife produces a precipitation.

§ xxvi 11.

The effects produced on manganefe by
the acid of tartar are remarkable, on ac-

count of the effervefcence. Manganefe
does not enter with any acid into a colour-

lefs combination, without being firft united

with phlogifton. The fmall portion of

phlogilion, which it naturally contains

(§ xv. A, B, c), may ferve to render it fo-

luble in all acids
;
but this only in very

fmall quantity. The effervefcence which
happens in the prefent cafe fhews, that a

part of the acid of tartar is entirely de~

ftroyed, in confequence of the combina-
tion of its phlogifiic part with the manga-
nefe, as is explained in § XXii. in which
the definition of animal and vegetable

fubfiances is defcribed. To this it may
be added, that if you make the folution

with a proper proportion of fugar, gum,
Vo l. I. G
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&c. ther$ will not remain the leaft mark
of thofe fubftances, (§ xvi. a). This is

eafily proved
;

for, if fuch a folution be
filtered, infpiffated, and (lowly calcined

with concentrated vitriolic acid, there

fhould neceftarily appear fome blacknefs

from the burned fugar, which however
does not take place. During this decompo-
fition of fugar or gum, there arifes a va-

pour that vellicates the nofe
;
and, if it be

collected in a receiver, it appears to be
pure vinegar. From diluted vitriolic acid,

fugar and manganefe, this acid is obtain-

ed in its pureft date.

§ XXIX.

Among the vegetable acids, diftilled vi-

negar combines moft loofely with abfor-

bents
;
for the acids of lemon and tama-

rinds- expel it from its union with fixed

alkali in acetated vegetable alkali, (terra

foliata tartari). Its inflammable part is

more clofely united than in the reft of

the vegetable acids, fince it arifes with it

into the receiver, which is not the cafe

with the other acids which are deftroyed,

except the volatile dry acids of benzoin

and amber. Hence it appears, that vine-

gar a<5ts upon manganefe in no other man-
ner than diluted nitrous and vitriolic acid

do, (.§ xv -xxi.). If this acid had a

greater attracftion for phiogifticated manga-
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nefe, or if its phlogifton was not fo c Tofe-

ly combined, the manganefe would de~

compofe it, as really happens with phlo-

gifticated vitriolic acid, with volatile ni-

trous acid, and the acids of tartar and
lemon.

§ XXX.

The acid of lemon is likewife decom-
pofed by manganefe, as well as that of am-
ber. During putrefaction and combuftion

the acid of lemon alfo yields a great deal

of aerial acid, which is here the real caufe

of the effervefcence during the' folution.

The brown colour aflumed at firft by the

folution, is a proof that the acid of lemon
can diffolve the manganefe, without its

being firft united with phlogifton. The
acid of tartar produces likewife in the be-

ginning a folution of a fomewhat brown
colour. The caufe of this colour is the

* t •
.... r

very fame with that afligned with refpeCl

to the muriatic acid.

§ XXXI.

The xnth paragraph fhews that aerial

acid too has fome effect upon manganefe.

I have related this experiment to {hew,

that, from a folution in any acid, if there

be an excefs of the acid, all the manga^
nefe is not precipitated by vegetable alka-

li, though it be added till the acid is conqi-

G 2 pletely
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pletely faturated
;
for the aerial acid, which

is extricated from the alkali, diffolves part

of the manganefe.

§ XXXII.

The peculiar kind of earth found in all

the limpid folutions of manganefe, and
mentioned § xvm. No. 4. remains to be

more carefully examined. I fhall here

fpeak of a few particulars in which it dif-

fers from others.

. (a) The fmall cryftals which appear on
the evaporation of the folution of manga-
nefe in nitrous and muriatic acids, § iv. c,

§ vi. D, confift of this earth combined
with thofe acids. They are eafily foluble

in water, and may be freed from the ad-

hering folution of manganefe, by repeated

evaporation and cryftallifation. They are

infoluble in fpirit of wine, have an auftere

tafte, and do not attract moifture from the

atmofphere. (b) Diffolved in water, they

are neither precipitated by fixed nor vola-

tile cauftic alkalis, nor by lime-water ;

but, on addition of the mild, fixed and

volatile alkalis, an earthy precipitation

takes place. (c) This precipitate, after

being edulcorated and dried, is white, and
effervefces with all the acids. If calcined,

it grows a little bluifh, and produces no

effervefcence with acids, but is diffolved

by them when heat is applied. It is not

foluble
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faluble in water, but expels the volatile

alkali from fal ammoniac, (d) Expofed
to the blowpipe, it is at laft changed into an
opal-coloured glafs, which is again foluble

in acids, (e) With fixed alkali it under-

goes no change, (f) Borax difiolves it

with effervefcence, and thus forms a glafs,

which is colourlefs and tranfparent as long

as it continues hot, but opaque when cold.

(g) The folution of this earth in nitrous or

muriatic acids is not precipitated either by
phofphoric, tartar, or fluor acid, though it

is by all ammoniacal falts containing thefe

acids, (h) This folution is precipitated

by vitriolic acid, and the precipitate is in-

foluble in water (§ iv. vi. B, c). It is like-

wife precipitated by vitriolated vegetable,

foffil, volatile alkalis, and lime
;
as alfo by

iron, copper, and zinc, combined with

the fame ‘acid, (i) The vitriolic acid is

not feparable from this earth, either by
alkali, lime, or folution of filver or quick-

filver. The only means to effect this fe-

paration is to convert the acid into ful-

phur. This may be done, by mixing the

edulcorated precipitate with alkali of tar-

tar, and a little charcoal powder, fufing

the mixture, afterwards diffolving the

mafs in water, and edulcorating the pow-
der that lies at the bottom, which then

may be again diffolved in nitrous acid,

and thus purified from the charcoal, (k)

G 3
By
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By fufing it with black flux and powder
of charcoal I obtained no metallic fub-

fiance.

Hence it appears, that this earth differs

from all other earths hitherto known. But
I am alfo convinced from experiments,

that this earth is not found in manganefe
alone : For, when you lixiviate potalhes

made of trees, or other fmaller vegetables,

in order to free them from vitriolated tar-

tar, and afterwards diffolve them in pure

nitrous or muriatic acid, filter the folu-

tion, and dilute it with water
;
then, on

pouring into it feme drops of vitriolic

acid, you obtain, in a quarter of an hour’s

time, a fine white precipitate* which con-

fills of this earth and vitriolic acid, and is

exadlly the fame with the precipitate of (b).

§ XXXiii. Manganefe united with Phlogijion ,

In order to obtain the manganefe in

this flate pure, it ought to be precipitated

from limpid colourlefs folutions by alkali

of tartar. The fhortefl way to obtain it

in this manner has been already mention-

ed § XIX. It is white like chalk, and I

ihall call it for the future phlogifiicated

manganfe. That this precipitate contains

phlogiflon, has been already evinced by

feveral experiments ;
and it has been like-

wife mentioned, that it lofes its white co-

lour by calcination in an open fire. The
fame
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fame circumftance is obferved when the

folution of manganefe is precipitated by
fixed or volatile cauftic alkalis : For thus

a white precipitate is obtained, which,
when expofed to the air, foon grows
dark-brown, but retains its colour when
kept in a clofe glafs veflel. The manga-
nefe, however, precipitated by fixed ve-

getable alkali, retains its white colour in

the open air. The reafon of this is, be-

caufe it is united not only with phlogifton,

but likewife with aerial acid
;
the precipi-

tate is confequently, properly fpeaking, a

fait. No folution of manganefe in acids

is decompofed by air alone
;
whence it ap-

pears, that the acids enhance the at-

traction of manganefe for phlogifton.

The manganefe, therefore, of which Mr
Rinman fpeaks in his FJTay, mult be a

white manganefe prepared by art.

§ XXXIV.

(a) If you dilute a folution of manga-
nefe with a good deal of water, and after-

wards precipitate it with cauftic alkali,

the precipitate from the very beginning is

brown, and has all the properties of pure

manganefe. Here it evidently appears,

that the air contained in the water is fuf-

ficient to attraCl the phlogifton of the

manganefe as foon as it is feparated from

the acid. For the fame reafon, manganefe

G 4 precipitated
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precipitated from its folution by lime-wa-
ter, is brown

;
but, on adding more of a

concentrated folution of manganefe, and
afterwards fome cauftic alkali, the preci-

pitate is white
;
becaufe the air contained

in the water, being already faturated with

phlogifton, is not able to combine with

any more.

(b) On diftilling an ounce and an half

of phlogiflicated manganefe in a glafs re-

tort with a ftrong fire, a great quantity of

aerial acid, with fome drops of water,

came over. The retort being ftill warm,
I poured the manganefe out upon a piece

of paper, when it immediately grew red

hot, and fet the paper on fire.

(c) The f3.me experiment was repeated

with a drachm
;

and an empty bladder

was tied to the neck of the retort
;
the

\

diftillation was continued with a ftrong

fire as long as the bladder was diftended

by the air.

This air occupied the fpace of three

ounces of water. The refiduum in the re-

tort afterwards weighed thirty-five grains,

was of a light grey colour, diffolved in

acids, without the addition of phlogiflon,

with a great heat. At that degree of heat,

at which fulphur fmokes, but does not

take fire, it grew black, and began to

turn red hot. From thefe experiments,

it follows, that, in clofe veffels, phlogifton

does
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does not feparate from manganefe, if the

accefs of air be prevented, (§ xiv. No. 3.)

§ xxxv.

In § xv. I obferved that manganefe
decompounds nitre, and that the acid paf-

fes over. This does not happen till the

mixture grows red hot. (a) If phlogifti-

cated manganefe be mixed with an equal

quantity of pure nitre, and diftilled in a glafs

retort provided with a receiver, itisobferva-

ble, that the mixture begins to grow black

before the retort becomes red hot, but no
nitrous acid goes over. If it be afterwards

lixiviated, there appears no mark of any
uncombined alkali in the lixivium

;
but,

on mixing the folution with tamarinds,

an odour of aquafortis immediately arifes.

(b) If three parts of
t

phlogifticated man-
ganefe, mixed with one part of finely

powdered nitre, be diftilled in the fame
manner, but the diftillation be flopped as

foon as the mixture grows black, the nitre

is found to be alkalized
;
no nitrous acid,

however, is found in the receiver. All this

proves clearly, that phlogifton is contained

in manganefe.

§ xxxvi.

I likewife examined the effedts produced

on manganefe by undtuous oils, and in-

flammable bodies.
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(a) One part of finely powdered man-
ganefe, digefted with four parts of olive

oil, underwent no change
; but as foon as

the oil grew hotter, the mafs began to ef-

fervefce violently, which is owing to the

extrication of aerial acid. After the mafs
was become cold, the manganefe was
found to be diflolved, and had the con-

fidence of falve. (b) A mixture of finely

powdered manganefe and charcoal was
diftilled in a fmall glafs retort, to which
an empty bladder was tied. When the

retort began to melt, a quantity of aerial

acid was extricated, and filled the bladder

(§ xxii.). The remainder in the retort'

was for the greateft part foluble in fpirit

of vitriol, without the addition of any
phlogifton. Spirit of wine, aether, oil of

turpentine, produced no change upon
manganefe by themfelves.

§ XXXVII.

(a) Half an ounce of powdered man-
ganefe mixed with two drachms of pound-

ed fulphur were expofed to diftillation in

a glafs retort. A part of the fulphur rofe

to the neck of the retort, and 1'ome of the vo-

latile acid penetrated through the lute

;

at laft the retort melted. After the refi-

duum was cold, it weighed 5-7 drachms,

and appeared of a yellowilh grey colour.

It diffolved in fpirit of vitriol with effer-

. vefcence,
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vefcence, and with an hepatic fmell
;
when

it was filtered, fome fulphur remained oil

the filter, it is infoluble in water. Upon
calcination in the open air, the fulphur

was volatilifed, and the mafs affumed a

brown colour. After this procefs a good
deal of the mafs diftblved in water, and
{hot into cryftals, which were exadtly like

thofe of parag. xxii. The infoluble refi-

duum being calcined with more fulphur

in the fame manner, was at laft entirely

reduced to fuch cryftals. This has alfo

been obferved by Mr Weftfeld
;
but he

fuppofed them to be alum, to which I can

by no means affent.

§ XXXVIII. With Nitre andfixed Alkali.

(a) Nitre triturated with manganefe to

a fine powder, and ftrongly calcined in a

crucible, lofes its acid, and the manganefe
combines with the alkali, forming a dark-

green mafs, which is foluble in water,

communicating to it a green colour. The
colour is in reality blue (§ XIV. No. 4.)

;

for, after the folution has been kept for a

few days in clofe veffels, a fine yellow

powder precipitates by degrees, which for

the greateft part is nothing but crocus

martis, and the folution afterwards turns

blue, (b) In fuch a folution, the manga-
nefe is very loofely combined with the

alkali , for it can be feparated from it by
water
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water alone. This mixture is at firfl of a

violet colour, grows afterwards red, and
when the red particles come into clofer

contadl with one another, the red colour

difappears, and the powder precipitated

has the natural colour of manganefe. (c)

The fame thing happens if the blue folu-

tion of manganefe be mixed with a few
drops of an acid, or if the folution has

been expofed for a few days to the open
air

;
the cauflic alkali, in this cafe, unites

with the aerial acid, which is prefent in

large quantity in the atmofphere, and for

this reafon the manganefe mufl alfo fall

down, (d) Probably the fine particles of

manganefe have naturally a dark-red co-

lour, which becomes vifible when they are

feparated from one another, without, how-
ever, being perfectly diffolved in a men-
ftruum. (e) The precipitate, produced

by an acid, is flill real manganefe, a part

of which is foluble in acid of vitriol, but

not the whole (§ n. a), unlefs there be add-

ed fome phlogiflon. Hence it follows,

that nitre is not capable of depriving the

manganefe of its natural fmall quantity

of phlogiflon (§ xv.)
;

confequently the

alkalifation of nitre cannot be afcribed to

the natural phlogiflon of the manganefe.

(f) If the folution (a) be mixed with di-

luted vitriolic acid to faturation, the red

colour difappears, and the folution grows

colourlefs.
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colourlefs. The reafon of this is, becaufe

there is always fome undecompofed nitre

in the alkali of nitre, the acid of which
has taken fome phlogifton from the red

heat (§ vii.). This phlogifticated nitrous

acid is in the prefent cafe feparated from
its alkali by the vitriolic acid, and dif-

folves the manganefe according to the

reafons mentioned in § xx. xxn. (g) Man-
ganefe fufed with alkali of tartar has near-

ly the fame properties with that treated

with nitre, the laft excepted from the

want of fulphur. (h) If charcoal in pow-
der be mixed with the melted green mafs,

an effervefcence enfues (§ xxxvi. b), and
the mafs aftumes a light grey colour

;
it

likewife yields a white l'olution with wa-
ter

;
what remains on the filter is phlo-

gifticated manganefe. (1) If finely pow-
dered arfenic be added to fuch an alkaline

folution of manganefe during its ftate of

fufion, the green colour alfo difappears,

and a white one is produced. If the mafs
be diftolved in water, phlogifticated man-
ganefe is precipitated. This is certainly

a very remarkable phenomenon. I here

fee, that phlogifton actually enters into the

compofition of arfenic. The fame thing

likewife follows from par. xxi 1. in which
I mentioned, that arfenic is capable of

rendering the folution of manganefe in

acids limpid. I here alfo recolledted the

volatile



no ESSAY V.

volatile nitrous acid that is produced
by means of arfenic. I thought, if the
arfenic could be deprived of its phlogifton,
quite different properties would appear.
The experiments which I made according
to this conjecture were crowned with fuc-

cefs, and I found out two ways of refol-

ving arfenic into its conftituent parts,

which are a peculiar acid, and the uni-
verfal inflammable principle.

§ XXXIX* Effetts of Sal Ammoniac*

(a) Half an ounce of phlogifticated

manganefe, mixed with an equal quanti-

ty of powdered fal ammoniac, was diftil-

led in a glafs retort. I obtained in the re-

ceiver dry volatile alkali, and towards the

end fal ammoniac in the neck of the re-

tort. (b) Half an ounce of pure phlo-

gifticated manganefe (§ xxrv. B, c), mix-
ed with two drachms of pounded fal am-
moniac, were expofed to diftillation, and
I obtained cauftic liquid volatile alkali.

Both the refiduums in the retort were

fufed
;
they were foluble in water, (c) An

ounce of well triturated manganefe was

diftilled with half an ounce of fal am-
moniac, when a liquid volatile alkali came
over, the fame as that which is prepared

by means of quicklime. There likewife

fuo.irned a little fal ammoniac
;
the reft-

duum was put into water, but there re-

mained



ON MANGANESE, in

mained a good deal of manganefe undif-

folved. As manganefe is not foluble in

acids without being combined with phlo-

gifton, a queftion arifes, Whence the mam
ganefe obtains the phlogifton in this pro-

cefs ? (d) If finely pounded manganefe

be expofed with pure nitrous acid and

fome volatile alkali to digeftion for feveral

weeks, you will obferve a great number
of air-bubbles rife to its furface. This

kind of air, collected in a bladder tied to

the neck of the flafk, is not aerial acid,

but of a quite different nature. During
the digeftion, tHe volatile alkali is entire-

ly decompofed
;

for if the folution be

mixed and diftilled with a fufficient quan-

tity of quicklime, not the leaft fmell of

volatile alkali appears in the receiver. In

this procefs, the phlogifton, one of the

condiment parts of volatile alkali, has

combined with the manganefe, and thus

rendered the acid of nitre capable of adt-

ing upon the manganefe. The elaftic fluid,

collected in the bladder, has been either

feparated from the volatile alkali, and is

then its other conftituent part, or it is a

product arifing from its decompofition.

That the nitrous acid has no fhare here,

is clearly proved by the following procefs

:

(e) I repeated the very fame diftillation

with manganefe and fal ammoniac, as in

c ; but, inftead of the receiver, I ap-

plied
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plied an empty bladder, which in thefe

experiments is always to be faftened very
exactly to the neck of the retort. It hap-
pened here as I expected

;
I obtained the

fame kind of air in the bladder as in the

preceding experiment
;
and now I under-

ftand the nature of the procefs in e, and
how this procefs is to be explained. The
manganefe had combined with the phlo-

gifton of the fal ammoniac (refolved by
the heat into vapours), that is, the phlo-

gifton of the volatile alkali
;
and thence

arofe the elaftic fluid
;
and the muriatic

acid, which was before united with the

volatile alkali, could not now but unite

with the phlogifticated manganefe. But
fince this alkali contains more phlogi-

fton than the manganefe requires to be

combined with, in order to be foluble in

muriatic acid (for nitnimfammans will de-

flagrate, but not a folution of phlogifti-

cated manganefe in nitrous acid, after be-

ing evaporated to drynefs), the reft of it

combines with another portion of the

manganefe, which being thus phlogiftica-

ted, caufes the alkali to go over in a cauftic

ftate, for the reafon afligned in par. xxx i x.

B ;
and thus it likewife appears whence

the air-bubbles come, which are obtained

from cauftic volatile alkali (§ xxv. I.), viz.

the dephlogifticated marine acid in this

procefs combines, in confequence ofitsgreat

attraction
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attraction for phlogifton, with that of the

volatile alkali, and thus a part of this fait

is neceParily decompofed.

§ XL. Effects ofArfenic ,
Orpiment

,
and An-

timony.

(a) Powdered manganefe, mixed with

an equal quantity of arfenic, was diPilled,

when all the arfenic came over, and the

manganefe remained behind unchanged.

(b) Manganefe, diflilled with an equal

quantity of orpiment, yielded fome vola-

tile fulphureous acid, which was followed

by a fmall portion of yellow fublimate,

and at laft a little red fublimate. I in-

creafed the fire by degrees, till the retort

began to melt
;
but the orpiment remain-

ed attached to the manganefe. (c) The
fame thing happened when manganefe
was treated with an equal quantity of an-

timony, which likewife yielded a pungent
fulphureous acid, but no fublimate. In

this procefs, as well as when united with

fulphur alone § xxxvn., the manganefe
bears a very Prong refemblance to a me-
tallic fubPance. It feems as if it cannot

combine with fulphur before it is united

with phlogiPon
;

it therefore PrP attracts

the phlogiPon of the fulphur, and the vi-

triolic acid, Pill retaining fome of this

principle, goes over in the form of vola-

tile fulphureous acid, and the remaining

Vol. I. * H fulphur



ESSAY V.1 14

fulphur is afterwards fixed by the phlogi-

fticated raanganefe. By calcination in the

open air, this is decompofed, as well as

the compounds with orpiment and anti-

mony, and the vitriolic acid unites with

the phlogifticated manganefe § xxxvii.

§ XL I. With Cinnabar and corrofive Sublimate.

(a) A portion of finely pounded man-
ganefe was mixed and diftilled with an
equal quantity of powdered cinnabar.

A penetrating volatile fulphureous acid

came over, and a little cinnabar was fu-

blimed into the neck of the retort, which
was followed by quickfilver. The refi-

duum (hewed the fame properties as that

mentioned § xxxvii. (b) Manganefe,
diftilled with an equal quantity of corro-

five fublimate, underwent no change; (c)

but mixed with an equal quantity of mer-

curius dulcis and fublimed, there arofe firft

corrofive fublimate, and then mercurius

dulcis, into the neck of the retort. Now,
as mercurius dulcis contains crude mercury

united with phlogifton, but corrofive fu-

blimate confifts of calx of mercury and
muriatic acid, it follows, that if part of

the phlogifton of the mercurius dulcis is ta-

ken away, a kind of corrofive fublimate

will be produced
;
and this portion of

phlogifton is taken away in the prefent

cafe by the manganefe.

,
• § xx.11.
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§ XL 1

1

. With Glafs Fluxes .

All the phenomena hitherto obferved

with manganefe I have explained from the

four general properties laid down in §xiv.

;

and, from the fame principles, I think the

phenomena it fhews with glafs fluxes may
be deduced. A colourlefs glafs flux be-

comes conflantly more or lefs red, on ad**

dition of manganefe, according to the

quantity (§ xxxvm. d). If the flux be

a little alkaline, the colour will approach

to violet (§ xxxvi it. a). It is well known,
that arfenic, gypfum, and calx of tin, de-

flroy the red colour in thofe glaffes, and
thus render them clear and colourlefs. As
to the arfenic, the reafon appears from its

conflituent parts § xxxvm. i.
;
for in this

cafe the phlogiflon of the arfenic unites

with the manganefe that is diffolved in

the red glafs, and thus takes away the co-

lour
; and the acid of arfenic unites with

the alkali of the glafs, (§ xiv. No. 3.). It

is to be obferved here, that the experiment

likewife fucceeds in a covered crucible,

but it never fucceeded with me when it was
made in 'that way with gypfum and calx

of tin
;
but, on adding powdered char-

coal, an effervefcence enfues, the red co-

lour difappears, and the glafs becomes co-

lourlefs. Thence it may be concluded,

that the experiments made with a view to

H 2 change
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change the red colour were made upon
charcoal with the blowpipe

;
and the phlo-

giflon of the charcoal is therefore the

caufe of the deftru<5tion of the colour.

The preceding effervefcence is a necelfary

confequence of the feparation of the phlo-

gifton from the charcoal (§ xxn.).

(a) If glafs coloured red by manganefe
be mixed with charcoal powder in a cru-

cible, and fufed, the colour difappears du-

ring the effervefcence, without the addi-

tion of gypfum or calx of tin. (b) But
on keeping the glafs for a long time in

fufion upon charcoal, by means of the

blowpipe, the colour does not difappear.

Nay, if the colourlefs glafs (a) is kept in

this date for a fliort time upon charcoal,

by means of the blowpipe, it grows red

again, (c) If to fuch a red glafs globule

a little fulphur be added, the colour dif-

appears. The fame thing happens on

adding a little of any metallic calx, and

any neutral fait containing vitriolic acid.

Here it is to be obferved, that all metals

of which the calces colour glafs, as, for

inftance, copper, iron, cobalt, give their

peculiar colour to the glafs, while they

deprive it of the red colour communicated

by manganefe. (d) If to fuch a co-

lourlefs glafs nitre be added, though even

in the hiialleft quantity, it immediately

grows red again. The fame thing hap-

pens
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pens if fuch a colourleis glafs globule is

kept in fufion upon an iron plate for a

few minutes, (e) The appearance and
difappearance of the red colour may be
produced at pleafure : By only keeping the

colourlefs glafs apart from all phlogiftic

matter, and in fufion, for a few minutes,

it will grow red
;
and then, by fetting it

upon charcoal, it will effervefce and grow
colourlefs again. Thefe lafl phenomena,
however, will not fucceed if the glafs (a)

be made ufe of.

From thefe experiments the following

queftions may be anfwered. Whence
does it happen, that the additions, men-
tioned at letter E, fo fuddenly deftroy the

natural red colour of the manganefe,

fince, fulphur excepted, they do not con-

tain any confiderable portion of phlogifton

that can be feparated from them, which,

however, is neceffary for the deftru6tion

of the colour ? And why does not the red

glafs upon the charcoal become colourlefs

by itfelf under the blowpipe, as happens

on the addition of charcoal in the cru-

cible ?

Without contact the manganefe cannot

combine with the phlogifton of the char-

coal, and the glafs globule touches the

coal only in one point, and thus takes the

phlogifton only from that point
;

all the

remaining points are in contact with the

H 3 furrounding
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furrounding atmofphere, which deprives

it of much more phlogifton (§ xv. c) than
it is able to get from a {ingle point of the

charcoal, and thus the natural colour of

the manganefe muft remain (b). The
cafe is quite different in a crucible (a)

;

for here the atmofphere touches only a

part of the globule, and the whole mafs
receives a fufficient quantity of phlogifton

from the furrounding charcoal powder to

repair the lofs, whence a colourlefs glafs

flux is produced. The fame is the cafe

when any vitriolic fait or metallic calx is

added to a borax-glafs globule in fufion

tinder the blowpipe, and coloured red by
manganefe (c). For, fince thefe fub-

ftances attradl the phlogifton with fuffi-

cient force from the charcoal, though they

are diffolved in the glafs, as is well known
from the converfion of the vitriolic acid

into fulphur, and the redudtion of the

, metallic calces, and fince manganefe is

able to feparate the phlogifton from me-

tals (§ xvi. xxxvii.), it follows, that in

fuch a glafs globule there is much more

matter prefent which attracts the phlo-

gifton from the point of the charcoal, up-

on which the globule refts, as is likewife

fufficiently evident from the effervefcence

that takes place. If manganefe comes in-

to contadt with any fuch fubftance when it

is on the point of being converted into

fulphur,
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fulphur, or reduced, it is in the fame cir-

cumftances as if it were in contact with

an equal quantity of charcoal powder.

Hence, therefore, the glafs mu ft become
colourlefs

;
and though the air every mo-

ment takes away phlogifton from the fur-

face of the globule that is expofed to its

a&ion, the manganefe will have, notwith-

ftanding, a fufficient number of points

through which the want of phlogifton is

conftantly fupplied. This is proved by
the conftant effervefcence which takes

place as long as the glafs globule re-

mains in a liquid ftate upon the charcoal

(§ XXII.).

§ XLIII.

From this explanation it plainly appears

how manganefe purifies glafs. If the co-

lour of the glafs were to depend on a kind

of carbonaceous matter, it would be im-
prudent to add more of the manganefe
than is required to faturate the phlogifton

of that matter, for the natural colour of

the manganefe would certainly be produ-

ced. With regard to the green colour of

the common bottle-glafs, I was not yet

fully convinced that it depended upon
iron, and I therefore took this opportuni-

ty to examine whether I could feparate

iron from it. (a) I melted green glafs

with alkali of tartar by the blowpipe upon

H 4 *
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a piece of the fame fubftance, (for in ufing

a crucible one may be deceived by the

iron it contains). ETpon this mafs I pour-

ed a large quantity of pure muriatic acid,

and added fome drops of lixivium fangui-

nis, when the mixture grew a little bluifh,

and there is confequently fome iron in the

green glafs. (b) This iron mull be pre-

fent nearly in a metallic form
;

for the

calx of iron renders glafs always yellow-

ilia. It is, therefore, the phlogilton to

which the green colour is owing. As long

as the iron retains part of its phlogifton,

it alfo gives fuch a green colour to its fo-

liation in acids. But if manganefe be add-

ed to fuch a folution, the green colour

difappears during digellion, and a yel-

lowifh one is feen in its place. Nitrous

acid likewife takes away this green colour

during digellion. (c) If nitre be add-

ed to green glafs in fufion, the green co-

lour alfo difappears. Manganefe added

in due proportion produces the fame ef-

fe£l. If Mr Wellfeld had not added nitre

in his experiment, by which the green

colour of the glafs was deflroyed, he cer-

tainly never would have effected any

change of the glafs, nor would he have

afcribed this property to the earth of

alum, (d) But fuch a glafs purified by
manganefe fhould have become, fome-

what yellowiih
;
for manganefe was inca-

pable,
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pable, in my experiment, of taking away
the colour of glafs tinged by calx of

iron
;
and that a real calx of iron is pre-

fent in this glafs, though to all appearance

pure, I have already fhewn by the above

experiment (a). I performed the fufion

upon a plate of colourlefs glafs. What
can be the caufe that it becomes clear and
colourlefs under thefe circumftances ? I

believe, that the too fmall quantity of

the calx of iron is the reafon why its na-

tural yellow colour cannot be diflinguifh-

ed. It is remarkable, that the rays of

light palling through fuch an uncoloured

glafs when it is heated nearly red hot,

appear yellow. Something like this is ob-

ferved in red colours that are not change-

able by fire
;

fuch as minium, crocus

martis, cinnabar, red precipitate, which,

during the time they are heated, appear of

a black colour. Before I conclude, the

following obfervations may deferve a

place.

§ XL IV.* Prefence of Manganefe in Potajhes .

Chemifls have often obferved, that al-

kaline falts, when calcined, afliime a

bluifh or greenifh colour. The caufe of

this has been faid to be phlogifton prefent

in the alkali
;
but I have confhantly found

fome nitre in the fixed nitre which was
prepared with charcoal powder by a flrong

fire.
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fire. Its prefence was immediately difco-

vered by the aquafortis fmell that enfued
on pouring fome vitriolic acid upon the

mafs. To the common opinion, there-

fore, there arifes an immediate objedlion

;

which is, that the green colour in this

cafe fhould have been deftroyed by the

nitre flill remaining. I obferved, that

fuch a green alkali fufed with nitre did

not* however, lofe its colour. When fix-

ed alkali is made to run over the cru-

cible by a firong fire, the part that at-

taches itfelf to the outfide acquires a dark

green colour, in confequence of the allies

uniting with it. If one part of alkali of

tartar be mixed with one-fourth of fine

lifted allies, and one-eighth of nitre, a

dark green mafs is obtained, which, when
diffdlved in water, yields a beautiful green

folution, and, when filtered, turns red

on adding a few drops of vitriolic acid

(§ xxxvin. jb, c). Some days afterwards

I found a brown powder precipitated,

which, though in a finall quantity, ap-

peared, on experiment, to be precifely the

fame fubftance as manganefe.

A fufficient quantity of lifted allies were

dilfolved in muriatic acid in a fand-heat.

During the digeftion, the fame fmell of

aqua regia that arifes from manganefe

and muriatic acid was perceptible. Some

hours after I mixed a certain quantity of

vitriolic
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vitriolic acid with this folution, in order

to precipitate the greater part of the cal-

careous earth that was prefent. The fe-

cond day I filtered it, and what paffed

through the filter had a yellow colour,

and with alkali of tartar afforded a yel-

lowifh precipitate. This powder being

edulcorated, dried, and calcined in the

open air upon an iron plate placed on
burning charcoal, affumed a dark grey

colour. It Ihould have been quite black

like manganefe if an extraneous earth had
not Thill been mixed with it (§ xv. c).

This calcined powder was not entirely fo-

luble in pure nitrous acid
;
but, on add-

ing a little fugar, a clear folution was in-

ftantly procured. When mixed with al-

kali it yielded a green mafs before the

blowpipe
;
with glafs of borax it affumed

a yellow colour. From this latter phazno-

menon, however, it does not follow that

it contains no manganefe
;

the yellownefs

of the glafs is a hgn that iron is at the

fame time prefent, which is likewife con-

firmed by the yellow colour of the folu-

tion in muriatic acid : Now, fince the calx

of iron has the fame property as gypfum
and calx of tin (§ xlii. c), the red co-

lour mu ft alfo here difappear. If only

a little nitre be added to the yellow glafs,

it becomes immediately dark red (§ xlii.

d). Thence it is evident, that manganefe
really
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really enters into the compofition of pot-

allies. In the allies of thyme, (thymus
ferpillum), however, I have obferved very
little

;
allies from wood yield more.

§ XLV.

I fhall now conclude with an account of

fome experiments which I made with a view
to difcover the condiment parts of manga-
nefe. But not having yet been able to pro-

duce manganefe by art, or to confirm by fyn-

thelis what I have learnt by analylis, I am
uncertain whether my conclufions, though
founded on experiments, are juft. I have

obferved, that from phlogifticated man-
ganefe, dilfolved by vitriolic acid, there

feparates, after every calcination in the

open fire,' a quantity of gypfum. The
gypfum is indeed in very fmall quantity j

but I was curious to know whether the man-
ganefe lofes of its weight in proportion ?

This led me to make the following tedious

and troublefome experiments with the

utmofl accuracy : I calcined half an ounce

of phlogifticated manganefe, purified from

all foreign particles, as defcribed § xix,

upon a finely polilhed iron plate till it

grew quite black. I then diffolved it in

diluted vitriolic acid, with the addition of

a little fugar, in a fand-heat, till the fo-

lution became limpid. After it was cooled,

a fine fhining powder precipitated, which
proved
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proved to be felenite ;
this I feparated by

filtration ;
then diluted the folution with

fix ounces of diftilled water, and precipi-

tated it with purified alkali of tartar
;
but

as in this procefs there is always a certain

quantity of aerial acid expelled from the

alkali by the acid, which may diflolve

fome manganefe (§ xxxi.), it was neceffa-

ry to place the whole mixture, with its

precipitate, in an open veflel upon hot

fand, in order to expel the aerial acid.

In the fpace of a few hours it was filter-

ed, and what remained in the filter was
edulcorated with hot diftilled water. * This

phlogifticated manganefe was afterwards

dried, and expofed again to calcination in

the fame manner. All this was done with

proper care not to lofe any thing
;

on
which account the draught of air was
carefully avoided. The manganefe, when
deprived of its phlogifton, was again dif-

folved in diluted vitriolic acid, with the

addition of a little fugar, by which means
I obtained as much felenite as before

;
the

folution was then made to pafs through
the fame filter, on which the felenite re-

mained behind mixed with that of the

preceding operation. The filtered folu-

tion was precipitated by alkali of tartar,

and, by means of heat, deprived of the

aerial acid
;

it was afterwards purified, as

before, from the vitriolated tartar, by
means
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means of the fame filter, edulcorated
*

then dried, and again deprived of its

phlogilton by a new calcination. This
operation I repeated eleven times, till I

grew tired of it. I dried the phlogiflica-

ted manga nefe which was laft obtained

upon the fame blotting paper which had
ferved as a filter, then fubtradting the

weight of this paper, which I had afcer-

tained before the experiments were begun,
I found the weight of the manganefe to be
three drachms and five grains, the felenite

obtained forty-nine grains. It is impoflible

to avoid fome lofs in the edulcoration.

The phlogiflicated manganefe thus obtain-

ed had the fame property as in the be-

ginning, and yielded, after the laft calci-

nation and folution, as much felenite as

after the firft. It therefore feems as if it was
entirely changeable into calcareous earth,

if the fame operation was long enough con-

tinued. Mr Weftfeld found it eafy to

fix his opinion about the conftituent parts

of manganefe
;
but how near, he advanced

to the truth, thofe may determine who {hall

make experiments in the method juft de-

fcribed. How this change of manganefe

into calcareous earth is produced, I dare

not undertake to explain, having been,

notwithftanding all pofhble trouble', ne-

ver able to unite phlogifton with cal-

careous earth. I {hall add but one obfer-

vation.



ON MANGANESE. 127

vation, really remarkable in itfelf, and
very well adapted to be inferted here.

Having once abftradled muriatic acid from
minium, I found that the acid had not

only the fmell of aqua regia, but that it

alfo was capable of diffolving gold. If

finely pounded minium be diffolved in

pure nitrous acid, diluted with a triple

quantity of water, a black powder re-

mains, which is not foluble without the

addition of a little fugar, upon which a

clear folution is immediately obtained. If

this black powder be digefted wfith diluted

vitriolic acid, no change happens
;
but,

on adding fome fugar, the powder grows
white, and contributes to produce vitriol

of lead. If muriatic acid be poured up-

on the black powder, an effervefcence

arifes in a warm place, and the acid

grows yellowifh
;

the colour afterwards

difappears, and a ftrong fmell of aqua re-

gia rifes
;
but the black powder grows

white, and is changed into muriated lead

( j

plumbum corneum). If the black powder
be diftilled by itfelf in a glafs retort, it

grows yellow again, but not till it comes
near the degree of heat at which it melts.

This yellow powder fhews in every refpedt

the fame properties as common y’ellow

calx of lead, is entirely foluble in nitrous

acid, and, on being mixed with muriatic

acid, yields no further fmell of aqua re-

gia
;
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gia ;—a proof of the prefence of phlogi-

fton in heat (§ xvn.). It feems as if the

black powder was nothing elfe but calx of

lead, which having loft its phlogifton en-

tirely, or for the mo ft part, during a

gentle and flow calcination, has thus ac-

quired fuch a ftrong tendency to unite

again with it, as to be able to decompofe
muriatic acid.

i
t

v

Supplement
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Supplement to the foregoing Differtation on

Manganefe. By T. Bergman.

Mr Scheele, after having examined the

competition of fluor, undertook, at my
requeft, the examination of manganefe,

and has offered to the Society what
he has learned upon the fubjeeft by his

numerous and ingenious experiments,

which were continued during the fpace of

three years. After he had finifhed thefe

experiments, I informed him that Mr
Sage fuppofes manganefe to be nothing

elfe than a mineralifed mixture of cobalt

and zinc. He immediately made feveral

experiments for this purpofe, but found
not the lead: mark of either of thofe me-
tals.

Manganefe has been claffed by all mi-
neralogifts among the iron-ores. Mr Pott,

however, thought the iron to be mixed
only accidentally

;
and at laft Mr Cron-

ftedt, in his Effay on mineralogy 1758,
placed it among the earths. For my part,

however, I muff own there are feveral

circumflances which make me think that

it is a metallic fubflance.

No pure earth colours glafs
;
but all

metallic calces have this property. Man-
ganefe, therefore, in this refpedl, fhews a

great refemblance to the latter, which is

Vol. I. I further
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further increafed by its Ypecific gravity,

and its ftrong attraction for phlogifton.

But what principally confirms me in my
conjecture, is the following experiment,

which I made with a view to determine its

nature more particularly- It is well known,
that fixed alkali, by a certain treatment

with dried blood, via ficca ,
or, what is

more convenient, with Berlin blue in the

moift way, may be almofl completely neu-
tralifed. Phlogifton, it is true, is general-

ly affigned as the caufe of this change

;

but, in all probability, the whole depends
principally on an animal acid. There
appears at leaf! on the addition of Berlin

blue an evident effervefcence, and the fo-

lution may be reduced to cryftals. Alka-

li, thus changed and diffolved in water, is

generally called lixiviumfanguinis ,
and pre-

cipitates all metals diffolved in acids
;
but

does not precipitate in the leaf! any of the

earths, except as far as there is any fuper-

fluous alkali prefent, which may be eafily

avoided by adding fome diddled vinegar.

Now, if a quantity of this alkali be add-

ed to a folution of manganefe, a light

yellowilh grey earfh immediately precipi-

tates, which is not foluble in any of the

mineral acids : Both which circumflances

happen only with metals, and thus clearly

fhew the nature of the precipitate. But

what kind of metal it is which manganefe
contains.
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contains, is not fo eafily afcertainecL The
folution of cobalt does not lofe its colour

on adding fugar, or any other phlogiftic

fubftance ;
and zinc does not impart any

colour to acids
;

thefe two fubftances con-

fequently differ from manganefe, which
does not, indeed, entirely agree with any
other of the known metallic earths. I

have, however, great reafon to conjecture

that it mull be platina, the earth of which
is not yet known

;
or a new metal, which

at lead would agree with platina in the

great difficulty with which it fufes. To
alcertain this, a feries of experiments is

begun, which, if they fhall confirm my
conjecture, will make manganefe a ftili

more remarkable fubftance.

I 4* Additional
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Additional Remarks upon Mr Scheele’s

Analyfis of Manganefe
,

by Gustavus
v. Engestrom.

The experiments I made on manganefe
and its colour feem to differ in fome mea-
fme from Mr Seheele’s. Hence it will

perhaps appear how difficult it is to mea-
fure the degree of fire in experiments with

the blowpipe.

I melted manganefe and borax together

upon charcoal by means of the blowpipe.

The glafs at firft affumed the common co-

lour of manganefe
;
but this colour I de-

ftroyed without any addition, and impart-

ed it again to the glafs
;
and this I did re-

peatedly to the fame globule without add-

ing any thing. During the operation I

obferved the following phenomena.
1. If I took a fmall quantity of man-

ganefe, the colour was light
;

if a larger

portion, it became fo dark as to appear

black. This dark or light colour, which
manifefted itfelf during the firft melting,

appeared again in a feeond operation upon

the lame mafs

2. Manganefe, on being melted with

borax, unites with a violent efferves-

cence, which, however, ceafes as foon as

the manganefe is difl'olved.

3. 'If
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3. If the glafs of borax was coloured

by manganefe, and I wiihed to make the

colour difappear, I always directed the

blue flame of the candle upon the glafs,

and that equally and conftantly, but not

very violently. As foon as I blew more
faintly, and allowed the brown flame to

touch the place, the glafs grew dark again.

According as the globule was larger or

fmaller, more or lefs coloured, it required

a longer time to make the colour difap-

pear. About the time when the glafs be-

comes colourlefs, a kind of a fed!ion or

partition is obferved in it
;
and, as foon

as the colour difappears, the blowing muft
be immediately difcontinued, in fuch a

manner that the brown flame fhall not

touch the glafs. When it is afterwards ta-

ken out with the forceps, it appears per-

fectly colourlefs.

4. This deftruction of the colour does

not feem to happen fuddenly and at once,

but by degrees : For when I now and then

difcontinued the blowing, before the true

mark had appeared, I found the glals ge-

nerally lighter than it was before, and
this more or lefs according as 1 had blown
longer or fhorter time.

5. After putting this colourlefs glafs

again upon the charcoal, and melting it

by the brown flame of the cai die, it a-

gain affumed its former colour, though I

I 3 kept
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-kept it melted for a long time in the

blown flame.

T his change of colour I have efFebfed feve-

ral times with the fame glafs, always with

the fame fuccefs
;
but I cannot fay whe-

ther it may be repeated often : Such an
experiment would be too difficult to make.

There isfome room to doubt of this ;—at

leaft if the phenomenon in the following ex-

periment was not owing to fome accident.

6. Having already twice difcharged the

colour, I forced the blue flame with vio-

lence againff the glafs, in order to make
the colour of the manganefe the fooner

difappear. I obferved fome little veficles

to rile in the glafs, which afterwards

burft, and at the fame time difperfed a

number of very fmall glafs globules a-

round. I had now continued the blow-

ing for a whole hour, and had been blow-

ing very violently, I therefore was obliged,

after a fhort blaft, to defift for two or

three minutes.

I found the glafs fomewhat lighter than

it was before
;
but on continuing the blow-

ing with equal force, I found it impoffible

to expel the colour from the glafs. After

I had given over blowing, the mafs ap-

peared to be fomewhat diminilhed, and

was as dark as at firfl
;
but of the fmall

globules difperfed around upon the char-

coal fome were clear and colourlefs, others,

were white and opaque. I
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I attempted to give them colour by
means of the blowpipe alone, but with-

out iuccefs.

7. In one experiment I had taken a much
larger quantity of manganefe in propor-

tion to the borax, and happening to give it

a very violent heat, fo as to caufe an explo-

fion of fmall particles, I found that the lar-

ger globule conftantly retained a red colour,

till at laft it likewife grew clear and tranf-

parent during the blowing. On Hopping
fuddenly, the glafs was clear as long as it

remained warm
;
but as foon as it began

to grow cold, a dark cloud made its ap-

pearance upon the furface, which by de-

grees fpread over the whole. On melting

it fuddenly anew, it recovered its tranfpa-

rency
;
but, as it grew cold, the fame

phenomenon as before appeared
;
and the

oftener I repeated this, the more cloudy

appeared the globule. As loon as it had
become cold, i obferved that it had loft

its glaffy fplendour, and had affumed a

very dry appearance, and was of a grey-

ith red colour. The fame thing happens
likewife with glafs of borax and lime

,
if

the latter be added in too large quantity,

the glafs of borax lofes its glalfy appear-

ance nearly in the fame manner.
That the fmall globules feparated by

the violent heat (6.) remain d colouriefs,

though the great globule became red, feems

I 4 to
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I

to {hew, that manganefe, or at leafl its

colouring part, has a ftrong attraction for

a fmall portion only of borax
;
and that,

by means of a violent heat, the fuperflu-

ous part may be feparated, and the reft u-

nite more clofely with the earthy particles.

The fame thing happened likewife with
the fmall globules which fometimes re-

mained, after the mafs was taken away, fix-

ed to the charcoal by the violence of the

flame. If this is really the cafe, it would
follow, that, by repeating the experiment,

fome of thefe particles vrould always fe-

parate, if a fufficiently ftrong flame was
applied, and it would be impoftible to ex-

pel the red colour afterwards. I dare not,

however, advance this conjecture, though

it is grounded on fome experiments, as a

matter of certainty. Accidents may fome-

times make a thing appear in a quite dif-

ferent light from what it really is, efpecial-

ly in experiments upon fuch a fmall fcale,

where one cannot be careful enough in

forming conclufions.

More experiments would elucidate this

point
;

but it would perhaps hardly be

worth while to make them, iince they

feem to be more curious than ufeful.

Quite different is the cafe with regard

to the deftruClion and reftoration of the

polour of manganefe itfelf, by means of

the



ON MANGANESE. 137

the Ample flame
;
for the feveral experi-

ments I made all agreed in the fame re-

fult. In order to confirm them the more,

I have made experiments lately with man-
ganefe, from Upton Pine, near Exeter, in

England, and have obferved no difference.

The brown flame of the candle has pro-

bably more phlogiftic particles than the

blue one.

The prefence of phlogifton feems in

mod cafes to communicate colour. Mine-
ral fabftances, which contain little phlo-

gifton, are often with great difficulty de-

prived of it
;
a violent and long continued

heat is frequently required for this pur-

pofe
;
{Sometimes, however, we fucceed on

adding more phlogifton, and by means of

certain management with regard to the

fire itfelf.
1

J
1

t

Defcription
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Defcription of a new fpathiform Species of

Manganefe from the Iron Mines of Klap-

perud in the Parijh of Frejko in Dahlland.

By Seven Riuman.

This fpecies was fent me by Baron Her-
melin. It is not, as far as I know, men-
tioned in any fyftem of mineralogy, un-

lefs that of Baron Born, entitled, Magnefia
textnra lamellofa,

lamellis nitentibus
,
from

Hirfchberg (Index Folk p. 47.), belong

to it. The prefent Ipecies, at firft view,

refembles a brown blend, or an impure
calcareous fpar : It confifts of irregular

cubes of the colour of colophony, or com-
mon refin

;
the thin lamellae are femitran-

fparent, and of a brownifh-red colour

;

the furface has more fplendour than that

of blend or calcareous fpar, and in this

refpecl it is moft like mountain -pitch.

The fpecimens that I received were diftin-

guifhable, with refpedt to external appear-

ance, into two varieties.

1. Sparry, fhining, of the colour of co-

lophony.

2. Compact, irregular in the fra dure,

with a duller furface, and of a darker co-

lour.

The following general properties might

moreover be diitinguilhed :

(a) The
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(a) The fmooth furface, already defcri-

bed, is a fufficient intimation that it does

not foil the hands
;
but, upon a part of

the fodil, there appears a dark-brown cal-

ciform powder, feemingly produced by
expofure to the atmofphere, which docs

foil the hands.

(b) Between the divifions of this fpar-

ry manganefe, there are a few calcareous

particles of a bright yellow.

(c) Againd deel or the knife, it has no
more hardnefs than common loofe calca-

reous fpar, and, when pulverized, affords

a bright brown powder.

(d) Placed on a piece of charcoal, and
heated with the blowpipe, it at firft re-

fembles zeolite, fufing with fome effer-

vefcence and intumefcence of the particles,

which afterwards coagulate into a light-

grey porous fcoria, that is not fufible of

itfelf by means of the blowpipe.

(e) It fufes ealily with borax into a

dark-red or garnet-coloured glafs, and the

fulion is accompanied with a briflc effer-

vefcence
;

but, in order to be tranfpa-

rent, it mud be diluted with a good deal of

borax, and it then appears of a beautiful

red oppofite the light.

(f) When heated red-hot in a ted in an

affay-furnace, it turns black with fmall

ihining feales
;
but in a dronger heat the

black
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black colour paffes away in part, and the

powder becomes brown.

(g) The magnet does not attradl any
fenfible quantity, either before or after

roafting.

(h) This fpecies of manganefe in its

crude (late, and reduced to a fine powder,
does not make any effervefcence with
ftrong aquafortis

;
but, in a gentle heat,

it is almoft entirely diffolved without im-
parting any colour to the folution.

(1) Fixed vegetable alkali precipitated a

white powder out of this folution, which,

when wafhed and dried, effervefced a little

with acids, turned black upon being heat-

ed red-hot
;

and, when treated by the

blowpipe upon charcoal with glafs of bo-

rax, gave it a red colour.

(k) The roafted powder (f) effervefced

dill lefs with aquafortis
;

a great part of

it, however, by gentle boiling, was dif-

folved, and yielded in like manner a white

precipitate on the addition of vegetable

alkali. This precipitate, when heated mo-
derately red-hot, grows as black as foot,

and gives a garnet colour to borax. The re-

fiduum, which did not diffolve in aqua-

fortis, was as black as before.

(l) When mixed with a large quantity

of common enamel, confiding of filiceous

powder and litharge fufed together, fo as to

form a clear yellow glafs, and expo led to a

dream
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{tream of air in a clofe crucible for a quar-

ter of an hour, the roafted powder (f)

yielded only a clear olive-coloured glafs,

in which many little grains of reduced

lead were to be obferved. That it did

not aflfume a garnet colour,—I afcribe to

the too great violence of the heat. The
reduction of fome of the lead indicates

the prefence of phlogifton in the pulveri-

zed manganefe.

(m) Some of this roafted manganefe
was rubbed in a glafs mortar with a quan-

tity of the above mentioned enamel, to

which a little more ftliceous powder and
fome fixed alkali were added. ' With this

mixture a piece of Cologne clay burnt

white was covered, then placed in an
heated aflay-furnace, and taken out as

foon as the enamel began to melt. It had
acquired a clear and more beautiful co-

lour than I could have produced with
other manganefe.

(n) One part of the roafted powder,
mixed with two of filiceous powder, and
four of white potafhes, fufed in a cru-

cible, placed before the bellows, in feven

minutes. It effervefced at firft with vio-

lence, and afterwards yielded a clear vio-

let-coloured glafs, with which the cru-

cible was likewife glazed.

The fmall quantity of which I was pof~

fefted, and the fhortnefs of the time, would
not
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not permit me to make any more experi-

ments. From thofe which I- have related,

it appears that this fpecies has nearly the

fame properties with that examined by Mr
Scheele. There are, however, fome points

of difference to be noticed
;

as its {hew-

ing the fame phenomena as zeolite under
the blowpipe without addition, its con-

taining in all probability but little iron,

and its yielding a very beautiful violet-

coloured enamel, for which, and efpecial-

ly for painting upon porcelain, it will be

of great ufe, fmce, according to my in-

formation, the mine will yield a fufficient-

ly large quantity.

It is to be obferved of every fpecies of

manganefe, that the colour is the deep-

er, the more violently it is roafted or cal-

cined. Hence that which is ufed for

enamel or glazing fhould be expofed for a

long time to a ftrong heat.

ESSAY
/

%
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ESSAY VI.

On Arsenic and its Acid. 17 75.

.§ i-

1

^ FTER I had found, by my experi-

ments on manganefe, that the in-

flammable principle is not only prefent in

arfenic, but that it may really be fepara-

ted from it, I afked myfelf, What were
the other conftituent part or parts of arfe-

nic ? I found that it was an acid. Mr
Macquer has given us fome very fatisfac-

tory information concerning the proper-

ties of this mineral
;
but whether any one

elfe has fince made any experiments upon
it, I know not.

§ II. Analyfis of the White Arfenic .

Firft Method.

Put two ounces of arfenic, reduced to

a fine powder in a glafs mortar, into a

retort of the fame matter
;

pour feven

ounces of pure muriatic acid * upon it,

and lute on a receiver. The mixture is

immediately

* The fpecific gravity of this acid to water is as

10 : 8 . If a bottle of water weighs one ounce, a

quantity of muriatic acid occupying the fame fpace will

weigh ten drachms.
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immediately to be made to boil, and kept
in this hate till the arfenic is difTolved

$

then, while the foliation is ftill warm,
three ounces and an half of pure nitrous

acid * are to be added to it, together with
the acid which has already gone over in-

to the receiver. The receiver is then to

be applied again, but not luted. The
mixture foon begins to foam, and volatile

red nitrous acid goes over. Meanwhile the

diftillation is to be continued till no more
red vapours appear, when again an ounce
of finely powdered arfenic is to be added,

the receiver applied as before, and a gentle

ebullition continued, till this be likewife

difTolved
;
and afterwards an ounce and

a half of nitrous acid is to be added,

whereupon a new effervefcence and red

vapours will arife
;
the recipient is to be

applied, and the whole diftilled to dry-

nefs
;

there will remain a white mafs
;—and, laflly, the fire is to be increafed fo

far as to make this mafs thoroughly red

hot. The acid obtained in the receiver

during the operation may ferve for the

fame purpofe feveral times. After the re-

tort has grown cold, it is to be broken,

and the white mafs is to be put into a

clofed veflel, with this fignature, Dry acid

of arfenic ; or, if you pleafe, you may re-

duce

* Of the fame fpecific gravity as the muriatic acid

above mentioned.
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dtice it to coarfe powder in a glafs mortar,

put it into a glafs retort, pouring a double

quantity of diddled water upon it, apply

a receiver, and boil it for a few minutes

till the acid is didolved
;
the water that

goes over is to be poured back into the

retort. The folution is then to be filtered

through blotting paper, which has been

previoufly wafhed in hot water, and then

to be preferved in a phial with a glafs

dopple, under the name of Liquid acid of
arfenic.

It is to be obferved, that arfenic mud
neceffarily be deprived of its phlogidon

before the acid can be obtained
;

this is

principally effected by the nitrous acid.

It may feem as if it fhould be fuFGcient

to didil the nitrous acid from the arfenic,

after which the acid of arfenic would re-

main behind
;
but in this manner only a

very fmall portion of arfenic will be de-

compounded
;
for this fait requires firft

to be diffolved in water, in order that the -

nitrous acid may a£t upon it in all its

points
j
but nitrous acid diffolves only a

fmall quantity of arfenic, and that only

in proportion to the water contained in

the acid
;
the fuming nitrous acid diffolves

dill lefs
;
but muriatic acid has a ftrong

attra&ion for arfenic, and the lefs water

it contains the more it diffolves and car-

ries over into the receiver. The above

Vol. I. K mentioned
4
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mentioned quantity of muriatic acid is

neceffary, in order to keep the arfenic dif-

folved with the aid of heat. Now, if to

fuch a folution nitrous acid be added, the

arfenic will be calcined, becaufe its phlo-

giflon is taken away by that acid, as fuf-

ficiently appears from the red elaftic va-

pours
;
whence likewife the attradlion of

the muriatic acid, for the now dephlogifti-

cated arfenic is diminifhed, fo that it is

capable of diffolving more arfenic. Aqua
regia might be poured upon arfenic at

firft, but then the great effervefcence carries

the arfenic up to the furface, and thus pre-

vents it from being perfedtly attacked by
the menftruum. After all the acid has

been diftilled over, the fire ought to be

increafed, in order, if there fhould be any
aqua regia remaining in the mafs, to ex-

pel it entirely
;
the remaining acid weighs

nearly as much as the arfenic employed
for the experiment. One would hardly

believe that it was an acid, becaufe it has

no tafte ;
but after fome days it grows

moift in the air, and at laft deliquefces,

and then it has the appearance of vitriolic

acid.
1 As the deliquefcency of this acid

is very flow, I diffolve it in a certain quan-

tity of water, when a fmall quantity of

white powder remains undiffolved, which

comes from the retort, which is found

much corroded after the procefs, and is

therefore
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therefore nothing but filiceous powder.

This powder ought to be carefully fepara-

ted from the acid, which may be effected

by filtration
;
and in order to prevent the

glue of the blotting paper from mixing
with the acid, which might lead to a dif-

ferent refult, the paper ought to be, as I

faid above, previoufly lixiviated with hot

water.
*

§ in. Another Method,

A fecond method of decompofing arfe-

nic is by means of manganefe. Take
one part of powdered manganefe, and mix
it in a tubulated retort with three parts of

the above defcribed muriatic acid. This

mixture fhould fill one-fourth of the re-

tort; a receiver containing one-fourth of

white powdered arfenic, diluted with one-

eighth of diftilled water, is to be luted

on, and the retort put into a fand-bath.

The dephlogifticated muriatic acid going

over into the receiver is immediately ab-

forbed by the arfenic. Some hours after-

wards the arfenic will be diffolved, and
two different liquid ftrata, which will not

mix together, be perceived in the receiver.

This folution is now to be put into a clean

glafs retort, and diftilled to drynefs, and
the fire at the end fo much increafed that

the whole remaining mafs may be perfect-

ly red-hot. In this procefs alfo two dif-

K 2 ferent
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ferent liquids go over into the receiver,

which do not unite together.

Of this operation it is to be remarked,
that the muriatic acid yields its phlogiflon

to the manganefe
;
and as the dephlogifli-

cated acid attradls the phlogifton again,

wherever it meets with it, very powerful-

ly, it deprives the arfenic of its phlogi-

flon, and hence it reaiTumes the nature of

common muriatic acid. This acid dif-

folves a portion of the arfenic, and thus

forms with it a liquor, called butter of
arfenic

;

but the other portion of the

arfenic, that has been decompofed, re-

mains diffolved in the water, which was
placed in the receiver, together with a

little muriatic acid, and forms a liquid

fpecifically lighter than the butter, which
remains at the bottom. If thefe two li-

quids be now rectified, the undecompofed
portion of the arfenic rifes along with the

muriatic acid, and goes over into the re-

ceiver in the form of an heavy oil, while

the acid of arfenic remains behind in

the petort. The acid obtained in this way
has precifely the fame qualities with that

obtained by the former procefs. It is,

however, remarkable, that the butter of

arfenic does not combine with the muri-

atic acid when it is fomewkat concentra-

ted.
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§ IV.

Before I fubjedted this acid to my ex-

periments, I was curious to know whe-

ther it is as fatal as arfenic itfelf. I there-

fore mixed a little of it with honey, and

expofed it to the flies, when I found that

it killed them in an hour. I gave eight

grains of the powdered acid, incloled in

a piece of meat, to a cat, which, two

hours afterwards, feemed to be at the point

of death ;
I then gave it fome milk, upon

which it vomited violently, and after-

wards ran away.
1

§ v. Effefts of the Acid of Arfenic upon in- •

flammable Subflances.

(a) If one ounce of dry acid of arfe-

nic be expofed by itfelf in a fmall giafs

retort to fuch a degree of heat that it be-

comes nearly red-hot, it flows into a clear

liquid, which, when cold, is of a milky

colour ; but if the heat be increased to

fuch a degree that the retort begins to

melt, the acid begins to boil, and a little

arfenic rifes into the neckajf the retort.

The longer the boiling is continued, the

more arfenic is obtained. After I had

kept up this degree of heat for an houi,

the retort melted, and the acid ran into

the fire. After the whole was cooled, I

found that the acid had rifen up the fide

K 3
of



I 5° ESSAY VI.

of the retort as high as the neck, (b) The
fame quantity of dry acid of arfenic,
melted in a clofe crucible in a ftrong fire,
boils violently, and difappears in the form
of vapours in a quarter of an hour

; if
the crucible, during the time the acid is
evaporating, be put under a convex glafs
veliel, the infide will be covered with a
white powder, which is arfenic, and not
acid of arfenic. In the crucible there re-
mains a little clear and difficultly fufible
glafs, with which the crucible is likewife
covered

; it confifls of clay and acid of
aifenic. (c) Acid of arfenic digefted with
charcoal powder undergoes no change;
but if this mixture be put into a retort,
the moifture all driven off, a receiver then
luted on, and the heat increafed till the
bottom of the retort begins to grow red-
hot, the whole mafs takes fire with vio-
lence, and all the acid is reduced and fub-
hmed into the neck of the retort; a fhining
regulus is obtained, mixed with a little

iai feme and charcoal duff. A few drops
of water are found in the receiver, but
they do not contain a particle of acid.
The fame thing happens when the acid of
arfenic has been prepared with manganefe.
(^0 ^ acid, after fome days digeftion
with oil of turpentine, unftuous oil, and
fugar, becomes thick and black. If fome
muriatic acid be abftradted with a gentle

heat
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heat from this mafs, and then a few drops

of nitrous acid dropped into it, and the

abftradtion repeated, a little arfenical acid

will remain behind. It appears from this,

that the arfenical acid attracts a little phlo-

gifton from thefe oils, in confequence of

which fome arfenic is regenerated and
carried over by the muriatic acid into the

receiver. Spirit of wine undergoes no
change, whether it be digefted or diflilled

with arfenical acid* (e) Six parts of the

acid, digefted with one of fulphur, fufferno

change ; but when the mixture is evapora-

ted to drynefs, and diflilled from a glafs re-

tort provided with a receiver, a violent com-
bination takes place, as foon as the mix-
ture is heated to that degree at which ful-

phur melts. The whole mafs rifes almoft

at the fame inftant, in the form of a red

fublimate
; and in the receiver there is

found a penetrating volatile fulphureous

acid.

It follows from thefe experiments, that

the acid of arfenic has confiderable fixity

(a), and a ftrong attraction for phlogifton,

without which it cannot be reduced to

arfenic
; whence it follows, that heat muffc

neceffarily contain phlogifton, fince it is

capable of reducing the arfenical acid (b).

That it refembles metallic calces in this

refpedt, that it is incapable of uniting

with fulphur, except in a reguline ftate,

K 4 appears
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appears from the volatile-fulphureous acid

found in the receiver (c) ; for when the

arfenic has attracted as much phlogifton

as is neceffary to that ftate, the vitriolic

acid, that is extricated, retains fo much of

this principle as to form volatile fulphu-

reous acid. That this is really the cafe,

appears moreover from the fulphureous a-

cid which arfenic, changed by fublimation

with fulphur into red arfenic, affords.

§ VI. FjfeBls offaline Subfances on Arfenic.

Fixed vegetable Alkali.

(a) When acid of arfenic is faturated

with alkali* of tartar, a neutral fait is ob-

tained, which cannot be reduced to cry-

ftals
;
but, after being evaporated to dry-

nefs, and expofed to the open air, deli-

quefces. This neutral fait turns iyrup of

violets green, but produces no change on
the folution of lacmus. (b) But if as

much acid be added as fliall produce no
change on fyrup of violets, and yet red-

den lacmus, the folution will afford fine

cryftals, refembling Macquer’s arfenical

neutral fait, both in form and other pro-

perties. (c) I have kept this fait in fufion

for an hour in a crucible, expofed to a

ftrong heat, upon which another was

luted ;
after the whole had grown cold,

the crucible was found to be covered in

the infide with a white glazing
;
a fait Hill

remained,
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remained, which, after being difTolved in

water, and evaporated, appeared to be the

fame fait, with excefs of acid, as before.

(d) This neutral fait, as it is called, was

mixed with one-eighth of charcoal pow-

der, and diftilled in a glafs retort. When
it began to grow red-hot, it fet to boil

violently, without taking fire, and a very

fine regulus of arfenic was fublimed.

The black rellduum, when difTolved in

water, proved to be of an alkaline nature,

and {hewed no veftige of the acid of arfe-

nic. Mr Macquer thinks, that his neutral

fait is an alkali mixed with arfenic in

fome peculiar manner
;
but it now ap-

pears, that it is only one of the conftitu-

ent parts of arfenic with which the alkali

is combined : And this is likewife the rea-

fon why acids do not precipitate any arfe-

nic from this fait.

§ vii. Mineral Alkali .

(a) If mineral alkali be faturated with
the acid of arfenic, cryftals are obtained,

the form of which is entirely the fame
with that of thofe juft mentioned

;
but

they do not change lacmus, and they make
fyrup of violets green, (b) If acid of arfe-

nic be added, no cryftallifation enfues,

but the mafs, after being evaporated to

drynefs, grows moift again in the air.

§ VIII.
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§ VIII. Volatile Alkali.

(a) Volatile alkali, faturated with the

acid of arfenic, affords, upon evapora-

tion in the open air, an arfenical fal

ammoniac, which, in its form, is very

like the foregoing falts. This fait does

not change lacmus, but turns the fyrup

of violets green
;

it lofes its tranfparency

when expofed to a gentle heat, and a part

of the volatile alkali flying off, it after-

wards fhews a fuperabundance of acid.

(b) When it is thus fuperfaturated with
acid, it forms long radiated acid cryftals,

but deliquefces again in the air. (c) Ar-
fenical fal ammoniac, when diftdied, yields

a liquid volatile alkali
;

it then flows, and
arfenic is fublimed : A white mafs re-

mains, which likewife melts in a ftronger

heat, and proves to be the acid of arfenic.

Since the acid of arfenic cannot be con-

verted into arfenic without phlogifton,

and fuch a change during the diftillatioq.

cannot be afcribed to the heat, becaufe the

arfenic is fublimed before the refiduum

or acid begins to flow, it follows, that

the acid of arfenic mult decompound part

of the volatile alkali during the procefs.

In my experiments on manganefe, I ob-

ferved that a peculiar kind of air is obtain-

ed whenever volatile alkali is decompound-

ed. (See Diff. on manganefe, § xxxix.).

The
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The fame thing happens here :—I diftilled

an ounce of arfenical fal ammoniac in a
fmall retort, and applied a dry bladder in-
dead of a receiver. Immediately as the
arfenic rofe into the neck of the retort,

the bladder was filled. This air is per-
fectly the fame with that which is obtain-
ed from manganefe and fal ammoniac.

§ ix. Vitriolated vegetable and foffd Alkali.

(a) I diffolved one part of finely pow-
dered vitriolated vegetable alkali, by boil-
ing it in a retort in three parts of acid of
arfenic

;
the liquid was firft diftilled off,

then a dry receiver was applied, and the
fii e mcreafed. When the retort grew red-
hot, the mafs melted into a tranfparent
liquor, but no acid went over into the re-
ceiver

; however, on increafing the fire
ftill further, till the retort began to melt,
the mafs began to boil, and concentrated
acid of vitriol went over. It had the
fmell of volatile fulphureous acid

; no ar-
fenic was fublimed. (b) Vitriolated fof-
fil alkali, or Glauber’s fait, was likewife
decompofed, but feems not to require fo
much heat as vitriolated vegetable alkali.

§ X. Nitre.

I diftilled a mixture of one part of pu-
rified nitre, and three parts of acid of ar-
lenic. As long as there remained any hu-

midity
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midity in the acid, pure water went over
into the receiver

;
but when the mafs

grew dry, nitrous acid rofe, and the mat-
ter in the retort flowed clear. When no
more acid came over with this degree of
heat, I let the retort cool. The nitrous

acid I obtained was not fo volatile as that

which is obtained from arfenic and nitre.

The refiduum, diffolved in water and eva-

porated, yielded cryftals, perfedfly agree-

ing with the neutral fait obtained by
Macquer, together with a little undecom-
pofed nitre.

Arfenic certainly could notdecompofe ni-

tre, except by the power of a double elective

attradlion, viz, in confequence of the al-

kali of the nitre uniting with the acid of

arfenic, and the acid combining with the

phlogiftonof the arfenic, by which this acid

is rendered very volatile. If muriatic a-

cid had a greater affinity with phlogi-

fton, arfenic would likewife decompofe

common fait, as really happens with cu-

bic nitre. Macquer obtained no neutral

fait in the crucible, but alkali of nitre

containing a little arfenic. I have found

that this laic may likewife be prepared in

a crucible. Let nitre be melted for this

purpofe in a crucible, which is to be red-

hot only at the bottom, then let as much

as will ftand on the point of a knife of

powdered arfenic be added, and, after the

red



ON ARSENIC. 157
j

red vapours and effervefcence are over, as

much more arfenic is to be added, and fo

on, till the nitre begins to grow thick, and
will no longer flow in the fame degree of

heat. If a part of the mafs, thus obtain-

ed, be diflolved in water, it will redden

paper ftained with lacmus. After evapora-

ting the folution, a quantity of arfenical

neutral fait is obtained with a little nitre.

But if the Are is a little increafed, the

mafs begins to boil, and yield red vapours.

When it grows thick, and the boiling

with this degree of fire is over, a folution

of it in water will not change paper colour-

ed by lacmus, but fyrup of violets will be

turned green
;
yet no alkaline tafte will be

perceived. This folution does not fhoot

into cryftals (§ vi. a).

If at laft the fire be increafed to fuch a

degree, that the crucible and the ialine

mafs are perfectly red-hot, a new ebulli-

tion begins, and a fmell of aquafortis is

perceived
;

at laft the whole melts into a

tranfparent mafs. If this be diffoived in

water, it proves to be ftrongly alkaline
;

but it contains as much acid of arfenic as

the firft folution. If one part of arfenic

be expofed with two parts of nitre in a

glafs retort, to fuch a degree of heat as

melts the retort, no neutral arfenical fait

is obtained, but an alkaline mafs mixed
with fome acid of arfenic. From this ex-

periment
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periment it appears, that Mr Macquer ap-

plied toodrong a heat, and obtained, there-

fore, no neutral arfenicalfaltin the crucible.

But it will be afked, Why a greater de-

gree of heat alkalifes the mafs, whereas
nitre in an equal degree of heat, or neu-
tral arfenical fait in a (till greater, is not

alkalifed (§ vi. c) ? The following experi-

ment gives the folution of this problem.

If acid of arfenic be faturated with
alkali of tartar, till the folution of lacmus
is no longer reddened, and the folution be
afterwards evaporated to drynefs, and
then diddled with double the quantity of

nitre in a glafs retort furnifhed with a re-

ceiver, the nitrous acid will be expelled as

foon as the mafs enters into fufion : This

acid will be very volatile. If the didilla-

tion be continued with a drong fire till no
more acid goes over, the refiduum in the

retort proves to be very alkaline. If a fo-

lution of hepar fulphuris be mixed with

this imperfed neutral fait, the fulphur

will be precipitated
;

in like manner, a

folution of foap is rendered turbid by it.

It is hence evident, that the acid of arfe-

nic may be combined with a greater quan-

tity of alkali than is neceffary to its fatu-

ration ;
and chat, in confequence of this,

the nitrous acid is expelled, whence an

- arfenical fait, with a fuperabundance of

alkali, arifes. This attradion, however,

has
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has likewife its limits
;
for when a mix-

ture of one part of acid of arfenic and

fix parts of nitre is melted in a cover-

ed crucible in a ftrong fire till all ebulli-

tion ceafes, there will be found, befides

the arfenical fait, a confiderable quan-

tity of undecompounded nitre. But con-

cerning the alkalifation of nitre with ar-

fenic, there is one principal point to be

noticed, viz. that nitre always attracts a

certain fmall quantity of phlogifton from
the heat itfelf, and that this phlogifticated

nitrous acid forms with the alkali but a

loofe union, fo that vegetable acids are

able to expel it from its bafis. This pro-

perty of nitre is the reafon why acid of ar-

fenic, by virtue of its attraction for the

fuperfluous alkali, expels the nitrous acid

phlogifticated by heat
;
whence it likewife

follows, that, fince common fait under-

goes no change in the fire, the acid of ar-

fenic is not able to alkalife it, as will ap-

pear from the following paragraph.

5 XI. Muriatedfojjil Alkali
,
or common Salt.

One part of common fait was diftilled

with three parts of acid of arfenic. Wa-
ter firft went over

;
when the mafs was

dry, I changed the receiver, and increafed

the fire till the retort grew red-hot, when
the mafs began to flow and to boil. This
degree of heat was continued till the ebul-

lition,
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lition was over, when I found that fome
fuming muriatic acid had gone over into

the receiver. After the refiduum in the

retort was cool, I diffolved it in water
;

the folution being filtered and evaporated,

yielded cryftals of common fait
; but there

remained a thick mafs, which changed the

colour of lacmus to red, and would not

cryftallife. In § vn. it has been obfer-

ved, that mineral alkali, fuperfaturated

with acid of arfenic, will not cryftallife

;

wherefore I diluted this magma with di-

ftilled water, adding finely powdered chalk,

till the folution Ihewed no more mark of

acidity
;

I then filtered it. After eva-

poration in the open air, cryftals were ob-

tained, perfectly agreeing with the neu-

tral fait § vii. f

§ XII. Upon Sal Ammoniac.

One part of fal ammoniac was di-

ftilled with three parts of acid of arfenic.

A portion of muriatic acid went over with

the water ;
I then changed the receiver,

and increafed the heat, when fuming mu-*

riatic acid came over, and the mafs en-

tered into fufion. Immediately after this,

the receiver was filled with a white fmoke,

and a white powder was fublimed into the

neck of the retort
;

at 1 aft a pungent vo-

latile alkali pafled over into the receiver ;

and a refiduum remained in the retort,

which



\

ON ARSENIC. 161
- >

' * *

which was acid of arfenic. The powder
fublimed into the neck of the retort was
diffolved in water, and the folution was
filtered, when there remained a white pow-
der, which proved to be arfenic. The liquor

which pafied through the filter contained

fal ammoniac.
I repeated the fame experiment, apply-

ing only a bladder inlfead of the receiver.

When the heat became fo ftrong as to

drive the white powder into the neck of

the retort, the bladder was diftended. The
air it contained is entirely the fame with

that of which I fpoke § vm. c. Hence
it follows, that part of the arfenical acid

has combined with a portion of the phlo-

gifton of the volatile alkali, and that the

arfenic fublimed into the neck of the re-

ceiver has been thus produced. Hence,
too, the bladder was neceifarily filled at

the fame inftant with that air which arifes

from the decompofition of volatile alkali.

Heat expels the volatile alkali from arfe-

nical fal ammoniac § vm. c
;
and as any

acid converted into vapour, when it meets

with volatile alkali, always produces a

fmoke, it is evident why the bladder at

the end of the procefs was filled with it.

VOL. I. L § XIII.
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§ xm. Vitriolated Lime,
(Gypfum), and Spa-

thum Ponderofum.

One part of powdered gypfum was mix-
ed with two parts of dry acid of arfenic,

and expofed to a red heat, when fome vi-

triolic acid came over, with a flrong fmell

of volatile fulphureous acid, and the mafs

entered into fufion. After the didillation

was over, it had the appearance of a mil-

ky glafs. (b) Spathum ponderofum pro-

duced the fame phenomena, only the vi-

triolic acid was not expelled till the retort

melted. The refiduum was a little red-

difh. Sefe § xx.

§ xiv. Upon Fluor Mineral.

One part of powdered fluor was mixed
with four parts of acid of arfenic, and
diddled, a little water being put into the

receiver. When the retort grew red-hot,

firft a yellow, and afterwards a red fub-

flance, was fublimed. Volatile fulphu-

reous acid went over, but no acid of fluor.

The refiduum, which was of a grey co-

lour, was divided into two equal parts.

, Of thefe one was mixed with charcoal-

powder, and diddled with a drong fire
;

but neither arfenic nor regulus was fubli-

med : Whence it appears, that I took too

fmall a quantity of acid of arfenic to de-

compofe

1
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compofe this fluor, which contained a fmall

quantity of pyrites (§ v. c). The other

half was mixed with four parts of acid of

arfenic, and the mixture was diftilled.

When the mafs grew dry, a little yellow

fal ammoniac was fublimed, whereupon
the water in the receiver was covered with

a white cruft. I frequently fliook the re-

ceiver, in order to make this cruft fall to

the bottom, and continued the djftillation

as long as any cruft formed upon the wa-
ter. This cruft was filiceous earth, and
the water contained acid of fluor.

§ X V. Effects oftheAcid ofArfenic upon Earths.

Lime.

(a) When acid of arfenic is dropped
into lime-water, the lime precipitates, in

combination with the acid of arfenic. If

more acid be dropped in, the precipitate is

again diflolved. If the folution be eva-

porated, fmall cryftals fhoot. If thele be
diflolved in a little water, and forne vi-

triolic acid dropped into the folution, a

precipitation of vitriolated lime takes

place. (b) If the acid of arfenic be di-

luted with water, and fome powdered
chalk added, it will at firft diflolve

5

but, on adding more chalk, the whole fo-

lution will coagulate into fmall cryftals.

(c) The acid of arfenic does not precipi-

tate the folutions of nitrated, muriated,

L 2 and
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and acetated lime
;
neither are thefe folu-

tions precipitated by the neutral arfenical

fait of Mr Macquer
;
but the arfenical falts

(§ vi. vii. vin. a, a, A,) decompofe thefe

folutions, and form a precipitate which is

not foluble in water, though it is of eafy

folubility in acids, (d) If the precipitate

of lime, combined with acid of arfenic,

be, edulcorated, and afterwards flrongly

calcined for an hour in a clofe crucible, it

will form a thick flux
;
but it (fill retains

the acid of arfenic. (e) If it be mixed
with the fame quantity (in meafure) of

charcoal-powder, and expofed to a ftrong

fire in a retort, a (Inning regulus of arfe-

nic will be fublimed. The refiduum is

quicklime, mixed with charcoal, ftill how-
ever containing fome arfenic.

§ XVI. Upon Magncjia.

(a) Magnefia diflolves in acid of arfe-

nic
;
but, when the folution comes to the

point of faturation, the mafs coagulates.

This coagulum being diffolved in a larger

quantity of acid of arfenic, and evapora-

ted, the folution grows gelatinous
;

if the

jelly be lixiviated with water, filtered and

evaporated, a vifcid mafs remains, which

will not cryftallife. (b) The folutions of

magnefia in vitriolic, nitrous, muriatic,

and acetous acids, are not precipitated by

the acid of arfenic, but very readily by
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the neutral arfenical falts § vi. vn. vnr.

A, A, A. The precipitate is eafily foluble

in acids, but not in water, (c) Expofed

to the fire in a crucible with charcoal, it

fhews the fame phenomena as the preci-

pitate of lime § xv. d, e.

§ xvn. Upon Earth of Alum.

(a) The earth, which is precipitated

from a folution of alum by alkali of tar-

tar, after being wafhed with boiling water, is

eafily foluble in the acid of arfenic, till it

becomes quite dry. The foliation coagu-

lates as foon as it arrives at the point of

faturation. (b) DifTolved in the vitriolic,

nitrous, and muriatic acids, it is not pre-

cipitated by the acid of arfenic, but it is,

when diffolved in vinegar. The above fo-

lutions are precipitated by neutral arfeni-

cal falts
;
the precipitate eafily diffolves in

acids, but not in water, (c) Treated in

the crucible, it fhews the fame phenome-
na as the precipitate of lime § xv. D.

(d) If the folution (a) be evaporated to

drynefs, and then mixed with a little char-

coal-powder, and expofed to diftillation

with a ftrong fire, a little yellow fublimate

riles into the neck of the retort, as like-

wife fome fhining regulus
;

volatile ful-

phureous acid pafies over into the recei-

ver. The refiduum diffolves with diffi-

culty in vitriolic acid
;
fome cryftals of

L 3 alum,
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alum, however, will form in the fpace of

two months.

§ XVIII. Upon white Clay.

One part of white clay reduced to pow-
der was mixed with four parts of acid of

arienic, and digefled for a fortnight
;
but

the acid would not diflolve any part of it.

The mafs was put into a retort, and distil-

led to drynefs, and the fire increafed till

the retort began to melt. It was convert-

ed into a thick flux, and a little arfenic

was fublimed. The reflduum, powdered
and mixed with a little charcoal-powder,

was expofed to diftillation in the fame
degree of heat when a fhining regulus was
fublimed.

^ xix. Upon Silex.

Liquor filicum was precipitated by vi-

triolic acid, and lixiviated with boiling

water. While it was ftill moift, acid of

arfenic was added, and the mafs was ex-

pofed to digeftion for fourteen days, but

no folution enfued. I afterwards evapo-

rated it, and calcined the product, till the

retort which I ufed began to melt. A
little arfenic rofe into the neck of the re-

tort : Then the reflduum was boiled in

water, upon which the acid diiTolved, but

the fllex remained at the bottom unchan-
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§ xx. Upon Terra Ponderofa.

The earth in the ponderous fpar is not

lime, as is generally believed, but a pecu-

liar kind of earth. It is the fame with

that of which I related lome experiments in

my DiiTertation on manganeie. Mr I. G.
Gahn afterwards informed me, that he

found that this earth was the bails of the

ponderous fpar. Incited by this, I procured

a larger quantity of it, in order to make
more experiments. I ihall ‘here only men-
tion the effects of acid of arfenic. 'a)

Terra ponderofa diffolves readily in the

acid of arfenic
;
but, as foon as it has ob-

tained its point of faturation, it again pre-

cipitates, combined with the arfenical acid.

(b) Neither is its folution in nitrous, mu-
riatic acetous acid, precipitated by the

acid of arfenic
;
but the arfenical neutral

falts (§ vi. vii. viii A, A, A,) precipitate

thefe folutions. (c) In the crucible, this

precipitate fliews the fame phenomena as

the precipitate of lime
;
as alfo when treat-

ed with charcoal-powder, (d) The folu-

tion of ponderous earth in acid of arfenic

is again precipitated by the acid of vitriol,

in the form of a fait infoluble in water,

viz. regenerated ponderous fpar.

§ XXI.
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§ XXX. I
3

he Effects of the Acid of Arfenic

upon Metals.

As the acid of arfenic cannot be kept

long in the crucible without being con-

verted into arfenic, in which Hate it fu-

blimes (§ v. b) ; and as in a retort it conti-

nues long unchanged, and confequently acts

longer upon metals, I rather chofe to con-

duct my experiments in the latter way.
In long necked flafks I added four

parts of the acid of arfenic to one part of

filings of metals. After the water was eva-

porated, I poured frefh upon the mixture.

This method I purfued in all the follow-

ing experiments.

§ XXII. Upon Gold.

(a) The acid of arfenic has mo effedl

upon gold in the heat of digeflion. I put

the mafs into a retort, and abftra&ed all

the liquid, then increafed the heat till the

acid flowed, and continued the fame de-

gree of heat for half an hour, during

which time a fmall quantity of arfenic

was fublimed. When the retort was grown
cool, I poured a little water into it, and

placed it in fand. The acid was diffolved;

but the remaining gold being walked and

dried, was found to be nearly of the fame

weight as at frit. The retort was mark-

ed with red and yellow fpots, which could

not
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not be taken off by any menftmum. (b)

The folution of gold was mixed with acid

of arfenic, but no precipitation enfued
;

the mafs was then abftracted in a retort

to drynefs, and the fire increafed till it

was in a perfedlly fluid Rate
;
the gold

was reduced, and fome dephlogifticated

muriatic acid came over into the receiver.

The retort was fpotted red and yellow, (c)

The mixture of acid of arfenic and mu-
riatic acid has no effedl upon gold, neither

has a mixture of acid of arfenic and ni-

trous acid.

§ xxm. Upon Platina.

(a) Platina digefted in the acid of arfe-

nic is not attacked. After all the humi-
dity was abftraifted, I increafed the fire

till the retort melted. The platina lay at

the bottom in the fufed acid
;

a little

arfenic was fublimed. After it was cool,

I poured fome water into the retort, which
diffolved the acid. This acid was render-

ed opaque by a white powder, which was
afterwards lixiviated with water, and then

dried. It grew black upon charcoal be-

fore the blowpipe, had a fmell like arfe-

nic, and was attracted by the loadftone.

The platina, after it was dried, had hard-

ly loft any thing of its weight. Pure pla-

tina, consequently, is not attacked by the

acid of arfenic. (b) The folution of pla-

tina
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tina in aqua regia is not precipitated by
the acid of arfenic, but readily by the

arfenical neutral halts. The precipitate in

this cafe is yellow
;

it is foluble in a large

quantity of water
;

but it contains no
mark of acid of arfenic. A mixture of

acid of arfenic and muriatic acid has no
effedl upon platina, neither has a mix-
ture of nitrous acid and the acid of arfe-

nic.

§ xxiv. Upon Silver,

(a) Pure filver is not attacked by the

acid of arfenic in digestion. After the

whole of the liquid was abftradted, I in-

creafed the fire till the acid came into fu-

fion. Here more arfenic was fublimed

than in the foregoing experiments with

gold and platina. This degree of heat

being continued for half an hour, the fil-

ver diffolved. After the retort was grown
cold, I broke it, and found that it con-

tained a colourlefs glaffy mafs, nearly

tranfparent. The retort was covered with

a glazing of a flame-colour, which could

not be feparated from the glafs bv any

folvent. (b) Upon the vitreous mafs, af-

ter it was pounded, I poured fome diftil-

led water, and expofed it to a fand-heat,

upon which it immediately loft its tranf-

parencv, and alfumed a brown-red colour;

the acid of arfenic was diffolved, and a

brown
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brown powder remained at the bottom.

The acid contained a little of the filver in

folution
;

for, on adding muriatic acid,

fome luna cornua was precipitated, (c)

The brown powder was dried, and expofed

to fuch a degree of heat that the retort

melted. The powder entered into fufion,

but no arfenic was fublimed. When the

retort was cooled, I broke it, and, upon
taking the mafs out, I found it tranfpa-

rent at the margin. (d) As calx of

filver is reducible without the addition of

phlogifton, as is likewife the cafe with

acid of arfenic (§ v. b), I tried what a

greater degree of heat would effeiffc. I

therefore put the glaffy mafs into a cru-

cible, over which I luted another, and af-

terwards applied as ftrong a heat as filver

requires for being melted. After the ap-

paratus was cooled, the filver was found
reduced, and furrounded with a little

white glafs. (e) The folution of filver

is precipitated by acid of arfenic, but not

entirely
; the precipitate is of a brown co-

lour. More is precipitated by the neutral

arfenical fait of Mr Macquer
;
but as this

fait is fuperfaturated with acid, fome fil-

ver is retained in the folution. The neu-
tral arfenical falts (§ vi. vu. vm. a, a, a,)

decompofe the folution entirely, (f) If

this precipitate of filver be digefted in

jnuriatic acid, the acid of arfenic is ex-

pelled
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pelled, and it is changed into muriated
hlver. In the fame manner, this brown
precipitate is foluble in fpirit of fal am-
moniac, prepared with ]ime. (g) Though
neither the acid of arfenic nor the muri-
atic acid alone attack hlver, a mixture
of them has conhderable action upon this

metal. If the folution of hlver in nitrous

acid be precipitated by copper, and the

precipitate wrelh wafhed with hot water,

and afterwards digefted for fourteen days

in a clofe veffel, with two parts of acid

of arfenic, and two parts of muriatic acid,

the hlver is changed into a white powder,

which, after being edulcorated and dried,

is found to be muriated hlver. If the acid

liquor be then diftilled off, muriatic acid

goes over, which contains arfenic
;

for,

when mixed with a little nitrous acid, and
again • abftracfted, a little acid of arfenic

remains behind. Hence it follows, that

the muriatic acid attacked the earth of

hlver during the digeftion, while the acid

of arfenic attacked its phlogifton
;
whence

the arfenic was produced, which the mu-
riatic acid afterwards took over with it

into the receiver.

§ xxv. Upon 4J'uickjilver.

(a) Quickhlver was not a&ed upon by

the acid of arfenic during digeftion. I

next put the mixture into a retort, ab-

ftra&ed
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drafted all the watery part, and then in-

creafed the fire. The mafs grew yellow,

quickfilver rofe into the neck, with a little

arfenic, and a little yellow fublimate. The
fire was then increafed till the retort was

near melting, but the mafs would not en-

ter into fufion. Of fix drachms of quick-

filver which I took for this experiment, I

obtained three drachms and a half in the

receiver. Thus the acid of arfenic con-

tained of fixed quickfilver. (b) After

the retort was cold, i took the mafs, which
was a little yellow, out of it, and divided

it into two parts. One I boiled in didd-

led water, but none of it was diffolved.

Diluted nitrous and vitriolic acids had
hardly any effeft upon it, but muriatic

acid diffolved it very readily. This folu-

tion being evaporated to drynefs, then

put into a retort, and diddled, corrodve

fublimate rofe into the neck. The red-

duum dowed upon applying a drong fire,

and proved to be acid of arfenic. The
other portion I mixed with two parts of
common fait, and diddled it. Corrodve
fublimate rofe into the neck of the retort,

(c) Calcined quickdlver and arfenical acid

being reducible by heat without any ad-

dition of phlogidon, this redduum (a)

mud likewife be reducible by a fufficient

degree of heat alone. One part of quick-

diver was mixed with dx parts of acid of

arfenic.
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ar-fenic, and after all the humidity was
driven off, ( the fire was increafed, and
though the mafs was heated white, it,

however, lay unchanged in the retort

;

but when the retort melted, it ran like-

wife into fufion
;
the quickfilver was re-

duced, and rofe, together with the arfe-

nic, into the neck of the retort, a little

quickfilver remaining behind, (d) It is

known, that quickfilver, digefted with
muriatic acid is not attacked. But if two
parts of muriatic acid, two parts of acid

of arfenic, and one part of quickfilver,

be expofed to digeftion in a clofe phial

for fourteen days, the acid acquires the

tafte of quickfilver, and that metal is

changed into a yellow powder. If the

acid be now diftilled, muriatic acid im-

pregnated with arfenic goes over. If the

refiduum in the retort be urged by a ftrong

heat, corrofive fublimate rifes, and the

fuperabundant acid of arfenic remains be-

hind in the retort. The yellow powder
is turned black by lime-water and alkalis :

if fublimed, it is changed into mercurius

dulcis. (e) The folutions of quickfilver

in vitriolic and nitrous acids are precipi-

tated by the acid of arfenic in the form

of a yellow powder
;
but the folution of

corrofive fublimate is neither precipitated

by the acid of arfenic, nor by any of the

neutral arfenical fairs
\
but arfenicated vo-

' latile
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latile alkali (§ vm.) precipitates the folu-

tion in the form of a white powder, (f)

The acid of arfenic, when fublimed with

corrofive fublimate, undergoes no change.

But if, inftead of corrofive fublimate,

mercurius dulcis is employed, corrofive

fublimate rifes, and the refiduum is the

fame as that of letter A. Some writers

affert, that arfenic, diftilled with corrofive

fublimate, yields butter of arfenic
;

but

they are miftaken. I have diftilled fuch

a mixture in different proportions, but

have always obtained at firft corrofive

fublimate in the neck of the retort, and
afterwards arfenic. Hence it would fol-

low, that as the quickfilver in the corro-

five fublimate is calcined, the muriatic

acid has a ftronger attraction for arfe-

nic than for the calx of quickfilver. In

order to afcertain this point, I mixed but-

ter of arfenic with calcined quickfilver,

and diftilled the mixture. I firft obtained

fome drops of the butter in the receiver,

then corrofive fublimate rofe into the neck
of the retort, which was at laft followed

by arfenic. But the cafe is quite different

with the regulus of arfenic
;
for if it be

mixed with an equal quantity of corro-

five fublimate and diftilled, fmoking but-

ter of arfenic, mercurius dulcis, and a

little quickfilver, are obtained. Hence it

follows, that mercurius dulcis is decom-
poled
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pofed by a double elective attraHion, that

of the phlogifton of the regulus for the

calx of mercury, and that of the muriatic

acid for the calcined regulus of arfenic,

whence the quickfilver is reduced, and
butter of arfenic is produced. The fame
thing happens with a mixture of orph
ment and corrofive fublimate.

§ XXVI. Upon Copper.

Copper is attacked by the acid of arfe-

nic during digeftion. The folution is of

a green colour. A quantity of light blue

powder is depolited, and attaches itfelf to

the copper. This powder conhfts of acid

of arfenic and calcined copper, (b) One
part of filings of copper was mixed with

two parts of dry acid of arfenic, reduced

to a fine powder. The mixture was ex- .

pofed to distillation, and the fire increafed

till the retort melted. Here fome arfe-

nic rofe into the neck, the mafs entered

into fuhon, and turned blue. After the

retort was cooled, I poured fome water

upon it and boiled it
;
the folution was

like that of letter A. In the retort there

remained a little copper which was not

diffolved, and the bottom of the retort

was tinged with brown, red, and yellow

fpots, which were infoluble in any men-

ftruum. (e) Copper diffolved in mineral

acids was not precipitated by the acid of

arfenic ;
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arfenic
;
but when it is diffolved in vine-

gar, a precipitation enfnes. Neutral arfe-

nical falts precipitate the folution of cop-

per in the form of a blue powder, which
I edulcorated, dried, and expofed to a

ftrong fire for an hour. After the mafs
was cooled, the powder appeared to be

changed into a brown fcoria, which had
covered the whole internal furface of the

crucible wdth a yellow enamel, (d) The
fcoria was finely powdered, mixed with a

little lamp-black, and expofed in a fmali

glafs retort to the fire till it melted, when
a fine regulus of arfenic was fublimed,

and the copper in the refiduum was found
to be reduced.

§ xxvii. Upon Iron.'

(a) Iron is attacked by the acid of ar-

fenic during digeftion, and at lafl the

whole folution grows gelatinous, (b) But
if the digeftion be performed in a clofe

phial, fo that the air has no accefs to it,

it does not grow gelatinous. One portion

being expofed to the open air, in a couple

of hours afterwards the folution was
grown fo gelatinous upon its furface, that

the phial might be inverted without any
thing running out of it. Another portion

was mixed with alkali of tartar, whence
a quantity of a whitifh green powder was

precipitated, which being edulcorated and
Vol, I. M diftilled
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diflilled in a glafs retort by a gentle fire,

fome arfenic was fublimed, and the refi-

duum was red ochre, (c) One part of

iron-filings was diddled with four parts of

acid of arfenic. The mafs made a great

effervefcence towards the end, and, when
it became dry, it took fire in the retort

upon increafing the heat, and then both

arfenic and regulus of arfenic were fubli-

med. After it was grown cool, the refi-

duum was found to be black
;

it was fri-

able, and contained but little acid of ar-

fenic. The retort was covered with yel-

lowifh-brown fpots. (d) Solutions of iron

in mineral acids are not precipitated by
the acid of arfenic, but iron diffolved in

vinegar is precipitated in the form of a

dark brown powder. Neutral arfenical

fairs precipitate all folutions of iron. The
precipitated powders, if expofed to a flrong

fire, enter into fufion with an arfenical

fmelt, and are chahged into black fcoriae,

which, when mixed with charcoal-pow-

der, and calcined, yield copious vapours

of arfenic, and are afterwards attra&ed by
the loadftone.

§ xxviil. Upon Lead.

(a) Lead digefled with acid of arfenic

turned black at firif. Some days after-

wards it was furrounded with a light-grey-

ifh powder, which is mixed with a little ar-

fenic,
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feme, but this may be fublimed by a

gentle fire. The acid contains no lead

diflolved. (b) One part of lhavings of

lead was diftilled with two parts of dry

acid of arfenic reduced to powder. The
lead was diflolved, and the mafs flowed

clear, a little arfenic riflng into the neck

of the retort. After the retort was grown
cold, I found a milky glafs in it, which I

boiled in diftilled water, and thus a quan-
tity of white powder was feparated

;
the

fuperfluous acid of arfenic was diflolved

in the water, (c) This powder was edul-

corated, then put into a little retort, and
kept in fufion for half an hour, but no
arfenic was fublimed. I put fome fmall

pieces of charcoal into the retort, upon
which a violent ebullition took place, and
fome regulus of arfenic was fublimed.

(d) Lead diflolved in nitrous or, muriatic

acid or vinegar is precipitated by the acid

of arfenic. This precipitate fliews the

phenomena mentioned at c.

§ XXIX. Upon Tin,

(a) Tin digefted with acid of arfenic

grows at firfb black, and is afterwards co-

vered with a white powder
;

at laft the

whole mafs grows gelatinous, (b) One
part of tin-filings was mixed with two
parts of acid of arfenic, and diftilled.

When the mafs became red-hot, it took

M 2 fire
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fire in the retort, and immediately after

both arfenic and a little regulus of arfenic

were fublimed. The tin was diffolved,

and formed a limpid flux, which, after

growing cold, was of a milky colour. Upon
this mafs I poured water, and expofed it

to heat, in order to diflolve the acid. A
quantity of white powder was feparated,

which was infoluble in any acid, and
contained very little acid of arfenic. (c)

The folutions of tin in mineral acids are

not precipitated by the acid of arfenic,

but its folution in vinegar is. Neutral

arfenical falts precipitate the folutions of

tin. This precipitate is very difficult of

fufion. When it is mixed with charcoal-

powder, regulus of arfenic is fublimed.

§ xxx. Upon Zinc.

This is ' the only one of all the metals

and femimetals that efferv'efces when di-

gefted with acid of arfenic. The zinc

grows black, and the tranfparency of the

acid is deftroyed by a quantity of black

powder. If this powder be feparated, e-

dulcorated, and dried, and then put upon
an iron plate, heated nearly red-hot, in a

dark place, it burns with a blue flame

and a white arfenical fmoke, and leaves

a white powder behind
;

it is confequent-

ly for the moll; part regulus of arfenic.

The efferveicence foon ceafes, becaufe

each



ON ARSENIC. 1 8

1

each particle of zinc is furrounded with

the regulus, which hinders the acid from
having any effedt upon it. (b) In order

to afeertain what kind of air it is wrhich

rifes during the folution, I tied an empty
bladder to the phial in which the mafs

was contained. The air which I obtained

had the following properties : i. It would
not unite with water, nor did it precipi-

tate lime-water. -2. Mixed in a glafs-vef-

fel with two-thirds of common air, it was

not abforbed. 3. When a burning candle

was brought to the mouth of the veffel,

the air in the veffel was inflamed with de-

tonation
;

the flame took its direction to-

wards the hand, which was thereby co-

loured brown : The matter that produced

this colour proved to be regulus of arfe-

nic, and left a difagreeable arfenical fmell

behind
;
the internal furface of the veffel

too was covered with a browm pellicle.

The air, therefore, which holds the regu-

lus of arfenic in folution is of the inflam-

mable kind, (c) One part of filings of

zinc was mixed with two parts of dry and
finely powdered acid of arfenic, and di-

flilled. When the bottom of the retort

began to be red-hot, a violent inflamma-

tion, accompanied with a very bright

light, took place in the retort, which burft

with an explofion. In the neck were found
regulus of arfenic and flowers of zinc.

M 3 (d)
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(d) Zinc difTolved in mineral acids is not

precipitated by the acid of arfenic, but

its folution in vinegar is precipitated.

Neutral arfenical falts decompofe all the fo-

lutions, and a white precipitate is obtain-

ed, which, when well edulcorated, fufes

in a retort on the application of a ftrong

heat, and, when mixed with charcoal-

powder, yields regulus of arfenic.

§ xxxi. Upon Bifmuth.

(a) Bifmuth, during digeftion with acid

of arfenic, is covered with a white pow-
der

;
water precipitates the folution. The

powder confifts of calcined bifmuth and

acid of arfenic. (b) One part of bifmuth

was diftilled with three parts of dry acid

of arfenic. The mafs entered into fuflori,

the bifmuth was calcined, but remained

at the bottom undifTolved
;
a little arfenic

rofe into the neck
;

after the retort be-

came cool, water was poured upon the

refiduum, which difTolved the acid, but

the calx of bifmuth remained unchanged,

(c) Bifmuth difTolved in nitrous acid was

precipitated by the acid of arfenic. This

precipitate, as well as the calx (b), are

very difficult of fufion
;
but on adding a

little charcoal-powder, they melt immedi-

ately
;
the arfenic goes off in vapours, and

the bifmuth is reduced.

§ XXXII,
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§ xxxii. Upon Regulus of Antimony.

(a) During its digedion with the acid

of arfenic, a quantity of white powder is

feparated from the regulus of antimony.

If a little of the clear folution be dropped

into water, a white powder is likewife

precipitated, which confids of calcined re-

gulus of antimony, and of acid of arfe-

nic. It is foluble only in muriatic acid,

and may be again precipitated by wacer.

(b) One part of regulus of antimony was
diddled with three parts of arfenical acid

;

as foon as the mafs entered into fufipn,

an inflammation enfued, and regulus of

arfenic and a little red fublimate were

fubliined. A little volatile fulphureous

acid came oyer into the receiver. The re-

fiduum was boiled in water, upon which
the acid was difTolved

;
a white fh.ining

powder remained behind, which was mix-
ed with charcoal -powder and diddled.

An ebullition took place, fome regulus of

arfenic rofe into the neck of the retort,

and the antimony was reduced, (c) But-

ter of antimony was not precipitated by
the acid of arfenic, but readily by the

neutral arfenical falts. The dilutions of
glafs of antimony in vinegar and cream
pf tartar are precipitated by the acid of

arfenic.

jvu § xxyiii.
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§ XXXIII. Upon Cobalt.

(a) The acid of arfenic digefted with
cobalt afTumed a rofe-colouF, but a great

deal of. the cobalt remained undiflolved.

(b) I put the whole mafs into a retort, and
abftradted it to drynefs

;
then, on increa-

ling the heat, it entered into fufion, and
a little arfenic was fublimed. After the

mafs was grown cool, it had a femitranf-

parent violet-colour. I then poured water

upon it, and put it into hot fand
;

‘ the

acid was diftfolved, the violet-colour dif-

appeared, and the folution turned dark-

red. The bottom of the retort was blue,

and no menftruu'm was capable of taking

this colour out of the glafs. (c) Neither

the foluti'ons of cobalt, in mineral acids

nor vinegar, are precipitated by the acid

of arfenic but the arfenical neutral falts

produce a precipitation of a rofe-coiour.

This precipitate is difficult of fufion in

the crucible, and has the appearance of a

dark-blue fcoria.

§ xxxiv. Upon Nickle.

(a) The acid of arfenic digefted with

nickle aftumes a green colour
;
a quantity

of green powder mixed with arfenic is

precipitated. The arfenic may be fepa-

rated from it by a gentle heat, (b) One
part of nickle was mixed with two parts
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of dry acid of arfenic, and diddled by
a drong fire. The mals melted with an

appearance of inflammation, and fome

arfenic was fublimed. After it was grown
cool, it proved to be a yellow mafs, upon
which a number of grey elevated fireaks ap-

peared
;
they were like a vegetation, and were

formed during the didillation. This yel-

low mafs was boiled in water, when
the acid diflolved, and a yellow powder
remained behind, which, when treated

with charcoal-powder, yielded a regulus

of arfenic, but was not reduced itfelf.

(c) The folutions of nickle in acids 'are

not precipitated by the acid of arfenic,

neither is there any precipitation from its

folution in vinegar
;
but the neutral arfe-

nical falts precipitate a whitifli-green pow-
der.

§ XXXV. Upon Manganefe .

(a) The acid of arfenic diffolves a lit-

tle manganefe during digeftion
;
fixed al-

kalis precipitate a white powder from it.

(b) When diddled with acid of arfenic,

a little arfenic was fublimed. The mafs
entered into a kind of fufion, but the acid
contained no more of the manganefe than
it did before, (c) Phlogifiicated manga-
nefe diffolves readily in acid of arfenic

;

but whenever the acid arrives at the point
of faturation, the folution coagulates in-

to
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to little cryff als. (d) The folutions of man-
ganefe in the mineral acids are not precipi-

tated by the acid of arfenic, though they rea-

dily are by the neutral arfenical falts. Man-
ganefe diflblved in vinegar is precipitated by
the acid of arfenic. (e) Thefe precipitates,

which conhft of phlogiflicated manganefe

and of acid of arfenic, were diftilled in

fuch a heat that the retort at laft melted,

but no arfenic was fublimed, nor would they

enter into fufion, but retained their white

colour; however, when mixed with charcoal-

powder in a crucible, they flowed, and regu-

lus of arfenic arofe in the form of vapour,

while the manganefe remained behind.

§ XXXVI. Upon Regulus of Arfenic.

(a) The i egulus of arfenic digested with

acid of arfenic, was covered with a white

powder, which proved to be arfenic. (b)

One part of the regulus was mixed with

two parts of dry acid of arfenic, and di-

ftilled. The regulus rofe into die neck,

and the acid entered into fufion. (c) If

fmall pieces of regulus of arfenic be put,

one after another, into a retort where the

acid of arfenic is in a hate of fufion, an

inflammation takes place, and arfenic is

fublimed. (fc) The regulus of arfenic is

diffolved byun&uous oils in a boiling heat;

the folution is black, and, after it grows

cold, of the confidence of falve.

ESSAY
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ESSAY VII.

Remarks upon Salt of Benzoin. 1775.

THE common way to obtain the fait

from benzoin is by fublimation.

This fait is fold in the £hops under the

name of flowers of benzoin. I propofed

to determine with exadtnefs how much
fait a given proportion of benzoin yields

by fublimation. For this purpofe, I di-

ddled a pound of benzoin in a retort,

and, after having perfectly feparated the

empyreumatic oil by lixiviation, I obtain-

ed between nine and twelve drachms of

flowers. This fait may be likewife ob-

tained by Amply lixiviating the benzoin

with water
;
but the fait thus obtained is

lefs in quantity, and if the ley be made
too hot, the refln eaflly runs together, and
the whole labour is loft. The reafon why
Ample lixiviation yields fo little fait is ea-

Aly afligned. The reAnous particles of

the benzoin do not tranfmit the water ;

the folution, therefore, takes place only

on the furface of the particles of the

powdered benzoin.

I further boiled pounded chalk and
benzoin in water, and then Altered the

decodtion, but, on its cooling, obtained

no
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no cryftals
;
but on pouring fome drops

of vitriolic acid into this liquor, the fait

of benzoin foon afterwards precipitated
;

for this fait, which is an acid, was united

with the chalk. The quantity of fait ob-

tained, however, was not greater than

that obtained by lixiviation. I then fell

upon the idea of communicating to the

water the power of aCting upon the refi-

nous particles of the benzoin, and thought
thus to extract all the fait exifting in this

refin. I therefore boiled pounded ben-

zoin with alkaline ley, and afterwards fa-

turated it with an acid. I thus obtained

the fait of benzoin, by precipitation
;
but

I here likewife met with this inconveni-

ence, that the powder of benzoin ran to-

gether during the boiling and floated on the

furface in the form of a tenacious refin.

There remained one way more to be

tried, viz. To boil the benzoin with quick-

lime. As the particles of the lime, by inter-

poling themfelves between the particles of

the benzoin, might prevent their run-

ning together, and as lime has likewife

the property of aCting upon the refinous

particles, this promifed to be a good way of

extracting the fait from the benzoin. The
fait thus obtained is perfectly free from

empyreumatic oil, with which the flow-

ers of benzoin are commonly contamina-

ted, it is confequently alfo free from the

fmell
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fmell which they otherwife yield. An
equal, if not a greater quantity of fait,

is obtained by this procefs than by diftilla-

tion. A pound of the refin yielded from

twelve to fourteen drachms of fait by this

new method, which is as follows :

Upon four ounces of unflaked lime pour

twelve ounces of water, and, After the e-

bullition is over, add eight pounds more
(the pound twelve ounces) of water

;
then

put a pound of finely pounded refin of ben-

zoin into a tinned pan, pour upon it firft

about fix ounces of the above lime-water,

mix them well together, and thus fuc-

ceflively add the reft of the lime-water.

If it be poured in all at once, it will

not mix with the benzoin, which will

likewife coagulate, and run together into

a mafs. This mixture ought to be boiled

over a gentle fire for half an hour with

conftant agitation
;
then take it from the

fire, let it (land quiet for an hour, in or-

der that it may fettle
;
pour off the fuper-

natant limpid liquor into a glafs veffel.

Upon the remainder in the pan pour eight

pounds more of lime-water
;

boil them
together for half an hour^ then take it

from the fire and let it fettle
;
add the fu-

pernatant liquor to the former
;
pour upon

the refiduum fome more lime-water, boil

it as aforefaid, and repeat the fame pro-

cefs once more. At laft, put all the re-

fiduum
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fiduum upon a filter, and pour hot wa-
ter feveral times upon it. During this

procefs, the calcareous earth combines
with the acid of benzoin,* and feparates

it from the refinous particles of this fub-

ftance. A fmall quantity of the refill is

diffolved by the lime-water, whence it ac-

quires a yellow colour. All thefe yellow

leys and decodtions are to be mixed toge-

ther, and boiled down to two pounds,
which are then to be (trained into another

glafs veffel.

Thefe lixivia are infpiffated thus much,
becaufe fuperfluous water would hold

much fait in folution, which muft after-

wards be precipitated. Befides, a fmall

quantity of the refin, fufpended by the

lime-water, likewife feparates during the

evaporation, not being foluble in a fmall

quantity of water
;

it therefore remains

in the (trainer. After the two pounds of

the evaporated leys are grown cold, mu-
riatic acid is to be added, with conftant

ftirring, till there be no further precipica-

tion, or till the mafs taftes a little fourifh.

As vegetable acids have in general a

weaker attraction for abforbent earths than

mineral acids, the muriatic acid combines

with the calcareous earth, and the acid of

benzoin, which requires a large quantity

of water to its folution, muft fall down ;

the folution, which had before but a very

weak
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weak fmell of flowers of benzoin, acquires,

by this precipitation, a very Brong one.

The precipitated coagulum is then to

be put into a filter, and, after being well

dried, it is to be edulcorated fufhciehtly,

by repeatedly pouring cold water upon it

;

it fhould be dried afterwards in a gentle

heat. But as the water made ufe of for

the edulcoration contains a little of the

fait of benzoin diflolved, it ought to be

evaporated, and afterwards fet by to cry-

ftallife. If you wifh to give this fait a

fhining appearance, difTolve it in a fuffi-

cient quantity—in fix ounces, for inBance,

of water, by gentle boiling, then Brain it

immediately, while it is yet warm, through

a cloth, into a glafs veffel which has been

heated before
;
you will thus have the fa-

tisfadlion to fee a number of fine cryftals

fhoot as foon as the folution is grown
cold. The water is then to be Brained from
the cryBals, and the reB of the fait, Bill

fufpended in this water, is obtained by re-

peated evaporation and cryBallifation. But
as the flowers of benzoin are, on account
of their lightnefs, not eafily pulverized, it

may be beB to keep the fait in the form of
a precipitate, which is always the fineB

powder. To this confideration it may be
added, that, during the cryBallifation, a
great deal of fait is loB.

I
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I have recommended cloth for filtering

the warm folution, becaufe I found it an-

fwer beft. If blotting paper be ufed, the

fait fometimes cryftallifes in the filter it-

feIf, and obftrudts it. The filtration it-

felf might be omitted, if it were not una-

voidable, in order to purify the fait from
about two grains of refinous fubfiance,

which, having been mixed with it during

the preceding boilings, remain united

with it during the reft of the procefs.

I
:

' ‘ '
:

- .
»"

:ESSAY
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ESSAY VIII.

On Silex, Clay, aijd Alum, i 776.

F ROM the writings of Mr Baume, it

appears that he takes the earth of

alum to be nothing elfe than filex, and
common clay to be liliceous earth, com-
bined with a little vitriolic acid. Alum
he fuppofes to be the fame earth, fuperfa-

turated with vitriolic acid. With regard

to chemical opinions, it is my cuftom not

to credit any, till I have brought them to

the tell of experiment. I therefore was
obliged to try Mr Baume*s alfertion, that

filex is foluble in vitriolic acid, by this

tell. I took an ounce of mountain cry-

ftal reduced to ponder, mixed it with three

ounces of alkali of tartar, and fufed the

mixture by a flrong fire. This alkaline

mafs I afterwards diffolved in twenty oun-
ces of water, and poured as much diluted

vitriolic acid to it, as was more than fuffi-

cient to faturate it
;

I then filtered the li-

quor, collected, edulcorated and dried,

the precipitated filex which remained on
the filter. From the filtered liquor, after

it was evaporated, I obtained, befides a

fubacid vitriolated tartar, about 1 - drachm
of alum. The queftion now was, Whe-
Vol. I. N ther
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ther the precipitated filex, repeatedly fufed

with alkali, would Hill yield alum ? If

this was the cafe, Mr Baume’s fyftem

would gain a ftrong confirmation
; but, if

it did not, a fufpicion would arife, that

fome clay was mixed with the mountain
cryftal ;

I therefore dried the precipitate,

and mixed it with a triple quantity of al-

kali
;
and, proceeding in the fame man-

ner as in the foregoing experiment, again

obtained alum. This laborious experi-

ment I repeated feven times, and always

obtained alum
;

I now thought it reafon-

able to believe that Baume was right. But,

behold ! on examining the crucibles, em-
ployed for thefe repeated fufions, I found
them every where uneven in the infide,

and full of little excavations, which they

had not before the experiment. This

created a fufpicion that the alkali had per-

haps diffolved part of the clay of thefe

crucibles, and thus, with the fuperfluous

vitriolic acid, produced alum
;

I therefore

now took an iron crucible, and prepared

the liquor filicum, which I treated in the

fame manner as before, and obtained no
alum. How cafily may one err in ma-
king experiments ! Thus, all the alum, I

obtained, came from my crucibles, and I

was in a fair way to obtain convidlion of

a falfehood: Undoubtedly the fame thing

led Mr Baume into the miftake. I after-

wards
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wards took precipitated filiceous earth

while it was moift, and digefted it for a

fortnight with diluted vitriolic acid, in

order to find out whether, as Mr Baume
afferts, any thing is diffolved, but could

find not the leaft mark of folution.

The filiceous earth, therefore, ftill re-

mains a peculiar earth. Mr Baume pre-

tends, that clay contains a little vitriolic

acid, and is on this account foluble in a

large quantity of boiling water. I like-

wife tried this experiment, but found,

that of feveral kinds of pure argillaceous

earth not the fmallefl quantity was diflbl-

ved, which is eafily afcertained by means
of alkali of tartar. I here likewife made
different experiments, in order to obtain

vitriolic acid from pure argilla, but with-

out fuccefs. I could never obtain any he-

par by means of alkali of tartar, nor by
means of powder of charcoal

;
neither

have I obtained with clay a vitriolic neu-

tral fait from the refiduum of the diftilla-

tion of muriatic and nitrous acid.

I have made feveral experiments with

alum, in order to afcertain its effedls

when mixed with other fubflances. A fo-

lution of alum is decompofed' (a) by
lime-water. If no more lime-water be
added than is exadlly requifite for the

precipitation, the earth of alum forms a

tranfparent precipitate, of the appearance

N 2 of
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of boiled ftarch. If the clear water is filter^

ed, it proves to be a folution of gypfum.
(b) If more lime-water be added to the

folution of alum than is requifite for its

precipitation, a white precipitate is form-

ed, but nothing gelatinous, as in the fore-

going experiment. If the whole be left

together for a quarter of an hour, and fre-

quently agitated during this time
;
and if

it then be filtered, no gypfum, nay, not

even lime, is found in the fupernatant

water, unlefs there has been added too

much lime-water
; but it will be found to

be pure water. I was at firft at a lofs to

imagine what was become of the gypfum.

(c) On examining the precipitate, I found
it to confift of earth of alum, felenite,

and lime ; for, after putting it to difTolve

in muriatic acid, the gypfum, which is

not fo eafily foluble, remained behind.

The clear folution being faturated with

cauftic volatile alkali, a tranfparent gela-

tinous earth, which was the earth of

alum, was precipitated. Upon {training it

again, and pouring lixivium tartari to it,

1 obtained a precipitate, which was lime.

Hence I faw that the lime and gypfum had

feparated from the water, and united with

the earth of alum.

In order to acquire a more diftindt idea

of this phenomenon (d), I precipitated a

folution of alum with a quantity of cauftic

volatile
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volatile alkali, more than fufEcient to fatu-
rate the acid, in order that I might be quite

whlc¥rr?£
fePar^ing all the vitriolic acid,

'pitate^rlr
T°r^s ftl11 adhere to the Pre

"
P ate. The prec,pitace4 earth was edulco-

folution of gyp-
-ther the gypfum

pitate with thf>
~ ™ 7ater and Preci“

did nui w,
°r

a^urn
5 ^ut this

know how lime-wate1^
the earth of alum. I found that it very

foon loft its cauftic tafte, and that the

clear earth of alum grew opaque. I (train-

ed part of this water, and dropped fome
lixivium tartari into it, but it remained

clear
;
neither was there any precipitate

formed by corroftve fublimate. I after-

wards added muriatic acid to the laft men-
tioned precipitate, when it diflolved en-

tirely without leaving any gypfum be-

hind. Thus the earth of alum had united

itfelf with lime, and formed a peculiar

compound.
I now thought that this compound of

the earth of alum and lime might fepa-

rate gypfum from water; (f) I therefore

prepared a large quantity of this compound
earth, mixed it with a folution of gyp-
fum, and fet it to reft for a quarter of an
hour, when I faw, to my furprife, that the

gypfum remained fufpended in the water,

N 3 and
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and that the precipitate was (till foluble in

muriatic acid, without leaving any

fum behind, (g) T now V,-

tion of gyplum w|h
^-^.^chg

alfo pure earth of alum.
-

oned at

perfeaiy agreed with that ““
and con-

B. The precipitate was wh ^ from
tained gypfum as well as

thefe }?d Lirgypli
C\ P T That
um is able to

combine with more lime than is requisite

for its perfect faturation. 2. That calca-

reous earth is capable of uniting with the

earth of alum. 3. That gypfum cannot

combine with the earth of alum
;
but if

a fuperfluous quantity of lime be united

with vitriolic acid, it then will ferve as a

means of union, to combine gypfum with

the earth of alum, and thus form a com-
bination, confifting of three earths. Pure

day has no effect upon lime-water.

ESSAY

1
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ESSAY IX.

Analysis of the Calculus Vesicje.

1776.

HAVING collected a diffident number
of calculi, taken from perfons of

both fexes, I undertook an enquiry into

their nature, and I now communicate fome
obfervations, which, to my knowledge,

have not hitherto been communicated
to the public.

All the calculi which I have examined,

whether flat and polifhed, or rough and
angular, were of the fame nature, and
confided of the fame condiment parts.

.

*

I put a quantity of calculus, reduced

to powder, into a fmall glafs retort, pour-

ed fome diluted vitriolic acid upon it, and
expofed it to digedion, but the powder
was not at all attacked. After the humidity
was abdraded by didillation, the concen-

trated acid began to attack the powder,

and the done was diflolved. After the

acid was abdradled to drynefs by an in-

creafed heat, a black coal remained ;
the

liquid which pafled over was vitriolic acid,

N 4 with
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with a ftrong fmell of the volatile acid of
fulphur.

§ ii.

Neither concentrated nor diluted muria-

tic acid had any effedt upon the calculus,

not even when boiled with it.

§ iii.

(a) The diluted nitrous acid, or aqua-

fortis, had fome effedl upon the calculus,

even in the cold. On the application of
heat, an effervefcence enfued, and red va-

pours aroie
;
the calculus was entirely dif-

folved. If the experiment be made in a

retort, and lime-watet be put into the re-

ceiver, it will be precipitated.

(b) This folution is acid, though the

menftruum be boiled with a fuperabun-

dant quantity of powder, fo that there

may remain a portion of it undiflolved.

(c) This yellow folution produces deep-

red fpots upon the fkin in half an hour af-

ter it is applied. If the faturated folution

be a little more evaporated, it affumes of it-

felf a blood-red colour, which, however,

difappears on dropping in a fingle drop

of nitrous acid.

(d) A folution of ponderous earth in

muriatic acid precipitates nothing from

this folution.

(e) Me,
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(*) Metallic folutions are not fenlibly

changed by this folution.

(f) It is not precipitated by alkalis, but

only grows a little yellower when the al-

kali is fuperabundant, and then this mix-

ture, in a ftrong digefting heat, likewife

airtimes a rofe-colour, and produces fpots

of the fame colour very quickly, and with-

out any fenfe of burning upon the fkin.

This mixture likewife precipitates metals

of different colours
;
vitriol of iron, black ;

vitriol of copper, green
;

filver, grey ^ cor-

rolive fublimate, zinc, and lead, white.

(g) Lime-water decompofes this folu-

tion, and precipitates a white powder from
it, which I have edulcorated and dried.

This precipitate is foluble in muriatic and
nitrous acids without any effervefcence.

Though there be an excefs of the preci-

pitated powder, the folution will be acid.

(The fame thing happens likewife with
animal earth and fluor fpar, if they be dif-

folved in the fame acids). If the folution

be evaporated to drynefs, it will at laft

take fire. If the precipitate be heated

only to a dull-red heat in a clofe cru-

cible, it grows black, fmel.ls like burnt
alum, and effervefces with acids. Before

the blowpipe it changes into quicklime.

(h) Neither the acid of fugar nor fait

pf forrel precipitate this folution. The
alkaline
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alkaline mixture (f) is alfo not precipita-

ted by thefe acids.

§ IV.

The calculus, when pounded and boil-

ed with a folution of alkali of tartar,

remains unchanged. But perfectly pure
or cauftic alkali, fuch as {hews not the

leaft mark of aerial acid, diflolves the

calculus, even in the cold. The fo-

lution is yellow, and taftes fweetifti; it

is precipitated by all the acids, even by
the aerial. Lime-water is not precipitated

by this folution, but metallic folutions are

decompofed. Iron is precipitated brown,
copper grey, filver black, zinc, corrofive

fublimate, and lead, white. If there be

a little fuperabundance of alkali in the fo-

lution, it yields a Imell of volatile alkali.

Dry volatile alkali has no eftedt upon the

flone, but the cauftic, prepared with quick-

lime, diflolves it
; a pretty large quan-

tity, hotvever, is required for this purpofe.

§ V.

Lime-water likewife diflolves the ftone

by means of digeftion. Twelve grains

of calculus require four ounces of lime-

water. The lime-water thereby lofes its

cauftic tafte. On adding acids to this fo-

lution, the calculus is partly precipitated .
4
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§ VI.

purp watu diiTolves the calculus entire-

ly, but a large quantity is requifite for

this purpofe. ' If eight grains of fine-

ly powdered calculus be boiled for a fhort

time with five ounces of water, they will

be difiolved. The tin&ure of lacmus is

turned red by this folution. Lime-water

is not precipitated. As it grows cold, the

greateft part of the calculus feparates again

m the form of fine cryftals.

§ VII.

On diftillmgj in a fmall glafs retort,

one drachm of calculus in the open fire,

I obtained a volatile alkaline liquor, like

that from hartlhorn, but no oil. In the

neck of the retort there was a brown fub-

limate. Upon heating the retort thorough-

ly red-hot, and then leaving it to cool,

I obtained a black coal, weighing twelve

grains, which, when put upon red-hot

iron in the open air, retained its black co-

lour. The fublimate, which feemed to

have been fomewhat fufed, weighed twen-

ty-eight grains, and on being purified by
a new fublimation, it grew white. It had
no fmell, but a fomewhat fourifh tafhe,

and was eafily foluble in boiling water.

It alfo difiolved in fpirit of wine, but a

larger quantity than of water was requi-
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fite for this purpofe. Lime-water
not precipitated. The fublimate feemed
to agree, in fomc reCpc&z, with the fai
fuccini.

From thefe experiments L conclude, that
fince the terra ponderofa (§ hi. d) is

not precipitated, which would, however,
be a neceffary confequence, if vitriolic acid
were a condiment part of the calculus

;

and fince the acid of fugar (§ iii. h)
does not produce any precipitation, which
certainly would take place if lime were a
condiment part of it,—I conclude, I £»/,

that calculus is neither calcareous n^ gyp-
feous, but confids ofan oily, dry, volatile a-

cid, united with fome gelacmous matter.

The calculus is an oily lalt, in which the a-'

cid prevails a little, iince it is foluble in pure

water (§ vx.), and imparts to the tin&ure

of laemus a red colour. That it contains

phlogidon,’ appears by its folution in cau-

dic alkalis and lime-water (§ iv. v.), but
efpecially from the effetds produced by
means of nitrous acid, from which it ac-

quires quite different properties than from
being diflolved in alkalis, nor can it be pre-

cipitated from this folution (§ in. f).

The animal gelatinous fubdance appears

on didillation, by which a liquor is ob-

tained refembling fpirit of hartfhorn, and

a fine coal is left behind.
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§ VIII.

I have found calculus diffolved in all

urine, even in that of children. If

four kannes of limpid frefti urine be eva-

porated to two ounces, a fine powder is

depofited as it cools, and a part firmly

adheres to the glafs. This powder dif-

folves very readily in a few drops of cau-

ftic alkali, and has moreover all the pro-

perties of a calculus veficae. The lateriti-

ous fediment, which is depofited from the

urine of thofe who labour under an ague,

is of the fame nature. I fufpedled in the

beginning, that there was an unknown
menftruum in this urine, which, being

volatile in the open air, was the caufe of

fuch a large quantity of this powder being

kept fufpended in the urine
;
but as fuch

urine likewife grows turbid, and depofits

the fame fediment when kept in clofe vef-

fels, and rediflolves it again on being

expofed to a fufficient degree of heat, it

appears evident that fuch a menftruum is

neither prefent nor requifite.

§ IX.

All urine contains fome animal earth

or lime combined with phofphoric acid,

and, by the fuperabundance of acid, this

#earth is kept diflolved. It is owing to this

fuperabundance that urine imparts a red

colour



206 ESSAY IX.

colour to paper coloured with lacmus. If

this fuperabundant acid be faturated with

volatile cauftic alkali, a white powder is

precipitated. Three drachms and a half

of this powder, when dried, are obtained

from four kannes of urine. I diffolved it

in nitrous acid
;
on adding vitriolic acid

fome gypfum was precipitated. After all

the nitrous acid was evaporated, an acid

remained, which precipitated lime-water,

and, when mixed with lamp-black, yield-

ed phofphorus on diftillation
; confequent-

ly this powder really contains lime and
phofphoric acid.

§ x.

According to thefe experiments, all u-

rine contains, befides the fubftances al-

ready known, (viz. fal ammoniac, com-
mon fait, digeftive fait, Glauber’s fait,

microcofmic fait, fal perlatum, and an oily

extractive matter) a concrete acid, hi-

therto unknown or the calculus, and ani-

mal earth. It is remarkable that the urine

of the fick is more acid, and contains

more animal earth than that of healthy

perfons.

Supplement
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Supplement to theforegoing Differtation .

By T. Bergman.

Without knowing any thing of Mr
Scheele’s analyfis of the calculus veficae,

I was employed at the fame time upon the

fame fubjedl. My experiments lead near-

ly to the fame conclufion, viz. that thefe

animal {tones confift of a concrete acid.

There are, however, fome circumftances

in which they differ from thofe of Mr
Scheele. Perhaps the calculi on which we
made our experiments were really different

in their nature
;
but as the differences I

remarked were conftant with all the cal-

culi on which I made experiments, I

thought it worth while to communicate
them to the public, efpecially as they re-

late to a matter fo interefling to mankind.
I could not fucceed in entirely diffol-

ving (tones of the bladder or kidney, ei-

ther in diftilled water, or in nitrous acid

;

though it is true that the undiffolved part is

the lefs, the more finely the calculus has been
previoufly pounded

; but even in this cafe a

part remains undiffolved, as appears clear-

ly when the experiment is made in a fmall

cucurbit
;

fo that, after the mafs is cool-

ed, the undiffolved part may fettle at the

bottom in one place. This appears in the

cleared
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cleared manner, if fmall pieces, or final!

calculi, of a few grains weight only, be
put into a fuperabundant quantity of

mendruum, and be kept in a degree of

heat, very near to that which makes wa-
ter boil. Here it will be obferved, that

the greated part of the piece is diffolved,

but that at the fame time fome fmall white

fpongy particles remain, upon which wa-
ter, fpirit of wine, acids, or caudic vola-

tile alkali, have no fenfible effed. If the

heat be increafed to full boiling, thefe par-

ticles divide into white rare docculi, and
become almod imperceptible, but without

being diffolved, at lead not entirely, t

have not been as yet able to colled a fuffi-

cient quantity of them, in order to deter-

mine exadly their nature. This, however,

I know, that, when expofed to fire, they

are reduced to a coal, which burns flowly

to afhes, and is not foluble in diluted ni-

trous acid.

When calculus veficae is diffolved in

nitrous acid, no precipitation enfues on

adding the acid of fugar ;
whence one is

readily induced to conclude, that there is

no calcareous earth prefent, becaufe this

experiment is the fured way to difcover

it. But I have found, in a variety of ex-

periments concerning eledive attradions,

that the addition of a third fubdance, in-

dead of difuniting two already united,

often
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often unites with both very clofely. That
the fame thing happens here, I had the

more reafon to believe, becaufe the acid

of fugar contains fome phiogiftic matter,

though of fo fubtile a nature, that, on
being burned, it does not produce any
fenfible coal

;
and the event of my expe-

riment has {hewn, that I was not miftaken

in my conjecture. fin order to afcertain

this point, I burned coals of the calculus

to alhes, which were quite white, and
fhewed in every refpeCt the fame pheno-
mena as lime, caufed fame efFervefcence

during their folution in acids, united with

vitriolic acid into gypfum, were precipita-

ted by the acid of fugar, and were partly

foluble in pure water, &c, Notwithftand-

ing this, there remains about one hun-
dredth part of the alhes infoluble in aqua-

fortis
;
the remainder of the above men-

tioned fubftance, which, together with

the concrete acid, conftitutes the calculus.

If the calculus be dilfolved in nitrous

acid, the folution filtered, and evapora-

ted to drynefs, and the dry mafs calcined

to whicenefs
; a calcareous powder is thus

likewif^ obtained.

As pure vitriolic acid contains no phio-

giftic matter, I expelled that it would, in

the prefent cafe, immediately lhew the

prefence of lime, a circumftance which
really happened. I dropped fome pure

Vol. I. O concentrated
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concentrated vitriolic acid into a folution

of calculus in nitrous acid, and found,

that when the folution was faturated, fome
fmall cryflals immediately feparated from
it : They proved, on examination, to be
gypfum

;
and, after being diffolved in di-

ddled water, they were precipitated by
the acid of fugar. When the folution of

the calculus was very much diluted, there

appeared no change in the beginning;

but, after a little evaporation, the above

mentioned crydals began to appear. Some
calculi of the bladder or kidneys at lead

certainly contain lime, but feldom more
than one-half in a hundred parts, or one

in two hundred parts.

Concentrated vitriolic acid diflolves the

calculus, when affided by heat, with ef-

fervefcence
;
the folution is dark-brown.

If a little water be afterwards added, there

feems to take place a kind of coagulation

;

but, on adding more water, all grows

clear again, and adumes a yellowidi brown
colour.

The muriatic acid feems to have no ef-

fect upon it. I am however in doubt,

whether it will not extract at lead a por-

tion of the calcareous earth, and lhall for

this reafon make fome farther experi-

ments to determine this point.

The red colour which the folution of

the calculus in aquafortis may be made
to adume, is remarkable. A faturated fo-

lution
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lution difcovers no fmell of nitrous acid,

and if evaporated by itfelf in a large

open veflel, the liquor alfumes at laft a

deep-red colour, and it hardly contains

any nitrous acid
;

for, on the one hand,

paper tinged with lacmus fcarce fhews

any figns of its prefence
;

and, on the

other hand, the colour is deftroyed by
the addition of any acid, without being

ever afterwards recoverable, either by ,al-

kalis, or any other means known to me.
If the folution be quickly evaporated upon
a heated furnace, it at laft fwells into in-

numerable bubbles. This foam grows
redder and redder, and, after it is quite

dry, it appears dark-red. This dry mafs
communicates its colour to a much larger

quantity of water than before, and dif-

folves very readily in all acids, even in

fuch as have no aflion on the calculus
;

but they entirely deflroy the colour,

and that the more quickly, the flronger

they are. Even alum, with its {mall ex-

cefs of acid, has this effedl. Cauflic al-

kalis diflolve the colouring matter, and
deflroy it, but more flowly.

The nitrous acid has a peculiar effedl

upon all phlogiflic fubftances
;
and, as the

colour of bodies is efpecially dependent
on phlogiflon, it appears why no othe*r a-

cid has the power of educing fuch a co-

lour from the calculus. But, in order to

O 2 obtain
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obtain it, a proportional quantity of acid

is requifte. The diluted acid of nitre

ought therefore to be made ufe of, in or-

der not fo eafily to tranfgrefs the proper

limits
;
for if too much be ufed, it will

not produce the proper effect
;
but, in pro-

portion to its fuperabundance, goes fur-

ther, and deflroys more or lefs, or the

whole of it. If it be poured undiluted

upon powdered calculus, it is converted in

a few moments, and without any affift-

ance of heat, into a mere foam.

The acid of calculus is the more eafily

feparated from the aquafortis by evapora-

tion, as the latter is rendered more vola-

tile by the inflammable particles of the

former. Alkali added to them both uni-

ted, does not produce any precipitation, a

circumflance which is generally obferved

when two acids are combined
;
but both

the acids unite with the alkali, according

to the law of their attraction. The red mafs

obtained after defecation, is however very

different from the concentrated acid, fuch

as is contained in the calculus
;
for it is

of a darker colour, and very deliquefeent

;

the leaf particle gives to a confiderable

quantity of water a rofe-colour
;

it is at-

tacked by the muriatic and other flrong

acids with violence, which fooner or later

produce a quite colourlefs folution. Such

a remarkable change depends, as much as

I
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I have hitherto been able to afcertain
more on the adhon of the nitrous acid

t&nl
dle mflam^We part than upon any

^ are product
behmd

;

®uch red *P<4
lution are i; r

P°n the lkin by the fo-

glafi, p^e, and ST’*?* UPon bon«>
then io?e

’

ti
“ •

°ther fubftances
; bu C

become vifible
before they

I pals o

ments, made partly in a ai

from thofe of Mr Scheele, which, how-
ever, prove no more than may be learned

from his excellent paper. I was alfo pre-

vented from finifhing fome of them by
other engagements. I have been thefe fe-

veral years collecting the different ftony

concretions of animal bodies, in order to

inveftigate their component parts
;

I have

been promifed ftill more of them, and hope
to be aflifted in this matter, fo interefting

to medical fcience, by fbch as have collec-

tions of this kind. The only thing from
which we may reafonably expedt the dif-

covery of proper remedies, for the relief

of people labouring under this complaint,

is the juft knowledge of the nature of the

calculus. Did we not already know from
experience, that lime-water and the cau-

ftic lixivium are among the belt remedies

againfl the {tone of the bladder or kid-

O 3 neys,
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neys, we might conclude this from its

properties, as they are now difcovered.

From a further enquiry, we may perha^°

be led to find out a flill more r^7
* c

j*
ient

remedy. Whether pH wi inary calculi aie

of the fame nature, I hope to afcertam

foon.
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ESSAY X.

Method of preparing Mercurius
Dulcis Via Humida. 1778.

/

§ 1.

TAKE half a pound of quickfilver,

and as much pure common aqua-

fortis, pour it into a fmall cucurbit, with

a pretty long neck, flop the mouth with

a little paper, and put it into warm fand.

Some hours afterwards, when the acid ap-

pears no longer to a6l upon the quickfil-

ver, the fire is to be fo much augmented as

nearly to make the folutiOn boil. This heat

is to be continued for three or four hours,

and the vefiel now and then to be fhaken *.

Towards

* One would imagine, that when the acid no long-

er effervefces with the quickfilver, it fliould be fatu-

rated
; but this is far from being the cafe. If the

heat is inereafed, this folution is ftill able to difTolve a

great quantity
;

with this difference, however, that

whereas the quickfilver in the beginning is cal-

cined, a great deal of quickfilver, in a metallic form,

is afterwards difTolved, as appears clearly from this,

that not only no more elatfic vapours afcend, but alfo,

that with fixed and volatile cauftic alkalis a black pre-

cipitate is obtained, otherwife, when the folution con-

tains only calcined quickfilver, the precipitate is yel-

low. If the black precipitate be gently diftilled, quick-

filver arifes, and there remains a yellow powder, which

O 4 is
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Towards the end, regulate the heat fo that

the folution lhall gently boil for a quarter

of an hour *. In the mean time, dilfolve

4\ ounces of pure common fait in fix or

eight pounds of water
j
pour this folu-

tion, hill boiling, into a glafs-velTel, and
immediately afterwards mix with it the

above mentioned folution of quickfilver,

which muff alfo be boiling, in fmall quan-
tities at a time, with conftant agitation.

When the precipitate has fettled, decant

off the clear liquor and pour hot water

again on the precipitate, with which it is

to be edulcorated, till the water Handing
upon it fhall be entirely taftelefs. Put the

whole obtained by thefe means together

;

filter and dry it in a mild heat f.

§ ii.

is precifely that part of quickfilver, which, in the be-

ginning of the operation, was calcined by the acid of

nitre.

* The fire muft neceflarily be augmented, in order

to keep the nitrated mercury difiolved, which is very

much inclined to cryftallife, even in the heat. There
commonly remains fome undiffolved quickfilver

;
but it

is always better to take too much than too little, for

the more metallic fubftance the mercurial folution con-

tains, the more mercurius dulcis is obtained.

f The mercurial folution muft be cautioufly poured

into that of the common fait, that no mercury may
follow. Two ounces of fait would be fufficient for

the precipitation of all the quickfilver ; but when fo

fiiiall a quantity is ufed, it may eafily happen, that

fonie



ON MERCURIUS DULCIS. 217

§ 11.

If we confider how mercurius dulcis is

obtained in the dry way, or by fublima-

tion, it will not be difficult to account for

the method I have propofed. Mercurius
corrofivus albus is a middle fait, and con-

ffits, as is well known, of marine acid,

combined with calx of mercury. This

fait can diffiolve a good deal of quickffiver

in its metallic form : In order to this, they

mull meet one another when feparated in-

to their fmallefl particles, which happens

when, by means of heat, they are con-

verted into vapour. The fame thing takes

place with the folution of mercury that is

obtained in the method above defcribed.

This contains the calx of mercury and
quickffiver, divided into its fined; par-

ticles. If there be now added marine acid,

or, to fave expence, common fait, the ma-
rine acid will unite with the calx of mer-

cury,

fome fuperabundant corrofive fublimate may adhere to

the precipitate, which water alone is incapable of en-

tirely feparating
;

this is doubtlefs the reafon why it is

generally fuppofed that white precipitate is corrofive.

I have found, that common fait, as well as fal ammo-
niac, is capable of diffolving a confiderable quantity of

corrofive fublimate. It is on this account that I take

4^ ounces of f.ilt, in order completely to feparate all

the corrofive fublimate. From the above mentioned

quantity of quickfilver, about 8| ounces of mercurius

dujcis are commonly obtained.
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cury, by which genuine mercurius corro-
fivus alb us is produced

;
and as the folu-

tion contains quickfilver in its metallic
form, it immediately attracts as much of
the corrofive fait as is neceflary to. its

faturation
;
and thus is produced a real

mercurius dulcis, which, on account of
its infolubility in water, mud be precrpi-

• tated.

§ ill.

Experiments prove, that this precipi-

tate is nothing elfe than a good mercurius
dulcis

; as, i/l, It is entirely tailelefs.

'idly, I have fublimed the precipitate, and
examined what afcended in the beginning

of this procefs, which ought to be corro-

Ilve, if the precipitate contained this fait

in abundance, becaufe it is well known,
that corrofive fublimate rifes fooner than

mercurius dulcis
;
but this, as well as that

which was afterwards fublimed, was pure

mercurius dulcis, and entirely like to that

obtained in the common manner. 3^/j',

I alfo mixed the precipitate with one-

fourth part of quickfilver (thinking that,

if it had contained too much mercurius

corrofivus, it ought now to be able to

unite with more quickfilver), and fubli-

med it, when I found my quickfilver

again with its former weight undiminifh-

ed. ^thly. It is known, that cauftic alka-
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1 and lime-water give mercurius dulcis

a black colour. The fame thing appear-

ed with mine. The black colour is no-

thing elfe than quiickfilver divided into

very minute particles.

§ iv.

That the method above defcribed is

really more advantageous than that ufual-

ly employed, I cannot doubt
;

becaufe,

ijiy The mercurius dulcis can be prepared

with lefs difficulty, with lefs expence, and
without employing mercurius corrofivus.

idly. It can never become either more or

lefs corrofive, if it be only well edulcora-

ted, and confequently it is always fafe.

3dly, One is never expofed to the vapour
which rifes in the old method during
the faturation of corrofive fublimate with
quickfilver, and which is fo dangerous to

the health. 4tbly, This mercurius dulcis

is much finer than the common, which
never can be reduced to fo fine a powder,
however long it is triturated.

ESSAY
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ESSAY XI.

A CHEAPER AND MORE CONVENIENT
Method of preparing the Pul-

vis Algarothi. 1778.

H E preparation of this powder, as has

hitherto been pradlifed, is an opera-

tion very difficult, and dangerous to the

health. As this powder is requisite, in order

properly to prepare antimonial or emetic

tartar, I refolved to try whether the pre-

paration would not fucceed without corro-

five fublimate, by which means two con-

fiderable advantages would be gained

;

the chemift would be out of danger, and
the great quantity of the firft mentioned
mercurial preparation, which is now em-
ployed for making this powder, would be

faved. Both thefe purpofes we obtain by
preparing mercurius dulcis via humida.
For the objection, that no cinnabar of

antimony is obtained, is groundlefs
;
be-

caufe this cinnabar, purified by fublima-

tion, is in no refpedl different from the

common pure cinnabar.

Before I proceed to defcribe the new
procels for preparing the pulvis algarothi,

it will be neceffary to enquire into the

theory which has been hitherto received,

concerning
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concerning the production of butter of
antimony, when regulus of antimony is

diftilled with corrofive fublimate. It is

faid, that the decomposition of the corro-

five fublimate, which in this cafe hap-
pens, takes place, becaufe the elective at-

traction of the regulus of antimony for

the muriatic acid is greater than that of
the quickfilver for the fame acid

; that it

therefore leaves the acid, and that this lat-

ter uniting with the regulus goes over in-

to the receiver in the form of butter

;

that at laid, on increafing the heat, the

mercury goes over by itfelf, or that it

is fublimed in union with the fulphur of
antimony, under the name of cinnabar of

antimony, provided crude antimony (an-

timonium fulphuratum) be taken for this

purpofe inftead of the regulus.

This explication does not agree with

the late obfervations in chemidry
;

for

the butter of antimony, or, as it is fome-

times called, the antimonial caudic, con-

tains not the lead regulus of antimony

;

but the portion of antimony which it con-

tains is half calcined, and this calcination

cannot be owing to the muriatic acid. But

as it is well known, that the mercury in the

corrofive fublimate is not in a reguline

form, but in the date of a calx, and that

the mercurial calx in this metallic fait may
be reduced, by being put upon live coals

;
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that fuming muriatic acid goes over, if

the corrofive fublimate is diftilled with

phlogiftic fubflances ;
and further, that

the corrofive fublimate is by no means de-

compofed when diftilled with pulvis alga-

rothi, or with a half calcined regulus of

antimony ;
it follows that, in the prefent

procefs, the mercurial calx, as one confti-

tuent part of the corrofive fublimate, at-

tra<5is the phlogifton neceffary for its re-

duction from the regulus of antimony,

whereby the muriatic acid is fet free, and
then attacks the regulus of antimony,

which is dephlogifticated in the fame pro-

portion, and goes over united with it in

the form of a thick fubfiance, refembling

butter.

The butter of antimony confifts, there-

fore, of concentrated muriatic acid, and
of a half calcined regulus of antimo-

ny
;
and it is from this partly dephlogi-

fticated regulus that the antimonial tartar

is obtained when it is united with cream
of tartar. The regulus of antimony muft
be only partially calcined, in order to be

foluble either in the muriatic acid, or by
cream of tartar

;
for, in its metallic form,

it is entirely infoluble
;
and the bezoar mi-

neral proves, that this is alfo the cafe if

the metal be entirely dephlogifticated

;

confequently, if regulus of antimony, par-

tially dephlogifticated, be digefted in mu-
riatic
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riatic acid, this acid is not able to diffolve

more of it than what has already under*
gone that degree of calcination, or what
has loft fo much phlogifton, as the regulus
of antimony generally lofes when it is di-

ftilled with corrofive fublimate.

It is a known fact, that emetic tartar

may be prepared from liver of antimony
and cream of tartar

;
and that, when this

emetic tartar is diffolved in muriatic acid,

and the folution diftilled, the caufticum
antimoniale is generated

;
there mufl there-

fore be contained in the liver of antimo-

ny a regulus, fo far calcined as to be fit

for this purpofe
;
and we fhould gain our

end completely, if the half calcined regu-

lus contained in the hepar could be entire-

ly freed from the hepar. This is the more
requifite, as the folution by the cream of

tartar in the other cafe is not only very

flow, but likewife contains (if the emetic

tartar, which is thus prepared, be not

contaminated with fuperfluous cream of

tartar) vitriolated tartar, which, though

it be lixiviated with boiling water, cannot

be extracted from the vitrified regulus

with which it has been united by fu-

fion. The moft proper menflruum for

extracting the half dephlogifticated regu-

lus is muriatic acid, which afterwards

quits the antimony if the butter be diluted

with boiling water. If this folution be

diftilled,
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diftilled, butter of antimony is likewife

obtained : As, however, the hepar, pre-

pared with equal parts of antimony and
nitre, contains not only antimony {till un-
decompofed, but likewife hepar fulphuris,

as eahly appears, when this hepar is di-

gefted with muriatic acid, not only from
the hepatic fmell, but alfo from the re-

maining infoluble black powder, it is ne-

ceifary to add more nitre
;
and, inftead

of muriatic acid, which is dearer, a mix-

ture of diluted vitriolic acid and common
fait fhould be poured upon it, with which
it is afterwards to be digefted. Thus a

real butter of antimony is obtained, from
which, when diluted with water, the pul-

vis Algarothi is precipitated. The falts

contained in this antimonial folution, viz,

Glauber’s fait and vitriolated tartar, re-

main behind in the water, and do not in

the leaft change the precipitate.

The procefs is therefore the following

:

Take of powdered crude antimony one

pound, powdered nitre one pound and a

half, which, after being well dried and
mixed, are to be detonated in an iron mor-
tar. The hepar, obtained in this manner,
is to be powdered, and a pound of it to

be put into a glafs veffel, on which, firft a

mixture of three pounds of water and fif-

teen ounces of vitriolic acid is to be pour-

ed, and afterwards fifteen ounces of pow-
Vol. I. P dered
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dered common fait are to be added
; the

glafs vedel is then to be put in a fand-

bath, and kept in digedion for twelve

hours ; during which period the mafs is to

be condantly dirred. The folution, when
cool, is to be drained through linen.

Upon the refiduum one-third of the above

mentioned mendruum is to be poured, the

mixture digeded and drained. From this

folution, when it is diluted with boiling

water, the pulvis algarothi precipitates,

which is to be well edulcorated and dried,

/

ESSAY

>•



ONMOLYBDJENA. 227

ESSAY XII.

Experiments uponMolybd^na. 1778.

I
Do not intend to treat here of the com-
mon molybdama which is to be met

with in the {hops, for that is very different

from the fort concerning which I am now
communicating my experiments to the

Royal Society. Mine is that kind which
Cronftedt in his mineralogy calls molybda-

na
,
membranacea

,
nitens

,
and with which Mr

Quid and feveral others made their expe-

riments. The fpecimens, which I had
an opportunity to examine, were taken

from different places, but were all found
to be of the lame nature, and to confid

of the fame condiment parts.

§ i-

I fird wifhed to know what effedls mo-
lybdaena would produce inthemoid way : It

was neceffary for this purpofe to have it ve-

ry finely powdered. This being impoffible

to effect without fome addition, on ac-

count of its flexible lamellae, I triturated

it in a glafs mortar, with fome pieces of

vitriolated vegetable alkali, and thus I at

lad reduced it to a fine powder; upon
which, after it was lifted, I poured hot

P 2 water,
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water, flirring the mafs well together. Alj*

ter the molybdaena had funk to the bot-

tom, I poured off the folution, and re-^-

peated the fame procefs feveral times, till

all the vitriolated tartar was entirely wafh-

ed off; I then dried the powder that re-

mained.

§ ii.

I both digefled and boiled this mineral

in all the known acids
;
but among them

all I found but two which have any ef-

fect upon it, viz. the acid of arfenic and
the acid of nitre. The molybdaena not at-

tacked by the acid of arfenic till the wa-
ter is evaporated. If then the heat be

increafed a little, arfenic rifes into the

neck of the retort, and towards the end

yellow arfenic or orpiment is fublimed.

, Volatile fulphureous acid goes over into

the receiver.

I poured two parts of concentrated ni-

trous acid upon one part of powdered mo-
lybdgena. The mixture was hardly luke-

warm in the retort, when it paffed all to-

gether into the recipient with great heat,

in the form of dark-red vapours. I doubt

not but this mixture would have taken fire

if its quantity had been larger
;
and there-

fore thought it more advifable to repeat the

experiment with diluted nitrous acid.
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§ hi.

I poured fix ounces of diluted acid of

nitre on one ounce and a half of powder-
ed molybdsena, and put it into a glafs re-

tort, provided with a luted recipient, and
placed it in a fand-bath. During the di-

geftion the acid had no effect upon the

powder
;
but, as foon as the mixture began

to boil, red elaftic vapours rofe, with a

great iatamefeeace
; the retort therefore

ought to be taken large enough. Tlrc di-

ftillation was continued to drynefs. Upon
the refiduum in the retort, which was
now of a grey colour, I poured the fame
quantity of diluted acid of nitre, when
the mafs began to effervefce confiderably

as before. After the mixture was again

diftilled to drynefs, the refiduum appear-

ed to be of a whiter colour than before.

I poured upon it the fame quantity of the

fame acid, diftilled and abftradted it as

before, and repeated the fame operation

the 4th and 5th time, till at laft a powder
as white as chalk remained in the retort.

This refiduum, after being edulcorated

with hot water, till it was poured off per-

fe&ly taftelefs, was dried. At this time

it weighed fix drachms and a half j I

(hall call it terra molybdanee. The lim-

pid liquor obtained from the edulcora-

tion was evaporated to half an ounce ;
it

P % then
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then afliimed a fine blue colour, and grew
thick

; it contained a little iron, but
was, befides, chiefly acid of vitriol. On
diluting the acid with water, the colour

difappeared
;

fixed and volatile canflic al-

kalis have no effeCt upon molybdama in

the moifl way.

§ iv.

From the fine experiments of Mr Quifl

on molybdsena, we know that- this mine-

ral mntaina fulpliur, and is almoft entire-

ly volatile in the open fire. A fmall piece

of it expofed upon a filver-plate to the blow-

pipe makes a beautiful appearance, when
the white vapours attach themfelves to the

plate in the form of fmall Alining fcales,

in the direction of the flame. This white

fublimate becomes blue whenever it is in

contadl with the blue flame, but difap-

pears and' changes again to white when-
ever the extreme point of the flame is di-

rected againfl; it. This white fublimate

is the fame earth that is obtained with

the acid of nitre (§ in.), and fhews the

fame phenomena in the flame of the

blowpipe.

One ounce of pulverifed molybdaena was

mixed with four ounces of purified nitre,

and detonated in a crucible heated tho-

roughly
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roughly hot. The mafs thus obtained

was of a reddifh colour
;

I diffolved

ic in water
;
the folution Was clear and

colourlefs
;

to the bottom of the veflel a

fmall quantity of red powder fubiided,

which, after being dried, weighed eleven

grains, and proved to be an iron ochre.

From the folution I obtained, upon evapo-

ration, both vitriolated tartar and nitre in

cryftals
j

but a good deal of lixivium

remained, which refufed to Cryftallife,

though there was no mark of fuperfluous

alkali. I mixed it with a little water, to

which I afterwards added diluted acid of

vitriol, till there appeared no more preci-

pitation. This precipitate, when edulco-

rated with lime-water, and dried, weigh-

ed three drachms. If too much acid of
vitriol is added in the foregoing procefs,

the precipitate will be redifTolved, and the

water itfelf retains a part of it in folution.

Nay, while the folution is hot, no preci-

pitation enfues. A precipitate is likewife

obtained by means of nitrous or muriatic

acid.

§ vi.

In order to become better acquainted

with this kind of earth, I firft examined
that obtained by means of nitrous acid,

via humida (§ in.).

P 4 (a) I
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(a) I reduced a fcruple of it in a glafs*

mortar to a very fine powder, and boiled

it with two ounces of diftilled water for a

quarter of an hour. The liquid was then

poured into another veffel, and the re-

mainder again boiled with two ounces

more of water, which, when poured off,

had a peculiar acid, and fomewhat metal-

lic tafte. I therefore repeated the fame
procefs ten times over, always with two
ounces of frefh water, and found at lafl

that nearly the whole was diffolved. (b)

Thinking that perhaps fome vitriolic acid

might have adhered to the earth, and
thus be the caufe of its folubility in wa-
ter, I expofed part of the terra molybdce-

nse in a glafs retort to the open fire, till

the retort was very near beginning to melt,

and really found in the recipient fome
fmell of fulphureous acid. Afterwards I

expofed the earth in a crucible, upon
which another inverted one was luted to

the fire for a quarter of an hour, when,

on opening the crucible, the earth was

found to be melted, and immediately a

fmoke afcended, which fixed itfelf to a

cold iron plate, that was held over it, in

the form of fmall fhining white and yel-

lowifh fcales. As foon as the covercle was

put on, the fumes ceafed
;
but as foon as

the air had accefs to it, the earth melted,

and began again to 'fume, on which ac-

count
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count I could not colledt any flowers in

the upper crucible. The melted earth

was poured upon a plate, when it aflumed

a light-grey colour, with rays emanating

from the centre to the circumference.

Under the blowpipe this earth is foon

abforbed by charcoal ; but when placed

upon a filver-plate, it melts, and yields

vapours with the fame phenomena as mo-
lybdaena (§ iv.). I was now defirous to

know, whether this melted earth was flill

foluble in boiling water, (c) It was there-

fore pulverifed, and a little of it boiled

in water, as before (a)
;
but it exhibited

the fame phenomena, and the folution ac-

quired the fame tafte. This fufed earth

of molybdama I made ufe of for all the

following experiments. The flowers which
attached themfelves to the iron-plate fhew-

ed the fame phsenomena as this earth.

§ VII.

The earth of molybdaena is of an acid

nature. The folution (§ vi. c) reddens

lacmus, coagulates the folution of foap,

and precipitates hepar fulphuris. (b) It

has likewife fome effedl upon metals. If

it be boiled with filings of all the ignoble

metals, the folution is of a bluifh call:,

(c) If there be added to it a little alkali

of tartar, the earth becomes foluble in

greater quantity in water, and after eva-

poration
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poration fhoots into fmall confufed cry-

flals. This fmall quantity of alkali pre-

vents the earth from being volatilifed in

the open fire (§ vi. b). (d) This folution,

while hot, more clearly fhews its acid

property, and tinges lacmus of a deeper

red. It effervefces with chalk, with mag-
nefia, and with earth of alum, with which
earths it forms neutral halts, which are

very difficult of folution in water, (e)

It precipitates filver, quickfilver, and lead

dilfolved in nitrous acid, as alfo lead dif-

folved in marine acid. Thefe precipitates

are reduced upon charcoal, and the melt-

ed earth runs into the pores of the char-

coal. The other metals are not precipi-

tated, nor is corrofive fublimate. (f)

It alfo precipitates the earth of the pon-

derous fpar from nitrous or marine acid.

This precipitate is not a regenerated fpar,

becaufe it is foluble in cold water, a pro-

perty which regenerated ponderous fpar

does not poffefs
;

the folutions of other

kinds of earth are not precipitated, (g)

This folution alfo expels the aerial acid

from the fixed and volatile alkalis, and

forms with them neutral halts, which pre-

cipitate all metallic folutions. Gold, cor-

rofive fublimate, zinc, and manganefe,

are precipitated in the form of a white

powder
;
iron and tin, from their folution

in marine acid, of a brown
;

cobalt, of
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a rofe colour ;

copper, blue
;
the 'folutions

of alum and quicklime, white. If the

ammoniacal fait formed by the earth of

molybdcena and volatile alkali be diddled,

the earth parts with its alkali in a gentle

heat, and remains itfelf in the retort, in

the form of a grey powder.

§ VIII.

(a) Concentrated vitriolic acid dif-

folves, with the adidance of heat, a great

quantity of this kind of earth. * The fo-

lution acquires a very fine blue colour,

and becomes thick on cooling
;
the colour

difappears on the application of heat, but

returns again when it grows a little cool

;

as alfo in water (§ in.) : In a dronger heat,

the earth parts with the vitriolic acid, and
remains behind unaltered, (b) The ni-

trous acid has no effect upon it
;

(c) But
when boiled with muriatic acid it dif-

folves in confiderable quantity
;
and when

this mixture is diddled to drynefs, there

remains a dark-blue refiduum. If the

heat be increafed, there arife white dow-
ers, with a little blue fublimate, and in

the receiver is found fmoking muriatic

acid. The refiduum is grey. The fubli-

mate and the dowers moiden in the open
air, dain metals wetted with the folution

blue, and are only earth of molybdxna vo-

latdifed by muriatic acid, (d) If one part of

this
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this earth be diddled with two parts of viJ

triolated tartar, there goes over at lad,when
the heat is very ftrong, a little vitriolic acid.

The remaining earth is more foluble in

water than before, (e) Diddled with two
parts of nitre, it expels fmoking nitrous

acid. The refiduum diffolved in water is

a neutral fait which precipitates all metal-

lic folutions, and refembles the fait of

§ Vii. G. (f) When it is diflilled with
two parts of pure common fait, the acid

is expelled in a fuming date, and there

arife into the neck of the retort white,

yellow, and violet-coloured flowers, which
become moid in the air

;
and, when

fprinkled on metals, give them a blue co-

lour (c).

§ ix-

That this metal is not incapable of at-

tracting phlogidon, appears from the blue

colour which the fublimate receives from
the flame of a candle ; that it attracts it

alfo via humida, the blue colour likewife

evinces (§ vii. b). (a) In order to ac-

quire more certainty on this point, the earth

of molybdama was diffolved in boiling

water, with the addition of a little alkali.

Into this folution were poured fome drops

of muriatic acid, and it was divided into

feveral parts; into each part there were

put filings of different metals
;
the folu-

tions
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tions foon acquired a bluifh colour, which

grew deeper and deeper, and, in an

hour’s time, during which the bottle was

now and then fhaken, the colour became

a very fine and dark blue : That this co-

lour depends upon phlogifton, may be

concluded from the following conftdera-

tions : 1ft. If, inftead of the metals, you
take the different calces, no change of co-

lour takes place. 2dly. If there be drop-

ped into the blue folution a few drops of

acid of nitre, and the folution be then put

into a warm place, the colour difappears.

It is therefore not a matter of furprife,

that both filver and quickfilver fhouid be

attacked, fince a double attradiion takes

place, the muriatic acid uniting with the

metallic calx and the earth of molybdaena

with the phlogifton of the metals, gold,

however, is not attacked. (b) If too

much muriatic acid be added to the folu-

tion, it acquires not a blue but ayellowifh

colour, which at laft turns brown if the

metallic mixture be digefted. Here the

earth feems to attract more phlogifton
;

for if this folution be added to a folution

of earth of molybdasna, the phlogifton is

more divided, and the mixture grows blue,

(c) Lixivium fanguinis, in which the acid

prevails, precipitates this earth diffolved

in water brown, and the infufion of galls,

dark-brown.

' § x.
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§ x.

I have tried the earth of- molybdsena
with black flux and charcoal, in order to

fee if I could reduce it
;
as alfo, with glafs

of borax and charcoal, but in vain. I

could not difcover the lead metallic prin-

ciple. I conjectured that inflammable bo-
dies might have the fame effect upon
earth of molybdsena as the air, viz. to vo-

latilife it (§ vi. b). I therefore moiftened

lome of this earth with olive oil, put the

mixture into a glafs retort, and continued

the fire till the retort began to melt. But
here arofe no fublimate

;
the refiduum in

the retort was like a black powder : Some
of this powder was put into a crucible,

and expofed to a ftrong fire, when it be-

came red-hot, and fublimed in the form
of white flowers. I then put the other

part into a crucible, and luted on it an-

other inverted crucible, which was like-

wife expofed to a ftrong fire. An hour

afterwards, when the whole mafs was

grown cool, I opened the crucibles
;
but

the earth was found with its black colour

unchanged, without any fign of fufion.

This black powder (hewed the following

phenomena : 1. It did not diffolve in boil-

ing water ; 2. Nor when alkali was add-

ed, and the boiling heat continued, did it

diffolve, notwithftanding alkali on other

occafions
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occafions fo readily diffolves it (§ VII. g).

3. But, when mixed with a triple quan-

tity of alkali of tartar, and expofed to fu-

iion into a crucible, there arofe a ftrong

effervefcence. If the mafs be then diffol-

ved in water, and the fuperfluous alkali

faturated with nitrous acid, the product

will be a neutral fait, confifting of the

earth of molybdasna and alkali, which de-

compofes all other neutral falts (§ vii. g).

4. Nitrous acid attacks the phlogiflicated

earth very violently in digeftion, and de-

prives it of its phlogifton, upon which it

grows white, and regains its former pro-

perty. Vitriolic and muriatic acids have

no effect upon it.

§ xi.

The earth of molybdasna, which is pro-

cured by nitre (§ v.), is in feveral circum-
ftances different from that juft mentioned.

17?, It requires much more water for its fo-

lution
;
two ounces of water, diffolved by

continued boiling, j fcruples. 2dly, It

expels not the vitriolic acid from vitriolated

tartar. %dly. It is more eafy of fufion.

4rfJ!y* It does not fublime in an open cru-

cible. 5tbly9 When fufed with charcoal-

powder, it affords a folution with water,

containing a neutral fait, which precipi-

tates all other neutral falts.
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§ xii.

The caufe of this great difference lies

in the alkali, of which this precipitate ob~
ftinately retains a part : That it contains

alkali, though it be purified by repeated

folutions and cryflallifations, is eafy to

infer from the following experiments : i.

When to a hot folution fome concentrated

nitrous acid is added, and the boiling con-

tinued, the greatefl part of the diffolved

earth falls to the bottom, in the form of

fmall cryflals. If afterwards the clear li-

quor is evaporated, fome nitre is obtain-

ed. Thefe fmall cryflals have the fame
properties with that earth of molybdaena

that is procured by nitrous acid (§ hi.)

2. The fait which is obtained by fufion

(§xi.5.) proves the fame. This neutral fait

is produced in the following manner : The
earth which contains only a fmall quan-

tity of alkali, and yet operates like an acid,

becaufe it changes the colour of lacmus to

red, attra<5ls phlogiflon from the charcoal-

powder that is added
;
but alkali prevents as

much earth from entering into this union,

as is neceffary to its faturation. It appears

from § x. 3, that alkali more flrongly attradls

the earth than the earth does phlogiflon.

This is a neutral fait, which is foluble in

water, and is entirely like the fait of § vii.

G
;
the charcoal which remains after the

lixiviation



ON MOLYBDiENA. 2411
f

lixiviation yields vapours in an open cru-

cible, and gives a fublirnate, containing

phlogifticated earth of manganefe. 3.

This alkali fixes the earth in the open fire

(§ xi. 4.). 4. Hence appears likewife the

reafon why this earth does not expel the

vitriolic acid from vitriolated tartar
;
for

its attractive power for the alkali muft di-

minifh in proportion as it comes nearer to

the point of faturation
;
and as the pure

earth contains no alkali, it attracts a little

from the vitriolated tartar, confequently

there can appear but a flight veftige of vi-

triolic acid (§ viii. d). This fmall quan-,

tity of alkali occafions its more eafy folu-

bility in water. The fame earth is found
in § vii. c.

§ XIII.

Having now analyfed molybdaena, by
means of the experiments which I have
communicated, it ftill remained to be

able to recompofe this mineral of its

proximate conftituent parts. That mo-
lybdaena contains fulphur, is already

known, and my experiments fhew the

fame thing. Some very fine pulverifed

earth of molybdaena (§ vi. c) was mixed
with three parts of fulphur. The mixture

was diftilled in the open fire in a glafs re-

tort, furnifhed with a luted recipient.

The retort was placed in the beginning,

Vol. I. Q_ in
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in fuch a manner, that the fulphur which
rofe to the neck fhould run back again

;

but at laft this fubftance was entirely-

driven off. The recipient, belides the ful-

phur, was filled with a (linking fmell of
volatile l'pirit of fulphur. The refiduum
in the retort refembled a black powder,
which, when rubbed between the fingers,

llained them of a fhining black colour,

and fhewed the very fame phenomena
in every other refpeft, as native molyb-
dsena itfelf. We have then a kind of

earth in molybdsena, which has probably

to this time been unknown, and which
one may properly call acid of molybdsena,

as it has all the properties of an acid. But
I think I already hear it objected that it

may be fome metallic earth, combined
with an acid hitherto unknown, or elfe vice

verfa. I am content to let this opinion

reft upon its own merit, as long as it re-

mains unconfirmed by convincing proofs,

deduced from unequivocal experiments

;

and although in certain circumftances it

refembles a metallic earth, I believe with

confidence, that molybdsena confifts of an

acid mineralifed by fulphur.

ESSAY
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ESSAY XIII.

Experiments on Plumbago. 1779.

I
HAD the fatisfadtion of feeing my ex-

periments on molybdgena inferted in

the third quarter of the Tranfadlions of

laft year
;

and as, in the beginning of

that paper, I advanced that the black lead

or plumbago which is generally known
in commerce, is very different from mo-
lybdsena, I (hall now {hew by experiments,

that this is really the cafe. The mineral

of which I am to fpeak at prefent is called

by Cronlfedt, “ Molybdcena textlira micacea

et granulata.”

§ 1.

Finely levigated and fifted plumbago,
after being digefled and boiled in all the

known acids, both concentrated and di-

luted, {hewed no fign of decompofition,

excepting that the menftrua were impreg-

nated with a fmall portion of iron. The
acid of arfenic is the only acid which has

any effect upon this mineral, but it pro-

duces it only in the dry way. I mixed
two parts of dry acid of arfenic with one

part of pulverifed plumbago ;
and after

having diddled this compound in a retort,

2 found
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found the neck of the veffel filled with

arfenic. That this reduction of the acid

of arfenic was not owing to the heat, I

fhall fhew in the fequel of this paper.

§ 11.

(a) Corrofive fublimate had likewife no
effect upon plumbago when they were
fubjedted to fublimation together. (b)

With fal ammoniac, by the fame opera-

tion, I obtained flores martiales and a little

cauftic volatile alkali. The remainder
was unchanged. (c) When I mixed
plumbago with' a double quantity of ful-

phur, and again feparated it by fublima-

tion, I found the weight of the plumbago
to be the fame as before, (d) Upon fufing

it with four parts of vitriolated vegetable

alkali in a covered crucible, I obtained

hepar fulphuris. (e) When one part was
expofed to the adiion of heat with eight

parts of litharge in a clofe crucible, the

calx of lead was reduced
;
but no reduc-

tion followed when it was treated with

glafs of antimony. That the calx of lead

adls more powerfully upon phlogifton than

the calx of antimony, appears upon mix-

ing and fufing litharge with regulus of

antimony ;
for by this means regulus of

lead and black glafs of antimony are ob-

tained. (f) By diftillation with common
fait none of the acid was expelled, (g)

On
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On diftillation with nitre, no detonation

took place in the retort.

§ hi.

(a) I put two drachms of levigated

plumbago, together with an ounce of

purified nitre, into a red-hot crucible.

At firft a ftrong efiervefcence, and after-

wards a violent detonation, took place.

There remained in the crucible «. black

fhining liquid matter, which ftill contain-

ed a great deal of plumbago, (b) I then

mixed one part of levigated plumbago
with fix parts of nitre, and the fame de-

tonation followed. The mafs remaining

in the crucible wTas exadtly the fame as

the former, (c) The fame procefs was
repeated with eight parts of nitre, and
here a little plumbago remained, which
was not calcined by the nitre. All the

maflfes remaining in the crucibles were

diffolved in water, when a good deal of

undecompofed plumbago fell to the bot-

tom. The limpid folution neither con-

tains hepar nor vitriolic acid
;
confequent-

ly there is no fulphur in pure plumbago.
(d) At iaft I mixed one part of levigated

plumbago with ten parts of nitre, and
put it into a red-hot crucible 3 a detona-

tion followed, and after it was kept for a

few minutes in a ftate of fufion, a white

alkaline mafs appeared, which I poured

Q^3 out
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out upon a copper plate, and afterwards

diflblved it in water, upon which a little

brown powder was precipitated. From
an ounce of plumbago thus calcined with

nitre, I obtained fifteen grains of this

brown powder, which I found to be ochre

of iron. Upon pouring feme vitriolic

acid into the alkaline folution, an effer-

vescence enfued, and the air expelled was
aerial acid mixed with nitrous air ( acidum

nitri phlogijlicatum ), and the whole mixture
became gelatinous. I filtered the whole
together, and found that what remained

in the filtre was filiceous earth, mixed
with a little earth of alum. The faturated

folution yielded, after evaporation, no-

thing but vitriolated vegetable alkali.

(e) But not being convinced by this ex-

periment of the existence of clay in plum-
bago—for I have elfewhere more parti-

cularly Shewn (DiJJertation on fdex, clay
,
and

alum
)
how unfafe all experiments of this

kind are in common crucibles—I made
the fame detonation with plumbago and
nitre in an iron crucible, and found thac

I was right in my fufpicion, for not the

„ t
leafl mark of clay was now to be difeo-

vered.

§ IV.

Mr J. G. Gahn, in roafling plumbago

•ppon a teft, experienced a lofs of ninety

1 parts



ON PLUMBAGO. 247

parts in an hundred of plumbago, with-

out any vilible fmoke
;

and Mr P. J.

Hjelm, upon repeating the fame experi-

ment, obtained the fame refult. The re-

mainder is nothing but ochre of iron.

One fhould be eafily tempted to believe,

that whatever has been volatilifed during

the uftulation was nothing but phlogifton

!

For there is not any fulphureous fmell per-

ceived from pure plumbago, and the cal-

cination requires the free accefs of air

;

and, idly, from its detonation with nitre,

EsV. But then, the phlogifton would, ac-

cording to this fuppofition, conftitute the

greateft part of the weight of the plum-
bago

;
but it is not probable that fuch a

fmall quantity of iron fhould fix fuch a

large quantity of phlogifton
;
which would

then be prefent in a much larger quantity

in plumbago than even in charcoal
;

for

five parts of nitre are fufficient to decom-
pofe one part of charcoal

;
whereas ten

parts of nitre are required to produce the

fame effedl upon one part of plumbago.
This induced me therefore to examine the

vapours which arife from it in fuch large

quantity during detonation.

§ V.

One part of levigated and lifted plum-
bago was mixed with ten parts of powder-

ed nitre, and a little of this mixture was

Q.4 put
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put at intervals into a red-hot tubulated

retort, to which a large glafs receiver was
adapted. At lad the receiver was found
full of nitrous air, and covered with a

white cruft, which was eahly foluble in

water, and proved, on an exadt examina-

tion, to be nothing elfe than nitre. Thence
it is evident, that, during the uftulation

and diftillation of plumbago, no fublimate,

or any thing like a fublimate, is driven

off.

§ VI.

There was one circumftance obfervable,

which deferves the greateft attention, viz.

the aerial acid which was expelled du-

ring the faturation of the fixed alkali

(§ hi. d). I wTas led by this to mix fifteen

grains of levigated plumbago with eight

fcruples of nitre, and to put it into a fmall

retort of thick glafs. A large empty blad-

der was adapted to the retort, and it was
placed upon live coals. As foon as the

nitre entered into fufion, the mafs in the

retort took fire, and the bladder became
diftended. After the whole was cooled, I

detached the bladder from the neck of the

retort, and found that the air contained

in it occupied as much room as thirty-fix

ounces of water. Lime-water abforbed

one-third of this air, and by the remain-

der flame w~as fupported. Plumbago there-

fore
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fore contains likewife aerial acid
;
a great

part of which is attracted by the alkali of

nitre.

§ VII.

One might perhaps fuppofe, that this

aerial acid arofe from the nitre itfelf. To
this I anfwer, If fuch was really the cafe,

we fliould obtain aerial acid in all other

detonations with nitre. I therefore mix-

ed (a) half a drachm of tin filings -with

two drachms of nitre, and detonated the

mixture in the manner above mentioned.

I thus obtained as much air as occupied

the fpace of four ounces and a half of

water
;
but this air contained not the leaft

mark of aerial acid
;

it did not extinguifh

a candle, (b) From one drachm of re-

gulus of antimony, . detonated with two
drachms of nitre, a quantity of air was
obtained, which occupied the fpace of

eight ounces of water : It contained no
aerial acid, but extinguifhed flame

;
nei-

ther in the detonation of brimftone is there

any aerial acid obtained. But, in order

to remove all doubts and objections, I

contrived to decompofe plumbago without

nitre, (c) For this purpofe I repeated the

experiment already mentioned with the

acid of arfenic §1. I applied an empty
bladder to the retort inllead of a receiver.

When the arfenic rofe into the neck of

the
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the retort, the bladder was diftended,

and I obtained pare aerial acid, (d) I

mixed four parts of calcined quicklilver

with one part of pulverifed plumbago,
and diftilled this mixture in the fame man-
ner as before. The quickfilver was redu-

ced, and the bladder diftended with air.

This air was aerial acid, and mixed with

one-third of pure air. (e) One part of li-

tharge reduced to glafs *, and then ground
to powder, mixed with two parts of plum-
bago, was reduced in the retort, and the

bladder contained pure aerial acid, (f)

One part of powdered plumbago, mixed
with cauftic fixed alkali, and expofed to

di (filiation by a ftrong fire, yielded in-

flammable air. The mafs remaining in

the retort had loft its caufticitv, and made
* a ftrong effervefcence with acids.

§ VIII.

Hence I am convinced, that plumbago
is a kind of mineral fulphur or charcoal

;

the conftituent parts of which are aerial

acid and a conftderable quantity of phlo-

gifton. The fmall quantity of iron can

hardly be taken into the account
;

for

1/?, it feems to be mixed with it only

mechanically ;
and, 2dly, I have treated

plumbago,

* Litharge generally containing a little aerial acid,

it was requilite to fufe it fit'll, in order to feparate the
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plumbago, from which I obtained, after

calcination, a little more ochre of iron than

ufual
;
and when one part of this kind

of plumbago was detonated with fix parts

of nitre, I have found fome hepar at laft.

When therefore plumbago, during calci-

nation, yields a fulphureous fmell, it mult

be mixed with a little pyrites. That pure

plumbago does not enter into any union,

with fulphur, appears from § 11. c
;
and

that it contains no fulphur, appears from

§ 1. ;
for if this were the cafe, I iliould

have certainly obtained in the neck of the

retort either a red or a yellow fublimate.

See likewife § hi. c.

If call-iron be dilTolved in diluted vi-

triolic' acid, a black mafs remains, which
is infoluble in acids, and which has been

luppofed to be plumbago. I lhall there-

fore take this opportunity to relate the ex-

periments I made with this refiduum. I

extradled an ounce of it by means of aqua
regia, which thereby acquired a dark-

yellow colour. After having decanted

the folution, I poured fome new men-
ilruum upon the refiduum, and continued

in the fame manner, till there appeared

no more iron in the menftruum. I dried the

refiduum, and found that it had a Ihining

black colour, and between the fingers it

felt like plumbago. It now weighed no
more than three drachms and a half. Mr

P.
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P. J. Hjelm having roafted this refiduurn

under the muffle, found that it calcined

fomewhat more quickly than plumbago.
The remainder of this calcination was a

very fmall quantity of white afhes.

One part of the above mentioned refih

duum of cafl-iron was mixed with five

parts of nitre, and put into a red-hot cru-

cible
;
a detonation followed, as with plum-

bago
;
the alkaline mafs remaining in the

crucible, which was of a white colour, I

diffolved in water, whence after fome time

a little white fediment precipitated, which
however was not fufflcient for making any
decifive experiment. The folution or lixi-

vium effervefced with acids, and fhewed

the fame effedls as the lixivium of § in. D.

The air, feparated during this detonation,

was alfo collected. It appeared to confift

of three parts of aerial acid, and one part

of foul or corrupted air. Hence I con-

clude, that this refiduurn of cafl-iron is

plumbago
;
but as lefs nitre is requifite

for its decompofition than for the decom-

pofition of plumbago, it mufl contain lefs

phlogifton than that fubflance.

ESSAY
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ESSAY XIV.

Method of preparing a new green
Colour. 1778.

CHEMISTRY is well known to be

indifpenfably neceffary in the prepa-

ration of colours for painting, and it often

difcovers new ones. It was the defire of

the Royal Academy, that the green colour

which I obferved during my experiments

on arfenic might be made more generally

known, together with the mode of prepa-

ration. In compliance with this defire I

give the prefent account of it, and that

with the greater pleafure, as I have found
the colour ufeful both in oil and water

painting, and as it has not undergone
the flighted: alteration in the courfe of
three years.

Diffolve two pounds of vitriol over the

fire in a copper vefTel, in fix kannes of

pure water, and, as foon as it is diffolved,

take the kettle from the fire.

Then diffolve in another copper kettle

two pounds of dry white potafhes, and
eleven ounces of pounded white arfe-

nic *, in two kannes of pure water over

the
* It is always better to pound the arfenic one’s felf

than to buy it ready pounded
;

for this is often adul-

terated with gypfum, of which any one may readily

convince himfelf, by laying a little with the point of a
knife upon a red-hot coal. If the whole evaporate
without leaving any refid utun* the arfenic is pure.
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the fire. When all is diflblved together,

ftrain it through linen into another veffel.

Of this arfenical ley a little is to be
poured at a time into the above mention-
ed folution of vitriol of copper, while it

is kept conflantly ftirred with a wooden
fpoon *. When the whole has been add-

ed, the mixture fhould be left to Hand
(till for a few hours, during which the

green colour will be depofited at the bot-

tom. The clear ley is then to be poured
off, and a few kannes of hot water added
under continual agitation. When the co-

lour has fallen again to the bottom, the

clear water is to be poured off This lixi-

viatior* with hot water fhould be repeated

a fecond time.

When the matter has been thus well
\

wafhed *)*, the whole together is to be fha-

ken out on a flretched linen cloth
;
and

when the water has all dropped away, the

colour is to be placed in fmall lumps on
grey paper, and dried by agentle heat. From
the quantities above prefcribed, one pound,

together with fix ounces and a half of a

fine green colour, are obtained.

ESSAY
/

* As an effervefcence takes place in this operation,

the vefiel in which the mixture is made fhould not be

too fmall. It fhould contain about fixteen kannes.

| The water with which the colour is lixiviated

contains a little arfenic, and muft therefore be thrown

out in a phce to which cattle have no accefs.
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ESSAY XV.

Of the Decomposition of neutral
Salts by unslakedLime and Iron.

I 779»

«

I
T is looked upon as a demonftrated

truth in chemiffcry, that fixed alkalis

have a ftronger attraction for acids than

abforbent or metallic earths, and that the

latter are precipitated by the former. There
feems to be only two exceptions to this

rule, namely, in favour of ponderous

earth, which has a ftronger affinity for all

acids, and lime which unites more readily

with moft acids than alkalis do. That the

foregoing tenet fhould be ftill farther li-

mited, I have difcovered by the following

experiments.

I once found in a cellar a wooden veflel

hooped with iron hoops, and containing

faked turnips. The iron hoops were co-

vered over with a fait which appeared per-

fectly to refemble mineral alkali. This

accident appeared very lingular, as I well

know that the acid of fait, has a weaker
attraction for iron than for mineral alkali

;

I could not therefore believe that the com-
mon fait, oozing out through the wood,
could be decompofed b^ the iron hoops.

To
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To refolve this doubt, a clean plate of iron

was dipped into a faturated folution of
common fait, and hung up in a moifl cel-

lar. In fourteen days mineral alkali was
found on the plate. There appeared alfo

fome yellow drops containing iron, which
was precipitated when a little of the al-

. kali that was befde them was brought
clofe to them. I afterwards covered over

another iron plate, with a faturated folu-

tion of Glauber’s fait, and hung it up for

fome weeks in the cellar. The refult was,

that the foflil alkali efflorefced on its fur-

face like wool. The fame thing happen-

ed upon repeating the experiment with a

folution of cubic nitre
;
but, when I ufed

plates of lead, tin, copper, or fiver, no
decompofition took place. I afterwards

prepared a mafs, confiding of unflaked

quicklime moillened with afolutionofcom-
mon fait, and placed it in a moifl: cellar

;

in a fortnight afterwards the furface was

covered over with mineral alkali, which I

lcraped off, and left the remainder in the

cellar. In another fortnight more alkali

was vifble on the furface, which was

fcraped off. Water was poured on the re-

maining mafs, and it was well ftirred and

filtered. The folution had a ftrong tafte

of lime-water, on which account I let it

Hand a few days in the open air, by which

means the lime was precipitated. And to

determine
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determine with more certainty, whether

the lime w,as all precipitated, I poured on
it a folution of corrofive fublimate, which
remained colourlefs. The whole was then

filtered, and a folution of the efflorefcent

mineral alkali added to it, by which a con-

fiderable quantity of aerated lime was pre-

cipitated.

In the fame manner I made a mafs of

quicklime and folution of Glauber’s fait

and cubic nitre, when the fame effecft was
produced, and an effiorefcence of fofhl

alkali was obferved : But this did not hap-

pen, when, inftead of quicklime, aerated

or calcined magnefia, or aerated lime,

were ufed inftead of unflaked lime.

It is certain that foflil alkali always pre-

cipitates folutions of iron and lime
;
and

it is a confequence of this, that fixed al-

kalis more readily combine with acids -

than thefe fubftances. The experiments,

however, which I have related, point out

a limitation in certain cafes. It is there-

fore probable, that alkalis have a ftronger

attraction for acids when they contain a

certain quantity of water
;
but, when this

is diminifhed, it is not impoffible that an
earth or a metal fhould obtain the fupe-

riority, efpecially if the alkali which is

feparated, fhould, at the inftant of its fe~

paration, meet with a weaker acid with

which it can unite. Such is the aerial

Vol. I. R acid
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acid in this cafe, which is always prefent

in confiderable quantities in cellars.

It appears ftrange, that the foil'll alkali,

efflorefcing upon the iron plate, ihould not

be able to precipitate the drops of the mar-
tial folution refling upon it : But the caufe

is this, that the folution of iron in muria-

tic acid, when it has become dry, flrongly

attracts moifture, and the alkali which is

then feparated and efflorefces, cannot af-

terwards produce any effedl upon it.

If vegetable alkali, like the foflil, had
the property of efflorefcing, the neutral

falts into which it enters would probably

be decompofed in the fame manner; but

as they have not this property, this does

not happen.

ESSAY
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ESSAY XVI.

On the Quantity of Pure Air which
IS DAILY PRESENT IN OUR ATMO-
SPHERE. I779*

I
T is a known fa6l, that our atmofphere

ought not to be confidered as a Ample
fluid fubftance, for, when freed from all

heterogeneous admixture, it is found, ac-

cording to the late difcoveries, to conflfl of

two very different kinds of air
;
the one

is called corrupted air
,
becaufe it is very

dangerous and fatal, as well to living

animals as vegetables
;

it conftitutes the

greatefl: part of our atmofphere. The
other is called pure airyfire air. This kind
of air is falutary, fupports refpiration, and
confequently the circulation

;
without it

we could form no diftindl idea, either of

fire, or how it is kindled. It conftitutes

but the fmalleft part of the whole atmo-
fphere. Now as we know that this air is

of the moft immediate neceflity for the

fupport of our health, but as it is uncertain

whether there is always the fame quanti-

ty of it prefent in the atmofphere, I pro-

pofed to make obfervations upon it through
the courfe of a whole year.

R 2 When,
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When this pure air meets with phlo-

gifton uncombined, it unites with it,

leaves the corrupted air, and difappears,

if I may fay fo, before- our eyes *. If,

therefore, a given quantity of common at-

mofpheric air be included in a vefTel, and
meet there with fome loofely adhering

phlogifton, it will at once appear, from
the quantity of corrupted air remaining,

how much pure air was contained in it

before. Though there is a variety of in-

flammable fubftances and mixtures fit for

this purpofe, I however found a mixture

of iron-filings and fulphur the moft fer-

viceable.

I reduced a pound of fulphur to very

fine powder, and mixed it with two pounds
of iron- filings, which were not rufty,

moiftening the whole with a little water.

This mixture I immediately afterwards

put into feveral fmall flafks, which I cork-

ed very exactly f, taking care, at the fame

time, not to prefs the powder too hard

into the flaflc
;

for, in twelve hours, in

which time the union of iron and fulphur

takes place, as the black colour which it

aflumes

* That light arifes from this union, I have already

proved in my Treatife on air and fire.

f The phials muft be frequently opened, and if one

contained the whole mixture, it would be foon fpoiled

by the frelh air that is admitted.
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aifumes fhews, the fpace occupied by this

compound is greatly increafed
;
the flafk,

therefore, would burfl if it were prefled too

hard. I fhall now take the liberty to de-

fcribe my apparatus.

In a pedeflal of lead (b) placed in the

middle of a veffel (a), I fixed a glafs tube;

upon the top of the tube was faflened a

flat piece of wood, fuch as would fupport

a fmall veffel filled with the above men-
tioned mixture of iron and fulphur. This
apparatus was covered with an inverted

glafs cylinder (d), and the veffel (a) was
filled with water *• When the cold was
fo intenfe as to freeze the water, I made
•ufe of brandy. The glafs cylinder (d)

was capable of containing thirty-four

ounces of water. The little veffel (c),

with its mixture of iron and fulphur, and
its Hand, occupied the fpace of an ounce
of water. There remained, therefore,

room for thirty-three ounces.

Having already learned, from the expe-

riments of others as well as my own, that

pure air never conflitutes more than one-

third of the' whole atmofphere, I palled

on the outfide of the glafs cylinder a piece

of paper, which was equal in length to

R 3 one-

* The original Effay is accompanied with a figure of

this apparatus
; but fuch afliftance is perfeftly unnecef-

lary, as no one can be at a moment’s lofs to compre-
hend fo very fimple a contrivance. T.
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one-third of the contents of the glafs, or

1 1 ounce-meafures of water. I divided this

paper into equal parts, which I marked
with black lines and fmall cyphers, fo that

each line lhewed part of the fpace in

the glafs. The whole piece of paper I var-

niflied over with oil-varnifh, in order to

prevent the effebl of water upon it.

On the firft of January 1778 I began

my obfervations. After having filled the

veffel (c) with the mixture of iron and
fulphur, I inverted the cylinder over it,

obferving the degree of the barometer

and thermometer. The water began flow-

ly to afcend into the cylindrical glafs.

After eight hours it flopped at No. 9.

Though I left the glafs for fix hours long-

er in the fame fituation, the water did

not rife any higher. In the mean time

the barometer and thermometer had un-

dergone no change. The next day I re-

peated the experiment, by admitting frefli

air into * the cylinder
;
but the water re-

mained at the fame mark. The 3d of

January

* In order to be lure that there may not be any

corrupt air remaining from the firft experiment, I al-

ways fill the veflel with water, whereby the air is en-

tirely expelled. This water I afterwards pour out

in the air. When I make experiments upon air in-

clofed in a chamber, I proceed in the fame manner,

and pour the water out of the glafs into a veflel in the

fame room.
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January the air was the fame. The 4th,

upon making a new experiment, the wa-
ter rofe more flowly, and arrived only at

its former height in fourteen hours time ;

whence I concluded, that the mixture in

the veftel (c) had loft moft of its loofely

adhering phlogifton
;

I therefore after-

wards filled, on occafion of every fourth

experiment, the veftel with a new mixture.

With thefe experiments I continued daily

the whole of January, filling the glafs

often, even in the night-time, with new
air, but conftantly found the fame pro-

portion of pure air contained in our at-

mofphere. Sometimes the water rofe a

little higher, fometimes it was lower ; but
this feemed to depend on the rife or fall

of the barometer and thermometer. I

was led to think it fufficient to make my
experiments for the following months on-

ly four times a-week. In the month of

February the air appeared to be the fame
as in January, but on the 23d of March
the water rofe only to No. 8. which was
the more remarkable, as the cold had in-

creafed, and the barometer had rifen.

The 19th of April the water rofe to No.
10. though neither the thermometer nor

barometer fuffered any change during
that time. Thus the air continued till the

2 ift, after which the water remained
every day at No. 9. In May and June

R 4 between
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between No. 8. and No. 9. The 30th of

June it rofe to No. 10. The whole month
of Auguft it was between 8. and 9. But
from the 3d to the 15th of September at

No. 9. The 6th of Odlober it again rofe

to No. 10. It afterwards kept, during

a continuation of very tempeftuous wea-

ther, between 8. and 9. till the 4th of

November, when it rofe no higher than

to No. 8. The fame was the cafe on the

5th of November, though the barometer

rofe very high. After this it kept between
No. 8. and 9. On the 10th it rofe to No.
10. when the barometer was as high as

the 4th and 5th. The 2 ill it rofe only

to No. 8. Afterwards it kept between 8.

and 9. till the 8th of December, when it

rofe to No. 9. the barometer being low
;

but afterwards, till the 31ft, it rofe no
higher than between 8. and 9.

Our atmofphere, therefore, contains al-

ways, though with fome little difference,

nearly the fame quantity of pure or fire

air, viz. /T ,
which is a very remarkable

fadt
;
and to affign the caufe of it feems

difficult, as a quantity of pure air, in fup-

porting fire, daily enters into a new union ;

and a confiderable quantity of it is like-

wife corrupted, or changed into aerial a-

cid, as well by plants as by refpiration

;

another frefh proof of the great care of

our Creator for all that lives.

ESSAY*
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ESSAY XVII.

On Milk and its Acid. 1780.

§ 1.

I
T is well known, that milk contains

butter, cheefe, fugar of milk, fome
extractive matter and a little fait,—the reft

is water. But we are yet far from having

a juft chemical knowledge of this fubftance.

I {hall firft confider <a little the feparation

of the cheefe from the ferum, &c. and
afterwards enquire into the acid, and the

properties which whey or milk acquires

in a warm place.

§ n.

(a) If any vegetable or mineral acid be

mixed with milk, it is well known, that

the feparation of a cheefy matter enfues.

This cheefe becomes pefifedl, if the mix-
ture be aftifted by the application of heat,

(ince in this cafe the cheefy particles all

coagulate into one mafs. Mineral acids

yield lefs cheefe than the vegetable.

(b) If you put into boiling milk as much
of any neutral fait as will diifolve in it, the

cheefy parts will alfo feparate from the ferum
or whey. The fame thing happens with

all



266 ESSAY XVII.

all earthy and metallic falts, and likewife

with fugar and gum Arabic.

§ in.

Cauftic alkalis will difTolve the curds

by the aid of a boiling heat
;
and it may

be again precipitated by acids. Hence
one may eafily be induced to conjecture,

that the cheefy part is difTolved in the

milk by means of an alkali. In order to

find out whether this was really the cafe,

I coagulated fome milk with a little nitrous

acid, filtered and evaporated the whey,

but not the leaf! mark of nitre was difco-

vered in it, but only the common fugar

of milk. The coagulation of the milk

by acids mufl confequently be owing to

fome other caufe.

§ iv.

(a) The curds obtained by means of

mineral acids always manifefls figns of

acidity. It is likewife partially loluble in

boiling water.

(b) If with eight parts of water mixed

with one part of precipitated, but not dry

curds, fo much mineral acid be mixed

that the water acquires a fourifh tafte,

and it be afterwards boiled, the cheele

will be difTolved. Vegetable acids and

the acid of milk difTolve little or nothing

of the curds. Hence it appears why
more
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more curds are obtained by vegetable than

by mineral acids (§ 11. a). Hence it is

likewife evident, why milk coagulates with

acids. The curds attract a certain quan-

tity of acid, and this compound requires

much more water in order to be kept in

folution than the milk contains.

(c) If milk be mixed with ten parts of

water, no curds are obtained by mineral

acids.

(d) If to thefe acidulous folutions of

curds a fmall quantity of iome concrete

mineral acid be added, the greateft part

of the curds will be again precipitated.

They alfo precipitate on the addition of al-

kalis and lime-water, but if too much of

thefe latter be added, the curds will be

rediffolved.

(e) If curds diffolved in quicklime or

caulfic alkali be precipitated by vinegar,

a difagreeable hepatic fmell is produced.

The reafon why neutral falts, whether

faline or terreftrial, gums, and fugar, pro-

duce a coagulation of milk (§ it. b), lies

probably in the ftronger attraction of wa-
ter for thofe falts than for the curds. In-

fulions of vegetable aftringents always

Ihew marks of an uncombined acid. It

is eafily underftood why milk is coagu-

lated by them, and many, if not all ve-

getables, contain fome cafeous fubftance.

It thence likewife appears why emulfions

are
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are coagulated by decoctions of the bark
of the cinchona officinalis,

§ v -

As to the conflituent parts of curds,

they are probably, like all animal gelati-

nous fub dances, (till involved in obfcuri-

ty. This much is certain, that the earth

of cheefe is the univerfal animal earth,

and confifts of phofphoric acid fuperfatu-

rated with lime. For after feveral times

abftradting nitrous acid from curds, I at

laft obtained a white reliduum, which was

nitrated lime and animal earth. The fame
earth I obtained from the reliduum re-

maining after the diftillation of curds

and its further calcination in a crucible

by means of nitre,—for without nitre this

reliduum proves very difficult to be re-

duced to afhes. Thirty parts of dried

curds contained about three parts of ani-

mal earth,
N -

§ VI.

No fubftance is more like curds than

the white of eggs boiled. It is indeed no-

thing elfe but pure cheefe. The white of

eggs coagulated by heat diffolves by means

of boiling in very diluted mineral acids,

which folution is again precipitated on

adding fome concentrated acid. During

this precipitation, there is likewife a fmell,

exa&ly
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exa&ly like that of hepar fulphuris, pro-

duced, which is a very lingular phasno-

menon. Silver is coloured by it, and ace-

tated lead rendered black ; properties, all

of which, are likewife common to the

curds of milk (§ iv.). It is alfo a lingu-

lar fadl, though it be generally known,
that heat alone coagulates the white of

eggs, and this without any lofs of its

weight. The true caufe of this is, as far

as my information reaches, hitherto un-

known, but feems to me to be the follow-

ing : As curds and the white of eggs

combine with acids, and are thereby coa-

gulated, and as all the fubftances which
enter into an union with acids may be like-

wife combined with the matter of heat,

a circumftance in which this principle often

refembles acids, it is very probable that

it enters into a chemical union with the

white of eggs, and is thus the caufe of

coagulation. What confirms me more in

this opinion is, that I have obferved fuch

a coagulation of the white of eggs pro-

duced in the following manner : I mixed
one part of white of eggs with four parts

of water, and added a fmall quantity of

a folution of caultic alkali, mixing at the

fame time as much muriatic acid as was
necelfary for its faturation

;
the white of

the egg then coagulated like curds. I

mixed the water with the white of eggs,

with
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with the view of preventing the heat,

which is expelled by acids from cauftic

alkalis from becoming fenfible, to which
the whole phenomenon otherwife might
ealily be afcribed. Here therefore a double
decompofition takes place, the alkali uni-

ting with the muriatic acid, and the prin-

ciple of heat with the white of the eggs.

If aerated alkali be employed inftead of
the cauflic in the fame procefs, no coagu-
lation takes place.

§ VII.

It is a known fadt, that milk in a fliort

time grows four and thick during the

fummer. This fournefs daily increafes,

and is the ftrongeft after a fortnight has

elapfed. If the whey be then filtered and
evaporated to one-half of its quantity, a

few curds fettle to the bottom. If it

be filtered again, and a little acid of tar-

tar be added, fome time afterwards a great

number of fmalf crydais are generated,

which fall to the bottom, and appear on exa-

mination to be tartar. The origin of this

tartar I cannot afcribe to the fmall quan-

tity of muriated vegetable alkali, which the

milk always contains
;

for this fait exifts

in milk in too fmall a quantity to pro-

duce any effedt here
;

it is rather to be

afcribed to an effential fait contained in

the milk. This is further evident from
this,

1

/
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this, that when whey evaporated by it-

felf to drynefs, and afterwards reduced to

charcoal in a crucible, by which procefs

this elTential fait is deftroyed, it is found
that this coal contains vegetable alkali,

mixed with a little muriated vegetable al-

kali, which may be obtained by lixiviation

with water. The whey alfo contains in

folution a portion of animal earth, as

may be feen, when it is faturated with

caultic volatile alkali, as alfo with lime-

water. Thus the acid of milk contains

an elTential fait, animal earth, fugar of

milk, a little muriated vegetable alkali,

and fome mucilaginous matter. We have
only then to feparate all thefe heterogene-

ous bodies from the acid, in order to ob-

tain it as pure as pofhble. Diftillation

would indeed be the fhorteft way, but
this will not anfwer

;
for though fome

veftiges of an acid appear in the receiver,

which acid is a kind of very weak vine-

gar, and the caufe of the fourilh fmell of
the whey, almoft all the acid remains in

the retort
;
and if the heat be increafed,

this acid will be decompofed
;

I therefore

make ufe of the following procefs.

§ VIII.

I evaporated four whey till one-eighth

only remained. The cheefy part being

then perfectly feparated, I {trained the

acid.
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acid. In order now to obtain the animal
earth, as I knew that this kind of earth is

precipitated by lime-water (§ vn.), I faw
no other way than to faturate the acid

with lime. I then filtered the folution,

and diluted it with a triple quantity of

water. To feparate the lime again from
its folvent, the acid of fugar was a moft

excellent medium. I therefore diffolved

a quantity in wrater, and afterwards add-

ed this folution to the folution of lime,

till no more faccharated lime precipitated,

obferving carefully not to add more acid

of fugar than was requifite, which I could

eafily difcover by means of lime-water.

There now' remained the other fubftances

to be feparated from the acid of milk.

For this purpofe I evaporated it to the

confidence of honey, then diffolved it in

highly rectified fpirit of wine, and thus

feparated from it both the fugar of milk

and the remaining heterogeneous fubftan-

ces. The acid alone being thus diffolved

in fpirit of wdne, I filtered it, and then

mixed fome pure wrater with this acid fo-

lution ;
and after feparating the fpirit of

wine by diftillation, the acid of milk re-

mained in the retort as pure as in my opi-

nion it ever can be got by a chemical pro-
r • • *

cefs.
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§ ix.

The nature of this acid, and its effedls

upon earths, alkalis and metals, I found to •

be as follows : 1. Evaporated to the con-

fidence of a fyrup, it yields no cryftals
;

and, when evaporated to drynefs, it deli-

quefces again. 2. When diftilled, water

iirft comes over, then a weak acid, like

fpirit of tartar
;
afterwards, fome empy-

reumatic oil, with more of the fame acid,

aerial acid, and inflammable air
;
in the*

retort there remained a coal. 3. Satura-

ted with fixed vegetable alkali, it yields a

deliquefcent fait, foluble in fpirit of wine.

4. A fait of the fame kind is obtained

with fixed mineral alkali, which does not

cryftallife, but diflolves in fpirit of wine.

5. Combined with volatile alkali, it pro-

duces a kind of fal ammoniac, which
however deliquefces, and, when diftilled,

yields a great deal of its volatile alkali be-

fore the acid is deftroyed by the heat.

6. Combined with terra ponderofa, lime

and clay, it forms deliquefcent neutral

falts
;
but with magnelia it yields fmall

cryftals, which however at laft are again

deliquefcent. 7. This acid of milk has no
eftecft either in a digefting or a boiling

heat on bifmuth, cobalt, regulus of anti-

mony, tin, quickfdver, filver and gold.

This acid, however, having been digefted

Yol. I. S with
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with tin, precipitated the gold
^
from its

folution in aqua regia, in the form of a

black powder. 8. It diffolves iron and
zinc, and produces inflammable air. The
folution of iron was brown, and yielded

no cryftals
;
but the folution of zinc cry-

ftallifed. 9. Copper communicated to this

acid firft a blue, then a green, and at laft

a dark blue colour, without cryflallifing.

10. Lead was diffolved after fome days
digeftion

;
the folution had a fweet aftrin-

gent tafte, and would not cryftallife. I

obferved afterwards a fmall quantity of

a white fediment in this folution, and
found it to be vitriol of lead. Thus there

is likewife fome veflige of vitriolic acid in

milk.

- § X.

From thefe experiments it appears, that

the acid of milk is an acid of a peculiar

kind
;
and though it expels the vinegar

from the acetated vegetable alkali, yet it

feems deftined, if I may fo fpeak, to be

vinegar
;
but, from the want of fuch fub-

ftances, as, during fermentation, produce

fome fpirituous matter, it feems not to be

volatilifed, though a portion of it indeed

arrives at this point, and really becomes

vinegar
;
for without a previous fpirituous

fermentation, or, without brandy, there

never arifes any vinegar : But that the

milk
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milk enters into a complete fermentation,

.

though there is no fign of brandy pre-

fent, appears from the following experi-

ment : If a bottle full of frefh milk be

inverted into a veflel containing fo much
milk, that the .mouth of the bottle reaches

below the furface
j
and if you expofe this

bottle to a degree of heat, a little greater

than our fummer heat, you will find in

the fpace of twenty-four hours, that the

milk is not only coagulated, but likewife

diminifhed in the bottle, and that in a

couple of days afterwards, the aerial acid,

extricated from the milk, will have ex-

pelled the greater part of it out of the

bottle. I faid above, that the acid of milk
cannot be converted into vinegar, from the

want of fuch fubftances, as, during fer-

mentation, produce brandy. This ap-

pears to be evident from this : If to a kanne
of milk you add five fpoonfuls of good
brandy, and expofe the veffel, well cork-

ed, to heat, in fuch a manner, however,

that you give now and then to the air,

developed during fermentation, a little

exit, you will find in a month, fooner or

later, the whey changed into good vine-

gar, which, when drained through a

cloth, may be kept in bottles.

S 2 ESSAY
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ESSAY XVII.

On the Acid of Saccharum Lactis.

HE fugar of milk is ail eflential

fait, which is contained in folution

in milk, and which, on account of its

fweetifh tafle, has been called fugar. The
tafte of milk is the fweeter and the more
agreeable the more fugar it contains.

Pharmaceutical chemiftry teaches the man-
ner of preparing it.

Sugar of milk yields by diftillation the

very fame products as other fugars do.

There is, however, one remarkable cir-

cumflance, that the empyreumatic oil

fmells fomewhat like the fait of ben-

zoin. We know that common fugar con-

tains an acid, which, on account of its

ftrong attraction for all kinds of earths,

efpecially for lime, is indifpenfably necef-

fary in chemical experiments. The ori-

gin of this acid is the dephlogiftication of

the fugar, by means of nitrous acid.

What effects are produced on the fugar of

§ 11.

milk
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milk by the latter acid, the following
experiments will fhew ;

§ hi.

I poured twelve ounce's of diluted ni-

trous acid upon four ounces of finely pow-
dered fugar of milk, contained in a glaf&

retort, to which a receiver was annexed.

The retort was placed in a fand-bath. As
foon as this mixture acquired a certain

degree of heat, it began to effervefce vio-

lently
;

I therefore took the retort out of

the fand, with the receiver, and put it upon
the table. The mixture however grew
hotter and hotter, and the effervefcence

ftronger and flronger, with dark-red va-

pours, and continued to do fo for about

half an hour upon the table, without any
fire. A confiderable quantity of nitrous

air and aerial acid were extricated during

that time. Whoever therefore wilhes to

repeat this experiment, mufl not take too

fmall a retort, nor lute the retort too tight

to the receiver. After the effervefcence

had fubfided in fome meafure, the retort

was again placed in the fand-bath, and

the nitrous acid was thus diftilled off, till

the mafs acquired a yellowifh colour \

whereupon the retort was immediately ta-

ken out of the fire. In two days time

the folution feemed to have undergone

no remarkable change
;
there was no ap-

pearance
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pearance of cryftals
;

I therefore added

eight ounces more of the fame nitrous

acid, and expofed it to the fame degree of

fand heat. As foon as the mafs grew
warm, the yellow colour difappeared, an
eftervefcence enfued as before, though it

was not fo ftrong. After it was over, I

again abftradted the nitrous acid, till the

folution, which meanwhile had been ren-

dered opaque by a white powder, aftu-

med a yeliowifh colour, whereupon the

retort was removed from the land. After

it was grown cool, I found the mafs in

the retort infpiftated
;

I therefore redif-

folved it in eight ounces of water, and
pafted the whole through a filter. There
remained on the filter a white powder,
which, after being edulcorated and dried,

weighed drachms. The folution which
pafted through the filter was very four

;

I now evaporated it to the confidence of a

fyrup, poured four ounces more of ni-

trous acid on it, and evaporated it again

in a fand heat. After the whole was
cool, fome fmall long acid cryftals were
found together with a fmall quantity of

white powder, which I feparated from it,

and then poured fome more nitrous ? r'' rl -

upon the remaining mafs, and, on ev

ration, more fucli cryftals appeared.!

fame procefs was repeated feveral '

by which means the whole mafs;

S 4
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laft changed into fuch cryftals, which
weighed about five drachms. This fait

ihewed in every refpedt phenomena like

thofe produced by the acid of fugar.

§ IV.

The above mentioned white powder,

which weighed 7^ drachms, I took at firft

to be faccharated lime, becaufe I thought

that as milk always contains a little lime,

it might enter into the fugar, as one
of its conftituent parts, and then, by com-
bining with the acid of fugar, would con-

fequently form the faccharated lime. But
two experiments, which I made with it,

fhew that I was miftaken in my conjec-

ture. I poured a folution of acid of fu-

gar into a folution of fugar of milk, but

no precipitation enfued. I further found
that this powder burned in a red-hot cru-

cible like' oil, without leaving any mark
of allies behind.

§ v.

Lime-water feemed to have no fenfible

effedl upon this powder
;
but boiling wa-

ter diifolved fome of it, though but a very

little
;
for one part of this powder requi-

red fixty parts of boiling water for its fo-

lution. After the folution was cooled,

one-fourth part of the powder feparated

again from the water in the form of very

fmall
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fmall cryftals. The remaining mafs being

then collected by evaporating the water

from it, a fmall quantity of acid of fu-

gar, conflituting about one-tenth of the

powder, remained, which at firfl was not

fo exadlly feparable by edulcoration. I

now found that this powder was a fait,

becaufe it was foluble in water ;—it was

now purified by means of the folution

and cryftallifation. The properties of this

fait are the following :

§ vi.

Half an ounce of it was diffolved in a

glafs veffel in thirty ounces of boiling wa-
ter

;
and after the folution was cool, it

was filtered. It had a fourifh tafte. The
tindture of lacmus was reddened by it.

It made an efiervefcence with chalk. Two
drachms of this fait were expofed to an
open fire in a glafs retort, when it imme-
diately melted, grew black, and frothed
very much. Into the neck of the retort

a brown fait was found fublimed, which
fmelled like a mixture of the fait of ben-
zoin and fait of amber. Eleven grains
of coal remained in the retort. The re-

ceiver contained a brown liquid, without
any mark of oil

; its fmell was like the

fublimed fait
;

it alfo contained fome of
this fait diffolved, which Was feparated
from it by a gentle evaporation. The fait



282 ESSAY XVIL

that was fublimed weighed thirty-five

grains, had a four tafte, was eafily foluble

in fpirit of wine, more difficultly in water,

and burned in the fire with a flame. Concen-
trated vitriolic acid expofed to diftillation

with this fait became black, frothed very

much, and decompofed the fait entirely.

All thefe circumftances {hew that this

fait is to be claffed among the vegetable

acids, under the title of acid of fugar of
rnilk .

t
*

§ VII. Its JiffeEls upon Alkalis .

I poured depurated acid of fugar of

milk, in fmall quantities at a time, into

a hot folution of alkali of tartar, till there

appeared no more effervefcence. A coa-

gulation immediately took place, in con-

iequence of the formation of fmall cry-

ftais, which required eight times the

quantity of boiling water for their folu-

tion. After it was cold the greateft part of

the cryflals feparated again from it. With
mineral alkali this acid (hewed the fame
phenomena, with this difference, that

the neutral fait thus arifing requires only

five parts of boiling water for its folution.

If to a folution of it, a folution of alkali

of tartar be added, a number of fmall

crvftals will be foon formed at the bottom
J

of the veflel, on account of the greater af-

finity of this acid with the latter alkali.

Both
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Both thefe falts are perfedlly neutral.—Sa-

turated with volatile alkali it forms a kind

of fal ammoniac, which, after being gently

dried, has a fourilli tafte. When diddled,

the volatile alkali is firft feparated, the

lime-water precipitates, the acid remain-

ing in the retort afterwards yields, with a

flronger heat, the fame produces as in

§ VI.

§ VIII.
.
With Earths.

The acid of the fugar of milk forms,

with all the earths, falts infoluble in wa-
ter. I fhall, therefore, only relate the

experiments which I made with it in the

way of precipitation. If a folution of

the ponderous earth in muriatic or nitrous

acid be dropped into a cold folution of
our acid (§ vi.), the earth is immediately
precipitated, in combination with this

acid. With the fame folutions of lime

this acid exhibits the fame phenomena
;

but the folution of gypfum remains un-
decompofed. The fame thing happens
with the folutions of magnefia in vege-

table or mineral acids, and with earth of
alum; all of which, however, are decom-
pofed by the neutral falts above men-
tioned.

\

§ ix.
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§ IX. With Metals.

It produces the lame effects with the

metals as with the earths. With regard

to the weaknefs of the menftruum, fince

the water diffolves fo little of our acid, it

has no fenlible effects upon metals
; but

with the metallic earths, falts are formed
very little or not at all foluble in water.

Argentum nitrated filver is precipitated

by our acid in the form of a white pow-
der : and in the fame manner is the ni-

trated mercury and lead. Vitriolated iron,

copper, zinc, and manganefe, are not here-

by precipitated. Muriated tin and mer-
cury are not hereby decompofed, but mu-
riated lead is precipitated. By the neu-

tral falts (§ vii.) all metallic folutions are

decompofed.

ESSAY
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)

ESSAY XVIII.

On the constituent Parts of La-

pis PoNDEROSUS, OR TUNGSTEN.

1781.

I
T is probable that the conftituent parts

of this fpecies of foflil have been hi-

therto unknown to the chemifts. Cron-

ftedt enumerates it among the ferrugi-

nous ftones, under the name of, Ferrum cal-

ciforme terra quadam incognita intime jnixtum.

That which I employed in my experiments

was of a pearl colour
;
it was taken from the

iron mines of Bitfberg
;
and as I made

many experiments upon it, and have dis-

covered its conftituent parts, I take the li-

berty of communicating the following ac-

count to the Royal Academy.

§ i-

(a) In the fire tungften does not un-
dergo any perceptible change, nor does

glafs of borax produce any fenftble effect

upon it
;

(b) but with microcofmic fait it

forms, by means of the blowpipe, a glafs

of a fea-green colour. If the globule be

kept in fufton at the extreme point of the

flame, the colour gradually difappears ; a

very little nitre alfo very foon deftroys
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the colour
; but it returns whenever

the blue part of the flame is driven on
the globule

;
confequently, it is the phlo-

gifton of the flame which is the caufe of
the colour, (c) One part of tungften, re-

duced to a fine powder in a glafs mortar,

was mixed with four parts of alkali of tar-

tar, and placed in the fire in an iron cru-

cible. The mixture, when melted, was
poured out on an iron plate, and diflolved

in twelve parts of boiling water. After

Handing fome hours, the lixivium was
poured off from a portion of white pow-
der which had fubfided to the bottom.

(d) This powder was edulcorated, and
nitrous 'acid added to it, till no more ef-

fervefcence could be perceived, by which
operation great part of it was diflolved.

(e) The undiflolved part of the powder was

dried, and being again mixed with four

parts of alkali of tartar, was fufed as be-,

fore : This mafs being alfo diflolved in

water, and nitrous acid poured upon the re-

maining powder, only a very fmall portion

of grey powder was left behind undif-

folved. (f) The ley (c) was faturated with

nitrous acid
;

it grew thick by the preci-

•

„ pitation of a white powder, which was

afterwards wafhed with cold water and

dried, (g) The folution in nitrous acid

(d) afforded, on the addition of alkali of

tartar,



ON LAPIS PONDEROSUS. 287

tartar, a white precipitate, which was

dried.

§ ii.

(a) Boiling water has no adlion upon
tungften reduced to powder, (b) On one

part of finely powdered tungften were

poured two parts of concentrated acid of

vitriol, and the mixture was diftilled. The
acid pafled over unchanged

;
and the re-

fiduum, which was pf a bluifh colour,

was boiled a fhort time in diftilled water,

which was then filtered off, and upon
cooling depofited fome vitriolated lime,

(c) On four fcruples of tungften, redu-

ced to a very fine powder, were poured

twelve fcruples of common nitrous acid,

or pure aquafortis : No effervefcence en-

fued; the mixture was then expofed to a

ftrong digefting heat, whereupon the pow-
der Toon aflumed a citron-yellow colour.

The acid was then decanted off into a fe-

parate phial
;
and the yellow powder, ha-

ving been edulcorated with water, was put

into another phial, (d) On this yellow pow-
der I poured eight fcruples of cauftic vo-

latile alkali, and expofed the phial to heat;

the yellow colour prefently vanifhed, and
the powder became white. This folution

was then in like manner poured into a fe-

parate flafk, and the powder edulcorated.

As the matter was fenfibly diminifhed by
thefe
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thefe operations, I repeated them many
times on the fame powder, digefting it

firfi: in the nitrous acid, and then in the

volatile alkali, till at length the greateft part

of it was diffolved. What remained un-
dilfolved weighed three grains, and feem-

ed to be filiceous earth. Muriatic acid

produces the fame effect upon tungften as

the
-

nitrous, but the folution was of a

deeper yellow. >

§ in.
X

(a) The folutions made in the forego-

ing manner with the nitrous acid being

all mixed together, fome drops of phlo-

gifticated alkali were added, upon which
about three grains of Pruffian blue were

precipitated, (b) The mixture was then

faturated with cauftic volatile alkali
;
but

as no precipitate appeared, fome folution

of alkali of tartar was added
;

a white

powder now fell to the bottom, which, .

when walhed and dried, weighed two

fcruples and five grains, and was found

to be aerated lime unadulterated
;

fo alfo

is the earth obtained § i. (g). (c) The
extracts procured by volatile alkali were

precipitated with nitrous acid
;

the- preci-

pitate was wafhed with cold water and

dried
;

it is exadtly the fame as that men-

tioned § i. (f.). (d) It is of an acid na-

ture, not eafily foluble in water, for near

twenty
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twenty parts of boiling water are requi-

red to one of the precipitate
;

it colours

the tindlure of litmus red, and has an acid

tafte.

§ IV.

Now, as the earth feparated from tung-

ften by the nitrous acid is calcareous (§ 111.

b), it became neceflary to try whether the

above mentioned acid, combined with cal-

careous earth, would conftitute a regene-

rated tungften. Having this in view, and
knowing that tungften is not foluble in boil-

ing water (§ 11. a), I mixed one part of

the acid folution (§ hi. d) with fix parts

of clear lime-water, upon which the mix-
ture became a little turbid

;
but as, after

an interval of fome hours, there was no
depolition, the mixture was made to boil,

when immediately a white heavy powder
feparated, which, after being dried, gave

a fea-green colour to glafs of microcofmic
fait, became bluifh on being boiled in the

vitriolic acid, and of a lemon colour with

the nitrous and marine acids, and confe-

quently was pure tungften.

§ V.

To afcertain more completely the na-

ture of this acid, the following experi-

ments were made, (a) Under the blow-

pipe the dry acid became firft of a red-

Vol. I. T difh-
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difh-yellow colour, then brown, and at

laft black : It neither fmoked, nor gave

any figns of fuhon. (3) With borax it

produced a blue, and with microcofmic
fait a fea-green glafs. This colour is fub-

je<£t to the fame changes as are related of

the glafs § 1. B. (c) When pulverifed a-

cid of tungflen is boiled with a frnall

quantity of the nitrous or marine acids,

the powder becomes yellow'
;
and, wdth

the acid of vitriol, bluilh. (d) If the ib-

lution of the acid of tungflen in water

(§ 111. d) be faturated with alkali of tar-

tar, a neutral fait is obtained in very frnall

cryflals. (e) With volatile alkali this acid

forms an ammoniacal fait, in fhape like

the points of frnall pins. This fait, on
diflillation, yields its alkali in a cauflic

date
;
the acid remaining behind in the

retort, in the form of a dry powder of a

yellowr colour. This ammoniacal fait de-

compounds nitrated lime, in confequence

of which regenerated tungflen is produced.

(f) With magnelia the acid of tungflen

forms a neutral fait of difficult fallibility

in water, (g) It produces no change on

folutions of alum or lime, but it decom-

pounds acetated ponderous earth, and the

precipitate is altogether infoluble in wra-

ter. (h) The following metallic folutions

are precipitated, of a white colour, by the

acid of tungflen, viz, vitriolated iron, zinc,
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and copper; nitrated diver, quickfilVer,

and lead, as alfo muriated lead
;
but tin,

combined with the fame acid, is precipita-

ted blue; and corrohve fublimatc, and
the folution of gold, undergo no change.

§ VI.

When the acid of tungden is calcined

in a crucible, it lofes the property of be-

ing foluble in water. That the acid is

much difpofed to attract phlogifton, ap-

pears from the blue colour it acquires

with fluxes (§ V. A, b). This circum-

ftance induced me to mix the dry acid with

a little linfeed oil, and to expofe the mafs

to a drong fire in a luted crucible. When
it was grown cold, 1 found the acid black,

but in other refpecls quite unchanged. I

alfo mixed one part of the dry acid with

two parts of fulphur, and diddled off the

latter
;

I then mixed with the reficiuum

two parts more of fulphur, and again di-

ddled it off: The acid had acquired a grey
colour, but was in other refpebls unalter-

ed. Solution of liver of fulphur was preci-

pitated of a green colour, by acid of tung-

ften, but the phlogidicated alkali white;

the latter precipitate is foluble in water.

If a few drops of marine acid be added
to a folution of the acid of tungden in

water, and the liquor be fpread on polifh-

ed iron, zinc, or even tin, the acid ac~

T 2 quires
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quires a beautiful blue colour
; and the

fame thing happens if thefe metals be put

into the acid.

§ VII.
-

As the acid of molybdasna likewife ac-

quires a blue colour from thefe metals, it

might be natural to fuppofe that the acid

of tungften is the fame as that of molyb-
daena ;

but as, in other refpeCts, it fhews
very different properties, it muff be of a

totally different nature. For, ift9 The a-

cid of molybdaena is volatile, and melts in

the fire*, which is not the cafe with the

acid of tungften (§ v. a). 2 dly, The for-

mer of thefe acids has a ftronger attrac-

tion for phlogifton, as appears from its

combining with fulphur, and the change

it undergoes on calcination with oil. $dly.

Lime combined with the acid of molyb-
daena is not turned yellow by the acid of

nitre, and is readily foluble in it : With
tungften it is quite the contrary. 4thly,
Ponderous earth, combined with the acid

of molybdasna, is foluble in water
;
but

the combination of the ponderous earth

with the acid of tungften is infoluble.

And, $tbly
,
The acid of molybdasna has

a weaker attraction for calcareous earth

than the acid of tungften has
;
for if the

combination

* See tlie diflertation on molybdxna.
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combination of lime and acid of molyb-

daena be digeded in a folution of the above

mentioned ammoniacal fait (§ v. a), a re-

generated tungden will be obtained.

The iron procured from fome forts of

tungden is to be confidered as accidentally

prefen t.

Supplement
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Supplement to the foregoing Ejfay. By

T. Bergman.

Several years ago I began an inveftiga-

tion of the conftituent parts of tungften.

Its great fpecific gravity induced me to

feek for ponderous eaith in it; but the

procefs by which this earth is ufually ex-

tracted, gave, inftead of it, common cal-

careous earth
;
and when the fir ft alkaline

foludon, made in the moift way, was
poured off, and an acid added to the folu-

tion, it gave on faturation a white preci-

pitate of an acid nature. I need not re-

late the experiments, as I obtained the fame
refults as Mr Scheele : Some fmall diffe-

rences, however, in my experiments with

the blowpipe, deferve to be mentioned.

Tungften, by itfelf, decrepitates with

the blowpipe, but does not melt.

In a fmall gold or ftlver fpoon it unites

with mineral alkali with home efFervef-

cence, and the bit of tungften falls into

powder.

With microcofmic fait it effervefees a

little at firft, and then leaves a refiduum

of difficult folubility
;
but the glafs glo-

bule aftumes a bright fky-blue colour,

without the leaft fign of that rednefs,

when it is held between the eye and the

light, which is produced when cobalt is

ufed*
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ufed. If more tungften be added, the

globule becomes brownilh, but remains

dill tranfparent : With a further addition,

it becomes black and opaque.

Borax diffolves it without motion, and
almoft without colour

;
but when the

globule is overloaded with tungften, it at

length becomes brown or white, and o-

paque, in cooling.

The acid earth by itfelf produces fome
effervefcence with mineral alkali. With
microcofmic fait it gives a globule which
is at hrft light-blue, more of the acid

makes it dark-blue, but it Hill remains

free from rednefs by refraction ; With a,

further addition it becomes brown. Bo-

rax acquires a flight tinge of blue, and with

more of the acid becomes of a yellowilh

brown colour
;
but remains tranfparent,

provided no further addition be made.
This ultimate brown colour I have not

been able to drive off, either with nitre,

or the point of the flame.

A very eafy method of diftinguifhing

tungften from all other foflils hitherto

known, is, to pour upon it, when it is re-

duced to powder, aquafortis or marine
acid, and to let the mixture in a digefting

heat. It will loon be perceived, efpecial-

ly when the latter acid has been employ-
ed, that the powder gradually acquires a

fine light-yellow colour. This happens

not only with the fpecies from Bitfberg,

T 4 but -
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but likewife with all the foreign forts I

have hitherto had an opportunity of try-

ing. What is ufually called white tin ore
,

in clujlcrs like grapes
,

often.belongs to this

fpecies.

With refpedl to the nature of the acid

earth, it is nearly allied to that obtained

from molybdsena
;
and both are in a fhate

much refembling that of white arfenic.

It is well known, that arfenic, in its femi-

m^tallic flate, is nothing but a peculiar

acid, faturated with phlogifton
;
and that

the white calx is in an intermediate flate

between acid and metal, containing juft

phlogifton enough to coagulate the acid
;

but remaining ftill foluble in water, and
fhewing figns of acidity. If a conclufion

from analogy be admiftible, all the other

metals fhould confift in a combination of

the fame . nature, of the different radical

acids, which, with a certain quantity of

phlogifton, are coagulated to a dry earthy

fubftance, and, on complete faturation,

are brought to the flate of complete me-
tals.

The reafons which induced me to fup-

pofe that the above mentioned acid earths

are metallic acids, reduced by phlogifton

to that form of metallic calces in which

the acid is ftill perceptible, are the fol-

lowing :

, i . They

i
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1. They both fhew a linking refem-

blance to white arfenie in form, in pro-

ducing eftetfts like acids, and in their little

folubility in water.

2. Their fpecific gravity
;
that of white

arfenie is 3,750, that of the earth of mo-
lybdama 3,460, and that of the acid earth

of tungifen about 3,000.

3. Their precipitation with phlogifti-

cated alkali. None but metallic fub-

ftances are hitherto known to be precipi-

tated by this alkali : Moreover, arfenie,

properly diffolved in the marine acid,

gives with the phlogifticated alkali a pre-

cipitate foluble in water, juft as the acid

earth of tungften.

4. Their property of tinging vitreous

fluxes. Metallic calces, but, as far as I

know, no other fubftances, have the pro-
,

perty of communicating a colour, each

according to its peculiar kind, to clear

glafs. The effeeft of white arfenie, in this

refpedl, is well known; that of the earth

of tungften has been deferibed above

;

and the earth extracted from molybdsena
is not lefs powerful

;
for it gives to mi-

crocofmic fait a beautiful green colour
;

and borax well faturated with it appears

grey when viewed by the reflected rays,

but, by the refra6ted, of a dark-violet

colour.

Thefe
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Thefe realons have induced me to con-

fider the acid earths obtained from mo-
lybdasna and tnngften as metallic calces.

Other occupations have hitherto prevent-

ed me from confirming my opinion by
redudlion

;
but I thought proper, never-

thelefs, to mention it on this occafion, as

perhaps fome other perfon before me may
be inclined, for the promotion of fcience,

to undertake the neceffary proofs.

E S S A Y

\
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ESSAY XIX.

Experiments and Observations on
TEther. 1782.

UNDER the term ather chemifts un-
derhand a very volatile, penetrating,

colourlefs oil, which has an aromatic

fmell, and is loluhle in water. The fir ft

method of preparing this oil from vitri-

olic acid and fpirit of wine has been long

known. In later times, feveral methods of

preparing a liquor of the lame kind from
nitrous and marine acids, with alcohol, have

been propofed
;
but it has been obferved,

that this latter acid was not of itfelf ftrong

enough for this purpole, but that, in or-

der to produce the defired effccd, it mud
be united with tin, or with reguluS of an-

timony. The theory of the generation

of aether is llill very imperfebt, from the

want of fufficiently decifive experiments
;—the following may perhaps contribute

to elucidate this intricate fubjebt.

§ 1.

(a) If, in the preparation of vitriolic

aether, a large retort be made ufe of, and
the fire be much increafed towards the

end of the procefs, it is found, that the

volatile
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volatile fulphureous acid in the receiver

is mixed with vinegar, without any mark
of aerial acid, either in the cavity of the

retort or of the receiver. . (b) If one ounce
of pulverifed manganefe be put into a
retort, with half an ounce of vitriolic

acid, and an ounce of rectified fpirit of
wine, and this mixture be expofed to a

fand-heat, in a few minutes it will begin
to grow hot, and will foon boil by itfelf.

During this time fome aether, of a moft
agreeable fmell, goes over into the re-

ceiver. If the fire be increafed, tov/ards

the end a fmall quantity of vinegar will

pafs over, without any mark of volatile

fulphureous acid. The air in the receiver

is now found to be mixed with aerial acid,

and in the retort there will remain a re-

fiduum of vitriolated manganefe, with-

out any. excefs of acid, (c) If two parts

of pounded manganefe and one-half part

of vitriolic aether be mixed with one part

of vitriolic acid, and the procefs carried

on as iu (b), the mixture will likewife

grow hot of itfelf in about an hour’s

time. The aether which, a fmall portion

excepted, is again obtained after the pro-

cefs, has a finer fmell than before. There

is likewife obtained fome vinegar, and

fome aerial acid.
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§ ii-

In order to afcertain whether the vi-

triolic acid is to be looked upon as a real

conftituent part of the vitriolic aether, the

fuperfluous vitriolic acid ought to be fe-

parated from it. In order to effeCl this,

I found the rectification of the aether with

dry alkaline fait infufficient, becaufe the

alkali does not touch the aether in all its

points. I therefore diffolved cauftic alka-

li in fpirit of wine, and in this alkalifed

fpirit I diffolved as much aether as it would
take up. I then diftilled the mats again

by means of a gentle heat. Upon the

aether thus obtained, after it was recti-

fied, I cautioufly poured two parts of pure

concentrated nitrous acid. The mixture

had perfectly the fmell of nitrous aether.

I evaporated the whole to within a few
drops, and then added a little of the fo-

lution of terra ponderofa, which inftant-

ly grew white
;
confequently a regenera-

ted fpathum ponderofum was here pro-

duced. This I think will be quite fuffi-

cient to prove that vitriolic acid is a con-

ftituent part of vitriolic aether.

§ in.

That calx of zinc, diffolved in muriatic

acid, and that butter of antimony and
fmoking fpirit of libavius, on diftilla-

- tion
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tion with fpirit of wine, produce xther
is a known fa£t, and my experiments con-
firm it. I lhall only add here, that in all

thefe diftillations no aerial acid is pro-
duced. Why no sether can be produced
from muriatic acid and fpirit of wine a-

lone, the following experiment may teach:

(a) I mixed an ounce of pulverifed man-
ganefe with four ounces of common mu-
riatic acid, and two ounces of rectified fpi-

rit of wine, and put this mixture, after

I had covered it well, alide for feven whole
months; during which period it was now
and then agitated. This mixture at laffc

yielded an odour of nitrous sether, and
I faw fome drops of oil floating upon it.

From this obfervati >n I was led to put in-

to a tubulated retort two ounces of com-
mon fait, and as much vitriolic acid; and
after luting on a receiver, which con-

tained three ounces of fpirit of wine, I

placed it in a fand-bath. After fome time

I poured this fpirit, which was now fu-

ming, into a retort which contained three

ounces of powdered manganefe. The
mixture inflantly affumed a fine green co-

lour, but a few minutes afterwards itgrew

hot, upon which I immediately applied a

receiver. The heat increafed fo much,

that the mafs began to boil of itfelf, and

at the fame time the green colour dil’ap-

peared. After the ebullition had ceafed.
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I put the contents of the receiver into a

ftafk, into which I had previoufly poured
a little water, the aether inftantly feparated

;

it refembled in its fmell nitrous aether,

when it is mixed with dephlogifticated
muriatic acid. I luted the receiver again
to the neck of the retort, and continued
the diftillation to drynefs, by which ope-
ration I obtained more aether

; fome of
which floated upon the furface, and the
refl kept at the bottom, (b) I then diftil-

led a mixture of three ounces of powder-
ed manganefe, one ounce of vitriolic acid,
and three ounces both of common fait

and of fpirit of wine, and obferved the
fame phenomena, and obtained the fame
produdls as in (a), (c) I mixed three
ounces of powdered manganefe, with the
fame quantity of common muriatic acid,
in a retort, placed the mafs in warm fand,
and applied a receiver, which contained
three ounces of fpirit of wine. The mu-
riatic acid now went over in a dephlogifti-
cated ftate into the fpirit of wine, which
foon grew very warm, though the neck
of the retort was cold. Some time after
all the eftervefcence had fubfided in the
retort, I poured the fpirit out of the re-
ceiver into another retort, and diftilled it

by a gentle heat. At firft fome aether
went over, having the fmell of nitrous
aether. At the end of the procefs, another
kind of aether, or rather oil, came over,

which
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which funk to the bottom, and at lad mu-
riatic acid palled over, (d) I dilfolved

fome bifmuth in aqua regia, confiding of
three parts of muriatic, .and one part of
nitrous acid. This folution I evaporated

to the confidence of a fyrup, then mixed
it with an equal quantity of fpirit of

wine, and diddled the mafs by a gentle

fire. At fird pure fpirit of wine pafied

over, which was followed by fome aether,

that had exactly the fmell of vitriolic

aether, (e) Iron was the lad among the

metals, by means of which I could pro-

duce aether with muriatic acid. I fatura-

ted muriatic acid, by boiling it with cro-

cus martis (for with iron filings no aether

can be produced). The folution I evapo-

rated to the confidence of honey, and

then proceeded as in (d). The aether,

thus obtained, was perfectly like the pre-

ceding. I feveral times poured fpirit of

wine as well upon this refiduum as upon

the refiduum of bifmuth, and condantly

obtained fome aether upon a new didilla-

tion. In this didillation no aerial acid is

generated.

§ IV.

In order to determine with certainty,

whether the muriatic acid is to be looked

upon as a condiment part of this aether,

it was fird neceffary to free it from the

fuperfluous
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fu per fluous muriatic acid as well as pof-

flble
;
and with this view I proceeded with

this aether as I had done before with the

vitriolic § n. The aether, thus purified

from muriatic acid, was mixed with a fo-

lution of filver
;
but obferving no precipi-

tation to take place, I poured the whole

mafs into a glafs veflel, and fet it on fire

after the aether was confumed \ I found

the folution of filver turbid, and as it

were coagulated by the muriated filver
;

confequently my conjecture that the mu-
riatic acid was a conftituent part of this

aether was wrell founded.

§ V.

The aCtion of nitrous acid upon fpirit

of wine is well known
;
on which account

I lhall take no further notice of it
;
but

the action of the fluor acid upon fpirit of

wine I was curious to learn, (a) For this

purpofe I mixed powdered fluor with an

equal quantity of vitriolic acid in a re-

tort, to which I luted a receiver, contain-

ing three ounces of fpirit of wine, and
placed the retort in warm fand. The day
following I poured the fpirit, which noV
fmoked, into another retort, and diftilled

it in the common manner. The fluor a-

cid penetrated every where through the

lute, but no mark of aether was percep-

tible. (b) I then mixed the fpirit which
Vol. I. U- was



ESSAY XIX.3c6

was contained in the receiver with fluor acid

air as before
; and ' having poured the

mixture into a retort upon three ounces
of pounded manganefe, I- fubjedted it to

diftillation. I here obtained a quite dif-

ferent refult
;
no acid penetrated through

the lute
;

I only perceived the fmell of
aether through it

;
and, after I had driven

over all the fpirit, I poured it into another

retort, redlified it by a gentle heat, and
by this means obtained, a fmall quantity

of aether of a very agreeable fmell, re-

fembling nearly that of nitrous aether.

§ vi.

In order to procure a fufficient quantity

of concentrated vinegar, I diftilled the acid

vinegar from acetafed copper, and redlified

it by another diftillation. My view was
to prepare and to examine the acetous

aether of Count Lauragais. But, notwith-

Handing all the trouble I beftowed for this

purpofe, I was not able to produce the

leaf! veftige of fuch an aether
;

the fame

difappoinrment I met with, when I ufed

vinegar obtained by diftillation from ace-

tated vegetable alkali. It is lingular

enough that fo many of our modern che-

mifts Ihould have acquiefced in the after-

tion of the Count as an indifputable

certainty. Upon communicating my un-

fuccefsful experiment to ProfefTor Berg-

man,
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man, he had the kindnefs to inform me
in anfwer, that Dr Porner was the only

chemifl who had not blindly admitted the

Count’s alfertion, and had affected, that he

had not been able to obtain any aether, ac-

cording to the Count’s procefs. But
though this be certainly true, I however
found the means of obtaining fuch an
aether y it requires only the addition of a

little mineral acid before the difhillation.

Add, for inftance, (a) to an ounce of

concentrated vinegar (which may be ob- '

tained from verdegreafe, cryftals of ver-

degreafe, faccharum faturni, or acetated

Vegetable alkali, by means of vitriolic

acid), two ounces of fpirit of wine, and
two drachms of common muriatic acid.

Diftil this mixture, till all the fpirit has

been driven over, and then, upon diftil-

ling it off a fecond time to one-half into a

receiver, which fhould contain a little wa-

ter, acetous sether will be obtained. If,

inftead of the muriatic acid, vitriolic, ni-

trous, or fluor acid be employed, the

fame aether will be produced. This aether

is obtained in a larger quantity than any
other, and may be prepared in feveral dif-

ferent ways, (b) If an ounce of alkali

faturated with vinegar be diflblved in

three ounces of fpirit of wine, and then

as much of any of the above mentioned

four mineral acids be added as is requilite

U 2 not
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not only to decompofe the acetated alkali,

but that there (hall likewife be fome fu-

perfluous mineral acid, and the mafs be
then diftilled, the fame aether will be ob-

tained. (c) If acetated lead be triturated

with a fufhcient quantity of muriatic acid,

then mixed with fpirit of wine and diftil-

led
;

(d) if cryftals of verdegi^eafe be dif-

folved in a fufhcient quantity of muriatic

acid, and diftilled with fpirit of wine

;

(e) if one part of concentrated vitriolic

acid be mixed with three parts of fpirit

of wine, one part of common fait, and
one half part of powdered verdegreafe,

and diftilled, an aether of the fame kind

is likewife obtained. In the fame man-
ner, if (f) one part of vitriolic acid be

mixed with four parts of concentrated

vinegar, and four parts of fpirit of wine,

then put aftde in a well corked phial for

a few days, if to this mafs home wa-
ter be added, the fame fort of aether will

be feparated. All the aether obtained floats

upon the water, but is not near fo vola-

tile as nitrous or vitriolic aether
;

it burns

with a blue flame like fpirit of wine. The
union of the component parts of the ace-

tous aether is much eafter deftroyed than

that of the other kinds, as the following

experiments will prove
: (g) ! diflolved

one part of acetous aether in as much wa-

ter as was neceflary for the folution, and

afterwards
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afterwards added two parts of cauftic fix-

ed alkali. On diddling it by a gentle

fire, I hardly obtained the eighth part of

the aether difTolved. The acetous aether,

thus depurated, did not indeed any longer

affed tindure of laemus as it did before ;

but, on pouring Tome drops of it upon

blue paper, it immediately turned it red.

I difTolved this aether anew in a weak al-

kaline ley, and diftilled the folution again.

Here it difappeared entirely; the fil’d li-

quor that went over retained only a faint

fmell of aether. I faturated the remain-

der in the retort with vitriolic acid, and

obtained by didillation acetous acid.

§ VII.

Some phofphoric acid which was pre-

pared by burning phofphorus was mixed

with two parts of fpirit of wine. I di-

ddled the mixture in the common way,

till there was nothing remaining imthe

retort but the acid. The fpirit which

came over into the receiver had a difa-

greeable fmell. I reaified it, in order to

get the aether, by a more gentle degree of

heat, but I obtained not a vedige of it. On

mixing water with this fpirit it giew

white like milk, and fome days afterwards

I found a white powder precipitated,

which was pure phofphorus. Should the

phofphoric acid perhaps contain always a
1

\j ^
final!
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^

fmall quantity of phofphorus undecom-
pofed, the fpirit of wine would be a good
medium to feparate it. The difagreeable

fmell, as it would feem, arofe from the

phofphorus diffolved in the fpirit
;
but that

the fpirit of wine fhould carry over along

with it into the receiver acid of phofpho-

rus, as Mr Morveau * maintains, is not

in the lead probable, as I found not the

flighted mark of it in the fpirit thus didd-
led.

§ VIII.

The crydallifed acid of benzoin mixed
with fpirit of wine yielded no sether

;
buf

on diddling one part of the acid of ben-

zoin with three parts of fpirit of wine
and one-half part of common muriatic

acid, pure fpirit fird came over, where-

upon I obferved two different liquids in

the retort, one white, the other brown.

I therefore changed the receiver
;
and, on

continuing the didillation, afterwards ob-

tained an aether, one portion of which
floated upon water, while the other, which
w^s the larger portion, fubfided to the

bottom. This aether had the fmell of fait

of benzoin, was not more volatile than

acetous aether, burned with a clear flame,

and with fmoke. When diffolved .in al-

kalifed

# Elemens de Chemie Theorique et Pratique,

toni, iii. p. 338,
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kalifed fpirit of wine, and then diddled,

it was as eafily decompounded as acetous

jEther; and, on diffolving the remainder

in the retort in water, and adding fome

acid, the whole mixture was coagulated

by the precipitation of fait of benzoin.

§ IX.

I mud not conceal the red of my un-

fuccefsful experiments made upon this

fubjed, as they may perhaps afford fome

illudration with regard to the theory of

the generation of aether. The acid of

tartar Tad no effed upon fpirit of wine,

not even when a mineral acid was added ;

neither did the addition of manganefe af-

ford any aether. Concentrated acid of le-

mon gave, in every refped, the fame le-

fult. Neither does the acid of borax af-

ford any aether, either with or without

manganefe. The acid of amber ads in

the fame manner, as likewife does the

phofphoric acid with manganefe, with

concentrated vinegar and acid of tar tai

,

with concentrated vinegar and manga-

nefe. Thefe fubftances diftilled with fpi-

rit of wine yield no aether. The fame

thing takes place with the following falts :

Acetated zinc, acetated mercury, muriated

mercury and iron, muriated manganefe,

nitrated filver, muriated magnefia, fait of

benzoin and manganefe, fixed cauftic al-

ii 4 kali
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kali and manganefe, acid of arfenic, acid
of arfenic and manganefe.

§ x.

From the foregoing experiments Ifhould
be unwilling to attempt an explanation
of the generation of tether

;
for though

it might be concluded, with fome degree-
of ceitainty, that there is always re-
quiied a iubftance to attradl the inflam-
mable principle of the fpirit of wine, be-
caufe all the experiments coincide in {hew-
ing this

;
yet fhll I do not fee how this

opinion can be held with regard to asrher of
vinegar and benzoin, as thefe two vegetable
acids have as little affinity with phlogifton
as fluor and muriatic acids' have. But if
you were even to allow that they attraft
phlogifton, though but weakly, a que-
ftion If ill remains, In what manner does
this oil offpirit of ‘wine or tether feparate
from the water with which it was fo inti-
mately united ? Perhaps, however, this
phenomenon might be explained upon
tne fame principle as the leparation of
ful phi) r fi om hepatic air. It is known
that this air is, like fpirit of wine, foluble
in water, and that it conlifts of phlogifton,
the matter of heat and fulphur. If any
bib fiance be added which difunites the
phlogifton from this air, the matter of
heat flies oft, and the fulphur precipitates.

This
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This I apply to the explication of the ge-

neration of aether
;
and we know before-

hand, that manganefe, when united with

an acid, has a ftrong attraction for phlo-

gifton. Now, if this metallic calx, fpirit

of wine, fait and vitriolic acid be mixed,

the manganefe will unite with a part of

the phlogifton of the fpirit of wine, and
the matter of heat, which becomes fo evi-

dent in this procefs that the mixture boils

of itfelf (§ i. A
; § in. a), is fet free, by

its feparation from the phlogifton
; and

thus the oil of fpirit of wine, or aether,

is feparated from the water. The aether,

in this cafe, commonly carries along with it

a fmall admixture of the acid, which ferved

to its feparation from the water (§ n. iv.)
;

but this fmall quantity of acid is fo infig-

nificant in rectified aether, that it cannot be

maintained with certainty that there exifts

no aether at all without fome mineral acid.

The fmall portion of vinegar and aerial

acid which I obferved in fome diftillations

(§ i. c), arifes from the total decompo-
fition of a fmall portion of aether

;
for it

is very probable that the oil of fpirit of
wine confifts of acetous acid and phlo-

gifton
;
whereas calx of iron, diftolved in

muriatic acid (§ n. c), and difti lied with

fpirit of wine, yields aether
;
whence it

appears why the tincftura ferri of the

Pharmacopoeia Suecica in time acquires a

fmell like nitrous aether.

ESSAY
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ESSAY XX.

^ /

Observations on a Method of pre-

serving Vinegar. 1782.

I
T is a fatft generally known, that vine-

gar, of whatever kind, will not keep

long
;
but, in the courfe of a few weeks,

efpecially in the warm temperature of

fummer, grows turbid, and that its fur-

face is covered with a thick mucila-

ginous fubftance
;
during which period

the acid difappears by degrees, and at laft

is entirely loft
;
whence the vinegar muft

very often be thrown away. Now, in or-

der to avoid this corruption of the vine-

gar, four methods have been difcovered.

The firft is, to prepare the vinegar very

ftrong and four at firft. It is well known,
that fuch vinegar keeps for feveral years

;

but as there are few people who prepare

their own vinegar, and as moft con-

tent themfelves with buying it as it is to

be had in the (hops, there are of courfe

but few who can make ufe of this method.
The fecond method is to concentrate the

vinegar by congelation ;
after which a

hole is made in the cruft of ice which co-

vers it, through which the part that is not

congealed is let out, and afterwards put

into
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into bottles. This manipulation anfwers
well enough

; but as nearly one-half is

loft, becaufe that which forms the cruft

of ice is, for the moft part, nothing but wa-
ter, good ceconomifts diflike it. The third

method is to prevent the accefs of air, viz.

To fill the bottles full, and keep them
perfedlly well corked. Though vinegar

by this method keeps very long, it is not
much employed

;
probably, becaufe it is

troublefome to fill the bottle immediately
again, every time you have made ufe of
part of its contents, with clear vinegar

from another bottle
;

after which, the vi-

negar in the bottle that is not full, and to

which confequently the air has accefs,

foon grows turbid and vapid. The fourth

method is to diflil the vinegar : Such vi-

negar fuffers not the leaf! change, though
expofed to. a warm air for years

;
but, be-

ing more expensive than that which is not

diftilled, this method is feldom made ufe

of, efpecially as the following n^ethod to

preferve vinegar is the eafieft of all.

It is only neceffary to put your vinegar

into a well tinned kettle, and make it boil

for a quarter of a minute over a ftrong

fire. It is then to be immediately bottled

carefully ; or, if any one fhould be afraid

of tin being pernicious to health, he may
fill his bottles firft, and then put them

,

into a kettle full of water upon the fire.

After



ON VINEGAR. 3*7

After the water has boiled for about an

hour’s time, the bottles are taken out of

the pot and corked. The vinegar thus

boiled keeps for feveral years, as well in

open air as in half-filled bottles, without

growing turbid or mucilaginous. It like-

wife maybe ufed with advantage for phar-

maceutical purpofes, inftead of common
vinegar

;
for the preparation of the com-

pound vinegars, which, if not prepared

with diftilled vinegar, foon grow turbid,

and lofe their acidity.

ESSAY
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ESSAY XXL

Experiments on the colouring
Matter in Berlin or Prussian
Blue. 1782.

OWARDS the beginning of the pre-

fent century, Mr Diefbach, a manu-
facturer of colours at Berlin, with the af-

liltance of Dr Dippel, accidentally difco-

vered the blue colour, fince called Berlin

or Pruflian blue. They kept this prepa-

ration with great fecrecy, till Woodward
publifhed the whole procefs in 1724. Af-

ter this period, feveral chemifts have en-

deavoured as well to improve the colour

as to give an explanation of its origin.

Brown, both the GeofFroys, and the Abbe
Maynan, are known on account of their

papers . written upon this fubjedl
;
but it

was referved for Macquer, who publifhed

a differtation upon it in 1752, toreprefent

the whole in a connected view. After

him feveral have attempted to determine

the nature of the matter, which in gene-

ral unites with the metallic calces, when
they are precipitated from their folutions

by the lixivium fanguinis, and which in

the preparation of the Pruflian blue gives

to the iron a blue colour : But they have

advanced
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advanced no further. Some are of opi-

nion that it is phlogifton which comes in-

to adtion here, and thence the name^/o-
gijlicatcd alkali. Others think that it is an
animal acid. The caufe of this uncertain-

ty is, that there has been hitherto no me-
thod difcovered to obtain this colouring

matter in a perfedtly pure (late, it being

hitherto always united with fome hetero-

geneous fubftance. Having at laft, after

many repeated trials, found means to ob-

tain it in this pure date, and unmixed, fo

that I was able to make feveral experi-

ments with it, I now take the liberty of

preferring an account of them to the .

Royal Society.

§ !•

(a) If the lixivium fanguinis, the pre-

paration of which is univerfally known,

be expofed for fome time to the open air,

it lofes its property of precipitating the

iron of a blue colour
;
and the precipi-

tate, thus obtained, is entirely diffolved

in the acid. Now, in order to afcertain

whether the air had hereby undergone

any change, I put fome recently prepared

lixivium into a glafs veflel, which was

well fealed with rofin
;
but fome time af-

terwards I found the inclofed air as before,

and the lixivium fanguinis unchanged;

whence I conclude, that the colouring

matter
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matter is not abfolutely fimple phlogifton *.

It occurred to me, that the aerial acid*

which was not prefent in fufEcient quan-
tity in air confined, as in the preceding
experiments, but exifts in a much larger

quantity in the open air, might be the
principal caufe of the reparation of this

colouring matter from the lixivium, (b) I

therefore filled a glafs veffel with aerial

acid, and poured a little lixivium fangui-

:nis into it, carefully preventing the accefs

of the external air. On examining this

lixivium the day after, I found that my
(conjedure was well founded

; for calx of
;iron, precipitated with this lixivium, was
(entirely foluble in acids, (c) I further

ttried, whether other acids had the fame
(efFedl upon the lixivium fanguinis. For
tthis purpofe I fuperfaturated that pre-

paration with all the known acids, add-
iing afterwards a folution of vitriolated

iiron to them ; but neither did I now ob-
tain any precipitate.

§ n.

(a) I now inverted my experiments
;

1[ mixed a little vitriolated iron with lixi-

wium fanguinis, which immediately grew
yellow

;
I then poured fome of this mix-

Vol. I. X tu re

t Le bleu tie PrufTe eft un precipite de fer, avec

urabondance de phloinftique. Macquer Diet, de Che-

nique, ade edition.
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ture into a glafs veffel filled with aerial

acid. The day after, I poured this lixi-

vium into a folution of vitriolated iron,

then fuperfaturated the lixivium with a-

cid, and obtained a confiderable quantity

of Prufiian blue, (b) To the fame lixi-

vium fanguinis, in which I had diflolved

a little vitriolated iron, I added of the

other acids fomewhat more than was ne-

cefiary for fatu ration
;
and, on mixing af-

terwards a folution of vitriol with them,
I inftantly obtained Berlin blue, (c) I

precipitated a folution of vitriolated iron

with alkali, and boiled the greenifh preci-

pitate for fome minutes in lixivium fan-

guinis, which diffolved part of it
;

1 then

filtered the lixivium. This lixivium un-
derwent no change, when expofed to the

open air, or to the aerial acid
; it precipi-

tated the folution of iron of a blue colour,

as well before as afterwards
;
and although

the lixivium was fuperfaturated with acid,

and fome vitriolated iron was added, a

very beautiful Prufiian blue was obtained.

Hence it appears, that the calx of iron in

fome manner fixes the colouring matter

in the lixivium
;
fo that neither aerial a-

cid, nor any other acid, is capable of fe-

parating this matter from the alkali. This

is Jikewife the reafon why the colouring

neutral fait, which is formed on boiling

alkali with Prufiian blue, does not fo eafi-
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Iy lofe its power of precipitating iron of a
blue colour, either by the adion of the
aerial or any other acid, (d) But if lixi-
vium fanguinis be boiled with a perfectly
calcined calx of iron, (which I prepared
for this purpofe from vitriolated iron, by
boiling it in nitrous acid, and precipita-
ting with cauflic alkali) no part of it is
:dilIol\ ed

j
for if the lixivium be after-

wards fuperfaturated with acid, and vitrio-
lated iron added to it, no PrufTian blue is

obtained. The fame thing happens, if
:fuch a folution of perfedly calcined iron
•be precipitated with lixivium fanguinis,
• and fome acid be afterwards added to it.

jHence it likewife appears how much the
ifmall quantity of phlogifton, which the
(Calx of iron retains in the vitriol, contri-
butes to the fixing of the colouring mat«
tter.

§ in*

(a) In order now to learn whither the
(colouring matter had gone in the experi-
ments § 1. a, b, c, I poured fome lixi-

wium fanguinis into a glafs velfel, filled

iwith aerial acid
;

it was kept well corked
tduring the night, and the next day I fixed
tto the cork a piece of paper, that had been
clipped in a folution of vitriolated iron,
;und then pencilled it over with a couple of
(drops of a folution of alkali in water.

X 2 The
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The piece of paper was foon covered with
precipitated iron. A couple of hours af-

terwards I took the paper again out of the

veffel, and befmeared it -with fome mu-
riatic acid* when, to my great furprife, I

faw it immediately covered with the mod
beautiful Pruffian blue, (b) The fame
experiment was repeated with lixivium

fanguinis, fuperfaturated with vitriolic a-

cid. This mixture was put into a glafs

veffel, and the piece of paper treated as

in the laid mentioned experiment, (a) I

here likewife obferved, that the air was
filled with the colouring matter

; for the

piece of paper became blue on applying

muriatic acid to it. (c) Though acids

expel this matter from alkali, a confider-

able quantity of it neverthelefs remains

in the lixivium fanguinis fuperfaturated

with acids
;
for the fame mixture, remo-

ved into another veffel, imparts to the air

the colouring quality, and that repeated-

ly, according to the quantity of air. (d)

When I applied upon the pieces of paper

a folution of perfectly dephlogiflicated

calx of iron, inftead of a folution of vi-

triol, no PrufEan blue was formed
;
but

the muriatic acid diffolved the calx entire-

ly. This agrees with what is faid in

(5 II. d).

\
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§ IV.

Being now aware that acids really at-

trad! the alkali more ftrongly than the co-

louring matter does, I wifhed to know
what efFedt would be produced by diflil-

lation. (a) I therefore poured lixivium

fanguinis, fuperfaturated with vitriolic a-

cid, into a glafs retort, luted on a receiver

clofely, and diftilled by a gentle fire.

"When about one-third of the mafs had
palTed over, I changed (b) the receiver,

and diftilled, till half of the remainder

went over, (c) The watery liquor, which
came over firft, had a peculiar fmell and
tafte. The air in the receiver was filled

with the fame colouring matter as the

glafs veffels (§ in.) had been
;
paper tinged

with laemus was turned red by this li-

quor
;
but, upon difeovering afterwards,

by means of the folution of terra ponde-

rofa, fome vitriolic acid in it, I perceived

that I could not depend upon this pheno-
menon for any conclufion. I mixed with

one part of this water a little phlogiftica-

ted calx of iron, or what comes to the

fame thing, a little precipitate from vitrio-

lated iron
;
and a fhort time afterwards I

added fome drops of vitriolic acid to it,

by which I obtained a fine Pruflian blue.

(d) Part of this water being expofed for

fome hours to the open air, entirely loft

X 3 its
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its colouring quality, (e) The water ob-
tained by the fecond diftillation (b) pro-

duced the fame effects as pure water mix-
ed with a little vitriolic acid.

§ v.

When I had thus difcovered the poftibi-

lity of obtaining the colouring matter in

its greateft purity, I proceeded to make
fome experiments, in order to obtain it

feparate from the blue itfelf
;
and this with

a view partly to procure a larger quantity

of it than the lixivium yields
;
partly alfo

to avoid the troublefome calcination of the

blood, and preparation of the lixivium.

This matter, though it may be feparated

from the Pruffian blue by diftillation, yet

it is thus mixed with fo many heterogene-

ous particles, that it would not ferve my
purpofe. On examining feveral forts of

Berlin blue, I found in them marks of

fulphur, volatile alkali, vitriolic acid, and
volatile fulphureous acid, which fubftan-

ces are found as well in the lixivium fan-

guinis as in the lixivium of foot, and ad-

here to the precipitate in the preparation

of Pruffian blue.- On diftilling one fort

of this preparation, I obtained in the re-

ceiver a liquid, which had a fmell of fpi-

ritus cornu cervi, precipitated vitriolated

iron, and, on the addition of an acid,

was changed into Pruftian blue, In the

neck
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neck of the retort there was a fublimate,

which proved to be a kind of neutral fait,

confifling of volatile alkali and volatile

fulphureous acid
;
the air in the receiver

was full of aerial acid, volatile alkali, and

the colouring matter. The remainder in

the retort was black, obedient to the load-

ftone and yielded hepatic air with acids.

Being unable by thefe means to attain my
purpofe, I refolved to examine a little

more clofely a neutral fait known in che-

miftry, which is formed when lixivium

tartari is boiled with a fufficient quantity

of Pruilian blue. This fait confifts of the

colouring matter of the lixivium, of calx

of iron, and of alkali, and is efpecially

made ufe of for difcovering iron in mine-

ral waters
;
but is not entirely to be de-

pended upon for this purpofe, as long as

chemiftry is unable to free it perfectly

from iron
;
and this cannot be effected

without decompofing this fait, of which

the iron is conftantly a conftituent part,

and is the medium by which the colour-

ing matter is attached to the alkali (§ 11. c).

The lixivium fanguinis is more to be de-

pended upon for this purpofe, though it

likewife, as well as the lixivium of foot,

{hews marks of the prefence of iron.

Though I have mentioned (§ 1.), that on

fuperfaturating lixivium fanguinis with

an acid, and then adding vitriolic acid,

X 4 no
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no fign of Pruffian blue is perceived
; but

as blood and foot contain a little iron,

there is no reafon to be furprifed that lixi-

vium fanguinis fhould- contain iron;

whence it happens, that, in fuch cafes,

there may really appear fome mark of

Pruilian blue, and this the more readily,

if the calcined mafs be boiled in an iron

veffel. But if the vitriol be firft put into

the lixivium, and then an acid be added

to it, a great difference is found with re-

gard to the quantity of Pruffian blue ob^

tained. If a perfedlly pure lixivium fan-

guinis be taken, fuperfaturated with an

acid, and vitriolated iron be added to it,

not the leafl mark of blue appears, Such
a pure lixivium is not obtained in the

common way, but on mixing the colour-

ing matter in its purefl hate (§ x.) with al-

kali of tartar.

§ vi.

To return to the above mentioned neu-

tral fait, I diffolved an ounce of it in a

glafs retort in four ounces of water, add-

ing three drachms of concentrated vitrio-

lic acid (other acids produce the fame ef-

fect, but I prefer the vitriolic acid in this

procefs), and diflilled this mixture into a

luted receiver by a gentle fire. As foon

as the mafs began to boil, it grew thick,

from the produ&ion of a great quantity
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of Pruflian blue, which was feparated. I

perceived at the fame time a fmell, which
penetrated through the lute, and perfectly

refembled the fmell of water impregnated

with the colouring matter (§ iv. c). I

continued the diftillation, till an ounce

had patTed over into the receiver, and
then poured the water containing the co-

louring matter into a phial. The air in

the receiver had likewife abforbed this co-

louring matter, which I detected as in § 111.

A. The blue mafs remaining in the re-

tort I put upon a ftrainer, and into the li-

quid, which paiTed through, I put a

piece of vitriolated iron, in order to fee

whether there was (till remaining any of

the neutral fait undecompofed. But no
iPruffian blue was produced, and thus the

ifalt was decomposed during the boiling.

The blue which now remained on the

[filter, and was free from the neutral fait,

II again boiled with lixivium tartari
; the

folution was freed by filtration from its

ochre of iron, and the mafs was then di-

I Hilled a fecond time, with the addition of
vitriolic acid in excefs. It now {hewed

t the fame phenomena as at firll
;
for as

Toon as it began to boil, Prufiian blue was
again feparated, though in lefs quantity,

and the colouring matter came over into

the receiver. After one-third of the mafs
had palled over, I added it to that obtain-

ed
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ed by the firft diftillation, and then fepa-

rated the regenerated Pruffian blue from
its acid, which I again extracted by lixi-

vium tartari, and then diftilled it the third

time. Here I again obtained fome blue,

and it thus evidently appears, that, by
repeated extractions and distillations, all

Pruffian blue might at laft be entirely der

compofed.

It is not difficult to account for the fe-

ries of phenomena that occurred in this

whole procefs. The neutral fait confifts

of alkali, a little iron, and the colouring

matter
;

it is therefore a triple fait. Now,
when an acid is added to this fait, the co-

louring matter, in confequence of the

Stronger attraction of acids for alkalis,

muft be expelled, which immediately, on
account of its volatility, goes over into

the receiver during the diftillation. But

as the acids are not capable of expelling

this colouring matter from the iron, the

calx of iron will contain as much as is

requifite for its faturation, or, what comes

to the fame, as much as is requifite for

the production of Pruffian blue
;
and this

is the part which feparates from the fait

during the diftillation. If Berlin blue be

extracted by lime or terra ponderofa, thefe

extracts fhew the fame phenomena during

diftillation with vitriolic acid.
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§ VII.

If Pruffian blue be extracted by volatile

alkali, a compound arifes, which likewife

conflitutes a kind of triple, neutral fait,

conhfting of volatile alkali, iron, and the

colouring matter. With vitriolic acid it

fhews the fame phsenomena as the fait of

§ vi. If this neutral fait be diftilled by
itfelf, after having been diflolved in wa-

ter, the folution grows thick, in confe-

quence of the feparation of Berlin blue,

and a volatile alkaline liquor goes over

into the receiver. If the diftillation be

continued till but little liquid remains

with the Berlin blue in the retort, no
more fait will be found in the retort,

but all will have gone over into the

receiver. The liquor in the receiver

confifts of volatile alkali and the co-

louring matter. It is not precipitated

by lime-water ;
but vitriolated iron is de-

compofed by it, and, on adding an acidj

Pruffian blue is generated. If a piece of

paper dipped into a folution of vitriolated

iron be iufpended in the receiver, this fo-

lution is loon decompofed, the air of the

receiver being impregnated with volatile

alkali. If afterwards the fame paper be

pencilled over with muriatic acid, it grows
blue. If the whole liquor of the recei-

ver
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ver be expofed to the open air, it all eva-
porates, leaving behind pure water.

§ viii.

Among feveral other fruitlefs attempts

to feparate this colouring matter from the

Pruflian blue in a more commodious way,
I found that calcined quickfilver afforded

an excellent medium for accomplifhing

this purpofe. 1 obferved, that mercurius
dulcis grew black in air impregnated with
this colouring matter. The fame thing

likewife happened if it was put into the

tinging water (§ iv. c) ; and this water

thence acquired an acid quickfilver tafle.

Hence it was probable that this matter

had united with the fublimate in the mer-
curius dulcis, or at lead with the calx,

which is its bafis, and expelled the mu-
riatic acid, which would give rife to the

acid tade ;
and as quickfilver, in its me-

tallic date, is not foluble in muriatic acid,

it mud therefore feparate from it
;
and

this is the caufe of its black colour,

I therefore boiled the liquor with corro-

five fublimate, and the mixture hardly be-

gan to boil, when the blue colour had al-

ready difappeared. I then boiled calcined

mercury or red precipitate with Pruffian

blue and water. The colour difappeared

entirely, and the filtered folution had a

drong tade of quickfilver
j it contained

no
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no iron, and, what is remarkable, it could

not be precipitated either by acids, lime,

or alkalis ;
but, by a long digeftion with me-

tals, the mercury was reduced to its me-

tallic (late, by means of a double elective

attraction. If the union of the colouring

matter with metals be prevented, it be-

comes free and uncombined, and may be

eafily feparated by diftillation. This may
be effected by means of an acid. After

different trials, I found the following me-
thod the belt.

§ ix.

To two ounces of powdered Pruffian

blue, and one ounce of calx of quickfii-

ver, prepared by means of nitrous acid,

I added fix ounces of water in a cucur-

bit ;
I boiled this mafs for fome minutes

with conftant agitation, when it affumed

a yellowilh grey colour. I then poured It

out on a filter, and upon what remained

in the filter I poured a couple of ounces

of hot water, in order to elixiviate the

whole thoroughly. The ftrained mercu-
rial folution was then poured upon an
ounce and a half of iron-filings, free from
ruft, and contained in a glafs veffel, there

being added three drachms of concentrated

vitriolic acid. The whole mafs was well ,

agitated, during which, in a few minutes,

it was turned quite black by the reduced

quickfilver,
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quickfilver, and thereby completely loft

1 s quicksilver tafte. It, at the fame time,
acquired the peculiar fmell of the colour-
ing matter. I left the mixture a few mi-
nutes at reft

;
then poured off the clear

liquor into a retort
;

and diftilled the
fourth part of it off into a well luted re-

ceiver. Here I obtained the fame colour-
ing matter as from the neutral fait (§ vx.).

It is fufficient to diftil off one-fourth
; for

this matter is much more volatile than
water, and goes over firft.

§ x.

A flight veftige of vitriol eafily appears

in this (§ ix.), as well as in the preceding

diftillation of the neutral fait (§ vi.). This
little vitriolic taint muft consequently be
likewife feparated from the colouring mat-
ter. I have remarked (§ i.), that aerial

acid is capable of diflodging this matter

from alkali and lixivium fanguinis. The
fame thing happens if this matter be com-
bined with lime. It is therefore not dif-

ficult to feparate the vitriolic acid from

it. I mixed a little pounded chalk with

the diftilled water impregnated with this

matter, and diftilled the mafs a fecond

time by a gentle fire. The vitriolic acid

united during this procefs with the chalk,

and the colouring matter went over in its

greateft purity. In order to hinder, as

much
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much as poflible, the efcape of this vola-

tile matter through the lute, and in order

to prevent the air in the receiver from ab-

forbing too much of it, I make ufe of a

fmall receiver, pouring a little diftilled

water into it, and place it fo that the

greateft part of the receiver, during the

operation, lliall be immerfed in cold wa-

ter. This matter has a peculiar, but not

difagreeable fmell, a taite fomewhat ap-

proaching to fweet, and warm in the

mouth, at the fame time exciting cough.

Of its nature and conftituent parts, as

likewife of its aftion upon other fub fian-

ces, I fhall fpeak in the fecond part of

this differtation.

ESSAY
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ESSAY XXI.

On the inflammable Principle in

CRUDE CALCAREOUS EARTH *.

OU entreat me, my worthy friend,

to communicate to you my thoughts

on Dr Weber’s publication, entitled, The
Nature and Properties of Lime and Caujlic

Subfances newly difcovercd. I cannot but

wonder, that the controverfy concerning

fixed air and the acidum pingue lhould not

yet have ceafed with you : That this acid

is a mere chimera, is acknowledged both

by Dr Weber, and, I believe, by all che-

mifts : But it would appear that the Doc-

tor willies, by his phlogilton, to fupplant

fixed air, as this has fupplanted the aci-

dum pingue. Whoever is defirous of at-

tempting fatisfa<ftorily to prove any opi-

nion in chemiftry, ought to be thorough-

ly acquainted with the bodies with which
he makes his experiments, and on which

he refls his proofs : But, when this know-
ledge is wanting, how ealily may wrong
conclufions be drawn ! I do not indeed

* This is a letter from Mr Scheele to Mr Meyer of

Stettin. The original was publilhed in Crell’s Nen-

ejlen Entdeckungen
,
Th. I. p. 30. &c.

VOL. I. Y by
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by any means flatter myfelf that we are

acquainted fo completely as could be wifh-

ed with the conflituent parts of all bodies,

but fo much is certain, that all oily com-
pounds, derived from the' animal and ve-

getable kingdoms, yield, when they are

entirely deflroyed, an inflammable prin-

ciple, a mild acid in an elaftic form, or

the true aerial acid (to which the author

affigns the old appellation, fixed air), more
or lefs, or no humidity

;
as alfo, more

or lefs, or no earth. Could Dr Weber
decompound pure fixed air, and fhew
demonftrably, that phlogifton actually is

one of its conflituent parts, his opinion

would acquire much weight:. Were this

effected (which it can never be by con-

jectures), it will next be afked, What is the

other principle contained in fixed air?

The author’s fuppofition, that it is the

eleCtrical' fluid, is a mere hypothecs, juft

as much as if I were to fuppofe that it is

fome acid of a ftronger nature. The au-

thor can by no means eftablifh his opinion

concerning the prefence of phlogifton in

fixed air, by faying that the vapours

of fixed air, extricated from chalk by mu-
riatic acid, have a fmell

;
fixed air fe-

parated from magnefia alba by vitriolic

acid is inodorous, and the fame fluid ex-

pelled from lapis fuillus by muriatic acid

has a ftinking fmell
;
and yet both thefe

fpecies
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fpecies of air coincide entirely with re-

fpect to their principal qualities. Dr
Black’s experiments are fo folid and con-

vincing, that it feems to me impoffible to

form any objection againft them. He has,

indeed, pufhed his conclufion rather too

:far in faying, that the explofion of ful-

rminating gold, and the increafe of weight

lin metallic calces, prepared by heat, are

mowing to fixed air
;
but the chief difcovery

idoes not fuffer from thefe miftakes *. Dr
'Weber cannot maintain, upon the autho-

irity of his firft and fecond experiments,

tthat crude calcareous earth contains phlo-

£gifton as a conftituent part
;

for, in the

ifirjl place, that which appears, is to be

ededuced from a fmall refiduum of decay-

ing mineral fubftances
;
and, in the fe~

i:o?id, faltpetre can be alkalifed, by being

Ikept long in a red-heat, provided fome

Ibody be mixed with it to prevent its fu-

ifion. Neither will his opinion, that, in

(the diftillation of crude calcareous earth

t(experiment 3.), the phlogifton it con-

tains pafles over along with the moifiure,

iand precipitates the lime-water in the re-

ceiver, eafily find admittance. Will any
Y 2 reflecting

* It is but juftice to this great philofopher, whole

’leOures not only teach the principles of a fcience, and

ithe operations of an art, but contain likewife a fyftem

<of prattical logic, that he never contended ftrenuoufty

Ifor thefe conjectures, and that he has long abandoned

ahem. T.



34o ESSAY XXI.

reflecting chemid readily fufFer himfelf to
be perfuaded that pure phlogidon parts
from a body, without at the fame time
being in immediate contact with another
body, for which it has a dronger attrac-
tion. We cannot fhew that water has the
fmalleft difpofition to attract phlogifton,
confidered in a date of purity

; and we
find in general, that acids mud be em-
ployed as the means of effeding fuch an
union. The theory of Dr Black explains
this precipitation fo clearly, that nothing
can be objected to it. When the author
allows the lime-water to remain in the re-
ceiver to the end of the procefs, while
there is at the fame time an excefs of
chalk in the retort, he finds that the lime-
water rediffolves the regenerated calcareous
earth. Now, if we affume with him that
phlogidon in excefs can diffolve even crude
calcaieous earth in water, his phlogidon
mud either be an acid or not an acid

j
in

either cafe a few drops of nitrous acid
mud precipitate the folution, (he mud
grant this, as, according to his fird expe-
riment, nitrous acid is capable of attract-
ing it from lime in the fire)

;

but no fuch
thing happens. I have fcarce any inclina-
tion to advert to the 4th experiment, as it

contradicts all experience. The fixed air,

expelled by nitrous acid from a quarter
of a pound of calcareous earth, does not

precipitate

4
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precipitate more than a quart of lime-

water. In the fifth experiment, the au-

thor precipitates lime-water with an alka-

line fpirit obtained-from horns
;
but finds

that the earth, after it has been dried, is

lighter than the lime employed. It can-

not be unknown to the author, that the

fixed air, feparated from the alkaline fpi-

rit during the precipitation (for exprefs

mention is made of an effervefcence),

has the properties of an acid, and can

therefore diffolve part of the lime. The
lime diflolved in this manner will not fall

down, until a good quantity of alkaline

fpirit is added
;
and why is fo much re-

quired ? becaufe it is the cauflic part on-

ly of this fpirit which effeCis a precipita-

tion, as it has a ftronger attraction for the

fuperfluous fixed air, which holds the

earth in folution. His fuppofed reciprocal

attradlion has no place here. Alkaline

fpirit, obtained from horns and hoofs,

fhould never be ufed in exaCt chemical ex-

periments. That from common fal ammo-
niac is the belt for thefe purpofes

;
ancl

this is the reafon why the author, after

he had faturated the fpirit from hoofs

with muriatic acid, and diddled the am-
moniacal fait with fpirit of vitriol, obtain-

ed at the lad a volatile fpirit in the recei-

ver, which effervefced with acids. Had
the author diddled pure but common fal

Y 3 ammoniac
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ammoniac with oil of vitriol, his volatile

fpirit would certainly not have effervefced

with acids : But why did the fpirit ob-
tained by the author effervefce ? becaufe
it contained fome oily matter, which was
deftroyed by the vitriolic acid on the ap-
plication of the heat

;
as, during the de-

compofition of oil, fixed air is always fe-

parated (let any one diftil oil of vitriol

with a little fat, he will eafily difcover

fixed air in the receiver)
;
and as it com-

bines with the fpirit driven over into the

receiver, the fpirit muft of courfe effer-

vefce with acids. That the vitriolic acid

fhould remain in the retort, is owing to

its fixity, a property which it has in com-
mon with other known acids, which are

more or lefs fixed as the phofphoric and
arfenical acids, and fedative fait. The au-

thor certainly does not know, that a quan-
tity of fixed air is feparated from coal du-
ring its combuftion, as being one of its

confiituent parts, otherwife he never would
have related his 6th experiment. As the

atmofphere always contains fome uncom-
bined fixed air, what wonder that quick-

lime fhould return in time to crude calca-

reous earth ? Putrid vapours contain a far

greater quantity of this fixed air, confe-

quently we know that phlogifton muft be

combined in the air with fome fub-

ftance
5

for were it uncombined, fo that it

could
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could unite with lime (I very much que-

ftion, however, whether phlogifton can

unite with pure lime), it would much
fooner combine with pure air, for which
it has a very ftrong attraction : But we
know, that in this cafe the air becomes

unfit for refpiration, and therefore the

earth mud have long fince loft its inhabi-

tants. He thinks that the 10th experi-

ment is fo clear and convincing, that no
doubt can remain refpeCting his new doc-

trine. But had he been better acquaint-

ed with oils, he would not have looked

on his experiment as incontrovertible

;

for as the vitriolic acid in fulphur fixes

the phlogifton, even fo does the fixed air

in oils fix the fame principle. As, when
we mix lime with fulphur, phofphorus,

or regulus of arfenic, and afterwards fe-

parate thofe inflammable bodies from the

lime by burning, and obtain in the firft

gypfum, in the fecond animal earth,

and in the third lime combined with ar-

fenic : So alfo muft lime, when linfeed

oil is burned with it, exhibit a combina-
tion of lime and fixed air. With refpedt

to the 13th experiment, I can allure the

author, that iron, diffolved in vitriolic a-

cid, yields but very little fixed air
; the

air is moftly inflammable. The author

mull not then compare this with that air

which is extricated from chalk by acids

;

Y 4 for
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for the inflammable air is formed during
the folution of the metal in vitriolic or
marine acid

;
but fixed air is prefent be-

forehand in chalk. That the air which is

expired from the lungs carries along with
it fixed air, is abfolutely certain, on which
account lime-water is precipitated by this

air. Fixed air is actually a conftituent
part of the atmofphere

;
and the more ex-

actly the phlogifton combined with it is

feparated from it, the more pure air mud
make its appearance. Fixed air is alfo

prefent in putrefying water. That the

earth in lime-water is reftored to its crude
{late by phlogifton, the author can nei-

ther perfiiade me nor any intelligent che-

mift. Flad the author examined a little

lefs carelefsly the precipitate which ap-

pears on pouring lime-water into human
urine, he never would have pronounced
it to be calcareous earth, as in experi-

ment 19, I can aflure him that this pre-

cipitate does not efifervefce with any acid,

but is animal earth, precipitated by the

phofphoric acid in urine. The fame may
be Laid of the 20th experiment, which the

author made very unneceflarily. No exatft

chemical experiments fhould be made
with the volatile alkali from putrid bo-r

dies. Other chemifts, as well as myfelf,

have obtained by fublimation good fai

ammoniac, from volatile alkali feparated

from
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from fal ammoniac by lime, and after-

wards faturated- with muriatic acid. Nei-

ther is the fixed nor volatile alkali in neu-

tral falts cauftic
;
neither is the lime con-

tained in fixed ammoniac
,

as it is called.

Thefe fubftances are cauftic only, in con-

fequence of being combined with a con-

fiderable portion of the matter of heat,

which feparates as foon as an acid is pour-

ed on them, the acid having a ftronger

attraction for the bodies than heat. I

need not touch upon the 25th experiment.

When the lime does not flake, it can only

make the ley a little cauftic
j

for, in the

lafk cafe, or when the ley is to be tho-

roughly cauftic, it muft touch the corro-

five fublimate in all pofhble points. As
the matter of heat confifls of phlogifton

and pure air, while metallic calces, prepa-

red by heat, contain much heat, which
muft be heavier than phlogifton alone,

what wonder that a metallic calx fhould

be heavier than the perfect metal ? Such
a calx does not, as Dr Black fuppofes, con-

tain fixed air. When it is reduced by
means of charcoal, the fixed air is to be

deduced from the charcoal, and not from
the metallic calx. As long as the author

confiders fixed air as phlogifton and aether,

he will eafily be able to explain, why dry
volatile alkali, abftracfted from a metallic

Calx, becomes cauftic. But a prudent

chemift
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chemift will not fo lightly yield his affent,

much lefs will he reafon fo much at ran-

dom
;

for, in this cafe, we have a double

attraction, the fixed air, which is united

with the volatile fait, and conflitutes with

it a kind of fal ammoniac, fince it is a

fpecies of acid—the fixed air, I fay, uni-

ting with the metallic calx, as at other

times it does with lime, and the matter of

heat in the calx joining the alkali. In ex-

periment 31. the author diflilled fal am-

moniac, prepared with volatile fpirit of

urine and oil of vitriol, and he obtained

an alkaline fpirit, which effervefced with

acids. I have repeated the experiment,

with this difference, that I ufed fpirit of

fal ammoniac, and not oily fpirit of urine

for faturating the vitriolic acid. My Glau-

ber’s ammoniac melted during the diflil-

lation, and I obtained cauftic volatile al-

kali, which neither rendered lime-water

turbid, nor effervefced with acids. The

refiduum in the retort was vitriolic acid j

fome of the ammoniac was alfo fublimed.

The 40th experiment, too, proves nothing.

He burns terra foliata tartari, or acetated

vegetable alkali, and obtains a fait which

effervefces with acids. The injudicious

and uninftrudted may indeed be eafily led

into miflakes by fuch experiments as this.

He fhould know that there are oily par-

ticles in vinegar, and that, if they weie

away,
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away, it would be no vinegar at all.

Thefe oily particles, an eflential part in

all vegetable acids, are deftroyed by the

heat
;
upon which the fixed air, the other

conflituent part of this oil, and indeftruc-

tible in the fire, combines with the alkali;

and what wonder that this elaflic acid

fhould be expelled by a flronger ? Experi-

ment 34. is very eafy to be explained
;

(for if the author’s affertions were admit-

ted, calx of iron would have a flronger

attraction forphlogifton than nitrous acid).

Alkalis, as well as nitre, when they are

mixed with metals, or metallic calces, in

order to prevent their fufion, lofe their

acids on a long continued calcination, and
immediately afterwards the matter of heat

unites with the alkalis, which is the only

caufe of their caufticity.

Lead is a metal which contains very

little phlogifton
;
for I have obferved fcarce

any fenfible mark of liver of fulphur upon
flratifying it with vitriolated tartar in a

clofe crucible. Should vegetable alkali

have reduced any calx of lead, this might
have arifen from the glue that the ley

carried along with it, on being filtered

through bibulous paper, or perhaps from
fome impurity adhering to the alkali or

minium. Why is not a folution of lead

reduced by alkali in the humid way ? Ex-

periments 42. and 43. have turned out

very
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very differently, when made by all other

cliemifts, even by the late Mr Meyer him-

felf, as well as by me
j
for cauftic fixed

alkali always precipitates a folution of cab

careous earth in a cauftic ftate. The au-

thor here did not pay attention enough.

Experiments 44. 45. and 46. are alfo in-

fignificant. According to the 47th, allies

adhering to red-hot coals lhould have loft

their phlogifton. But, if fo, Why do

they effervefce with acids ? For, according

to the hypothefis, the earths effervefce, be-

caufe they contain phlogifton. P. 137.

and 145. the author mentions fome phse-*

nomena, which* in his opinion, cannot

be explained at all
;

as, for inftance, that

alkali does not totally precipitate vitriol

;

that vitriolated tartar does not entirely

precipitate the folution of quickfilver
;

as

alfo, that the mother ley of common fait

cannot be completely precipitated by al-

kaline fpirit. But an intelligent chemift,

accuftomed to experiment, finds no diffi-

culty in affigning the caufes of phenome-

na, to the author fo incomprehenfible i
but

as they do not belong to the prefent fub-

jed, I pafs them over.

Thefe obfervations will, I hope, my very

worthy friend, convince you, that tne

dodrine of Black is not only applicable

to all the experiments, but that it will

maintain its ground in the principal points,

and
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and is confequently true. Refer to the

author’s analyfis of fea fait, and you will

find (p. 160.) that Glauber’s fait, toge-

ther with the lime diffolved by marine

acid, are to be feparated by cryftallifation.

In like manner, he fuppofes, (p. 167.),

that Epfom fait and Glauber’s fait are con-

tained in the mother ley, together with

calcareous earth, diffolved by marine acid.

He fpeaks, too, of thefe falts at p. 175.

Now, it has been known fince the time of

Neumann, that vitriolic acid, and the

neutral falts into which it enters, feparate

calcareous earth from the muriatic as well

as other acids.

ESSAY
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ESSAY XXII

Some incidental Remarks on the
Affinity of Bodies *.

HE few following obfervations on
Mr Wenzel’s dodtrine of the affinity

of bodies, are not made with a view to

detract from his merit, but to ffiow both

my attention to his valuable book, and
how neceffary it is to repeat the experi-

ments of others, when they do not coin-

cide with the principles of chemiftry.

Page 9. That metals diffolved in acids

are unchanged, and remain juft in their

former date, is contrary to all experience

in chemiftry
;
which fhews, that they lofe

their inflammable principle during folu-

P. 14. The pofition, that falts do not

adt, unlefs in folution, fails in many cafes.

* The name of the excellent Mr Scheele, a Ger-
man, and at prefent fettled as an apothecary at Koping,

in Sweden, will ferve as a fufficient recommendation

to all his productions. The prefent remarks, though
they have a reference only to Mr Wenzel’s Dodtrine of
the Affinity of Bodies

,
bear, like all his other works, the

ftamp of acutenefs and truth
;
and as they are deliver-

ed with proper candour, they rather do honour to Mr
Wenzel, to whofe merits I here fubfcribe my tefti-

inony. Crell Ckem. Joum. th. 4.

tion.

When

1
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When powdered chalk, for indance, is

boiled with Pruffian blue, reduced likewife

to powder, the former attracts the colour-

ing matter of the latter, and yet chalk is

infoluble in water.

P. 40. Mr Wenzel does not explain the

decompofition of vitriolated tartar right.

For, if the fixed alkalis had not the pro-

perty of combining with vitriolic acid in

excefs, the nitrous and marine acids would

neither change vitriolated tartar nor Glau-

ber’s fait into acid neutral falts, and there-

fore one fhould never be able to pour off

the vitriolic acidfrom the crydals of nitre ;

but it is always combined with fixed al-

kali, and cannot be feparated by any ni-

trous acid.

p. 41. I have great difficulty in be-

lieving, that cauftic volatile alkali preci-

pitates the folutions of lime and lead.

Spirit of fal ammoniac is always obtained

when that fait is diddled with chalk and

water. Simple experiments give Sufficient

tedimony in this cafe.

P. 54. Both alkaline falts have not an

equal affinity for vitriolic acid. Pour oil

of tartar, per deliquium ,
into a folution of

Glauber’s fait, and vitriolated tartar, will

fall to the bottom in the courfe of a few

minutes.
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P. 72. and 73. The inflammable air of

the zinc and iron fhould have been taken

into the account in the weighing.

P. 81. This earth of alum can fcarce

be without vitriolic acid
;
for we know*

that a part of this acid is very difficult to

be feparated from it
;

and, on this ac-

count, it could not attract any fixed ain

Were the author to diffolve his earth in

diddled vinegar, and then to add a few

drops of a folution of terra pondero^a,

the vitriolic acid would immediately fliew

itfelf.

P. 95. If coals confifi of phlogidon

and a little earth, where does the quanti-

ty of fixed air, which makes its appear-

ance during their decomposition, refde ?

This mud contribute very much to their

weight.

P. 133. The folution of magnefia be-

comes a little turbid on the addition of

•caudic volatile alkali. How, indeed, fhould

it be otherwife ? Since there is formed a

triple fait, confiding of the earth, the vi-

triolic acid, and the volatile alkali
;
and

fince as much of the earth mud be dil-

engaged as the acid attracts of the alkali.

If fome Glauber’s ammoniac be fil'd add-

ed to the folution of magnefia, no pre-

cipitate will be occafioned by the caudic
alkali.

Vol. I. Z P. 135.
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P. 135. In my experiments, iron has ne-

ver been precipitated, in its metallic form,
from its folution in muriatic acid by
zinc.

P. 149. The calx precipitated from the

butter of antimony by oyfter-lhells, is not
a pure precipitate

;
but, according to my

experiments, ftill contains fome muriatic

acid. I could not accomplifh the dulci-

fication of muriatic acid in the way men-
tioned by the author.

P. 155. If much nitrous acid be taken

for the folution of quicklilver, and the

whole be boiled together, the quicklilver

is completely calcined, and then it affords

a white precipitate, on addition of fpirit

of fal ammoniac. The quicklilver in cor-

rolive fublimate is in a calcined Hate

;

the black matter is nothing but exceeding-

ly fine revivified mercury.

P. 177. It is faid, that platina is not

precipitated by mineral alkali ; but al-

though many agree in this opinion with

the author, a precipitation does actually

take place.

P. 248. As the neutral fait, confifting

of lemon juice and fixed alkali, is capable

of diffolving iron, it is no wonder that

alkali does not caufe a precipitation.
0 The

fame thing has been obferved by the au-

thor (p. 303.) concerning the folution of

iron in tartar, and the reafon is the fame.

P. 273.

\
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P. 273. The want of fixed air is faid

to be the caufe why acetated lead, prepa-

red from minium, does not cryftallife
;

but it is totally different. The author

has not mentioned, that his folution, after

he had introduced fixed air to it by means
of his apparatus, became white, though this

was really the cafe. This white matter in

the folution of lead is nothing but calx of

lead faturated with fixed air
;
that is to fay,

real white lead. If this fuperfluous calx

is feparated from the folution, the com-
pound of lead and vinegar will immedi*
ately cryftallife

;
and this may be ef-

fected by the addition of gum Arabic,

or by adding more vinegar, in order to

diffolve the abundant calx of lead. Fixed

air is feldom neceffary to bring the diffi-

cultly cryftallifable fait to fhoot. Too
much is attributed to this mild acid

; and
I cannot agree with the author in think-

ing that the explofion of gold is owing
to it.

P. 286. It would be difficult to fhew,

that all the fixed air obtained by Mr La-
voifier came from the minium. Part, in-

deed, does
;
but as we know that char-

coal confifts of phlogiflon and aerial acid

or fixed air, to abide by the author’s ap-

pellation, I afk, What becomes of that

fixed air, which thofe particles of the

Z 2 charcoal
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charcoal that part with their phlogifton

to the lead, yield ? Recent m-inium gives

out much fixed air when it is diftilled

with charcoal.

P. 193. When fpeaking of tartar, Mr
W. mentions an inflammable earth,

which is feparated on faturating tartar

with alkali. But the tartar contains fome

calcareous earth, which, with the acid of

tartar, conftitutes a fait very difficult of

folution ;
on which account, it falls to

the bottom. Acid of tartar contains much
,

oily matter, wherefore a compound of

that acid and lime muff burn.

P. 297. We obtain cauftic alkali, and

not a neutral fait, as the author affirms ;

for the latter is obtained only when chalk

is boiled with tartar
;

in which cafe, it is

not furprifing that the cauftic alkali ffiould

chryftallife' on the addition of an acid.

P. 366. It is faid that fixed air is the

caufe of the cryftallifation of the neutral

fait prepared from nitre and arfeilic
;
and

as Mr W. could not have been acquainted

with arfenic and its condiment parts, he

is not to be blamed for entertaining fuch

an opinion.

P. 379. The fixing of arfenic by cauftic

fpirit of fal ammoniac is truly remark-

able. But it is certain, that cauftic vola-

tile alkali always contains fome lime. It

appears,
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appears, when it is kept long in glafles

that are frequently opened, in the form of

a hard pellicle depofited on the glafs. Is

it not this lime which adheres to the ar-

fenic, and fixes it ? If not, and the expe-

riment be exadl, the problem is one of the

moll difficult in chemiftry.

P. 404. It is faid that volatile alkali ea-

fily diffolves precipitated magnefia
;
but

the folution is entirely owing to the water

in which alkali is diffolved. The repara-

tion of the earth, when the folution is ex-

pofed to the open air, arifes not from the

evaporation of the volatile alkali, but from
the efcape of the aerial acid, which
held the earth in folution in the water;

for, from a pound of Epfom fait, diflblved

in 64 pounds of water, no precipitate can
be obtained by pure potafhes without boil-

ing
;
but, when the air is driven off by

boiling, the magnefia is obtained.

P. 423. “ Fixed alkalis precipitate a fo-

“ lution of filver prepared with volatile

“ alkali.” How is that poffible ? It is in-

deed true that a precipitation takes place

;

but what a great quantity of fixed alkali

mull be added before all the filver is pre-

cipitated. With what does the alkali com-
bine ? It has no attradlion for the volatile

alkali
;
and, without a new combination,

it is impoffible to conceive a precipitation.

Saturate pure fait of tartar with abftradl-

Z 3 ed
f
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ed vinegar, or even precipitated nitrous

acid, and you will find that the folution

of filver yields fome precipitate. I have

never met with alkali which did not {hew

fome veftiges of muriatic acid. When
the author comes to examine the precipi-

tate again, he will not fail to recognife it

for luna cornea.

P. 472. Mr W. has no doubt of the

prefence of a great quantity of fixed air

in nitre. For my part, I entertain many
doubts whether fixed air can be obtained

from nitre, and Hill more, from nitrous

acid. I have already obferved, that a

great deal of fixed air is procured from

charcoal diftilled with recently prepared

minium ;
and the fame thing holds when

the phlogifton of the charcoal unites with

the acid of the nitre. Why is no fixed

air obtained when metals are deflagrated

with nitre ? In this cafe, corrupted air is

obtained, which does not precipitate lime-

water. Moreover, only one-fixth part of

the air obtained from gunpowder is fixed

air ; the reft is corrupted air.

P. 480. Mr W. maintains, after Beaume,

that calcareous earth may be converted by

a very violent fire into a vitriform earth j

but in this point I can neither give credit

to Mr Beaume nor the author.

Letter
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Letterfrom Mr Scheele to Dr Crell.

I have often prepared the colouring neu-

tral fait, contained in lixivium fanguinis,

in the following manner : I extradl Pruf-

fian blue with thoroughly cauftic fixed al-

kali. To the liquor containing the ex-

tract, after it has been filtered, I add high-

ly redlified fpirit of wine, upon which the

fait falls in the form of flocculi to the

bottom *. With refpedl to every other

method for the purification of the lixi-

vium (thofe of Scopoli and Weftrumbf
not excepted), I am convinced that they

are imperfedl
;
for it is only neceflary to

boil a fufficient length of time their yel-

low folution with vitriolic or muriatic

acid, and Pruflian blue will be feparated.

My fait continues unaltered, even when
expofed to the open air

;
for the iron

Z 4 ' ilrengthens

* Truth obliges me to mention, that three months
before I received this letter, Mr Weftrumb defcribed

the fame experiment for purifying the lixivium fangui-

nis. I can fay nothing further to decide the priority

of the difcovery. Crell.
For an account of Mr Weftrumb’s method, fee the

rotes on Bergman’s Dilfertation on Elective Attrac-

tions, p. 337. T.

f Mr Scheele means here the method propofed by
Mr Weftrumb, in his EJfay on the Conjlituent Parts of
the Blood

,
and the lixivium fanguinis

,
(Crell’s Neucjie

Entdeck .), and not that alluded to in the laft note. T.
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ftrengthens the connection between the

colouring acid and the alkali, and fixes it

fo, that the aerial acid cannot expel it

;

which otherwife will happen in a few
days, provided it be not combined with
iron of fome other metal in the colouring

ley. I have not yet obferved whether the

tinging acid
,
for fuch is the name which

ProfefiTor Bergman has bellowed upon it,

faturated with alkali, or lime, will yield

cryftals ? If you defire to know this, the

combinations and evaporations mull be

performed in clofe vefifels.

*

On

/
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On the CryJialTifation of the Acid of Lemons

It has hitherto been a matter of doubt,

whether the juice of lemons could be re-

duced to the form of cry dais
;

for it ap-

peared, from a great variety of experi-

ments, that this juice, though evaporated

to the confidence of a fyrup, would not

fhoot into cry dais. I was led to make
fome trials upon this fubjedt, which I have

communicated to our Academy of Scien-

ces, and which point out the method by
which I at length accomplifhed my pur-

pofe. I conjedlured at fird, that the mu-
cilaginous matter in the juice prevented its

crydallifation
;
on which account I mixed

the infpidated juice with drong fpirit of

wine, and thus produced a coagulation of

the whole. I then poured it out upon a

filter, and evaporated the acid liquor

which paded through
;
but it could not

be made to fhoot by thefe means.

I therefore concluded the great quanti-

ty of faponaceous matter, which the fpirit

holds in folution, is the impediment to

crydallifation. In order to feparate it, I

employed the fame method that is follow-

ed when the edential acid of tartar is to

be obtained from cream of tartar. I fa-

turated

* Crell’s Chemifthe Annalen. Th. 7. f. 3.
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turated the lemon-juice, as it was boiling

in the cucurbit with pulverifed chalk, the

weight of which was obferved
;
the com-

pound fell immediately to the bottom in

the form of a middle fait, nearly refem-

bling tartarifed lime. The water, at the

bottom of which the precipitate lies, con-

tains the faponaceous and mucilaginous

matter, and the pure acid remains in com-

bination with the calcareous earth. The
precipitate is to be edulcorated with luke-

warm water, till it appears colourlefs on be-

ing poured off. The compound agrees with

gypfum, in being very fparingly foluble

in water. There is next to be added to it

a quantity of Englifh oil of vitriol, dilu-

ted with ten times its bulk of water, equal

in weight to the chalk ufed for faturating

the juice. This mixture is to be boiled

in the cucurbit for a few minutes ; When
the whole has grown cold, the acid is to

be feparated from the gypfum by means

of the filter, and to be treated in the fame

way as the acid of tartar. It is however

neceffary to try, by evaporating the acid

to the confidence of a thin fyrup, whe-

ther it Hill contains any calcareous earth.

This appears upon mixing a fmall quanti-

ty with oil of vitriol, as, in that cafe,

there will be a precipitation of gypfum ;

and it will be neceffary to add more oil of

vitriol to the whole quantity of acid, as
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the prefence of a fmall quantity of lime

in folution totally prevents the cryftallifa-

tion. The cryftals will (hoot juft as well

in a hot temperature as in the cold
;
and

fhould there be any fuperfluous vitriolic

acid, it will be found in the refiduum.

This cryftallifed acid of lemons cannot be

changed by the addon of nitrous acid in-

to acid of fugar
;
but the faponaceous ex-

tract may be totally converted into that

acid.

/

Di/covtry
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Difcovery of a peculiar fweet and volatile

Matter
,
which is a conjlitiient part of ex-

prejfed Oils
,
and the Fat of Animals *.

> 1

Several years ago, upon diffolving li-

tharge in olive oil, I obferved a peculiar

fweet matter, di Hindi from the oil float-

ing on the furface, which, when infpif-

fated and treated with nitrous acid, ap-

peared to be a modification of the acid of .

fugar. I have fince more particularly ex-

amined this peculiar phenomenon, and
have difcovered the fweet matter, as well

in linleed oil, oil of almonds, and of

rape-feed, as in oil of olives
;
and, Hill more

lately, both in hog’s greafe and butter.

In my experiments, I made ufe of the fol-

lowing procefs : One part of pulverifed

litharge was diffolved. in two parts of fome

one or other of the undluous fubfiances

above mentioned, and fome water, the

mixture being made to boil all the time.

As foon as it was infpiffated to the thick-

nefs of falve, the whole was left to cool,

and then the water was poured off The

water is found to contain the fweet mat-

ter in queftion
;
and it as to be evapora-

ted to the confidence of fyrup. If the oil

or

* This is taken from the fecond part of CrelPs

Chemifche Annalen, p. 99.
_il

...
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or fat be frefh, there does not appear any

fign of difTolved calx of lead, on addition

of the vitriolic acid
;
but fhould either

the one or the other be old and rancid,

fome calx will then be difTolved, and fhould

be precipitated by a proper quantity of

vitriolic acid. If this infpifTated matter

be flrongly heated, the vapours that arife

will take fire on the application of a

candle. In order to make it pafs over

from the retort into the receiver, a de-

gree of heat is requifite, equal to that

which mull be employed for the diflilla-

tion of vitriolic acid. Half of the fweet

matter goes over unaltered, in the form
of a thick fyrup, and flill retains its fweet

tafle
;
what rifes afterwards has an em-

pyreumatic fmell, and this is followed by
an oil of a brown colour, which finells

like fpirit of tartar. There remains in

the retort a light fpongy coal, which does

not contain the fmallefl particle of lead.

This fweet matter cannot be made to cry-

ftallife
;

nor, when mixed with water, and
fet in a warm place, does it run into fer-

mentation
;

for, after the mixture had
flood for four months, tindlure of turn-

fol did not undergo the leafl change
when mixed with it. It will mix with
tinclure of cauftic vegetable alkali

;
though

neither fimple fyrup nor honey will do
this

;
but they attradl the alkaline fait

from
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from the fpirit of wine, and then fall to

the bottom, in the form of a thick mu-
cilage. If nitrous acid be abftra&ed from

off this undtuous fweet fubftance, it is at

laft, after many repetitions of the ope-

ration, converted into acid of fugar, and

the nitrous acid is very much phlogifti-

cated. It would feem to follow, from

thefe experiments, that the fweet matter

in queftion is combined with more of the

principle of inflammability than fugar

and honey.

I have alfo boiled litharge with olive

oil, feparated from foap by vitriolic acid,

with the fame refult
;
for I here likewife

obtained the fweet matter. I likewife fe-

parated the oil from the common falve

(Etnpl. Simp. *) ;
which muft be done in

confequence of the laws of double attrac-

tions. Let the falve be fliced and rubbed ,

in a glafs mortar, with a mixture confid-

ing of eight parts of ftrong fpirit of wine,

and one part of oil of vitriol. This white

mixture is to be poured on a filter,

and water is to be added to the liquor

that

* The author means, undoubtedly, the tmplaftrum

commune of the Pharm. Suecica ,
in which there is no

falve with the denomination/implex. The empl. comm.

is prepared from two parts of oil of olives, and one of

litharge, which are boiled over a flow fire, with con-

tinual agitation, and the addition of a little boiling wa-

ter now and then, till they combine. Pharm. Suec.

1779- P- 74- ^ •
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that runs through, upon which the oil

that was contained in the falve will be fe-

parated. I wifhed to recompofe falve,

by boiling this oil again with litharge
;

but it grew thick before it could be made
to boil. From the water, which I took
care to decant, I obtained fome of the

fweet matter fo often mentioned, though
indeed but in very fmall quantity.

Letter



368 LETTER TO Dr GRELL.

It feems as if the opinion maintained

by many chemifts and philofophers, that

fixed air is a combination of pure or de-

phlogifticated air, with a certain portion

of phlogifton, is not yet fo
t
completely

proved. Many rather fuppofe, that the

pure air muft be further dephlogifticated,

in order to become aerial acid and that,

when it is totally free from phlogifton,

it conftitutes nitrous acid. Pure air, fit

for fupporting of combuftion, is a kind

of fulphur, confifting of phlogifton and

the matter of heat.

In my Eftay upon aether, I have related

a great number of experiments made with

manganefe, fpirit of wine, and acids. I

have, at the fame time, (hewn, that ace-

tous aether is never generated without the

afliftance of muriatic or nitrous acid.

In your New Difcoveries
,
(Part 8. p. 1 1 1.),

there is an obfervation on my method of

preparing the flowers of benzoin f. Lime-
water

* Chemifche Annalen. Th. 8 f. 123.

-f-
This obfervation comes from Mr Gren of Bern-

burg, and is to the following purport :

Mr Scheele’s method of preparing flowers of ben-

zoin, by boiling the re(In in lime-water, and then pre-

cipitating; them with vitriolic acid, is not without its

difficulties,

Letterfrom Mr Scheele to Dr Crell*.
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water is diretfled in the Swedifh Pharma-

copoeia ;
but, in the original paper, (franf

adhons of the Royal Academy), I have men-
tioned milk of lime

;
for the particles of

the lime not only difTolve the acid of ben-

zoin, but prevent, in confequence of the

boiling, the gum from ad hering to it, which
happens when alkaline falts are employed.

Vol. 1. A a I

difficulties, fince the precipitated arid of benzoin is

mixed with the felenire that is produced, and it be-

comes necefTary to feparate it by boiling water ; but the

hot water that is requifire for this purpofe, diflolves a

confiderable quantity of the felenite, by which the fait

of benzoin is rendered impure. Mr Gottling has

therefore propofed
(
Almanack for Chemifts, 1782.

p. 15^ ) to ufe vegetable alkali inftead of lime-water
;

no great advantage will refult from this change, as

long virriolic acid is ufed for feparating the fait of

benzoin from the alkali, as the vitriolated tartar is

difficult of folution in cold water
;
and therefore hot

water muft be ufed for the edulcoration of the fait of

benzoin, which, at the fame time, diflolves a confider-

able portion of it. If then the vegetable alkali is to be

ufed for the extra&ion, it will be necelfary to ufe fome
other acid for the feparaiion, in order to form a fait,

which cold water will carry off by folution, from the

acid of benzoin. In order to extract this acid, I ufe

mineral alkali. I boil fixteen parts of benzoin, with

two or three of the alkali, adding a fufficient quantity

of water: I then allow it to fettle
;
repeat the boiling

with frelh alkali and water
;

filter the folution while it

is hot, and evaporate it till it becomes a little thick.

After it has grown cool, I add vitriolic acid as long as

any fait of benzoin is feen to precipitate. I feparate

this fait by means of the filter from the ley, which con-

tains Glauber's fait, and edulcorate it with cold wa-
ter. T.
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I have by no means made ufe of the vi-

triolic acid for feparating the fait of ben-

zoin, but have directed the muriatic acid

for this purpofe
;
and in this manner are

flowers of benzoin prepared here.

There does indeed (as Mr Gren after-

wards obferves) take place, a feparation

of mineral alkali, when Glauber’s fait is

boiled with unflaked lime. We obtain,

however, but a very fmall quantity of

cauftic alkali
;
for the greater part of the

Glauber’s fait fhoots again into cryftals.

If they be again boiled, fome alkali will

indeed be obtained, and fo on continual-

ly
;
but, With what immenfe trouble is

this mode of proceeding attended ?

Concerning what Mr Hermbftaedt has

faid (Part 9. p. 66.) on the fubject of

lapis infernalis, it may be remarked,

that the dark colour of this cauftic arifes

from copper
;

for even the fineft ftlver-

leaf contains copper, which is diflolved

at the fame time
;

but, in the melting

heat, the copper lofes its folvent fooner

than the fiver, and being then in the

ftate of a calx, it acquires its natural dark

colour
;
and for this reafon it is that lapis

infernalis is commonly black. If it be

diflolved in water, a black powder will

remain behind, which is nothing but calx

of copper.

Letter

.......
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Letterfrom the Same to the Same

I believe that the volatile fweet matter

contained in various oily and fat fub-

dances (p.364.), may be totally deltroyed by
repeated didillations. I have at lead ob-

tained, after every. rectification, a produdt

refembling fpirit of tartar, and the fweet

fubdance became every time more acrid

and bitter. The drong heat, which is ne-

ceffary in order to drive over, is the caufe

of this dedrudlion.

Mr Kirwan’s experiments, which are

adduced to prove that the aerial acid con-

fids of phlogidon and pure air, feem li-

able to fome objections, as long as iron-

filings are ufed for the revivification of red

precipitate, and a burning-glafs for the

calcination of iron in pure air
;
for iron

commonly contains fome aerial acid, as it

is more or lefs mixed with plumbago,
and as this mineral confids of phlogidon

and aerial acid j~. If thefe experiments

A a 2 were

* Chemifche Annalen. St. io. p. 328.

f Mr Cavendifh has likewife made the fame obfer-

vation on this experiment
;
and Mr Kirwan, when he

came to repeat the experiment himfelf, for it was not o-

riginally his, as Mr Scheele f’eems to fuppofe, but Dr
Prieftley’s, found, upon diftilling recent and clean iron-

tilings with red precipitate, or precipitate per fe, in the

proportion
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were repeated with copper, they would be
more convincing ; but the filings of cop-

per mu ft be free from duft, and all other

impurities.
.

.

I - X

ESSAY

proportion of two to one, that no aerial acid, nor any

other air is produced, but the whole unites with the

iron which is calcined, while the mercury pafies over,

(Journal de Phyf. Aout 1785, p. 146.)

Upon this Dr Metherie obferves, that the appear-

ance of air depends on the quantity of precipitate and

iron-filings employed. 1 have dittilled, fays he, equal

quantities of thefe fubftances in a mercurial apparatus

;

and a little air has appeared, which might probably

have been that contained in the veflels
;

it was however
more impure than atmofphericair. The mercury was re-

vivified, and arofe into the neck of the retort. There

was neither any extrication nor abforption of air, and

the neck of the retort was covered with a confiderable

quantity of moiflure
; the filings were calcined, and

lime-water introduced into the retort, was precipitated.

On repeating the experiment, with two ounces of pre-

cipitate, and 72 grains of filings, a quantity of air was

extricated, which contained a little serial acid, but con-

fided chiefly of pure air. T,
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ESSAY XXIII.

Upon the Resemblance which Ve-
getable Acids bear to one ano-

ther, PARTICULARLY THOSE OF

Must and Sugar*. ByDrCRELL.

HE acids that exift in the vegetable

kingdom differ, in many refpedts,

from one another. They may be divided

into the Essential, the Fermented,
and the Empyreumatic.
The effential are almofl entirely pure,

as thofe of lemons, forrel, and forrel-dock

;

or but little altered by the admixture of

other matters, as the acids of cherries,

barberries, apples, unripe grapes, goofe-

berries, currants, tamarinds, er. They
are fo much covered, as to be hardly

diftinguiihable in many fweet fruits, when
they are ripe, in grapes, in various roots,

* Chemifche Annalen, St 7 p. 89.

The obfcurity and importance of this fubjeft would
alone jultify me in the eyes of the intelligent chemift,

for adding this and the two following papers.; but Mr
Scheele has had fo great a lhare in the dilcovery of the

new acids, that they form a peculiarly proper addition

to hi- hflays. It -a as another (b ong inducement with

me to fubjoin them, as they form an excellent (upple-

ment to what is faid, both by Bergmann bimfelf in his

Elfay on Attractions, and in the Notes-, p. 334. T.

A a 3 as
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as carrots, parfnips, in fugar, Esfc. Thefe
latent acids become more evident, partly

in confequence of fermentation, by which
almoft all plants (a few, particularly thofe

which bear cruciform flowers, excepted) are

made to yield vinegar, and partly by dry di-

ftillation. In the two laft operations, all

vegetables, however different from one
another in tafte and other fenfible quali-

ties, feem to yield products very nearly re-

fembling one another. But however alike,

on the one hand, the refults may be,

when different plants are treated in the

fame manner, the produtfts, on the other,

which are obtained from the fame plant

by different operations, are as widely dif-

ferent. How different are the qualities

of fugar, when it is diffolved in water,

and left to ferment under proper manage-
ment, till it is converted into vinegar,

when it is diftilled dry by itfelf *, and

when the acid of fugar is obtained by
means of nitrous acid 4? In order to be

thoroughly convinced of this, it is only

neceffary to compare, in the two laft cafes,

the experiments made by Mr Schrickel

and Profeffor Bergmann on earths, alkalis,

and

* Scitrickf.l DifiT. tie falibus faccharin. vegetab. ex

facch. albi analyfi acidoque hujus lpiritu Ipeciatiin.

Gieffae, 1776.

f Bergmann. Opufc. vol. 1. p. 251-
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and metals, with one another. I intend

to treat, on fome other occafion, of the

caufes of the different products that are

obtained from the fame plant, treated in

different ways. I lhall at prefent confine

myfelf to the extrication of the fame con-

ftituent parts from different vegetables,

when the fame method is applied to each.

The acid which paffes over in dry

diflillation, along with an empyreuma-
tic oil, is fcarce perceptible beforehand,

though it is procured from very various

plants. All vegetables that run into the ace-

tous fermentation yield a vinegar, which
has, in all cafes, the fame effential

qualities. This gave rife, in the mind&
of many chemifts, to this very natu-

tural conjecture, that the acid diffufed

through the whole vegetable kingdom,
may be of the fame kind, and the fpecies

may proceed only from the different pro-

portion of oily and mucilaginous particles

intermixed with it. Thus it is faid by
Mr Morveau *, among others, that the

acid bafis is probably the fame in all

plants, and only modified by the various

conftituent parts by which it is neutrali-

fed. Molt chemifts maintain, that vine-

gar is the bafis of the effential vegetable

acids: Others, as Mr Weftrumbf, fup-

A a 4 pofe,

* Elemens de Chemie Theor. et Prat. T, 2. p. 9.

t Neu. Entdeck. Th. 11. f. 109.
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pofe, that the acid of fugar, or rather

as Mr Hermbftaedt, that the acid of tar-

tar conftitutes the effence of the other ve-

getable acids. We have not, I believe,

facfts enough to afcertain this matter

;

neither do I think that, as yet, the cafe

of two Specifically different acids, co-

existing in one plant, has been confi-

dered; but their properties have been con-

ftantly deduced from one fmgle acid.

This, however, feems frequently to take

place : Thus, Mr Scheele was not able to

convert the cryftallifed acid of lemons
into acid of fugar, by means of nitrous

acid
;
though he perfectly fucceeded in

effecting this with the faponaceous ex-

tract, which accompanied the acid before

it was cryftallifed. Mr Hermbftaedt, in ana-

lysing the juice of four cherries, obtained

acid of fugar with a middle fait contain-

ing an excels of acid, which was proba-

bly tartar. In order to anfwer this que-

stion, it would be proper to enquire, whe-

ther the constituent parts and the products

of Sugar, and the constituent parts of wine,
‘ the pureft Source of vinegar, are in reali-

ty fo very much alike (as is taken for

granted, and commonly fuppofed to be

/ proved

* Others hold the acid of fugar to be an artificial

pitrdud, and nor a natural, fait. See Mr Wiegleb.

Chem Ann. Th.7. f. 12. and Mr Hermftaedt N. Ent*

deck. Th- 9. f. 17*
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proved by too few circumftances) ? or,

Wherein they differ ?

The firft queftion then would be, Whe-
ther fugar can be extracted from the ex-

preffed muft, in the fame way as Mar-
graaf obtained it from various roots ?

This admits of but little doubt, fince the

fame chemift afferts, that he has obtained

fugar from very fine raifins. It is, more-

over, neceffary to fubmit this fugar of

wine, or at leaf!; the muft, after it has been

properly purified and evaporated, to a dry
diftillation, in order to fee whether thefe

fubftances would afford the fame produdts.

as fugar
;
and whether the acid that is ob-

tained adts upon alkalis, earths and me-
tals, in the manner which Mr Schrickel

has particularly defcribed with refpedt to

his acid. The fugar of wine, or the

muft, fhould be treated with nitrous acid,

in order to determine whether acid of fu-

gar can be obtained from it in equal quan-

tity : I fay, in equal quantity
;
for fome

of this acid may well be expedted, as wine
contains tartar, w'hich, according to Mr
Hermbftaedt, may be converted into acid

of fugar. On the other hand, a kind of

wine, according to the proper way of

proceeding, muft be obtained from fugar.

Preferve it carefully in veffels, and take

notice whether any tartar is depofited

from it. Another part of the fermented

fugar
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fugar mud be allowed to pafs into vine-

gar, and afterwards combine the vinegar

with all the common fairs, earths and
metals, in order to compare the effedl of
vinegar obtained from wine upon the

fame fubftances, and to determine how
far both kinds of vinegar coincide. The
firft kind of experiments with mull, may be

very ealily made in countries that produce
wine

;
the lad, with fugar, any one may

make who has opportunity, patience and
time. Thefe points, however, if they

were clearly decided, would not furnifh

an anfwer quite fatisfadlory to the que-

dion. Concerning the circumdances
which it would be further necedary to

afcertain, I fhall take the liberty of giving

my opinion on fome future occafion.

On
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On the Converfton of Vinegar into Acid of ‘Tar-

tar, or of Sugar*, by the Same.

I have already thrown out fome reflec-

tions, both on the refemblance between

the acids contained in muft and in fugar,

and on the difference between them. Now,
when muft has undergone the fermenta-

tive procefs, its acid appears under the

two forms of vinegar and of tartar. Are
both thefe acids newly generated by the pro-

cefs ? or but one ? or are they only fepara-

ted? To the produdlion of tartar, fermenta-

tion is not neceflary
;
for, according to Rou-

elle (Bucquet Introd. a l’etude des corps na-

tur. T. 2. p. J77.), it may be procured

from the juice of unripe grapes. Pure a-

cid of tartar confifts, after diftillation^r

fe ,
of an empyreumatic acid, and the coal

that is left behind of oily particles and
calcareous earth.

(
Bergmann de tuboferrum ,

§ 12.), may not then the acetous acid be

mere acid of tartar, which did not meet
with alkaline fait and earth enough with
which it might combine, and become more
fixed

;
but, on the contrary, attracted

more fubtile oily particles, and thus be-

came more volatile. The fixed vitriolic acid

is converted by phlogifton into the fulphu-

reous acid which is fo volatile, that the ace-

tous acid may acquire its charadleriftic pro-

perties,

1 tmifihe Anralen. St. 8. 85.
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perries, from the want of fixed conftituent

parts, with which it might unite, may be

deduced from the changes which it under-

goes, when combined with fome fixed mat-

ter, and then diftilled. Acetated vegetable

alkali ( terra foliata tartari) yields, accord-

ing to Mr Beaume (Chym. exp. et raifon.

T. 2. p. 2i.), on diftillation by itfelf, but

of pure acid. All the reft of the acid,

employed for faturation, is totally deftroy-

ed, and the refiduum, both in the retort

and receiver, quite alkaline, juft as the a-

cid of tartar is almoft wholly deftroyed

by dry diftillation, the empyreumatic a-

cid, which is obtained, being very weak.

According to Beaume (T. i. p. 315), if

calcareous earth, egg-fliells, for example,

be diffolved in vinegar, and the cryftalli-

fed fait be diftilled, of a red and very

fpirituous and inflammable fluid, that

frnells like empyreumatic acetous aether,

and reddens tinaure of turnfol, is got.

This alfo Ihews the change that has been

wrought, and the reduaion of the ftrength

of the former acid. The acid in fugar of

lead is in like manner entirely deftroyed

' by diftillation (
' acquers Diet. vol. \.p. 3 2 ^*

of the German tranjlation). It is frill fur'

ther in confirmation of this, < that muft,

diftilled even before fermentation, yields
• 1 1 * j

nothing but an em
of fpirit of tartar.

empyreumatic acid, a kind

:ar. Whoever 111 all doubt
of
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of the great difference, which the clofe

combination or abfence of earthy par-

ticles occafions in an acid, would do well

to compare lime combined with fomewhat
of an exceffive portion of vitriolic acid,

with the fame acid uncombined (Beaume,

1. c. p. 273)

:

Let him at the fame time

imagine the earth to be fo intimately com-
bined as to be infeparable. In this man-
ner, may, I think, tartar be conceived,

fince, according to Bergmann’s experiment,

it contains calcareous earth
;
but it is uni-

ted with acid in excefs, tafles four, and is

foluble. The contrary appears, when acid

of tartar is completely faturated with lime;

for the felenite is exceedingly difficult of

folution, and has fcarce any tafte.

Is it then a conjecture altogether im-
probable, that vinegar and tartar have for

their bafis the fame fpecies of acid
; and

that this acid is only combined with a

greater quantity of fubtile oil in one cafe,

and with more earth in the other ? Will it

not be poffible to bring vinegar again in

fome meafure nearer towards the date of

tartar ? In order to accomplilh this, we
mufl endeavour to take away the fine vo-

latilifing phlogiflon of the former, to com-
bine it with more fixed matter, and to re-

flore its groffer oil. The latter feems to

be extremely difficult, nor will the for-

mer be eafily effected. Mr Weftrumb
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(
Chem . Ann. St. 3 .

f

340.), in examining

whether vinegar did not contain acid of

fugar, added nitrous acid to it in various

proportions
;
but he only produced a phlo-

giftication of the nitrous acid, and ren-

dered the vinegar more free from phlogi-

fton. The properties ofvinegar, fomuchde-
phlogifticated, elude, he adds, further exa-

mination, as it would be impoilible entire-

ly to feparate the one acid from the other. I

think, however, that this might have

been done by vegetable alkali, lime and

heavy earth. The nitrous acid, combined

with vegetable alkali, would have fhot in-

to the ordinary hexangular cryftals ;
the

acetous acid, had it remained unchanged,

would have formed the difficultly cryftal-

lifable compound
;
and had it approach-

ed to acid -of fugar, it would ftill have con-

flituted a neutral fait, that does not readily

cryftallife. Nitrous acid only forms difficult-

ly cryftallifable compounds, while the cry-

ftals vinegar forms with it are fo little liable

to deliquefce, that they efflorefce in the

open air*. The effe&s produced by thefe

acids on heavy earth would have been di-

rectly oppofite, the nitrous acid forming

falts difficult of folution, the acetous fuch

as deliquefce (Bergm. Op. vol. 3. p. 39 O-
But ffiould the latter have approached to

the

* Perhaps alfo fpirit of wine would feparate nitra-

ted from acetated lime.
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the nature of acid of fugar, tranfparent
cryftals would immediately have fallen
down (1. c. p. 392*). I think therefore
that one might feveral times diftil off ni-
trous acid from vinegar

; and when the
former, upon being newly added, yields
no more red vapours, faturate with calca-
reous or heavy earth, and feparate the ley,
that will not fhoot, from the cryftals. The
nature of the fait, which does not con-
tain nitrous acid, may be more certainly
determined by its figure, or the effeas of
other falts, m confequence of a double
eledive attradion. One might add frefh
nitrous acid to the feparated fait, or to the
whole mixture, without any feparation of
the nitrous fait, till the earthy fait, which
does not contain nitrous acid, be faturated.
Were the vinegar unaltered, it would di-
ftil off; if it were converted into acid of
fugar, it would not be diflodged from the
lime by nitrous acid.

In like manner, diftilled or Weftendorfs
vinegar, fhould be faturated with chalk

;

the compound fhould be reduced to cry-
ftals, and then expofed to as ftrong a fire
as it can bear without the expulfion of
tthe acid, in order to feparate fome of the
iphlogiftic particles. Next, let it be dif-
ifolved, filtered, and fet to cryftallift again

;

alien let it be treated with nitrous acid!
The vinegar may, perhaps, by fuch a com-

bination,
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bination, acquire more fixity; fo that the

nitrous acid {hall be able to produce a

greater change. Should it pafs over again

in the form of vinegar, let it be combi-

ned once more with calcareous earth, and

let the foregoing experiment be repeated,

in order to try whether fome fenfible

change will not enfue. Should this me-

thod fail, let the oppofite be tried
;
endea-

vour to add more grofs phlogiftic matter

to the vinegar; try to combine ftrong

vinegar, and that of Weftendorf, with

unctuous oils {See Macquers Ditt. Th. 2.

f.
126. G. 7.) as, for instance, with oil

from tartar, by means of digeftion or di-

ftillation ;
and afterwards it may be join-

ed with calcareous earth. Thus we might

attempt to bring it nearer to tartar, and

again, by means of nitrous acid, to con-

vert it into acid of fugar.

#

t

Extract
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Extract of a Letterfrom Dr Crell to Mr
D’Arcet *.

The chemilts have always been much
occupied in the inveftigation of the na-
ture of the vegetable acids

; and the dif-
covery of their conftituent parts would
certainly be an highly interefting event.
I think I can fhew that theyonay all be
converted into one

; and that this primi-
tive acid is contained in the pureft fpirit
of wine. The following are my proofs :

1. If the refiduum of dulcified fpirit of
nitre be boiled with a large quantity of
nitrous acid, care being at the fame time
taken to condenfe the vapours by a proper
apparatus; and if the liquid which has
[palled over be faturated with vegetable al-
lkali, nitre and terra foliata tartari will be
obtained. If the latter be feparated by
imeans of fpirit of wine, the vinegar may
he got by the ordinary procefs.

2. Upon boiling the refiduum over again
with nitrous acid, the fame products are
obtained. The oftener this procefs is re-
peated, the lefs is procured of acid of fu-
gar, and at length no veftige of it is to
oe found.

3. If pure acid of fugar, completely
firmed, be boiled with twelve or fourteen
Vol. I. B b times
Journal de Phyfique. Oftob. 1785. p. 297.
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times its quantity of nitrous acid,, the for-

mer difappears, and the receiver is found

to contain phlogifticated nitrous acid, vi-

negar, aerial acid, phlogifticated air
;
and

in the retort there remains a little calcare-

ous earth.

4. If acid of fugar be boiled with fix

times its quantity of vitriolic acid, there

are found in the receiver, vinegar, phlogi-

fticated vitriolic acid, aerial acid, and in

the receiver pure vitriolic acid.

5. By faturating the refiduum of dulci-

fied fpirit of nitre with chalk, there is

formed an infoluble fait, which, on being

treated with vitriolic acid, yields a real

acid of tartar ;
for, with vegetable alkali,

it conftitutes cream of tartar.
.

6. If the liquor, from which the tar-

tarifed lime (tartareous felenite) was pro-

cured, be evaporated, there will remain a

dark-coloured matter, which yields, on

diftillation, empyreumatic acid of tartar,

and a fpongy coal. Hence it appears,

that fpirit of wine confifts of acid of tar-

tar, of water, and phlogifton ;
fo that it

is a native dulcified acid; and nitrous acid,

on being mixed with it in moderate^

quantity, diflodges the acid of tartar,

more nitrous acid be added, the acid of
^

tartar is converted into acid of fugar and ,

phlogifton ;
and, by adding a new por-

1
tion
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tion of nitrous acid, the acid of fugar is
changed into vinegar.

7* if one part of acid of fugar, toge-
ther with one and one half part of man-
ganefe, be boiled with a fufEcient quan-
tity of nitrous acid, the manganefe will
be almoft entirely diflolved, and vinegar,
with phlogiflicated nitrous acid, pafs over
into the receiver.

8. If acid of tartar and manganefe be
boiled with vitriolic acid, the manganefe
will be diflolved, and vinegar, with vi-
triolic acid, be obtained.

9. When acid of tartar, manganefe and
nitrous acid, are boiled together, the man-
ganefe is diflolved, and vinegar, together
with phlogiflicated nitrous acid, is ob-
tained.

i o* If acid of tartar and fpirit of wine
be digefled together for feveral months,
the whole is converted into vinegar, and
the air in the veffel becomes partly fixed,
and partly phlogiflicated air.

ii* If fpirit of wine be boiled with vi-
triolic acid and manganefe, it will be con-
verted into vinegar, and phlogiflicated
air.

.
• /

12. Spirit of wine, by being diflilled
upwards of twenty times from off cauftic
alkali was changed into vinegar, and a
confiderable quantity of water was ob-
tained.

B b 2 Hence
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Hence it follows, that the acids of tar-

tar, and fugar, and vinegar, are modifi-

cations of the fame acid, as it contains

more or lefs phlogifton. The acid of

tartar has the greateft quantity
;

the acid

of fugar, a little lefs
;
and vinegar has the

fmalleft quantity. In thefe experiments,

it is neceflary to employ nitrous acid and

fixed alkali, without any admixture of ma-

rine acid
;
otherwife the obferver will be

led into miftakes.

14. By diftilling vitriolic acid from off

manganefe, an acid is obtained, which is

alone capable of diffolving gold, filver,

and mercury, very readily.

The analyfis of camphor has been en-

tered upon. By feveral diflillations with

red bole, a fubftance like an aethereal oil is

obtained. . It has all the properties of

fuch an oil, being foluble in fpirit of

wine, and feparable again on the affufion

of water.

On diftilling dephlogifticated nitrous

acid eight times with camphor, a fait is

obtained in the form of a parallelopiped,

having an acid and bitter tafte, and

changing the juice of violets and turnfol

to red. This fait, when combined with

vegetable alkali, aftumes an hexagonal

form, yields regular cryftals, with foilil

alkali ;
and, with volatile alkali, confti-

tutes partly cryftalline mafles, and partly

acicular
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acicular and prifmatic cryftals
; with

magnefia, it forms a white powder, which
diffolves in water. It diffolves copper
and iron. The latter folution yields, upon
evaporation, a yellowifh white powder,
which is infoluble. It likewife diffolves

. zinc, bifmuth, arfenic and cobalt. With
manganefe, it forms cryftals, of which
the planes are parallel, and which, in

fome meafure, refemble bafaltes. It does
not precipitate lime from the marine a-

cid, a circumftance, which, together with
its effects on iron and magnefia, diflin-

guilhes it from acid of fugar.

According to Mr Weftrumb’s analyfis,

a refin may be obtained from the refidu-

um of vitriolic aether, which contains vi-

triolic acid, vinegar, Glauber’s fait, lele-

nite, calcareous earth, filex, iron, and
phofphoric acid.

Three varieties of zeolite have been
difcovered in the mountains of the Hartz,
and the Tourmalin, or Mount Gothard
in Switzerland.

In Cornwall, two mines have been
found, extremely rich in the new mine-
ral or acid, tungflein, which the experi-

ment of Bergmann and Scheele have ren-
dered fo famous.

PrufTian blue is half compofed of iron,

although Bergmann has maintained the

contrary.

Bb
.3



Mr Scheele has juft difcovered, that the

fait obtained from urine, and known un-

der the name of acidum perlatum
,

is not a

peculiar acid ;
but that it is only phof-

phoric acid, difguifed by a fmall quanti-

ty of foflil alkali, that is united with it.

The analyfis is confirmed by fynthefis ;

for, by combining foflil alkali, with phof-

phoric acid, the author has obtained a true

perlate acid. Journal de Phyfiquey p. 316,

Ottobre 1785.

Disser-
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Dissertation on Prussian Blue.

Part II. 1783.

§ XI.

(a) I 'HE colouring liquor rectified, as

directed in the preceding para-

graph (p. 335.)) appears to be neither acid

nor alkaline ;
for it neither reddens pa-

per dyed with laemus, nor does it re-

ftore the colour of fuch paper after it has

been made red 3 but it renders turbid the

folutions of foap and hepar fulphuris.

(b) The fame liquor, mixed with fixed al-

kali, produces a compound, which, though

it contains a fuperabundance of the co-

louring matter, reftores the blue colour

of paper reddened by an acid. If this

compound be diflilled to drynefs, there

goes as much of the colouring matter over

as can difengage itfelf from the alkali.

The refiduum is foluble in water, arid

the folution has all the properties of the

belt lixivium fanguinis. This folution is

decompofed by all acids, even by the aeri-

al acid (§ 111.). (c) Combined with cau-

ftic volatile alkali, it forms a kind of am-
moniacal fait, which has the fmell of vo-

latile alkali, though the colouring matter

be fuperabundai’it in the compound. This

fait inftantly rifes by diflillation, and there

B b 4 remains
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metallic folutions, except upon nitrated

filver, which is precipitated in the form
of a white powder

;
nitrated mercury,

which is precipitated in the form of a

black powder
;
and the folution of iron

in aerial acid, which is precipitated firfl

of a fea-green colour, but at lad changes
to a blue colour. The other metallic fo-

lutions undergo no change. (b) This

matter has a more fenfible a&ion upon
the calces and metallic precipitates : All

the calces, however, are not attacked; for

it produces no effect upon the calces of

platinum, tin, lead, bifmuth, iron, man*
ganefe, and antimony

;
as little does it

acf upon the acids of molybdama and of

arfenic. The following are the pheno-
mena which it prefents with the other

metallic calces : Gold, precipitated by
aerated alkali, becomes white. From {li-

ver, precipitated by the fame alkalis, it

difengages the aerial acid with a flight ef-

fervefcence, but the calx preferves its

white colour. It diffolves the calx of quick-

filver, and yields cryftals by means of a

gentle evaporation. The calx of copper,

precipitated by aerated alkali, effervefces,

and affumes a faint citron colour. Calx

of iron, precipitated from its folution in

the vitriolic acid by the fame alkali, ef-

fervefces, and affumes a dark blue colour.

Precipitated cobalt fhews fome figns of

an
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an effervefcence, and changes into a yel-

lowilh brown colour. Calx of manga-
nefe, precipitated from its folution by
aerated alkali, is not attacked.

§ XIII.

The precipitating liquor (§ xi. g) adting

upon the metallic folutions by means of

a double elective attradlion, muft prefent

phenomena with thefe folutions different

from thofe which the pure colouring mat-

ter produces, (a) If a quantity of this

liquor be poured into a well faturated fo-

lution of gold, the gold precipitates in the

form of a white powder ;
but if it be

added in excefs, the precipitate will be

rediffolved. This folution is colourlefs,

like water. The precipitate is not foluble

in acids. (b) The folution of platinum is

not changed, (c) Silver is precipitated

of a white colour, and of a confiflence like

that of cheefe. If more of the liquor

be added, the precipitate is rediffolved.

This folution is not decompofed either by

fal ammoniac or by muriatic acid. The
white precipitate is infoluble in acids.

(d) Corrofive fublimate feems to undergo

no change on pouring this liquor into a

folution of it, though it is really decom-

pofed, being, of all the metallic calces,

the only one which can be diffolved by

the colouring matter (§ xn. b). (e) Mer-
cury
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cury diffolved in nitrous acid, without
the application of heat, is precipitated in

the form of a black powder,- which is re-

duced mercury, (f) Tin diffolved in aqua
regia is precipitated of a white colour

;
but

as the mixture gave out a fmell very

much refembling the fmell of the colour-

ing matter, I examined the precipitate,

and found that it was nothing but the

pure calx of tin foluble in acids, (g)
The folution of bifmuth fhewed the fame
phenomena, (h) The liquor alfo produ-

ced the fame effects upon the folution of

butter of antimony
;

(i) as likewife upon
the folution of well dephlogifticated calx

of iron, (k) Vitriolated copper, diffolved

in water, was precipitated of a yellow ci-

tron colour. If more of the precipitating

liquor be added, the precipitate will be

rediffolved, and this folution will be co-

lourlefs. This precipitate likewife dif-

folves in volatile alkali without any co-

lour. If more of the folution of vitrio-

lated copper be added, the precipitate like-

wife difappears, and the folution affumes

a green colour. Acids diffolve a portion

of this precipitate, and what remains of

it is white. The muriatic acid diffolves

the yellow precipitate completely ;
but it

is again precipitated by water, (l) The

folution of vitriol of zinc in water yields

a white precipitate, which is not redif-

folved
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folved on 'adding more of the precipitating

liquor ;
but it is foluble in acids. Thefe

foliations have the fmell of the colouring

matter, which latter may really be fepa-

rated from them by diftillation. (m) Vi-

triol of iron is firft precipitated of a yel-

lowifh brown colour, which foon changes

to green, and then becomes blue on the

furface. Some hours afterwards the preci-

pitate fubfides to the bottom of the veifels,

and then the whole mixture turns blue j

but, on adding any acid, the precipitate

becomes inftantly blue. If a very fmall

quantity of vitriolated iron be put in-

to the precipitating liquor, the precipi-

tate entirely diifolves, and imparts to the

mixture a yellow colour (§ 11. A, c). (n)

From the folution of cobalt, a brown yel-

low precipitate is thrown down, which
does not difTolve on adding more of the

precipitating liquor
; neither will it dif-

folve in acids, (o) Lead difTolved in vine-

gar is precipitated in the form of a white
powder, which more liquor does not dif-

folve
;

but, when well edulcorated, it is

foluble in acids. If the folution be di-

ftilled, the colouring matter goes over in-

to the receiver.

(p) Vitriolated manganefe fuffers no de-

compohtion.

§ xiv.
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§ xiv. On the conjlitucnt Parts of the co-

louring Matter.

I met by accident witli a very remark-
able phenomenon : As I was one evening
about to pour the liquor of the firft diftil-

lation of the colouring matter out of the

receiver into a bottle (§ vi.), and a burn-
ing candle happened to be (landing near
the orifice, the air contained in the

receiver inftantly took (ire, without, how-
ever, any explofion. As long as the mafs
continued warm in the receiver, (for the

diflillation was forced rather a little too

much), I was able to inflame this air fe-

veral times, till at laft it would no more
take fire. As all the phlogiftic fubftances,

from the vegetable as well as animal king-

dom, contain aerial acid as one of their

condiment parts, I wiflied to know whe-
ther there was any of this acid contained

in the colouring matter. I therefore filled

a fmall retort half full with this latter,

and, after applying a receiver, gave it

immediately a pretty flrong heat. The
receiver foon grew hot, and as it was at

the fame time filled with thick vapours of

the colouring matter, I feparated it from the

retort, and prefenced to its orifice a little

burning fulphur *, which I introduced

even

* When we make ufe of a candle for this purpofe,

we can never be fure that the aerial acid does not

come
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even into its cavity. The air in the

receiver took fire inftantly. I after-

wards poured fome very clear lime-water

into it, which was immediately pre-

cipitated. Hence it may be concluded,

that the aerial acid and phlogifton exift

in this colouring rnatter. But feveral

chemifts having aflferted that the Pruf-

fian blue conftantly yields volatile alkali

upon diftillation, in order to verify this

obfervation, I prepared on purpofe fome
perfectly pure Pruflian blue from vitriol

of iron, and from the precipitating li-

quor.

§ xv.

I diddled this Pruflian blue in a glafs

retort, to which I adapted a receiver, in

which I had put a little diftilled water.

I pufhed the fire till the bottom of the

retort was red hot. After the diftillation

was over, I found that the water in the

receiver contained colouring matter and
volatile alkali, but no oil. The air in the

receiver was impregnated with the fame

matter, and with aerial acid. What re-

mained in the retort was black, and obey-

ed the loadftone. It therefore appears,

that

come either from the tallow or from the wick. I was

thus deceived feveral times, on fetting fire to inflam-

mable air. It is, therefore, better to ufe a little brim-

ftone fixed upon the end of an iron wire.
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that the volatile alkali enters into the com-
pofition of the colouring matter. I thought
it, however,, of importance to examine
what phenomena the other metallic pre-

cipitations, prepared with the fame pre-

cipitating liquor, would fhew when didd-
led in the fame manner, (b) The yellow
brown precipitate of cobalt (§ xm. n)
yielded juft the fame produdts as the pre-

cipitate of iron. The refiduum in the re-

tort was black. (c) The yellow preci-

pitate of copper took fire, and emitted,

from time to time, flight fparks during
the diftillation. It yielded but a very
fmall quantity of colouring matter

;
but

much more aerial acid and volatile alkali

than the precipitates before mentioned.

There was likewife a fublimate in the neck
of the retort

;
but in too fmall a quanti-

ty for making experiments. The refi-

duum in the retort was reduced copper.

(d) The precipitate of zinc fhewed the

fame phenomena as Pruffian blue, (e)

The precipitate of filver yielded likewife

volatile alkali and aerial acid, but chief-

ly colouring matter. There was like-

wife a little fublimate in the neck of the

retort, which contained fome filver in

combination. The refiduum was re-

duced filver. (f) The compound ,form-

ed by the calx of mercury diffolved

in the colouring matter, and cryftal-

lifed
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iifed '(§ xii. b), yielded, by means of di-

{tillation, a little of the colouring matter;

but hardly any mark of volatile alkali.

Ln the neck of the retort there was like-

wife fome mercury fublimed, with a por-

tion of the original compound.

(g) Hence' I was difpofed to believe,

that the conftituent parts of the colouring

matter were volatile alkali, and an oily

fubftance. In this opinion I was the more

confirmed, when I faw, that, on -diflol-

ving martial vitriol in fpirit of hartlhorn,

recently diftilled, and adding to it mu-

riatic acid, I obtained Pruflian blue.. I

however diftilled oxes blood, till nothing

more would pafs over into the receiver,

and the retort was red hot. I filtered the

liquor of the receiver, in order to fepa-

rate from it the empyreumatic oil, and

then diffolved a little martial vitriol in it,

and added a fuperabundant quantity of

acid; and thus likewife obtained Pruflian

blue, (h) I then refolved to make feve-

ral experiments, the principal purpofe of

which fhould be, to unite the volatile al-

kali with fome oily fubftance. For this

purpofe, I diftilled a mixture of concrete

volatile alkali and untftuous oil; a mix-

ture of the fame alkali with animal fat

;

and, on another occafion, with oil of tur-

pentine
;
a mixture of quicklime, fal ammo-

piac and axunge ;
the fame mixture with

Vol. I. C c oil
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oil of hartfhorn m

P likewife a mixture of
potafhes, fal ammoniac, and empyreumatic
oil

j

the fame mixture with axunge j but
all in vain* The liquors obtained in the
receiver, which confided of phlegm, mix-
ed with volatile alkali and oil, never
yielded even the flighted mark of Pruflian
blue. Hence I concluded, that, though
aerial acid and phlogidon are obtained e-
very time any oil is decompofed, it at the
fame time contains water intimately com-
bined with the other condituent parts,
and that it is abfolutely neceflary that
this water Ihould be feparated from them,
before a perfedt union of the volatile al-

kali can take place. \Ve knqw that char-
coal-powder, brought into fufion with
fixed alkali, yields likewife a kind of lixi-

vium fanguinis, though weak. I digefl-
ed the colouring matter with concentrated
vitriolic acid, and the mixture remained
colouriefs. If this matter had contained
any oily principle, the mixture would
have become black or brown. Having
reduced fame pulverifed blood, by calci-

nation, to a coal, viz. the refiduum in
the retort (§ xv. g), I mixed with it an
equal quantity of alkali of tartar, and
expofed this mafs in the ordinary man-
ner to a red heat, and thus I obtained a
very good lixivium fanguinis. It is hence
evident, that no oily matter is required

for
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for the produ&ion of the colouring mat-

ter.

1 : .’1 *

„ ?

§ XVI.

Laftly, I made the following experi-

ments* which convinced me of the truth

of my conclufion. I mixed three table-

fpoonfuls of charcoal-powder, with an e-

qual quantity of pulverifed alkali of tar-

tar, and put the mixture into a crucible.

I filled another crucible with a like mix-
ture, and placed both of them at the fame
time upon burning charcoal. I kept them
red hot for a quarter of an hour, and
then threw one of the portions, which
was perfedlly red hot, into eight ounces

of water. At the fame time, I put into

,

the other half an ounce of fal ammoniac, in

fmall pieces, agitated the whole brifkly

together, taking care at the fame time to

pufh the fal ammoniac down towards the

bottom of the crucible, which I then a-

gain placed in the fire. Obferving, a

couple of minutes afterwards, that there

arofe even then no more ammoniacal va-

pours, I threw the whole mafs, red hot as

it was, into eight ounces of water. I

now filtered the firft lixivium, and trying

it in the ordinary way, with vitriol of

iron and acids, it yielded little or no Pruf-

fian blue, (or at leaft not any fenfible quan-
tity)

;
but it would perhaps have yielded

a
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a little, if the fire had been pulhed till the

mafs ran into fufion. I now filtered the fe-

cond lixivium, and tried it in the fame
manner, with vitriol of iron, which im-
mediately grew yellow, as if lixivium fan-

guinis had been added ; and, on adding a

fufficient quantity of acid, the fame phe-
nomena were obferved, as the beft lixi-

vium fanguinis would have produced, and
a great quantity of Pruflian blue was pro-

cured. I mixed plumbago with the fame
alkali, and proceeding in the fame man-
ner with fal ammoniac, obtained a mid-
dling lixivium. From thefe experiments,

it appears, that the volatile alkali is ca-

pable of uniting with the carbonaceous

matter, after it has been fubtilifed by a

ftrong heat
;
that it thus acquires the re-

markable property of combining fo firm-

ly with alkali of tartar, as to be able to

fupport the moft violent degree of heat,

(§ xi. b) j and when this alkali is diffol-

ved in water, there is obtained lixivium

fanguinis, as it is called. It is now eafy

to explain what happens in the diftillation

of Pruflian blue, as well as of the other

above mentioned metallic precipitates,

(§ xv. A—f). In the diftillation of Pruf*

flan blue, for inftance, the calx of iron

attradls a portion of phlogifton from the

colouring matter. The aerial acid being

thus difengaged, muft go over into the

receiver
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receiver with the volatile alkali, which is

fet free at the fame inftant
;
but as the

calx of iron in the heat of this diftillation

cannot unite with more phlogifton, a por-

tion of the colouring matter, not decom-
pofed, muft likewife arife. If the calx of

iron could combine with the whole of

the phlogifton, there would come nothing

over into the receiver, but aerial acid and
volatile alkali. In order to prove this, I

diftilled a mixture of fix parts of manga-
nefe, finely powdered, and one part of

pulverifed Pruflian blue, and I obtained

in the receiver nothing but aerated vola-

tile alkali, without the leaft mark of co-

louring matter.

It may be obferved, 1. That it is pro-

bable that this matter may be made to af-

fume aerial form, though I have lutherto

not been able to effedl this.

2. It is remarkable, that our colour-

ing matter, after it has united with the

alkali, or with the lime, forms a men-
ftruum, capable not only of diffolving

metallic calces, but alfo of conflituting

a triple fait, which is not decompofed
by the aerial acid, as happens with the

lixivium fanguinis and the precipitating

liquor, when expofed to the free accefs of

air. Iron is not the only metal which
has the property of fixing the colouring

matter (§ 11. c), the fame quality belongs
* likewife












