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Since air then is a conftituent principle
of all thefe, and neceflary towards their
acid charafter, and fince the marine acid
affords no contradictory inftance, it is per-

_fe@ly conformable tot he tenour of nature,

that acetous aced fhould contain air and
poflefs thé acid charader, as much by
virtue of this air as of any cther matter of
it ; and as the union of a fpecific matter
with phlogifton, makes f{ulphur, but with
air, vitriclic acid; ‘or as the union of a
certain kind of matter with phlogifton,
malkes phofphorus, but with air, phofpho-
ric acid; it is perfe@ly conformable to
the known nature of acids, that the pe-
culiar matter which diftinguifhes the ace-
tous from other acids, fhould attra&® phlo-
gifton, and in this union exhibit none of
the acid chara&ers, but appear as an oily
or camphorous or refinous fubftance, bear-

dng ftrong refemblance, in divers proper-

tigs, to fulphur or phofphorus, and a
weaker fimilitude only when it is over-
\me‘m\,d with other matter, as it is
in fpzrlts, fugar, gums, vegetables, foffile
coal; &c,; and ﬁna.lly that by recciying ;

empyreal
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é‘mpyrééﬂ air, and depofiting a part of its
phlogiftion, it thould aflume the acid cha-
raéters that appear in acetous and other ve-
getable acids and in fixable air. X
1In {p'eaking of fulphar, the fubjedts
which claimed my chief attention, did
not require that I thould deviate from the
common notion of its being compofed of
mere acid matter and phlogifton; but it
is now expedient to declare that in a great
number of experiments it appears to me
that fulphur contains a {fmall portion of
our oily matter; and it is owing to the
prevalence of the vitriolic acid, that the
fmall* quantity of fixable air, which is
formed during the combuftion of fulphur,
does not fhew itfelf by the teft of lime
water prefented to the acid vapour.

Indu&ive reafoning is ever liable to
error, but approaches the nearer to be con-
clufive, as the indu&ion is more general,
free from experimental exception, and ap-
plicable in the folution of phenomena,
which do not appear to be explicable

N 4 upon
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upon any other  general ground Thc
matter of this fe@ion then is to be con-
fidered rather as a tef’c and probatlon of
my notions concerning acetous acid, fix-
(able air, oil, and denfe inflammable air, than
‘as an attempt towards explaining, in fo
fmall a compa:{'s, all the phenomena that
have been notxced on thlS occafion.

The terms which have been hithetto
ufed by chemical writers, are in many in-
ftances utterly unfit for thefe difcuflions,
and  render them as cmbarraﬁmg to the
writer, as they may be obfeure to an in-
attentive or captious reader. = The moft
correct of our writers have felt this 1ncon-
venience ; and until the new notions are
adopted by general confent, philofophers
will rather continue to read with candour
and indulgence, than encourage the prema-
ture mtrodué‘txon of new terms.

S E Cs
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SECTION XL

Experiments and QObfervations on HAcetous
Compounds Containing Volatile Alkali;’
and Reflections on the Varieties Analyfis
and Produéts of divers Subffances.

t
HE new and unexpefted appear-
ances which occurred to me in my
firft experiments on acctated volatile al-
kali, prompted me to repeat them often
on a very large fcale, and to vary them fo
much, that a full detail of all that relates
to them cannot be introduced in this eflay.

T fhall however give a fummary view of

the partlculars which feem to be remark-

able, either for their novelty or their ap-
titude to our purpofe of tracing the prin-
ciples and properties of acetous acid.

The water inherent in the concentrated
acetous acid and in the re@ified volatile
alkaline falt of {al ammoniac, is fufficient
to keep the neutral falt which they form,
» in pcrfgét folution. But the neutral li-
1 i - quor
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quor fhews a confiderable degree of tena-
city or fpiffitude, although it be colourlefs
and tranfparent ;

( In neutralizing the acid with a cauftic
volatile. alkaline diquor, confifting of fix
parts of water and one of mere alkali, the heat
excited amounts to 150°; and as the alkali
ufed is fironger the heat is greater. The
denfe white fume which clouds the vef-
{els in which this mixture is made, con-
fifts chiefly of neutral falt formed by the
-union of the acid vapour with the alkaline
air which continually iflues from the al-
kadline liquor when it is preﬁ'ed by the at-

mofphere only, without any mtermedlate
zmpervmus body.

The uncommon duration of this denfe
white vapour, or the flow condenfation of
it into a neatral falt, implies a flow extri-
cation of the proper fixed fire of the acid
vapour and alkaline air in confequence of
the counteration of contrary powers.
For the parts of ‘the acid and alkali tend
to retain their rcfpe&xvc pOrtlons of fire,

though

b
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with a part of the neutral falt which paﬁ'cs
over along with the watery vapour, and
of which the quantlty is greateft in quick
diftillation, but rarcly exceeds one eighth
of the neutral falt employed.

What follows, is for a moment neutral,
but after a few drops, iflues ftrongly acid
to the tafte, and confifts of water, ace-
tous acid and neutral falt, a part of which
cryftalizes in the acid liquor, in cooling ;
and the produt is of this kind, until the
original charge is reduced to about half its
bulk.

Afterthis, thematterin the retortbecomes
neutral, and then concrete and cryf’ca]mc
by cooling : But by flow fublimation it
forms long flender flatted cryftals termina-
ting in fharp points, fhooting from the
fides of the veflels in divers directions, ir-
regularly piled on each other, but leaving
large interftices, and having no predomi-
nance of acid oralkali, to the tafte : Their
hue 1s pearly white, and their length fel-
- : dom

&
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dom exceeds an inch and exght tcnths, bu:
1s ‘much lefs in hafty {ublimation.

The cryftals which form towards the con-
clufion of the procefs are not fo white as the
former, and the laft of all are yellow, as
if ftained with oil. A very thin cruft of
fixed black matter always remains at the
bottom of the retort, adhering ﬁrmly to it,
and too fmall in quantity to admit of ftrict
examination.

The white cryftals have a peculiar {fmell,
which differs confiderably from that of the
yellow, which is a little offenfive, and not
unlike that of the {fmoak that iffues during
the Tcombuftion of fucculent vegetables
for potath. Thus the neutral liquor af-
fords firlt the volatile alkaline odour, then
the acid varioufly modified, then divers
gradations in the {mell of the neutral {ub-
limate, until it becomes empyreumatic.

When a weak folution of acetated vola-
tile alkali in water, fuch as may be made
 with acetous acid and the cauftic volatile
fpirit
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fpirit of fal ammonmc, is ﬂow]y diftilled,.
the volatile alkari anfes in greater quantity,
in the beginning of the diftillation, and
requires fome water. to be prefented in the
{receivers, in ‘o;_dcr to condenfe it, until a
{ufficient quantity of watery vapour iffues
along with it from the charge. “This al-
kalized. watér fcrves to neutralize the acid
“liquor ‘which follows it, until the matter
i femaining 1n the retort becomes neuatral..
Although the. greater part of the acetated
volatlle alkaline fal¢ is~thus decompofed
in diftillation with water, yet a.confider-
able fhare of it may, in this procefs, be de-
phlegmated, becaufe it is lefs volatile than
water. But for this purpofe the diftilla-
tion muft be very flow ; otherwile the
difference in. volatility is not fufficient to

to prevent the falt from paﬁing over alefig
with the water,

+ The whiteft cryfals, heated . again in
clofe veflels, melt and {ubhmc into white
cryftals like the former, until the charge
is reduced to about % or lefs; then the

5

fubhmate {h\.WS a Vel}owﬂh tlﬂt Wthh

encreafes
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encreafes to the end, and a black ftain is
left on the bottom of the retort, but no-
thmg elfe that merits any confideration in
regard to the quantity of the charge.

The yellow cryftals fublimed again, af-
ford a white fublimate at firft; but to-
wards tljc middle of the procéfs the cryf-
-talls'_la,_ﬁ”_ formed incline to yellownefs,
which encreafes gradually in every fuccef=
five crop. The bottom of the retort thews
a ftain or film which blackens it, but not
any quantity “of fixed refidue that the ten-
dereft balance could fhew in weighing
the whole charge. :

About this period of the procefs, the air
in the veflels becomes impregnated with
fixable air mixed with a fmall quantity of
inflamable air, the caufe of which will be
confidered hereafter.

The fame phenomena occur in the fifth
fixth and feventh fublimation of thefe
cryftals, by a very gentle and fleady heat.

<+

- *The
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- The quantity of alkali predominating i in
thc firft produ& by diftillation from the
acetated volatile alkaline | liquor, is greater
as the diftillation is more flowly con-
rdu@ed. In this cafe, that part alfo which
diftills w:th excefls of acid is greater, and
bccomes ftrong "even to caufhmty about
‘the time whcn the neutral dephlegmated
refidue is fit to concrete by cooling : and
the portlon of neutral falt, which rifes along -
with the alkaline and acid liquors, is, in
this circumftance, fmaller than it ever is
found in quick diftillations.

Acetated volatile alkali, in its drj cryfta-
line form, and perfe@ly purified by _ﬁ_be
fublimations, melts at the temperatiire of
170, and fublimes at 250 or thcrcabouts
It is combuftible, very deliquefcent, and im-
prefles the tongue firft with a fenfe of cold-
nefs and then of {weetnefs, which is foofi fol -
lowed by the kind of tafte that may be given
by a mixtdre of nitre and fugar, in which
the fweet is not to predominate over theé
mawKkifh tatte of nitre.

- ’T_he {






[ =8k i3
confiderable attention, in the ordinary ufe
of the folution of filver, to dete@® marine
and vitriolic impregnations. :

“ The falt compofed of acetous acid and
volatile alkali, can not be decompofed by
lime as- it.is r'é:prefented in Bergman’s
Tables,

A {mall portion of lime combines with
the falt, and expells a little of that part of
its volatile alkali which is fo weakly re-
tained in the acetous falt, that it iffues, as
we have obferved, even before the water,
in the diftillation of folutions of this falt.

Every ounce of the neutral falt com-
bines with a penny-weight of the lime,
and the liquor ho]dihg a falt of three che-
mical principles, viz. acetous acid, vola-
tile alkali, and lime, may be evaporated to
the confiftence of olive oil, without depo-
fiting any lime or lofing any of the faline
ingredients. ‘The tafle of the neutral falt
is totally altered by this affociation with
lime ; and the lime may be recovered by .

' precipitation

- .le.
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pmc:p;tatmn with fixed alkali, and will
then form felinite with vitriolic acid ; fo
that it undergoes no alteration.

Magnefia operates in a fimilar mannet,
with the acetated volatile alkali; and when
the falt of three principl'es, whether hold-
ing lime or magnefia, is gradually heated
_in clofe veflels, the chief part of the ace-
tated jvolatile alkali fublimes, white at firft
and afterwards coloured ; but that part
which is detained in the earthy matter un-
til it fuftains a greater heat, is partially at
firft, and towards the end totally decom:-
pofed, when the heat is increafed. The
volatile alkali mixes with the oily and
watery produ&, which is fimilar to that
of acetous acid in other experiments s and
the quantity of fixable and inflammable
air, is proportionate to that of the acid
detained, until it fuftains that heat which
alone is in all cafes {ufficient for the con-
verfion of acetous acid to water, cil, fixable
and inflammable air.

= Oz, Ia



[ rg6n 13V
" In this treatment of acetated volatile al-
kali, the fmell and tafte are incredibly va-
ried, with every change of progorti@@gaé of
the degree of hcat which the prmc: plcs of it
undergo. ; i S 3 ‘

w i na

The refiduary lime or magnefia in fuch
diftillations, has all the appeatances:and
properties of the like refidues from ace-
_tous calcareous falt or acetated magnefia.

The facility with which volatile alkali
efcapes, in a very weak heat, from acetous
acid, when their union- is weakened, by
water, implies that the like decompofition
may more eafily be effected when the acid -
is held by matter which attra&s it more
forcibly than water, and the alkali meets
' fixable ait or other matter, To that the extri-

~cation of the acid from the alkali may. be
effeéted by compoand affinities : and on

this ground we may account for the pro-

du& of volatile alkali in the diftillation ¢f

muftard, opinm, tobacco, and .of diyers.

other vegetable fubftances, whofe decoc-.

Aions and infufions ape: meutral, and w,hxch
certainly
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ceﬂgml;y contain all the priaciples of ace-
tous acid, becaufe they yield fixable airy
inflammable air, and oil in diftillation.

The fame properties of acetated vojatilt:;
alkali, and its extreme volatility in diftilla
tion coftion or fublimation, affifts us in
explaining the changes which, to the fur-
prize of the ableft chemifts, are produced
by the coction or diftillation of divers ve-

~ getables, particularly thofe arranged in the
Materia Medica 'under the head of Anti-
{fcorbutics, and lead us to a true analyfis
which fhall exhibit the quantity of this
volatile falt or of its principles, as well as
that of the earthy watery and fixed faline
matter already difcovered in. vegetable
bodies. © We fee that the puret oily mat-
ter of vegetables, confifting of phlogifton
and the acid principle of acetous acid, and
which fpontaneoufly exhales and diffufes
itfelf in air, maintains a great part of its
volatility and odoriferous quality even in
conjunction with volatile alkali ; and no-
thing but experiment is wanting to thew

- .wolatde alkali, or other matter, acng a
O3 fimilar
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fimilar part in the compofition of the oily
fublimates refembling camphor, or ben-
zoin flowers, and in the more faline fubli-
mates from vc‘getabfc fub&ances',“ all of -
which abound with our oily matter.

The appetence ‘of fire which we con-
ftantly experience in fixable air, and the
confequent facility with which it is ex-
pelled from bodies by fire; the like ap-
petence of the phlogiftic and acid matter
of acetous acid, and the incapacity of even
ﬁxed alkalies to retain them under the im-
p'rcﬂion of fire ; the efcape of acetous acid
during the co@aon of the folution of
acetated vegetable alkali; and in a.word
the recited properties of acetated volatile
alkali, point out to us the laws of attrac-
tion, or ultimate reafon in natural philofo-
phy, by which we are to account for the
alkaline, acid, neutral, aerial, and fixed
produdts, fo diflimilar in property and
quantity, which the very fame fubftan-
ces have been found to yield in co&ion,
fermentation, putrefaétion, diﬂlllatxon e
s and in other procefies. b

The
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: 'Thé fingular relation of acetous acid to
volatile alkali, lime, and magnefian earth,
whereby three or more of thefe may be held
- in the fame falt, is to be confidered only as
one of many inftances of the capacity of
this acid to form faling bodies uncom-
monly compounded, infeparable by the ufu-
al: arts of cryftalifation, and partially or
totally convertible by heat. This is to be
enumerated amongft the caufes which pro-
duce that wonderful variety in {ubftances,
every one of which abounds with the prin-
ciples of acetous acid; and it is alio to be
ranked amongft the impediments to a com-
pleat analyfis of vegetable bodies.

But although volatile alkali, induces the
varieties and appearances lately mentioned
in acetous compounds, it is to be ebferved,
that it is not more effeGual than water in
impeding the converfion of the acetous
acid by fire; for fo much of the acetated
volatile alkali, as is duly igitned in any
procefs; undergoes the fame decompofition
-that happens to other acetous compounds ;
and nothing has yet been difcovered that

O 4 : can
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can prevent this converﬁon of the acetous
acid by Hrctic Wl el o

~ There is no difficulty, therefore, in ac-
counting for the ftain left on the retort in
fubliming acetated volatile alkali ; for the
moats and duft which it muft neceffarily
catch from the air, in charging, or from
the retort, however clean it may appear, ad-

ded to the matter abraded from the glafs

during the opcra%ion, and aided by the at=

T il Stk e

traction of the veflel to the falt, are fufficient S

‘to ‘detain a {meall quantity of the acetous
compound, until it acquires” the heat in
which cvery fixed matter becomes flained

with the refiduary oily matter of igrited

-acetous acid. This notion of the phéno-

menon is fupported by the appearance of

fixable air mixed with a little inflammable

air, at this period of the procefs.

The varieties of fmell and tafte which
an acetous falt exhibits in confequence of
variations in the proportions of its princi-

ples, ferve to thew, that in the analyfis of ve- =

getable and other bodies which differ gréatly

& ,-J‘-_
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Preparatory Experiments on red Leéd;’" Lith-
rage and Lead, and Eftimate of the matter

tmbibed or expelled in calcination and res
duttion, *

WITH a view to the following experi-

ments with calces of lead and acetous
acid, I made very accurate affays of lith-
rage and red lead, the particulars of
which I omit, as it will be fufficient for my

prefent  purpofe to ftate the following
fadts; - '

The ordinaty red lead of our manufa@o-=
ries, muft be flowly dried in a heat not ex-
ceeding 150 degrees, before the weight
can be aicertained with accuracy, After
this the quantity of water that can be ob-
tained from it in a greater heat is very in=
confiderable, even when the heat is fuffici-
ent toexpel fome of the fixable, phlogiftic,
andempyreal air of this calx.For éxperimen-
tal ufe, it is therefore {ufficient to expofe it °

i
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in thin firata to the heat above mentioned
for five ot fix hours ; but then it ought to
be fifted through a fine lawn fieve, in order
to feparate the half calcined lead that is ge~
nerally to be found in it; becaufe, fome
particles of the metal, during the calcina~
tion, incruft themfelves with the calx, and
efcape the a&ion of the air, and the fparks
and coal duft blown from the fire, fall on
the red lead during the procefs, and revive
it fuperficially wherever they meet it duly
heated. For this reafon the quantity of
lead found in the beft affays of ordinary
‘minium is variable, and is always greater
than that which the {fame red leads affords,
after,it has been duly feparated from the
uncalcined part. 1
7680 grains, or 16 ounces of red lead,
yield 683 5.2 grains of lead in reduction; and
therefore 844. 8 grains are, in this tranfi-
tion,expended in the aerial and aqueous pro-
-duds of theprocefs ; provided the reduction
is effected by the mere abftraction of the mat-
ter which was imbibed during the calcina,
tion;and does not require anyfupply ofphle-
4 te
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fton towards thevivid lead. Butif any of the
phlogifton employed in the revival,is imbib-
ed by the metallic earth and retainedin the
lead, then the quantity of aerial and watcry
‘matter expelled from 7680 grains of mini-
‘um muft exceed 844. 8 grains, by this
quantity of. phlogifton.  Whether any, or
what quantity of phlogifton is expelled in
the calcination of lead, is a queftion which
cannot yet be anfwered with precifion. Ac-
cording to the opinion of Mr. Lavoifier,
who doubts of the exiftence of phlogifton,
the calcination is effe@ed by the mere entry,
and combination of empyreal air with the
whole matter of the lead, and the reducion
muft then be confidered as the refult of the
mere abftraction of this air. Mr. Kirvan,
and moft other able philofophers, incline,to
the opinion that the greater part, thoughnot
the whole of -the phlogifton, is expelled in
the'calcination, and muft be fupplied again
from ‘a phlogiftic fubflance durmg the re-
du&zon i

‘After due confideration of ithe fa®s.on
which thefe different opinions have‘been °
foundcd,’_, .
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founded “and of my own experiments, I am

perfuaded that there is no good reafon for

doubting the exiftence of phlogiften in this

and other calcinable metals : but contrary
to the opinion which I had entertained for”
many years, I am forced toadopta new mo-’
tion, that the air imbibed _Eluring the calci-
nation of lead, unites with the phlogiftic and

earthly matter, but expells little or none of
theformer,and that little or none of the phlo-

giﬁoﬁ ufed in the redu&ion of minium,enters

into, or contributes to the weight of the

lead, but that it is almoft wholly expended

in combining with the pure air of the calré

and facilitating the expulfion of it.

Mr- Cavendifh’s experiments fhew, that
the gravitating' matter of light inflam-
mable air is phlegifton ; and the elafticity
“of this fluid, as well as the fire emitted dur-
ing the union of its gravitating matter with
empyreal air to form water, fhew its .af-
finities to firc and empyreal air, and its ap-
titude to render thofe bodies combuftible,
that hold it in combination. . But as lead,
» like other mctals, is combuftible, though

not
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not in fo high a degree aszinc, and as it
. yields inflammable air in folution, though
not fo copiouily as zinc or iron, it manifeftly
contains phlogifton. ‘

In the calcination of mercury in contact
with emp.fair, the latter is imbibed to a
quantity equal to 3 of the weight of the
mercury, as Mr. Lavoifier has thewn ;
but during the calcination nothing is emit-
ted, and by the expulfion of the emp. air,
and without any aid of phlogiftic matter,
the mercury recovers its former metallic
condition. Mercury in thefe experiments,
and the noble metals in others, are found
_capable of imbibing air and becoming, calci-
form without lofing any phlogifton; and all
the appearances that have been thought to
indicate ‘the expulfion of phlogifton, during
- the folution of mercury and of the perfe
metals, are fallacious, fince we know that
the abfira&ion of the pure air from the acid
employed, leaves the remainder of it in that
ftate which we have been ufed to call phlo-~
gi_ﬁ_ic, if not truly phlogifticated.

@

Legﬂ
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Lead diffufed in quick-filver, was found
by Dr. Prieftly to phlogifticate atmofpheric
air, and this is now known to imply that
the lead imbibed empyreal air. ILead thus

-deprived of its aggregation, as it is in fufion,

and frecely expofed to pure air by agitation, .

becomes calciform whilft- it imbibes the
air, but emits nothing that glafs can re-

tain, and confeqnently nothing of the phlo~
giftie kind.

Omitting other analogies and arguments,

. I2m now to obferve that I have frequently

endeavoured to calcine lead in conta&t with
pure empyreal air, and to trace the phlogifton
which is generally fuppofed to be expelled.
Butinfurmountabledifficultiesattendedevery
attempt,and thisone particularly, thatthecalx
firf} formed precluded the air from the melted
lead. So far however as the experiment fuc-

" ceeded, I found an abforption of air, but

no emiflion of any thing like inflammable
air, nor of any notable quantity of water,
which was indeed the expeCted produ&.

The freer and more rapid combuftion of .

. zinc,.indicates a greater quantity of phlo-

gifton
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fhall nét hefitate in affuming the lead of
7680 grains of minium at 6835, 2 grains,
and the other matter at 844, 8§ grains: and
I may on the fame grounds confider the
redution as effected by the mere expulfiohi
of aerial matter, without inducing any con=
fiderable error in the following eftima-
tions.

Dr. Prieftley has thewn that lead expo-
fed to the heat neceflary for its compleat
fuﬁon, becomes Ilthragc in confequence of
the emiffion of a certain quantity of fix-
able air and of purer refpirable air than
that of the atmofpheie. We now exprefs
the fa& in other words and fay, in the tran-
fitiore tor lithragc, red lead yields ﬁxabic
air and .cxnpyreaI air mixed with phlo-
giftic air in quantities which vary in the
{ucceflive portions.

~ As the relative quantity of fixable air is
greateft at the commencement of the pro-
cefs, and gradually becomes lefs as that of
the empyreal air encreafes;  and as this
and other metalic calces are always found

: P 430



@ 3507 3

to hold empyreal air more obftinatély than
fixable or phlogiftic ‘aif, ‘under ignition,
we may fafely conclude that well fufed
lithrage retains as much, or very nearly as
much ‘empyreal air along ‘with a fmall
quantity of phlogiftic air, as it exceeds its
proper lead in weight. i

By the affay I find that 7680 grains of
lithrage y"ie'ld\'6924 of lead; and for the
reafons above mentioned, this quantity of
lead, together with 756 grains of empyreal
and plogiﬁic'ah" are {ufficient to compéfe
7680 grains of hthrage Accordmg to this
PI'OPOI'UOH, 6033 2 grains of lead belong
to 7581. ¢ of Luhrage, as well as to 7680
grains of read lead, which has been found to
contain this quantity of lead ; and therefore
the quantity’by which 768ograinsof redlead
exceed 7581. 5 grains of lithrage, in both
of which the Wegnt of lead is the fame,
is the quant:ty of aerial matter which is ac-
quired in the tranfaction of the lithrage to
red lead, or of that which is expelled by
fufing the red lead until it becoms lithrage,
viz. 8. 5 grains, grains, of which [ find
4 ‘ 24
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24 or lefs to be ﬁxable au‘,i and abou&;*.
& taconﬁﬁ of empyreal air mixed with ‘thc

phlogli’uc

Bcf'orc I dlfmlfs this fubje& 1mntt obfervv
that hthragc by due calcination forms:
red lead, and that I have feen this procefs
conduéed on the great fcale of 2 manufac-
tory.. I alfo can aflirm from experience,
that by diftillation in glafs veflels, we can-
not difcover all that red lead emitsduring the
fufion and® tranfition into the form of
lithrage, becaufe theveflel is always corroded
and perforated, before the central parts of
the charge can be compleatly melted. When
an earthen retort is ufed, the red lead cor-
rodes #t and expels fome aerial matter from
it, and the part of the lithrage which in-
findates itfelf into the pores of the vefiel,
being heated more than the reft of the
charge, and employed in vitrification, lofes
fome of the proper air of lithrage. In
trials of this kind, the quantity of aerial
matter expelled during the fufion of
red lead into hthrage, is much greater

than in the former, and exceeds that which

g we
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we have {tated by eftimation from the beft
aflays. "

1 P

_On.duc conﬁderatxon of the nature of acids,
and of the agency of cmpyreal air in metal-
lic folutions and falts, and of the capacity
of Phofphorus to imbibe empyreal air; the
experiments of Mr. Sage for the revival of
mctals from diluted {olutions by phofpho-

rus, will be found to exhibit nothing re-
pugnant to thofe notions, although he gives
_ a differentinterpretation of the phenomena.
On the contrary we may difcover in thefe
precipitations the. ftricteft conformity with
our do(trine, fince thofe are the moft con{pi-
cuous and compleat, that are effe@ed.in the
folutions of the perfeé metals which lofe no
‘phlogifton by, féLution, or in the folutions
of imperfet metals which yield the {fmalleft
_quantity of inflamable air or phlogifton in
folution. Mr. Pelletier’s experiment for
precipitating reguline arfenic from the folu-
tion of acid of arfenic, by pafling inflam-
.mable ‘air through it, fhews the agency of
~phlogifton and empyreal air in the humid
way, but does not prove that the privation
’ of
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of the phlogxf’con rcduccs arfenic to an aud
or that the addition offrefh phlogifton is ne-
ccﬁ'ary to reftore the arfenic to the reguline
ftate ; much lefs does it ferve to fhew that
lead in calcination lofes its .ph_logi{’rdu, St
that calx of lead muft imbibe and retain the
phlogifton of areducing flux, tieforc it can
form lead. G

In like manner Dr: Prieftly’s ingenious ex-
periment for reviving the calx of lead by
light inflammable air, does not prove that any
of the inflammable air unites with he lead,
but thews that the phlogifton of theinflam~
mable air, ferves to extricate the empyreal
air of the calx; and'from the experiments
of Mr. Cavendifh on empyreal and ‘inflam-
mable air, as well as thofe which follow; this
exfrication feems to beéffected by the con-
verfion of the empyreal air into water, by
means of the phlog:fhc matter of the inflam-
mable air. :

I mention thefe particulars in order to ex-
cite chemifts to a revifion of the phenomena
~on which the do@rine of phlogiftication
"and dephlogiftication of metals has® been

P founded,
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founded and to caution them agamﬂ: a pre-
cipitate condcmnatmn of the notion that
lead lofes little or no phloglﬁon in calcina-
tion, and that its calx imbibes as little from
any phlogiftic body during the redu&ion. If
it were neceflary to the purpofes of our pre-
fent enquiry that I fhould =xprefs my opini-
on,all that happens to lead during the calci-
nation.and reduction, I thould fay, the em-
pyreal air imbibed in calcination, is retained
along with the proper phlogifton of lead, in
2 {tate approaching to that of water, in the
calx; and when bodies which can engage
this empyreal air, and form it into water or
fixable air, are duly adminiftered, it is de.
tached, and leaves the proper phlogifton of
the lead to be retained in its former fate
of combination. 'But if this is not ftrictly
true in regard to the-whole of the phlogifton
of lead, it approximates the truth fufficiently
for every purpofe of our prefent enquiry.

. ¥ s
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1 ﬁ:flaz‘zan of two pounds of red lead wzt&
balf a pound. of cchmted vegetable alkali.

-

¥ AVING found by former experiments
that concentrated acetous acid, whe-
ther dire@tly mixed with a tripfe or quadru-
ple quantity of lithrage or red lead, or ap-
plied to thefe by mixing the acetated vege-
table alkali with them, revived the wholeof
the lead, and yielded at the fame time a great
quantity of denfe inflammable airalong with
the fixable ; and withing to know, firft, the
refult of trials with fmaller quantitics of the
acetous acid, and then the fmalleft quantity
with’which the redu&ion can be cffected
without wafle of inflammable air or phlo-
giftic matter, T proceeded as follows.

Two poundsaverdupeife==13999 grains of
fifted red lead and half a pound,=3499- 75
of my drieft acetated vegetable alkali, were
ground together, and diftllied in a Chelfea
retort. A more compadct veflel was not
ncceﬂarv, becaufe T did not intend to mea-

fure the water, nor aim at any grcat'accu-
A racy
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3% W*f«_gg ¢ cubic inches of inflammable
air were not of the heavieft kind ; but at a
medium of the heavy which iffued firft and
the lighter which was laft expelled, thc
whole weighed about 300 grains. '

Tn the acetous falt employed, the acid and
water amounted to 1739. 396 grains, and
the utmoft quantity of acid, abftracted from
water, was fearcely 869. 698 grains.” But
of this quantity 7.7 grains were of phlogi-
fticated 2air and 300 grains were expended
in making inflamnrable air,and only 561.998
grains contributed to the formationof 1174.
972 grains of fixable air produced from the
the acid, and the empyreal air of thered lead.

- As the experiment and menfuration could
not, for the foregoing reafons, go further
than to approximate the truth, I contented
myfelf with the following inferences.

As the quantity of the acid which con-
tributed 'to the formation of fixable air,
fcarcely amounted to 561. ¢ grains, and the

quantity of fixable air produced frcm this
i and
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and the empyreal air of the red lead, was
1174. 3 grains, this laftair muft have en-
tered into the compofition of the fixable
air and formed one half of its mafs and
weight, ora great deal more. But fince the
portion of acid thus expended, could yield,
by mere ignition’ and without the acid of
the empyreal air of the red lead, a great
- quantity of fixable air, by reafon of the em-
pyreal air which is a conftituent principle
‘of acetous acid; the empyreal air muft have
made near = of the weight of the fiaxble air
found to have been formed of the mere acid
and the empyreal air of the red lead.

As the gravitating matter of empyreal aiy
makes about 3 of the weight of the fixable
air, and as 1466. g grains of empyreal air
could not have been expended in making

- 1174. 3 grains of fixable air, of which a part
is certainly derived from the mere acetous
acid ; and as none of the empyreal air iffued
unaltered, and the whole of it was expend-
ed in forming new compounds; a confider-
able part of it muft have been employed in

- the
i
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the” formation of water, which iffued in
vapour at every period of the procefs.

In this water we trace, in conformity to
theexperiments of Mr. Cavendith, the phlo-
gifton of that part of the acetous acid which
was expended in the fixable ai; ; and then
infer that phlogifton is nota neceflary con-
ftituent principle of fixable air.

F inaIIy', fince there was a great furplus
of inflammable air, but none of empyreal
air, it is certain that the quantity of acid
employed could haye reduced much more
red lead, and engaging more empyreal air,
could have affifted in forming a much great-
er guantity of fixable air and water.

$F O
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not exceed 96 degrees; for the acid was'ad-
ded in fucceflive portions, and much weak-
ened by the water previoully mixed with
the lithrage.

In the coucfe of two hours, during which’
the mixture -was frequently agita.ted and
ground in a porcelain mortar of Mr. Wedg-
wood’s excellent manufature, the lithrage
became white, and indeed formed white-
Jead. A Wedgwood retort, which could
retain elaftic fluids, or any charge, better
than the common Chelfea retorts, was
charged: with the mixture, fo that none of
it'was Ieft zdhering to the neck; and my
aparatus for faving the condenfible vapour
and the elaftic fluids, being fitted to it, the
d1&1llauon was carefully conduéted, but at
the fame time as quickly as the menfuration
of the elaftic fluids would permit.

When the atmofpheric air included in
the retort and receivers, was almoftall ex-
pelled along with the four ounces of water
ufed in the mixture, the fubfequent pro-
ducs were mcafured thus. ‘

J
cub,
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The laft portions iffued very flowly, and
the emiffion ceafed when the charge was
heated fufficiently for the reduction of lith=
rage; and in the middle and latter meafures,
the elaftic fluids carried with them fome
agqueous vapour. ; :

Neither the firfe; not any fubfequent
pottion of the water colleGted during this
diftillation, fhewed any fign of acid; but
it was ﬁrongl_y impregnated with ethereal
oil of acetous acid, fome of which floated
diftin& on it, and fome was expended in
greafing the Recipients. By a trial to be
related hereafter, I found that the quanti-
ty of oil was not lefs than 10 grains.

The quantity of water was greater than was
employed in the experiment, including that
of the acid ; but the encreafe was not mea-
fured, becaufe an earthe;ﬁ retortadmits of no
accuracy in this particular, unlefs it be of
true porcelain well glazed.

QOn ogening the retort, a large mafs of lead
was found at the bottom, which with the
globulgs: colle&ed from the fid s, weighed

Q 3125 grains;
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3125 grains; and from theappearanc of the
fmaller globules which I. could not detach
without wafte, it was manifeft  that the
whole of the lead was revived, and that if
there had been no wafte, it would have
‘weighed 3155. 242 grains, which is the
whole quantity of lead obtainable from the
3499. 75 of lithrage; the aerial matter of
which amounts to 344. 506 grains. By
firing the mixture of inflammable and phlo-
giftic air, with'as much empyreal air as was
barely fufiicient for the combuftion of the
inflammable part, and meafuring the bulk
of the refiduary phlogiftic air, I found that
the 66. 4 cubic inches of the mixed airs
confifted of 20 of phlogiftic air and 46. «
of inflammable atr.

Dedudting 7. 54 grains which is the
weight of the 20 cubic inches of phlogiﬁ}c
air, from 344. 506 the weight of all the
aerial matter of t-heTit-hrage,- we find the em~ ¢
pyreal air of the lithrage to be 336.966 grs.

- Of the inflammable air which iffued

at the commencement of the prbt:éf's, a

eubi~ inch weighed 260 ; but a cubic inch
: ‘ : 4 : i of
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of that which was laft expelled by ‘the .
greater heat, weighed lefs than 2. grs. and
by the noti¢ed decreafe of the fpec. gravity; -
I was affured that the mean weight of 24
grains in a cubic inch might be aflumed in
computation, and that the 46. 4 cubic
inches welghed 10. 672

The inflammable and phlogiﬁ'ie air were
meafared at the due temperature; but the
fixable air; being meafured as it iffued warn2
from the extremity of the recipient, con-
tracted in cooling to the mean tempera-
ture, by one fifth of its bulk, and in this
laft flate would weigh 454. 632 grains.

Acc.ording to Mr. Kirvans eftimation ;
. the mere acid is to the concomitant watct
of concentrated acetous accid, nearly as 19.
to 49: But I have reafon think we aré

~ lefs liable to error in ﬁmtmg them as 20 to
" 48; and by this rule, the acid employed,
amounting to 874. 94, contained of mere
acid and its phloglﬁon 257+ 335 grains, and
of water 617. 604 grains,

; Q2 , , As
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- As the inflammable air and oil were de-
fived from the acetous: acid alone, and
weighed 20. 672 grains, the quantity of
the mere acid otherwife expended was. 236.
66 3 grains.  «
The phlpgiftic air inflammable air and
oil being thus accounted for, the empyreal
air of the lithrage, weighing 336. 966, with
736. 663 of the acetous acid abftracted
from water, were expended in the forma-
tion of 454. 632 grains of fixable air, and
a quantity of water not afcertained by di-
re® menfuration, but which muft be
nearly 118. 997 grains, becaufe this and
the fixable air make the weight of the'em-

- pyreal air and efficient acid laft mentioned.

Now it is to be confidered that the ace-
tous acid, -when by mere ignition a part of
it is converted into inflammable air and oil,
yiclds a great quantity of fixable air, which
for the reafons formerly {tated, is proporti-
- onate to the quantity of empyreal air which
the acid contained.  In this cafe, the quan-
tity of fixable air producible from the mere

3 acid,
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acid, by heat alone, is not lefs than one
third of its weight ; and therefore, with-
out any aid of thé empyreal air of the
lithrage, the whole of the acid employed
in the experiment, may be faid to have
yielded out of its proper matter 85. 778"
grains of fixable air, and the quantity of this
laft which was not merely extricated, but

" formed with theafliftance of the empyreal

air, wasabout 368. 854 grains; for this with
the laft mentioned proper fiaxble air of the
acetous acid, makes the whole of the fix-
able air obtained.

* Dedudting the inflammable air and oil,
the quantity of the mere acid otherwife
cxpendcd appears to be 236. 663 grains; -
and deducing from this the proper fixable
air of the acetous acid 85. 778 grains, we
find the quantity of the mere acetous acid,
which was expended in the formation of
fixable air with empyreal air, and in the
formation of water and revival of the metal,
to be 150. 885 grains. Thus it appeared
that the utmoft quantity of acid matter

, Q3 .derived’
, 4
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derived from the acetous acid, in 368. 854
grains of the fixable air did not amount
to 150. 88 5 grams, but fell fhort of
this weight by as much as the proper fis-
zole air of the acid excecdcd 85.77 grains,
«and by the whole quantity of phlogxﬁcon ex-
_pended in the formatxon of water. Deduét-
ing this phlogxihc matter, which could not
be lefs than 17 grains, the acid matter in
368 854. grains of the fixable air, did not
amount to 133.88 5 grains. Hence it was in-
ferred that when the acid matter of acetous
acid is employed i exceffive quantity to
form fixable air with the empyreal air of
hthrage, the fixable air may confift of a little
more than one: part of the acid matter com-
bmcd with two of the cmpyreal ait, By a
more accurate eftimate of the fixable air tak-
en at 3¢ grains, it is moft probable that the
proportions would be found to be accurate-
ly two to one, provided fixable air, like o-
ther acids, may not fubfift with various pro-
portions of the empyreal air,

In this view of the fubje&, I could not
percelve that the hthrage imbibed any con-
ﬁdc*ablc quanmy of phlogxﬂ:;c matter from

tbc
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the acid: employed ; for admitting that in
the fixable air formed, the. guantity of
matter derived from the acetous acid, was
no more than one third of the weight of
that fixable air, and confequently only 122
grains inftead of 133 as it was ftated ; no.
more than 17 grains of the acid employed
remain  unaccounted for; and it is by no
‘means probable that the phlogiftic matter
appertaining this quantity, could have pro-
duced any confiderable effe¢t on eight ounces -
=13499.7 5 grains of calx oflead,ifithad been
really dephlogifticated during .the calcina-
tion. It was therefore inferred that lead
lofes little or none of its phlogifton in cal-
cination, and imbibes none during the re-
du&idn; but that in this latter procefs, the
calx of lead is divefted of the empyreal air
toécth&r with the {mall portion of phlogif{-
“tic air which it imbibes in the calcination.

From fome of the phenomena of this
experiment, I fufpecied that the acetous
acid could be totally converted into fixable
air and water, by combining with empyreal

Q4 air
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air, and without the affiftance of fire. I
therefore triturated this acid diluted
with a quadruple quantity of water, with
lithrage in various proportions; and found
that the quantity of mere acid that was
‘barely fufficient, by frequent trituration, to
make the lithrage look white in the courfe
of two d'a_y's, united with the empyreal air
of the lithrage, and in the new forms of
fixable air and water, formed with the lead -
a calciform mafs, which after being duly
dried and powdered, yielded no acetous
acid either in diftillation or in folution in vie
triolic acid, but afforded fixable air in abun-
dance, and mixed only with a very fmall.
quantity of inflammable air.

The weight of the fixable air was always
twice greater than that of the mere acid
abﬁra@ced from water; and in fome expe-
riments it was @ll greater. 'Thus it ap-
peared that fixable air may be made of its
conftituent prmmples, without the aid of
ignition, when they meet unreftrained by
any counteralting power ; and that when

acctone









» i gy A £
into flices which were rather friable than
P}aﬁic. ‘The: water then {cemed to have
béen engaged in the faline mafs, as the pro-
per water of its cry ﬁals

Having obferved in former experiments

that'this acid required a good deal of time
. to combine intimately with the lithrage and
to form a mafs refembling white-lead in
g:olour, I left it clofely covered ‘for 24
hours, and then found it {o hard and dry
as to require fome force in cutting out that
part which had not formerly been loofened
from the mortar. The whitenefs which ap-
pearcd in the fuperﬁcxal parts on the firft
attion of the acid, graduaily improved as
the inafs dried, and at laft was almoft equal
to that of white-lead, with fcarcely any
gi:peara_qcc of the lithrage colour. It was
then diftilled in a2 Wedgwood retort, and
the produéts being meafured and examined
at {horter intervals than thofe expreffed in
forr_ner experiments, were ftated thus.

" The fixable air weighed 658  grains
The phlogiftic air 20 ¥
The inflammable 3

oo No



N '
e

No oil appeared in this experiment, and
the quantlty of water was not afcertained,
becaufe in the quick emiffion of the elaftic
fluids a great quantity of the watery va-
pour was wafted along with them, and
fnore was condenfed in the meafures than
remained in hthc recipient,

In the revival of lithrage by means of
acetous acid, charcoal, and other {fubftances,
T had repeatcdly obferved that the quantity
of phlogiftic air was not as that of the
phlogiftic matter employed, but as the
quantity of the calx reduced to lead, and
concluded that the phlogiftic air proceeded
from the lithrage chiefly. By experiments
of this kind I am now perfuaded that in the
calcination or feorification of lead, the calx
imbibes not only the empyreal air, but
fome part of the phlogiftic air of the at--
mofphere, and that the quantity of this
Iaft varies in different parcels of lithrage,
from ten grains in' 16 ounces to 20 or

more, which laft was the quantity in this
diftillation,

o In
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In the fetort I found 2 mafs of lead co-
vered with fmall grains and globules of
of the fame metal, without any perceptible
admixture of unreduced lithrage, all to-
gether weighing 6034. 5 grains. The
lead which adhered in thin plates and fmall
globules to the fides of the retort, and could
not eafily be detached or weighed, was
eftimated at 24 grains; becaufe this quan-
tity with the former makes 6058. g grains,
the proper lead of the 14 otnces of lith-

‘rage. ;

By the rule formerly eftablithed the aeri-
al matter difcharged during the reduttion
of 14 ounces of lithrage, amounted to 661
.5 grains; and as 20 of this quantity con-
fifted of phlogiftic air, the empyreal air
weighed 141. 4 grains. But as none of this
efcaped unaltered, it muft all have been ex-
pended in the tormation of fixable air and
water; and as noneof theacetous acid efcap-
ed unaltered, that part of it which was not
neceflary towards the formation of water,
was expended in the fixable air; and the
_greater part, if not all the phlogifton of the

£ h : acetqus
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acetous acid, except that of the inflammas
ble air which efcaped, appears to have beent
employed in the formation ofswater. As
this acetous acid was of the ftrongeft kind,
snd neither aerated nor deprived of any oily
matter by diftillation with vitriolic acid
. We cannot, qonﬁﬁ:ently with the experiment -
of the laft fection, eftimate the quantity of
mere acid and phlogiftic matter at lefs than
2973 grains, or the water at more than@
But as three grains of the former were ex~
pended in inflammable air which éfcap"éﬂ
the lithrage, 290 grains of mere acid and
641. 5 grains of empyreal air were ‘expend-
ed in the formation of 658 grains of fixa=
ble air, and of water whofe quanfity was
273, provided no part of the phlogiftic mat-
ter of the acid entered into the Iead.

This quantity of water required 39 grains
of phlogifton, which is almoft a feventh
part of the acid; and about one fourth of
that part of the acid which forms inflam=
mable air by mere ignition: and in this
view of the {ubje@ we find no reafon for
fuppofing that any of the phlogifton of the .
acid entgred the lead or fixable air, or that.

15
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jewas Sdiorvite expénded than in thc fara

mation of water. Fi

If the quantity of water amounted to
273, not lefs than 234 grains of empyreal

- air, ‘were' cxpended in the formation of it,

and the remaindef of the empyreal air, viz.
407. 5 grains, was cmplovedm the forma=
tion of fixable air, the quantity of which
weuld be 611. 2 grains, provided the em=
pyreal air be to the other. matter of fixable

i _air as two to one. But the whole of the

fixable air produced was 6¢8 grains, if not
more ;-and this excefs is to be imputed to
the fixable air whleh the acetous acid alone
is capable of prczdﬂcmg when ignited, by
reafon of that empyreal air which is a con=
ftituent principle of this as well asof other
acids.

I_'I-n the hafty diftillation of re;eﬁt mix<
tures of lithrage and acetous acid, I have
-often bad a greater wafte by the efcape of

inflammable air, and fome part of the lith=

_—

rage remaining unreduced, whether the

~quantity of acetous acid was greater or lefy
than

i
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than is here reprefented; and in repeated
experiments I have obferved that the intend-
ed expenditure of the acid was beft effect-
ed, by finking the bottom of the retort an
inch ortwo in the fand-bed of a reverbera=
tory furnace, and thus caufing the fire to
a& from ab'ove downwards.

Having mixed concentrated acetous acid
duly diluted with water, with red lead in
various proportions, and heated thefe mix-
tures in the manner already defcribed, I
found the produéts and phenomena to dif-
fer from thofe lately mentioned in nothing
but what might have been expetted from:
the greater quantity of phlogiftic and em-
pyreal air contained in red lead with the -
portion of fixable air already noticed.

The quantity of “inflammable air was
fmalleft when the weight of the red lecad
was to that of the acid as 16 to 2, and
then did not exceed five grains. The great-
eft quantity of lead reduced by two ounces
of the acid did not exceed eleven ounces
and 3 quarter ; and whenever more red lead.

was
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was lifpd‘than the acid could reduce, thefu-
perfluous part formed lithrage by the fus
fion, and emitted the quantity of fixable

- phlogittic and empyreal airs which it ufual-

ly yields in the tranfition to lithrage, as We
have ftated in the 12th fe&ion, 1

In thefe experiments it always appeared that
much more acid was neceffary towards the
rcg,gél of a given weight of lead from red
lead, than was required in precipitating the
fame quantity from lithrage: and as the
calx which contained moft air and leaft
lead, required the greater quantity of acid

for its reduction, I had- this additional
g’round for the opinion that the acetous acid
adts rather by facilitating the expulfion of

‘aerial matter from fuch calces, than by

_ contributing any thing confiderable towards
~ the mafs or weight of the revived lead.

: It is {carcely to be doubted that this doc-
~ trine is applicable in other metalic reduc-

 tions cffe@ed by fuel or fubftances contain-

ing our oily or coaly matter ; and that the
R ‘ quantity
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water, and perhaps of tran{mitting it, be-
caufe they were not glazed; I made the
following experiment, with a view chiefly
to the water producible in confcquence of
the. union of the empyreal air w1th the
phlogiftion of the acid.

I mixed an ounce—480 grains of my
ftrongeft concentrated acetous acid with
four ounces=1920 grains of water, and
this I ground ten ounces 4800 gr&iﬁ%‘-bf
lithrage. Having ufed the precaution of
tying a bladder over the veflel in which
the mixture was made, I was affured that
there was no wafte by the evaporation of
the acid, or the emiffion of any elaftic
fluid different from the interfticial air of the
lithrage, which the water alone would have
expelled; and T could not perccive that
the mixture was difpofed to drink in any

of the atmofpheric air included in the blad-
der.

In this confined fituation, it became
confiftent enough ‘in 7 or 8 hours, to be
formcd into pcllets but to make them pafs

F freely
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freely and without wafte through the long’
and flender neck of a glafs retort, I left them
expofedtotheair for 24 hours,in which time
they dried fufficiently, and loft 168 grains
of the water employed. The glafs retort,

well coated, was filled to the helm with
thefe pellets, and heated on the fand bed of
areverberatory furgace, from which its neck
extended two feet, before it entered the
receiver, to which it was well faftened with
gluc lute. The atmofpheric air of the
veflels is not regarded in the following
" account,-becaufe it paffed off with the wa-
tery vapour, before any confiderable quan-
tity of fixable air was emitted:

cub. im fixable phlogiitic
PR D Lordg 12 with very little
next 2 195 5.5 ditto [inflam.
25 21.5 3.5 ditto
25 22.1 - 2.9 ditto
2¢ 233 1.7
25 99.3 1.7 ditto

At this period the retort was not in the
leaft reddened in any part.

R Cub. in






_The fetort was hotter than would be ne-
ceffary for the fufion of lithrage, during
the emiffion of the two laft meafures, which
was very flow;; and no more could be pro-
cured by an encreafe of heat until the retort
was ready to melt, when I quickly withs
drew the fire, and left the veficls to cool
gradually The elaftic fluid Iefi in them
was fixable air and mcafured ﬁfty cubic in-
chf:s, which with the former quantity make
600 cubic inches.

~ Of this bulk, the fixable air, which was
meafured as it iflued, made 564. g cubic
inches; but at the mean temperature it
~would have meafured 4_84_. 2 cubic inches,

weighing 275. 994 grains.

"Of the Phloglﬁxc and inflammable air,
meafured at the mean temperatare, after
the fxable air was withdrawn from them,
there were 35. 1 cubic inches at leaft, and
by the methed already deferibed, I found
the bulk of phlogiftic air to be about 30.
1 cubic inches, weighing 11. 347 grains,
and that of the inflammable about 5 cubic

R 4. inches
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inches Wcighi-n'g ~ae the utmeﬁ:' I. 308
grains.  The diftillation was flowly and
fteadily performed, and lafted four hours in
the month of Auguft 1783, from the time
when the fixable air appeared until the fire
was withdrawn. ~ “»

o

~'The Wat;r conderfed in the recipient
was not in any fenfible degree oily, or im-
pregnated with acetous acid, but’{melled,
not unpleafantly of the inflammable air.” It
was quite limpid, and including ten grains
which adhered to the veffels, it weighed
2107 grains. Of the water mixed with the
acid and lithrage, only 1752 grains were
included with the charge, becaufe 168
grains had exhaled. In the acid cmployed
the water did not exceed 335 grains, the
mere acid being eftimated at 144 grains in
480 of this concentrated acetous ac¢id. The
whole of the water therefore included
xuth the charge amounted to 2087 grains ;
\;vhi‘ch is lefs than the quantity found in
the receiver, b’y fWenty grains. From this
alone it ﬁp’peafs that a confiderable quantity
of  water was a&ually formed, and eonfe- -
> & quently
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quently that fome of the empyreal air of
the lithrage, with phlogifton from the ace=
tous acid, was expended in this way : And
the emifiion of water, during the whole of
the procefs, and long after the charge had
fuftained a heat fufficient for the fufion of
lithrage, . cannot be fatisfactorily accounted
for on any other ground. But it is farther
to be obferved, that a great quantity of wa-
tery vapour was wafted out of the receiver,
along with the warm elaftic fluids; for
whenever I applied a cold and dry veflel to
receive them, it was bedewed, and plainly
thewed that much more water was really
formed in the manner already mentioned,
than was afcertained by dire&t menfuration.

On opening the retort, I found fome of
the pellets retaining their figure ; but thofe
which lay contiguous to the veflel and
were heated more, were altered in this re-
fpect. The former exhibited in a diftant
view, a fallow green colour ; but on clofer
infpection; this appeared to be compounded
of the dark blue of minute globules of lead,
.interfperfed with the yellow of ]itl;rage.

SRR s The
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The other pellets funk into a mafs confiftin g
of large globules of lead bedded in melted
lithrage. A more compleat fufion of the
lithrage and fubfidence of ' the lead, in the
heat above defcribed, thus appeared to have
‘been  prevented by the expenditure of the
fire in the formition of the elaftic fluids
coﬂtinuali); emitted from the charge.

. ‘The whole mafs, caref ully feparated from
the glafs, weighed 4560 grains, and there-
fore the lithrage which was reduced to lead
yielded 240 grains of aerial matter; for
this lithrage by the mere expofure to the
like heat was found to yield little or no-
things

Of the 240 grains, 11. 347 may be con-
fidered as the weight of phlogiftic air; and
228. 653 grains, is the quantity of empy-
rcal AL 63 Tl

Out of 145 grains of mere acid, 1. 305
were expended in inflammable air; but in
confideration of the fmell of the water, we
may ftate the expeudlturc at 2z graing; and,

then

a2
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'-'then it will appear that from 143 grains of
-mere acid and 228. 6 of empyreal air,
'275. g of fixable air were formed, and the
water ‘compofed at the fame time was not
lefs than g3. ‘7 grains, although f(.arcefy a
fourth part of this quannty was faved in
the recipient.

According to this eftimation 82 grains
of the empyreal air were expended in form-
ing water, and the remainder of the empy~
real air—146. 6 grains, was employed in the
formation of fixable air. Butif the mate- -
rials of fixable air be to each other in the
proportion laft ftated, this quantity of em-
pyreal air was expended in forming 219.
g grains of fixable air, and the acid furnifh-
ed the remainder, by virtue of its proper
empyreal air.

Now, in comparing the produ@sof different
experiments, and allowing duty for inac-
curacies, we find ftrong grounds for fufpet-
ing that the proportion of empyreal air to
the other matter in fixable air, is variable ;

- and chat this, like other acids, may fubfift
with
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8 BN 10N XVIL
Regul;'zm‘ian of Af:ﬁm’c by acetous acid. .

HE flame of burning regulus of arfenic,

- and the facility with which it enters
into combuftion in a moderate heat, im-
prefled me with the opinion that it contains
more phlogifton than is held in lead or
metals which exhibit no flame or vivid
fparks during the calcination, and that if
there is any lofs of phlogifton during the
calcination of either, that of the arfenic
mutft be greateft. In this cafe, the calx of
arfenic would not only require a greater
quantity of phlogifticated acid for its reduc-
tion to the reguline ftate, but would yield 2
{maller proportion of fixable air; fince the
fixable air which is formed by the affiftance
of empyreal air in reductions, is five or fix
times greater in quantity than that which
the acetous acid alone can-yield by ignition:
 But if, on the other hand, the calx of arfenic
g : thould

e
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[ 258 1.
90 8 .3 ditto
90 85.5 4.5 phlogiftic
9o 84.5 5.5 ditto with very
' : {little inflam.

¢

Water fill continued to trickle from the
retort, and rolled down in round globules
over a thin coat of reddith brown ar-
fenical f{ublimate, which lined the lower
part of the neck of the retort through its
wholelength,and was afterwardsfound to be
regulus of arfenic chiefly. The elaftic fluids
carried with them a denfe white vapour
which foon condenfed intowhite, and part-
ly into reguline arfenic; but fiill fo much
arfenic was permanently retained, that the
elaftic fluid fmelled horribly atfenical,

9o 84.3 5.7 ditto

9o 84-3 5.7 _
9o 84.2 5.8 ditto
go 84.1 5.9 ditto
go -84 6 ditto
9o 84 6 ditto
9o 84 6 ditto
go 84 6 ditto

(<

%
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)

go 841 <6 " Hitfo
pasE o8y 6 ditto
450 420 30 weakly inflam.
9o 84 6 ditto.

The emiflion of air being vefy flow, al-
though the heat was ercreafed until the
retort was red hot, very little more was to
be expetted, and I withdrew the fire to
fave the retort and its contents.

Of the air left in the retort and recipi-
ents 33. 6 were fixable air and 2. 4 cub.
inches were phlogiftic mixed with a very
{mall quantity of inflammable air. The
fum of the cubic inches of warm airs
was 2376
of warm fixable air 2221,9
the phlog. and inflam. air at the

mean 'tempera_turc meafured  154. I
the fix. air contracted in cooling

by . of its bulk and meafured 1851. 584
weighing : 1055.403 gr.
* The phlogiftic air weighed 56 grains
and the inflammable air about 2 grains.
S  The

> J

we
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The water faved in the recipient weigh-
ed 460 grains, although the acetous falt,
which was dry, could not have yiclded
more than 430. 7 grains. Of the water
cformed durmg this procefs, we may fay
that about 30 grains were faved: but a
much greater quantlty was manifeftly
wafted away along with the fixable air,
which ifflued warm, and depofited moif-
ture, as often as the {ucceffive portions of
it were tried by coolmg them in dry vel-
dels. . s

In the retort I found 3900 grains of regu-
line arfenic f{ublimed and adhering near
the helm. The neck of the retort was alfo
lined with the like matter inap.owdéry
form, which with the {mall portien blewn
forth into the receiver, w'eighed 37 grains :
and the whole of the reguline arfenic did i
not exceed 3937 grains. ¢

The. mafs remaining at the bottom of :
the retort fheweda granuilar texture, like
that of fine fugar, and had a pearly white-
nefs.” It appeared to have been in a ftate

of -«
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of 'pérfe'éi: fofion; and tafted like neutral ar-
‘ fenical {alt. The retort {uffered fome fu-
perficial erofion at the bottom. 1 feperat-
ed this faline arfenical fubftance into two
parts; one conﬁﬁing; of the calx of arfenic
unaltered, the other of duch arfenical falt
as I had often made by digeftihg white ar-
fenic with cauftic vegetable alkaline lixivi-
um ; for it became liquid ina boiling heat,
plaftic and repoy in a weaker heat, and
quite hard, like glue; in cooling.

‘ Thus it éppéai’cd that the acetous acid
‘Wwas expended in reducing a great part of
“ the arfenic to the reguline ftate; and in ex-
tricating its aerial matter, which the quan-
tity of fixable air thewed to be of the em-=
pyreal kind. But as no empyreal air was
emitted uncombired ; and as the refiduary
arfenic, whether we confider the portion
combined with the alkali, or that which
\ was only detained, remained unaltered; we
may conclude that this part contributed
little or ho.thing towardsthe elafticfluidsex-
“pelled fromthe charge;and that 3937 grains
of regule of arfenic, in the tranfition to calx
o Sz of
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of arfenic or white arfenic, imbibe about
56 grains of phlogiftic air, and as much
empyreal air as *is neceflary - for forming
1655. 4 grains of fixable with thie quantity
‘of acetous acid here employed. This quan-
tity was eftimated at 439 grains of mere
acid abftriGed from water; but as two
grains ‘were expended in" inflammble air,
only g37 had been cmploycd in formmg
1053. 4 grains of fixable air.

In confideration of the fixable air alone,
3037 grains of regulus yielded 618. 4 grains
of empyreal air; but in. confideration of
the water formed, we muift allow a much
greater quantity of empyteal air to white
arfenic, together with : the proportion of
phlogiftic air already ‘mentioned. If'the
proportion of acrial to reguline matter,
were the fame in white arfenic and in red
lead, the regulus in this experiment could
have held or yiclded only 486. 5. grains of
air.

This loofe comparifon of thc neccﬁ'ary
quanutxcs of acetous acid, and of thc aeri-
S2 e &
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al matter extricated during the conyerfion
of white arfenic into combuftible regulus,
and calx of lead into metal, and the expen-
diture of the phlogifton in forming water,
in both inftances, are fufficient to f(hew
that the alteration is effe¢ted in one as well
as in the other by the abftraciion of aerial
matter ; fince the expenditure of the phlo-
giftic body isas the quantity of aerial mat-
rerextricated, and not as the weight of the
reguline or metallic mafs produced in thefe
. experiments. For thefe reafons, the gra-
dations we obferve in tile combuftion of
metals, regulus of arfenic and pheiphorus,
depend rather on the quantity of the gra-
vitating matter of empyreal air, which
they refpetively imbibe, and of the fire
confequently extricated, than on any cir-
cumftance of 'dephlogiftication. Finaily,
fince acetous acid duly applied is as effectu-
al in the formation of phofphorus and ful-
phur, with their refpective acids, as in
that of regulus of arfenic, and in metallic
redu@ion, the attra&ion of empyreal air
to the acid matter of fixable air, i1s of the
ftrongeft kind, and muft render the decom-
pofition ‘of fixable air excedingly difficult.

S3 S RS
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SECTION XVIE

Produéls of 16 ounces of lithrage and one of
charcoal, during the reduéiion.
~NELECTED pieces of well burned
S “charcoal of ozk were put into a deep
earthen veflel called a long pot, and cover-
ed to the depth of an inch with powdered
charcoal. The pot was well clofed with
a Juted cover, and kept two hours in a heat
fuflicient to melt filver. Then it was
placed in fuch a manner that the powder
might  remain  red hot for: fome time
after the pieces next the bottom had cool-
ed. This was done, inorder to perfett the
d’\ rring, to make the lower picces imbibe

s the proper inflammableair of charcoal,
fince tht'y muft imbibe fomethmg in cool-
ing to prevent their abforbing atmofpheric
zir, and e(peciaiiy to preventany of the em-
pyreal part of atmofpheric air from cnter-—

g into them
fome
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Some of thefe piecesbeing brifkly reduced
to fine powder in a covered mortar, 430
grains of this powder were immediately
mixed with 7680 grains of powdered lith-
rage, and inftantly charged into a coated
glafs retort, for in other experiments I had
obferved that fuch charcoal, more freely
and longer expofed to the air-in powder,
drinks in water ﬁrom the atmofpheric
air, and that 480 grains of the powder
could imbibe four or five grains from the
air in half an hour,

The retort being placed in a reverbera-
tory furnace, with its bottom funk two
inches in the fand, the fire was made to
act flowly on it from above downwards.
The produ&s during the reduction, exclu-
five of the dilated air of the veflels, were
noted as follows, the fixable air having been
meafured warm, the reft at the mean tem-
perature.

cub. in, fix, air phlogiftic,
17 5 12 ditto
17 il 6 ditto
: S 4 2 17
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The elaftic fluids now iffue very rapidly.

cub. in. fix air phlogiftic
8s 84.9  o.1 ditto
85 84.8  o.z ditto
85 84.8°  o.2 ditto ;

The elaftic fluids iffue by pulf'cs and the
watery vapour is vifible at its exit from

the nozzle of the retort.

83 84.7  o.3ditto
85 84.7  o.3ditto
85 84.6 0.4 ditto

The elaftic fluid continues to iffue rapid-
ly, and to carry watery vapour, and more
water is colleted in the recipient, amount-
ing in the whole to feventy grains or more.

{ containing a lit-
X

85 84c tle inflam.
: € equal parts of
&5 ,83 gphlog and inflam.
i 79 6 almoftall mﬂam
85 74 11 ditto
Qo685 Tiditte
s 22 12 all inflam.

In
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In this laft is comprehended tlhie elaftic
fluid left in the veflels. Although the
heat was greatly augmented, the emiffion
was now fo {low, that nothing more could
be expetted by any degree of heat that the
retort could ﬁlﬁain; I therefore withdrew
the fire. The cubic inches of hot fixable
air were 1407. 6; of phlogiftic and in=
flammable airs 71. 4, of which 44 were
infiammable and 27. 4 phlogiftic air.

By cooling feveral portions of the fix-
able air, at dificzent periods of the procefs,
and allowing . 57 gr. to each cubic inch
of itin the temperate ftate, Ieftimated the
weight at 650 grains. The 27. 4 cubic
inches of phlogiftic air weighed 10. 329 gr.
But as it had been exceflively 'agitatéd with
waterunufoally thickened with lime, I fuf-
pected that fome of it was entangled in the
lime, and had eluded the menfuration. It
is therefore expedient to flate the phlogiftic
air at 20 grains, finee  this will better ac-
cord with other experiments, and will
create the leaft error here. e

The
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The inflammable air meafuring 44 cubic
inches, was eftimated at feven grains, for it
was lighter fpecifically than any that had
been expelled from acetous compounds.

The elaftic fluids, as they iflued, {melled.
agreeably of fixable air, and of nothing elfe
until the inflammable air appeared, which
imparted its peculiar fmell to the fixable
air that accompanied it. There was not
a particle of oil; and eighty grains of wa-
ter were faved in the recipient, although
a confiderable quantity was certainly waft-
ed away along with the fixable air; for dry
meafures were foon bedewed with it in cool-

I88s

When the helm of the retort was broken
off, the globular part with its coating ap-
~ peared like an earthen veflel well glazed on
the infide. = The glafs was not much cor-
roded, but was indented, near the upper
part of the charge, by mafles of lead: Thefe
incircled a mucly greater quantity of the
metal, divided into grains and drops of va-
' rious
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rious fizes, by the mrcrpofcd charcoal
powder. :

Having carefully feparated the lead and
charcoal fromthe glafs, I found their weight
to be 7260 grains, of which ﬂ}e\charcoa_l
made more tham” hzlf the weight of the
quén*iéy employed; but how much morel
could not afcertain fatisfattorily, becaufe
a little of the lead adhered to that which I
feparated mechanically, and fome of the
charcoal followed the lead and was wafted
in the fufion of it. Another circumftance
contributed likewife to prevent my know-
ing the exa& weight of the refiduary char-
‘coal; for it had imbibed, in cooling, fome
of the fixable air remaining in the receiver,
and pcrhaps a little atmofpheric air,

As the charcoal expended in this opera-
tion was certamly much lefs than half an
ounce, = 240 ‘grains, and I had found by
other experiments fimilar to that which is
next to be related, that 7680 grains of
lxthrage require only 213. » of charcoal

fosr
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for the redudion, I have no doubt that this
laft was the quantity expended.

The quantity of earth and alkaliin 213.
2 of charcoal bei ng too {mall to'claim our
attention in this place; and the phlocrifhc
airof the lithrage,and the inflammable air of
thc_fuperﬂ_ubus charcoal, having contributed
nothing to the other produts; we may
fay the empyreal air of the lithrage, weigh-
ing 736 grains, together with 213. 7 grains
of expended charcoal, prodrced 650 grains
of fixableair, and a quantity of water great-
ly exceeding that which was faved: and
fince the weight of the efficient charcoal
and of the empyreal air, making 94_9 7
grains, exceeds that of the fixable air by
299. 7 grains, this laft appears to have

been the quantity of water formed, though

not a1l condenfed, in this operation.

To form this quantity of water 42. 8 -

grains of phlogiiton are neceffary, accord-
ing to the admirable experiments of Mr.
Cavendith; and as there is no reafon for

: » {up-

~h
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?&ppoﬁng that the charcoal &n’téfncd more
than this quantity,which is £ of its weight,
of phlogifton, no part of this laft appears
to have entered the lead, or contributed to
the fixable air, or to have been ozhcm:ifé
expended than in the formation of water.
By this camputation, no mote than 171
grains of the expended charcoal, was em-
ployed in the formation of the fixable air ;
and as 256. 8 grains of the empyreal air,
were expended in the water, no more than
479. 2 grains contributed to the fixable
air; and in 650 grains of it, the empyreal
air was to the acid matter as 479. 2 to 170:
8 or as 2. § to 1. :

This proportion differs confiderably from
that which was computed, in regard to the
fixable air from acetous compounds ; but
whether the diﬁerencq 1s owing to an er-
roneous eftimation of the mere acid in ace-
tous acid, and of the quantity of fixable
air which it*can yield by heat alone; or
To 2 capacity of the principles of fixable

atr
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$ECT 10N XIX.

Produéts in the reduction of lz'févragé and calx
of mercury with the fmalleff quantity of

charcoal,

P

N order to avoid the inconveniences arif- -

ing from an excefs of charcoal, and to
find the greateft quantity of lithrage that
can be reduced by a known weight of it, as
wellsas the produce in fixable air and water,
I made the following experiment with 120
grains of charcoal, and 7680 grains of lith-
rage, prepared and mixed in the manner

already ;_i,tfc:ribcd.

A fmall retort, well coated, and charged
to the helm with the mixture, was placed
in an earthen veffel, and furrounded with
as. much fand as filled the f{pace between
them, and was fufficientto cover the helm
and a part of the neck.

1 The-
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L -After  the 32 cubic inch of emitted
airs, teh grains of water were {aved in the
recipient, and after this laft meafure about
25 grains were faved.

i

54 53.73 0.27 ditto
90 89:55,  ©.45 ditto
90 . 89.55 0.45 ditto

Each of thefe portions in paffing in large
columns into the common air through
water, thewed watery vapour fufpended in
them, and bedewed the veffels in which
they were cooled.

go  89.55  0.45 ditto

9o 89.55 .45 ditto

.90  89.55  o.4; ditto

90 89.55 0.45 ditto

90 89.55 0.45 ditto
s & § phlog. with :
.9 9-55 43 empyreal air.
equal parts of

e { tIczlefc. :

- In

36 881,



i ]

in this*laft is included the air left ia the,
veflels whilft they were hot.  Towards the
end, the emiflion gradually decreafed in
velocity,and it ceafed at the laft cubic inch;
although the heat had been more than fuf-
ficient for the reduion of litharge, for 15+
minutes, The fire was now withdrawn.

The fam of th'e cubic inches

Of hot fixable air was, 910,74,
Of temperate phlogiftic air 23.09
Of temperate empyreal air Zo

-

The water faved amounted to 49 grains, -
although a great quantity was certainly
carried off by the fixable air, notwithftand-
ing every endeavour to moderate and equa-
lize the heat. :

The fixable air, when it had contradted
by cooling to the mean temperature, was
eltimated at 384 grains, at the rate of .57
-gr. to a cubic inch; but I firongly fuf-
peced that the fpecific gravity of this
fixable air was net fo great, and confe-
g S qucr}nly
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guently that the abfoluté weight was lefs
than 384. The phlogiftic air weighed
8.704 grains, and as fome part of it pro-
ceeded from the unreduced litharge, which
preyed on the veflel, and yiclded fome of its
-empyreal air, the phlogiftic air appertaining
to the revived litharge may be ftated at
-8 grains. The empyreal air weighed o.gr1
grains.
In the retort I found a cake of Titharge,
a quarter of an inch thick, vitrified into an
opaque yellow ﬂag with part of the glafs of
the retort, and the erofion extended in {ome
parts through the coating as far as the
fand ; but yet the toughnefs of the flag pre-
vented all tranfpiration in this quarter, for
the refiftance to the paffage of the elaftic
fluids into the meafures, was only an’half
inch column of water.
- Under the- litharge I founda mafs of
lead, and a few large grains which had
bedded themdelves in the glafs, all together
weighing 3888 grains. There was not the
{mallelt veflige of charcoal; and as the

o : earthy
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carthy and alkaline parts of it, were incon-
fiderable, and were vitrified in the mafs
already mentioned, they did not retain any
aerial matter of charcoal; for by repeafed
experiments I have found that fuch vitres
ous mafles, and even the fineft flint glafs,
retain nearly the whole of the empyreal air
of litharge, but cannot, in perfe fufion to
fluidity, hold any confiderable quantity of
fixable air.

Notaparticle of inflammablé air was expel-
ledin this experiment, becaufe the litharge,
in the degree of heat neceffary for expel-
ling inflammable air from charcoal, fur-
nithed empyreal air cnough to unite ‘with
the inflammable air, and contained a re-
dundancy of air beyond what the inflam-
mable matter of the charcoal required. A
little of this furperfluous air was expelled
by the great heat to which the litharge was
expofed and in the a& of vitrification,
for when litharge forms glafs with clay or
fand, it parts with a little of its emp, air.

i

ey SRS
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" As the lead weighing 3888 grains,
yielded 424. 513 of air, of which eight may
be accounted phlogiftic, the empyreal air
of the reduced lithrage, amounted at leaft to
_416. ¢13.gr. and this quantity with 120
grains ‘of charcoal, making 536. 513 gr.
afforded fearcély 384 grains of fixable air,
anaaquantity of water, which was not lefs
thaneic2. 513 grains, but might have been
‘more. Towardstheformation of this water,
from 22 to 24 grains of phlogifton were
neceffary, whick laﬁ is a fifth part of the
weight of the charcoal, by this approxima-
tiontwe account for as much phlogifton as
fhe charcoal can well be fuppofed to con-
tam As the water engaged at leaft 130
grains of empyreal air, if not mere ; the
fixable air engaged about 287 of empyreal
air, and derived about 96 or g97. ¢ of acid
matter from the charcoal. Thus the em-
liyreal air feemed to be to the acid matter
in thisfixable air, nearly as 3to 1 ; ; and if the
weight of the fixable air had been taken at
lefs than 57 grams in a cubic inch, or itsab-
folute weight hadnot bcgn overrated by affu-

mmg a greater fpec1ﬁc grawty than it really
: poﬂ‘eﬂ“cd
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‘poﬂ'cﬁ'cd ?he proportion of the empyreal

air to the other matter of z4is fixable air
‘would be perhaps accurately 3to1. Regard-
. ing all this only as an approximation to the
truth, and trufting that the errors cannot
be fo great as the difference between 3 and
2, I am of opinion that fixable air formed
in thefe circumftances, contains more em-
pyreal air than is in the ordinary, fort,
and that whilft fome fpecimens of fixable
air have but 3 of their weight of empyreal
air, others have 2 and differ ‘in {pecific gra-
vity ; the circumftances which afford this
latter proportion being, ftrong heat, and
redundancy of empyreal air.

As empyreal air is acommon principle of
fixable air and of water ; and as it actually
makes water with the phlogifton of char-
coal, at the fame moment that the like
empyreal air engages other matter of char-
coal, and makes fixable air with it, there is
no ground for the opinion that phlogifton
is a neceflary principle of fixable air ; butall
our experiments confpire to fhew, that it
“eonfifts of the gravitating matter ofempy-

T 4 _ real
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_In the redution of mercurius calcinatis
by charcoal, I have found that water is
formed as well as in the reduction of lith-
arge, befides the fixable air which Mr. La-
voifier had noticed. But this fixable air dxd
not appear to contain more than 3 of its
weight of empyreal air: and in this inftance
it is certain that no part of the phlonxﬁon of
the charcoal is neceflary towards the metal-
lization, becaufe the empyreal air can be ex-~
pelled, and the mercury may be revived,
without charcoal, and b}: hsat alone.

It is impofiible for a man who muft em-
ploy the greater part of his timein the duties
of a profeflion which allows -no vacation,
to fuperintend fuch experiments as thofe
on which the foregoing eftimations have
been founded, from the cojmencement ta
the termination; and being thus circumftan-
ced, I think it neceflary to obferve, that
fome part of every one of thefeexperiments
and menfurations, was. commztted to the
care and fidelity of my opcrator. If any
unintentional errors on his part thould hap-
‘pen to confpire to the encreafe of mine,

S ¢ ¢ l 4_ . my
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SECTTION X%

Phenomena of the combufijon of denfe inflam-
mable air, and of fubftances containing the
acetous and phlogifiic principles ; and men-
Juration 'qf the produlis.

N order to fire large charges of inflam-
mable air without wafte or danger, I
provided glafs jars that were ftrong enough
to bear an explofion equal to that of a pif’tol
charge of gunpowder. The cylindrical ca-
vity of each was ten inches in length and
one in diameter; and at the diftance of
2 of an inch from the bottom, two
holes were drillec at right angles with the
axis of the cylinder. Into each of thefe ‘
holesapicceof brafs wire, of aninch in di-
ameter, rounded at one end and ringed at
the other, was cemented, fo that the dif-
tance between the rounded ends within the

yefel. did not exceed & of an inch, and that
the
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the ring of each wire did not project above
Js of an inch, for longer pieces were found
to be inconvenient,

ﬁy thefe means I could make the eleéri-
cal {park taken between the wires, to be
great or ﬁx}_al], according to the fize or
charge of a Leyden jar, employed for this
purpofe. < That part of each exploding jar,
which was to be occupied by an elaftic
fluid previous to the ignition by the ele@ric
fpark, was craduated, in order to thew any
errors in the menfuratxon, or wafte in the
introdu&ion of them ; and alfo to thew the
quantitﬁ* of elaftic fluid {‘emaining after an
explofion.

; By repcatcdjtrials'l found that a cubic
inch of the due mixture of inflammable and
empyreal air, was the greateft quantity that
could be fired at once, in_an exploding
jar of this kind, without wafte of the
quickfilver in which 1t flood inverted, and .
~which was imprefled and agitated violently
at each explofion ; or without manifeft lofs
of the.inflamed and dilated airs: And I’

Was s
*
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was eemunced that the brafs wires had no
fenﬁblc effect in any of the experiments
that T am now to mention.

To hold the exploding jar in the’re-
quired pofition, ‘a brafs collar was faftened
to it by fcrewi'ng the ends of the collar to-
gether, and a piece of brafs projecting from
the collar, and fliding into a heavy frame
of iron, “conne&ed the whole, fo that the
exploding jar might recoil an inch or a little
more ; but not without movmg the whole
frame, which refifted WlEh a force of 14
pounds. :

After fome trials in this inftrument, T
obferved that the inflammable air which
was firft expelled from an acetous falt . by
the weaker heat, required almoft double its
bulk of empyreal air for its combuftion, by
reafon of the ethereal vapour mixed with
it, or of its extraordinary denfity. But
that the inflammable air expelled laft by
the fironger heat, and dulyfeparated from
the fixable air, required much lefs empy-
real air, and was of a rarer kind, a cubic
‘ * inch
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inch of it weighing fcarcely ik o gram.
Even this inflammable air fuffered a confi-
derable diminution of its bulk by repeated
agitation with lime liquor, and by long ex-
pofure to water,

The difpofition of the inflammable air
from acetous falts, to vary thus By time,
by the unavoidable wathing, and the expo-
fare to water, as well as by the degree of
heat in which it is procured, 1s apt to per-
plex and miflead the experimenter; for a.
flighterror in regnrd to the fpecific gravityof
the inflammable air) induces great errors in
his eftimation of the produtts after com-
buftion, as may be gathered from the fol=
lowing experiment. :

In the exploding jar I fired a mixture
confifting of 5. 5 cub. inches of inflam-
" mable air of the pureft kind from acetous
calcareous falt and which had been well
wathed in lime liquor, and of 7. 5 cub.
inches of cmpyrcal air, in {eparate charges
of a cubic inch each, and transferred the
refiduary air of each explofion into a refc;-

< “yOir; ¢
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voir, through mercury This air meafured
five cubic inches and was fixable air, Wthh
lime liquor readily imbibed, leaving a fmall
bubble of phlogiitic air, not worth notice
in regard to the weight, . L

In each explofion the concuflion of the
apparatus was violent, and the vivid red
flame fhewed that the charge had at this
inftant expanded to eight times its former
bulk, and deprefled the mercury fo far, al-
though in the next inftant, and quicker
than the eye could trace if, the refidu-
ary air meafured only’ half the charge:
{oon after it contradted further by cooling.

The internal furface of the jar, as far as
the mercury had been deprefled, was moif-
tened ; and this with the water which en-
cireled the mercurial column at its furface
and contiguous to the jar, thewed clearly
that the water formed was a confiderable
part of the exploded airs.  Until it appears
that fire gravitates fenfibly in the quantity
here emitted, we muft confider the quan-

tity of water thug formed, to be equal to:
“ that
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