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1. Conclufion of the Experiments and Obfervations concerning the
Artraitive Powers of the Mineral Acids. By Richard Kir-
wan, Efg. F. R. S.

Read Dec. 12, 1482,

"AVING found, asexaltly asI was able, the quantity of'

each of the mineral acids taken up at the point of fatu-
ration by alkalies and earths, and alfo that taken up by phlo-
gifton, when thefe acids are by it converted into an a&rial form,
I next endeavoured to find how much of thefe acids was taken

up at the point of faturation by each of the metallic {fubftances,.
and for this purpofe procured the moft faturated folution poffi--

ble of each metallic fubftance foluble in any of thefe acids.
Thefe folutions did not, indeed, immediately an{wer my pur-
pofe, as they conftantly retained an excefs of acid; yet as they.

were the foundation of my fubfequent obfervations, and as the.

experiments themfelves are in many refpecs ufeful to be known,
I fhall here briefly relate their refult, and confine myfelf to
thofe circumftances fingly that relate to my future inveftiga-
tions, or that have not heretofore been fatisfactorily explained.
The acids I ufed were dephlogifticated fo far as to be colourlefs ;
the metals were for the moft part very fine filings, or reduced
in a mortar to a fine powder. They were added little by little
to their refpedtive men{truums, much more being thus diffolved
than if the whole was thrown in at once; and the folution
was performed in glafs phials with Lent tubes.
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16 Mr. xiIRwAN's Experiments and Obfervations concerning

Solution of iron in the vitriolic acid.

100 grs. of bar-iron, in the temperature of 56°, require for
their folution, 19o grs. of real acid, whofe proportion to that
of the water with which it thould be diluted, isas 1 to 8, 10,
or 12. It would a& on iron, though its proportion were
greater or lefler, but not {o vigouroufly. If towards the end a
heat of 200° were applied, 123 grs. of real acid would be
fufficient.

The air produced by this folution is intirely inflammable, and
generally amounts to 155 cubic inches.

Iron is alfo foluble with the affiftance of a ftrong heat, and
in {maller quantity in concentrated vitriolic acid; and in this
cafe fcarce any inflammable air is produced, but alarge quan-
tity of vitriolic air as Dr. PRIESTLEY has obferved, and a fmall
quantity of {ulphur fublimes at the latter end. This fa& is a
«clear refutation of Mr. LAVoIsIER’s hypothefis; for is it not
evident, that the fame fubftance which, when a dilute acid is
ufed, goes off in the form of inflammable air, does when
a concentrated acid 1s ufed, to unite this acid, and thus
form both vitriolic air and fulphur? In the firft cafe it
cannot unite to the acid, by reafon of the large quantity
of water combined with the acid; and as the liquor, being
moftly aqueous, contains a large quantity of {pecific fire,
it receives that fire when the acid unites to the metallic
earth, and flies off in the form of air. But in the fecond cafe,
the concentrated acid, containing much lefs fpecific fire, can-
not expel the phlogifton in the form of inflammable air (as
this air abforbs a vaft quantity of fire) but unites to it, when

by heat it 1s further ftripped of its water, and thus forms both
100
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witriolic air and fulphur. 100 grs. of iron, diffolved without
heat, afford upwards of 400 of ¥ittiol.

100 grs. of the vitriol cryftallized contain 23 of iron, 20 of
real acid, and 55 of water. ‘When calcined nearly to rednefs
thefe cryftals lofe about 40 of water.

The calces of iron are more or lefs foluble in this acid
accordingto their degree of dephlogiftication. Thofe that are
phlogifticated (as that recently precipitated from a folution of
vitriol by fixed alkalies) are alfo moft foluble, and upon eva-
poration afford cryftals, though paler than thofe formed of ge-
nuine iron. Thofe that are leaft phlogifticated are alfo leaft
foluble, that is, require more real acid for their folution, and
afford no cryftals, but only a magma or mother liquor. Hence
alfo, folutions of iron newly made diminifh, and confequently
phlogifticate the fuper-incumbent air, and confequently gra-
dually emit phlogifton: and hence the calx, being more de~
phlogifticated, gradually falls unlefs more acid be added to kecp
it in folution.

Iron in the nitrous acid.

100 grs. of iren, te be perfetly diffolved, and not barely
calcined, require 142 grs. of real nitrous acid; fo diluted as
that its proportion to water thould be as 1 to 13 0r 145 and
when this laft proportion is ufed, the heat of a candle may be
applied for a few feconds, and the accefs of «common air pre-
vented. In this cafe not above 18 cubic inches of nitrous
air are ‘produced, all the reft is abforbed by the folution,
and no red vapours appear. But if the proportion of acid
and water be as 1 to 8 or 10, and heat be applied, a much
greater quantity of iron will ‘be dephlogifticated, though
very little of it be held in dolution; and by this means

I have: obtained from 100 grs. of iron, 83,87 cubic inches
Vor. LXXIIIL D of



18 Mr. KIRW AL ssunpur cnenis and Obfervations on

of nitrous air; and by diﬁilling the folution a flill greater
quanuty may be obtained, which was abforbed by the folution.
No inflammable air is obtained from folutions of iron or
any other metallic fubftance in the nitrous acid, becaufe this
acid has lefs affinity to water, and more to phlogifton, than
the vitriolic acid, and alfo contains much lefs fire than either
the vitriolic or marine acids, as will be feen in the fequel, and
therefore unites to phlogifton inftead of barely expelling it.
And hence it is, that the vitriolic acid, though united with 30
times its weight of water, will ftill vifibly a& on iron, and fepa-
rate inflamimable air in the temperature of 55°; whereas nitrous
acid, diluted with 15 times its weight of water, will have no
vifible effe on iron in that temperature.

The calces of iron, if not too much dephlogifticated, are

alfo foluble, though difficultly, in the nitrous acid.

Iron in the marine acid.

100 grs. of iron require 215 of real marine acid for their
folution. The proportion of acid to that of water in the {pirit
of falt T ufed was as1to4. When itisas1 to 4, iteffervefces
too violently. Heat is rather prejudicial, asit volatilifes the acid.
No marine air flies off, and the quantity of inflammable air is
juft the {ame as if dilute vitriolic acid were ufed.

The calces of iron are alfo foluble in marine acid. They
may be diftinguithed from genuine iron in this, that their
colour, when precipitated by fixed alkalies, is reddifb, whereas
the precipitate of genuine iron is greeni/h,

Copper in the vitriolic acid.

100 grs. of copper require nearly 183 grs. real vitriolic acid
for their folution. The preportion of acid to that of water
‘4 being
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being as 1 to §, or at leaft as 1 to .7, and a {trong heat muft
alfo be applied. Icould never diffolve the whole of any quan-
tity of copper; but to diffolve a given quantity of it, a ftill
greater muft be ufed in the proportion of nearly 28 to 100,
though this refiduum alfo is foluble by adding more acid.
When copper has been dephlogifticated in this manner, a folu-
tion of it is obtained by adding warm water to the dephlogifti-
cated mafs.

The dephlogiftication of 128 grs. of copper treated in this
manner affords 11 cubic inches of inflammable air, and nearly 65
of vitriolic air. When I obtained inflammable the acid was a
little more aqueous. The reafon why copper cannot be dephlo-
gifticated by dilute vitriolic acid, nor even by the concentrated,
without the affiftance of a ftrong heat, as iron is, appears
deriveable from its much ftronger attra&ion to phlogifton, and
the much greater quantity of it which copper contains, as will
hereafter be feen. Hence

100 grs. of vitriol of copper contain 27 of copper, 30 of
acid, and 43 of water, of which it lofes about 28 by evapora-
tion or flight calcination. "

The folution of 100 grs. of copper affords 373 of blue

vitriol.

Copper in nitrous acid,

100 grs. of copper require 130 of real nitrous acid to diffolve
them. If the acid be fo far diluted as that its proportion to
that of water be as 1 to 14, the affiftance of heat will be necef-
fary, otherwife not. This folution affords 673 cubic inches of
nitrous air.

The calces of copper are alfo foluble in this acid..

D2 Copper
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Copper in marine acid,

100 grs. of ‘copper require 1190 grs. of real marine acid to-
diffoive them, and alfo the affiftance of a moderate heat, the
“proportion of acid to that of water being as 1 to 4}, that is,
its {pecific gravity being 1,186, if a greater heat be ufed, more
of the aeid will be requifite, asmuch will be diffipated. If the
acid be more concentrated, 1t will aét mare vigoroufly.

In my laft paper I mentioned, that 8% grs. of copper afforded
86 of ‘marine air: however, I muft now add a circumftance
which I then did not attend to, which 'is, that the mercury
over which that air was received was aled upon, fo that part of
the air was due to this a&ion, which invalidates the conclufion
I'there drew concerning the quantity of phlogifton in marine
air, which henceappears ta be greater than I there eftimated it.

The calces of copper are alfo folublein this acid, though not:

fo eafily as in the nitrous acid..
Tin 1n-the vitriolic acid,

100 grs. of tin require for their perfeét folution 872 grs. of
real vitriolic acid, whofe proportion to water thould not be lefs
than as 1°to .2, and alfo the affiftance of a ftrong heat; when
the a&ion of the acid has ceafed; fomes-hot water- thould be.
added to the turbid folutioﬁ, and the whole again heated. This.
{olution affords 70 cubic inches of inflammable air.  Tin is alfo
{oluble in a.more dilute acid, but not in {0 great quantity,

The calces of tin (except that precipitated from marine acid
by fixed alkalies) are infoluble in this acid..

Tin
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Tin in the nitrous acid.

100 grs. of tin réquiré, for ‘their perfe@ {olution; 1200 grs.
of real nitrous acid, whofe proportion to water fhould be at
leaft as 1 to 25, and the heat not.exceeding 60° : the quantity
of air afforded by fuch folution is only ten cubic inches, and it
is not nitrous. The folution is not permanent; for in a few
days it depofits a whitifh calx, and if the weather be warm
burfls the phial: The calces of tin are infolublé in this acid..

Tin in the marine acid,

100 grs. of tin. require for their folution 413 of real marine
acid, whofe proportion to water is as-1 to 4%, and alfo the
afliftance of 'a moderate heat. This folution affords about 90.
cubic inches of inflammable air and 10 of marine air.. The
calces of tin are nearly infolublein this acid.

Liead in the-vitriolic acid,

100 grs. of lead require for their {folution 600 grs. of real
acid, whofe proportion to-water is not lefs than that of 1 to
v, and better if the quantity of water be ftill lefs; -and
hence, as with regard to copper, a greater quantity: of lead
fhould be employed than is expeéted to. be diffolved. A ftrong
heat is alfo requifite, and hot water thould be added to the cal«
cined mafs, though {paringly, as it occafions fome precipita«
tion.

This metal 1s alfo{oluble, but in-a very {mall degree,.-in
dilute vitriolic. acid 5 for it effervefces withi fpirit. of vitriok
whofe {pecific gravity.is only 1,2%5...

The:
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The calces of lead are fomething more foluble in this acid.
100 grs. of vitriol of lead, formed by precipitation, contains
73 of lead, 17 of real acid, and 1o of water. Vitriol of lead,
formed by diret folution, contains a large proportion of acid.

Lead in the nitrous acid.

100 grs. of lead require for their folution about 78 grs. of
real acid, whofe proportion to that of water may be as 1 to 11
or 12z, and the affiftance of heat towards the end. ‘This {folu-
tion affords but eight cubic inches of nitrous air. The calces
of lead are alfo foluble in this acid ; butif much dephlogifti-
cated they become lefs foluble.

100 grs. of minium require 81 grs. of real acid.

100 grs. of nitrous falt of lead contain about 6o of lead.

Lead in the marine acid.

100 grs. of lead require 6oo grs. of real acid to diffolve
them, when the fpecific gravity of the {pirit of falt is r,141,
and alfo the affiftance of heat, by which much of the acid is
diffipated. A ftronger acid would diffolve more.

The calces of lead are more foluble in this acid than genuine
lead. 100 grs. minium require 327 grs. of real acid; but
white lead is much lefs foluble.

100 grs. of horn lead, formed by precipitation, contain 72
of lead, 18 of marine acid, and 10 of water.

Silver in the vitriolic acid.

100 grs. of pure filver require to diffolve them 530 grs. of
real vitriolic acid, whofe proportion to water is not lefs than
that of 1 to %, and when fuch a concentrated acid is ufed, it

acts {lightly even in the temperature of 60°; but for a copious
folution
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folution a moderate heat is requifite. “This folution affords 30
cubic inches of vitriolic air. Standard filver affords more air
and requires more acid for its folution. The calces of filver
(that is, filver precipitated from its folution in nitrous acid by
fixed alkalies, and well-wathed, but which ftill retains fome ni-
trous acid), are foluble even in dilute vitriolic acid, without the
affiftance of heat. 100 grs. of vitriol of filver, formed by pre~

cipitation, contain 74 grs. of filver, about 17 of real acid, and
9 of water.

Silver in the nitrous acid.

100 grs. of the pureft filver require for their folution 36 of
mere nitrous acid, diluted with water in the proportion of one
part real acid to 6 of water, applying heat only when the folu-
tion is almoft faturate. If {pirit of nitre be much more or
much lefs dilyte, it will not a& without the affiftance of heat,
The laft portions of filver, thus taken up, afford no air. Szaxn-
dard filver requires about 38 grs. of real acid to diffolve thefame
proportion of it. And the folution of it affords 2o cubic inches
of nitrous air, whereas 100 grs. of filver, revived from luna

cornua, afford about 14.

Silver in the marine acid.

I have not been able to diffolve filver, i its metallic ftate, in
ipirit of falt, yet I believe it may be effected, if fufficient time
be allowed, as Mr. BAYEN, in his Treatife on Tin, p. zo1.
fays, he diffolved 3} grs. of filver by digefting it for fome days
in two ounces of ftrong fpirit of falt. Leaf filver 1s alfo faid to be
corroded by ftrong fpirit of falt, 1 NEwM. 70. The dephlogifti-
cated marine acid alfo diffolves it, according to the obfervations
of Mefl. scaeeLE and BERGMAN : and fo does. the phlogifti-

cated
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-cated-in a vaporous ftate, 100 grs. of horn filver contain 45
-of filver, nearly 18 of acid, and 7 of water,

Gold in aqua regia.

I made feveral experiments with aqua regia, in which the
nitrous and marine acids were mixed in different proportions,
and found #hat to fucceed beft, in which the quantity of real
‘marine acid was to that of the nitrous as 3 to 1, and both as
.concentrated as poffible; though if both be very concentrated,
it is hard ‘to mix them fo as to prevent a great quantity from
efcaping, as they cffervefce very violently fome time after mix-
~ture. 100 grs. of gold require 246 grs. real acid for their folu-
tion, the two acids being in the above mentioned proportion.

The {pecific gravity of the nitrous acid I ufed was 1,465, and
that of the marine 1,178. The folution is better promoted by
allowing 1t fufficient time than by applying heat. The heat I
ufed did not exceed go or 100°. - Very little air is produced, and
the folution is very {low. Aqua regia made with common falt
or fal ammoniac and {pirit of nitre is much lefs aqueous, than
that refulting from an immediate combination of both acids;
-and hence is the fitteft for the produ&ion of cryftals of gold.

Gold is alfo foluble in the dephlogifticated marine acid, but
1in very {mall quantity, unlefs this acid be in a vaporous ftate,
for in a liquid ftate it is too aqueous. In vitriolic and nitrous
arids it 1s alfo infoluble ; but the calces of gold are eafily folu-
ble in the marine acid, very {lightly in the nitrous, and {fcarce
ar all in the vitriolic. Gold in its metallic ftate may be diffufed
through, but not diffolved, by the concentrated nitrous acid.

b Mercury
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Mercury in vitriolic acid.

100 grs. of quickfilver require for their folution 230 grs. of
real vitriolic acid, whofe proportion to that of water is at leaft
as 1 to .%, and alfo a ftrong heat. The air produced is
vitriolic.  Precipitate, per /e, is flill lefs {foluble.

100 grs. of vitriol of mercury, produced by precipitation,
contain 77 of mercury, 19 of acid, and 4 of water.

Mercury in nitrous acid.

100 grs. of mercury are diffolved by 28 grs. of real nitrous
acid, whofe proportion to that of water is as t to 1 and .57,
and without the affiftance of heat. Mercury is alfo foluble,
but in {maller quantity, in a much more dilute acid, with the
affiftance of heat. The produtt of air is about 12 cubic inches
or lefs, if heat be not applied. Mr. LAavoisiEr found the pro-
du& of air much greater, which evidently was caufed by his
ufing red or yellow {pirit of nitre, which already contains much
phlogifton. When I diffolved a hundred grs. of mercury in
three times more acid than was neceflary for its folution, and
without heat, 1 obtained but 7 cubic inches of nitrous air, and
the folution was green; but, on applying heat when the folu-
tion was over, I obtained' 2 more cubic inches, and then the
folution was of the colour of oil of olives.

Precipitate, per fé, is much more difficultly diflolved by
nitrous acid than genuine mercury, which I attribute to the
attralion of the aérial acid contained in the precipitate.

Mercury in marine acid.

The marine acid, in its common phlogifticated ftate, does
not aét on mercury, at leaft in its ufual ftate of concentration ;
Vor. LXXIII. L but
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but Mr. HoMBERG, in the Paris Memoirs for the year 1700,
aflures us, he diffolved mercury in marine acid, whofe {pecific
gravity was 1,300, by keeping it fome months in- digeftion. The
authors of the Cours de Chymie de Dijon affirm alfo its folubility
in this acid, though in very fmall qhantity. The dephlogifti-
cated marine acid, in a vapourous ftate, certainly acts upon it,
though while in a liquid ftate it is too weak, by reafon of its
dilution. :

Precipitate, per f, s alfo foluble in marine acid, with the
afliftance of heat. 100 grs. of fublimate corrofive contain 77
of mercury, 16 of real acid, and 6 of water. 100 grs. of
mercurius dulcis contain 86 of mercury, and 14 of acid and
water.

Zinc in vitriolic acid.

100 grs. of zinc require for their folution 100 grs. of real
acid, whofe proportion to that of water may be as 1 to 8, 10,
or 12, applying heat towards the end, when the acid is almoft
faturated. A fmall quantity of black powder always remains
undiffolved. The produ& of inflammable air is 1oo cubic’
inches.- Itis{oluble in the concentrated vitriolic acid, with the
aid of heat.

100 grs. of vitriol of zinc contain 20 of zinc, 22 of acid,
and 58 of water. ‘

The calces of zinc, if not exceedingly dephlogifticated, are
alfo foluble in this acid.

Zinc n nitrous acid,

100 grs. of zinc require for their folution 125 grs. of real
nitrous acid, whofe proportion to that of water is as 1 to 12,
applying froi time to time a flight heat, If a concentrated acid

2 be
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be ufed, lefs will be diffolved, as much of the acid will efcape
during the effervefcence. 1 could procure no nitrous air from
the folution by any management, as the nitrous acid is in part
decompofed during the operation.

The calces of zinc, if not too much dephlogifticated, are
alfo foluble in this acid.

Zinc in Marine Acid.

The fame quantity of zinc requires of this acid 210 grs.
the proportion of real acid in the menftruum being as 1 to g,
and ufing from time to time a flight heat. If a lefs dilute acid
be ufed, more real acid will be requifite, as much of it will
efcape during the effervefcence.

The calces of zinc are alfo foluble in this acid.

Bifmuth in vitrielic acid.

200 grs. of oil of vitriol, whofe fpecific gravity was 1,863,
diffolved but three grs. of wifmuth in a ftrong heat; but
flightly dephlogifticated a greater quantity. 4o0 grs. of fpirit
of vitriol, whofe fpecific gravity was 1,200, diffolved but one
grain. The calces of wifmuth are much more foluble. The
folution of the 3 grs. afforded 4 cubic inches of vitriolic air.

Bifinuzh in nitrous acid.

T'he {folution of 100 grs. of bifmuth require but 100 grs. of
real nitrous acid, whofe proportion to water fthould be as 1 to
8 or ¢. In this laft cafe, a gentle heat may be applied. T'his
folution affords 44 cubic inches of nitrous air, The calces of
bifmuth are alfo {oluble in this acid.

E 2 Bifmuth
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Bifinuth in marine acid.

400 grs. of {pirit of falt, whofe fpecific gravity is 1,220,
diffolved only 3or 4 grs. of bifmuth.

Nickel in witriolic acid.

100 grs. of concentrated vitriolic acid diffolve about 4 of
nickel, with the affiftance of a ftrong heat. The calces of
nickel are much more foluble.

Nickel in nitrous acid.

100 grs. of nickel require for their folution 112 grs. of ni-
trous acid, whofe proportion to wateris as 1 to 11 or 12,
affifted with a moderate heat. A concentrated acid aés fo rapidly
that much is diffipated. The produ¢t of nitrous air is 479 cubie
inches. The calces of nickelare alfo foluble in this acid.

Nickel in marine acid.

zoo grs. of fpirit. of falt, whofe fpecific gravity is 1,220,
diffolved 4 or § grs. of nickel, without the affiftance of heat.
A weaker acid diflolves lefs, and requires the affiftance of heat.
In all thefe cafes of difficult folution more of the metal will be
taken up by diftillation and cohobation ; but the proportion will
be difficult to affign.

The calces of nickel are alfo difficultly foluble in this acid.

Cobalt in vitriolic acid.

100 grs. of cobalt require 450 grs. of real acid, whofe pro-
portion to its water is not lefs than 1 to 7, and a heat of
4 27Q°
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270° at leaft. By pouring warm water on the dephlogifticated
mafs a folution is obtained. :

The calces of cobalt are flill more foluble; even a dilute:
acid will ferve, ' |

Cobalt in nitrous acid.

100 grs. of cobalt requires 220 grs. of real nitrous acid,
whofe proportion to water is as 1 to 4, giving towards the end.
a heat of 180°.

The calces of cobalt are foluble in this acid.

Cobalt in marine acid.

100 grs. of fpirit of fult, whofe fpecific gravity is 1,178,
diffolves, with the affiftance of heat, 21 grs. of cobalt. A
more concentrated acid will diffolve more.

The calces of cobalt are more foluble in this acid.

Regulus of antimony in vitriolic acid.

100 grs. of regulus of antimony require for their folution
725 grs. of real acid, whofe proportion to water is as 1 to R
and a heat of 400°% More regulus thould be employed than is.
expected to be diflolved, and the refulting falt requires a large
quantity of water to diffolve it; for the concentrated acid lets
fall much when water 1s added to it. A lefs concentrated acid
will alfo diffolve this femi-metal, but in fmaller quantity,

The calces of antimony, even diaphoretic antimeny, are
fomething more foluble.

Regulus of antimony in nitrous acid.

100 grs. of this femi-metal require goo grs. of real nitrous
acid, whofe proportion to water is as 1 to 12, aided with a
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heat of r10°. The folution, however, becomes turbid in a
few days.
- The calees of antimony are foluble in a much lefs degree.
Regilus of antimony in marine acid.

100grs. of fpirit of falt, whofe {pecific gravity is 1,220, diffolve
about 1 gr. of regulus, with the affiftance of a flight heat. Spirit
of falt, whofe fpecific gravity is 1,178, alfo al&s upon it, but
diffolves ftill lefs. I believe the concentrated acid would, in a
long time, and with the help of a gentle heat, diffolve much

more of it.
The calces of antimony are much more foluble in this acid.

Regulus of arfenic in vitriolic acid.

200 grs. of oil of vitriol, whofe {pecific >gravity is 1,871,
diffolve 18 of regulus of arfenic in a heat of 250° Of thefe
about # cryftalize on cooling, and are foluble i n a large quan-

tity of water.
“The calces of arfenic are more foluble in this acid.

Regulus of arfenic in nitrous acid.

100 grs. of this femi-metal require 140 grs. of real nitrous
acid, whofe proportion to water is as 1 to 11, and the affiftance
of heat. 1t is foluble in a lefs or more concentrated acid, but
in a lefler degree. This folution affords 102 cubic inches of
nitrous air. The barometer at 30, and the thermometer at 6o.

'The calces of arfenic are alfo foluble in this acid.

Regulus of arfenic in marine acid,

100 grs. of fpirit of falt, whofe {pecific gravity is 1,220,
diffiolve 1% grs. of regulus of arfenic; the marine acid, in its
commoi
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common dilute ftate, that i 1s, whofe fpemﬁc gravity is undes
1,17 does not at all affet it.

The calces of arfenic arg lefs foluble in this acid than in the
vitriolic or nitrous..

We have now:gone through moft of the bafes to which acids.
are capable of uniting (manganefe and platina I«have‘purpofely
omitted, asI was not poflefled of a fufficient quantity of either
in that degree of purity requifite for exat experiments). We
have alfo feen the quantity of the mineral acids requifite to.
faturate each bafis, except the metallic bafes, all' of which
require an-excefs of acid, not only to diffolve them, as in moft
cafes much of it flies off” with the phlogifton in an aérial form,.
but alfo to keep them in folution. ‘The quantity of any bafis,
taken up by a given quantity of any of thefe acids, is eafily
found'; for if 100 grs. of any bafis take up, at* the point of
faturation, or require for their folution, the quantity @ of anv-
acid, the quantity taken up or diflolved by 100 grs. of that-

acid will be

The proportxon of ingredients which I have affigned to dif-
ferent neutral falts. appears, at firft fight, very different frous.
that which- Mr. BERGMAN. has afcribed. to them. This for
fome time made me very. uneafy, as I have the higheft confi-
dence in the kill and judgement of that excellent chymift; but.
on a ftri¢ examination I have found, that the diffcrence is more
apparent than real. Mr. BERGMAN. has never attempted to.
afcertain the quantity of rea/-acid in any fubftance; but has,,
according to the cuffom of all preceding writers, beftowed the
title of acid on thofe liquids which contain it in the moft con-

centrated, or at leaft in a very concentrated {late, but whicl..
(tilk

10000~
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ftill confefiedly contain fome undetermined proportion of wa-
ter, and by the quantity of water he commonly underftands
that which is retained by cryftallization: thus, in his firft vol. p.
137. he fays, that 100 grs. of vitriol of iron contain 23 of iron,
39 of vitriolic acid, and 38 of water. But in his treatife De
Produétis Vulcanicis, § 12. he fays, that 1oo grs. of vitriol -of
iron contain 24 of iron, 24 of dephlegmated vitriolic acid, and
52 of water; and this laft calculation fcarcely differs from
‘mine, as I aflign to 100 grs. of vitriol 25 of iron, 20 of real
vitriolic acid, and 55 of water. The difference manifeftly
arifes from the quantity of water flill contained in his de-
phlegmated acid. The moft material difference between us
regards the quantity of the mineral acids taken up by alkalies ;
for, according to his and Mr. sCHEFFER’s experiments, they
take up more of the vitriolic than of the nitrous, and
more of the nitrous tha'n of the marine; whereas, according
to Mr. HOMBERG’S, Dr. pLuMMER’s, Mr. WENZEL’s, and my
experiments, this does not happen. This difference arifes in
all probability from the different degrees of evaporation by
which the cryftals of thefe falts are obtained ; for which reafon
1 did not examine the quantity of the cryftals, which muft be
variable, but that of dry falt, left after thorough evaporation.
With regard to the quantity of earth and metallic bafis in dif-
ferent {alts, Mr. BERGMAN’s experiments and mine agree almoft
intirely.

The advantages refulting from thefe inquiries are very confi-
derable, not only in promoting chymical {cience, which, being
a phyfical analyfis of bodies, cfentially requires an exact deter-
mination, as well of the quantity and proportion, as of the
quality of the conftituent parts of bodies, but alfo in the
practical way. Thus, inthe firft place, it is well known, that

feveral
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feveral important procefles are very inaccurately defcribed by
antient chymical writers, and even by fome of a modern date,
they frequently, for inftance, defcribe the acid they employed
by reference to the quantity of fixed alkali, earth, or metal, a
given quantity of fuch acid was capable of neutralizing or
diflolving. Now the foregoing obfervations immediately in-
formus of the quantity of real acid capable of performing that
effe&; the remainder, therefore, muft have been water; and
the quantity of real acid and water being known, the fpecific
gravity is eafily found by the help of the foregoing tables, and
thus an acid of the fame ftrength may be formed. Thus
SCHLUTTER, in the beft treatife on Effaying yet extant ¥, in-
forms us, that the beft aqua fortis for parting filver from gold
1s that of which a pound diflolves one mark, that is, half a
pound of filver: then 1000 grs. of it fhould diffolve 5oo of
filver. Now, by the foregoing experiments, we find, that
roo grs. of alloyed filver require 38 of real acid for their folu-
tion ; confequently 500 grs. of filver will require 190 grs.;
confequently 1000 grs. of fuch fpirit of nitre thould contain
1go grs. of real acid and 810 of water. Then recurring to
the table of the nitrous acid, I find, by the rule of proportion,
that the {pecific gravity of this acid muft be about 1,261 ; for
as 190 is to 810, {0 is 393 acid to 1675 of water., This pro-
portion of water is fomewhat greater than that I ufed, but
SCHLUTTER ufes a fand heat.

2dly, The importance of this knowledge in the art of phar-
macy is very obvious, efpecially with regard to medicines
formed of metallic fubftances, whefe powers depend on the
proportion of their ingredients, and their alion on each other.
3dly, This degree of precifion muft tend confiderably to the

* Vol. 1, p. 332. French edition,
Vor. LXXIIL r

improve-
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improvement of the arts of dying and enamelling, the pro-
cefles by which many of their ingredients are procured being
at prefent much too vague. Thus the procefs at prefent ufed
- for preparing the precipitate of cassius frequently fails, the
ftrength of the acids not being {ufficiently afeertained.

4thly, The ufes of this knowledge in the examination of
mineral waters, and in eflaying of ores, have been amply
proved in the elaborate treatifes which the celebrated BERG-
MAN has lately given us on thefe fubjecs. And I may further
add, that the knowledge of the quantity of acid requifite for
the folution of different metallic fubftances may alfo furnith us
with a new criterion for diftinguithing them from each other,
and the purer from their alloys, and in fome cafes inform us
of the quantity and quality of the alloy : thus, 100 parts pure
filver require lefs of the nitrous acid to diffolve them than
100 grs. of ftandard filver; thus alfo, by diffolving in fpirit of
falt any metallie fubftance fufficiently foluble therein, we may
know whether it contains the fmalleft particle of filver, quick-
filver, or arfenic, as thefe are almoft infoluble therein, or of
regulus of antimony, cobalt, nickel, or wifmuth, of which
it alfo takes but a fiall proportion.

But the end which of late I had principally in view, was to
afcertain and ‘meafure the degrees of affinity or attraction that
fubfift betwixt the mineral acids, and the various bafes with
which they may be combined, a fubje& of the greateft impet-
tance, as it is upon- this foundation that chymiftry, confidered as
a {cience, muft finally reft ; and though much has been already
done, and many gencral obfervations laid down on this head,
yet {o many exceptions have occurred even ta fuch of thefe
obfervations as feemed to have been moft firmly eftablithed,

that not only a variety of tables of "affinity have been. formed,
1 but
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but many very eminent chymiits have been induced to doubt,
whether any general law whatfocver could be traced. But, as
the judicious BERGMAN well obferves, it were much more rea-
fonable to examine the circumftances of thefe exceptions, which
undoubtedly arife from the introduétion of new powers, and
lay down rules qualified with fuch reftritions as are obferved in
the a&ion of thefe antagonift powers. This isthe plan I have
followed ; but before I proceed to explain myfelf, I muift open
the fubjed in a more general way.

Chymical affinity or attra&tion is that power by which the
invifible particles of different bodies intermix and unite with
each other fo intimately as to be infeparable by mere mecha-
rical means. In this refpe@ it differs from magnetic and
ele@rical attradtion. It alfo differs from attraction of cohefion
in this, that the latter takes place betwixt particles of almoft
all forts of bodies whofe furfaces are brought into immcdiate
conta& with -each other; for chymical attraGion does not act
with that degree of indifference, but caufes a body already
~ united to ancther te quit that ether and unite with a third, and
hence it is called elective attraCtion. Hence attra&tion of cohe-
fion often takes place betwixt bodies that have no chymical
attraction to each other; thus regulus of cobalt and wifmuth
have no chymical attra&tion to each other, for they will not
unite in fufion, yet they cohere with each other {o ftrongly,
that they can be feparated only by a ftreke of a hammer.

Hence bodies, which refufe to unite to each other chymically
when they are moft minutely divided, as when beth are in a
vaporous or aérial flate, or when both are in a liquid ftate, may
be judged, in the firflt cafe, to have none ; or in the {fecond cafe,
to have at beft but a very fmall affinity to each other. But
thofe that unite, when one of them only is ina liquid ftate,

F a2 may
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may be faid to have a firong aflinity to each other, and it is
thus that acids unite to-alkalies, earths, and metals, for the
moft part.

In order to determine the degrees of affinity, Mr. GEOFFroY
has laid it down as a general rule, that when two fubftances
are united, and either quits the other to unite to a third, that
which thus unites to this third {ubftance muft be faid to have a
greater affinity to it than to the fubftance it has quitted. This
undoubtedly is the cafe when only two attraltive powers are:
concerned 5 thus, when felenite 1s decompofed by a cauftic fixed
alkali, it is evident, that the vitriolic acid has a ftronger affi-
nity to the alkali than to the earth; but in many cafes a de-
compofition, feemingly fingle, is in fact double, and the refult
of the a&tion of morethan two pewers, and then it is not cafy
to know which is the greateft, nor confequently to determine
the degree of attraltion ; for inftance, the vitriolic acid unites
to a mild fixed alkali, and expels the fixed air from 1t, yet it
does not neceflarily follow, that the vitriolic acid attraéts, oris.
attracted, by the alkali more ftrongly than the aérial acid ; for
though there appears here only a fingle decompofition, yet in
reality a fort of double decompofition takes place, the vitriolic
acid giving out its fire to the acrial, while the aérial refigns the:
alkali to the vitriolic ; and hence a decompofition. might well
take place, even on the fuppofition that the affinity of both.
acids to the alkali was equal : therefore, to attain any certainty
in this matter, itis neceflary to afcertain the quantity and force.
of each of the attra&ive powers, and denote it by numbers.

Mr. MorVEAU was the firft who perceived the neceflity of
this calculation, and he has accordingly communicated tous, in.
numbers, a table of “the attraftive power of mercury with

refpe to metals ; but his method is incapable of being genera-
5 lized.
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fized. Mr. wenzer had alfo an eye to fuch calculation; but
his method 1s much more defeftive. It is only this, ¢ ‘To
¢ difcover (fays he) the quantity of affinity which the nitrous
¢ acid bears to the different fubftances with which it is capable
¢ of uniting, let fmall equal cylinders of each of the metals
“ be covered over, except at one end, with melted amber, and
¢ then expofed to equal quantities of the {ame {pirit of nitre,
¢ and in the fame temperature ; then let the times of the {olu-
¢ tion of each be noted. The affinity of the acid to each.of thefe
“ metals will be inverfely as the times neceflary for the folution of
““ equal guantities of them.” And as he well knew that {pirit:
of nitre, of the fame degree of concentration, would not a&:
equally on each of them, he required that it fhould be diluted.
in {ome cafes, and undiluted in others, and allowance to be
made for this in the fubfequent calculation. But alkalies and
earths are here intirely omitted; and even as to metals no
conclufion can be drawn by this method. Tin and regulus of
antimony are moft rapidly attacked by this acid, lead and cop-
per much more flowly; yet it is well known, that its affinity
to lead is much ftronger than its affinity to tin, and its affinity-
to copper greater than to regulus of antimony. Silver and
quickfilver are more flowly diflolved, and yet the affinity of
the nitrous acid to thefe metals, as will be feen in the fequel,
is by far the greateft.

Neither can this method be in any wifc applied to the eftima-
tion of the affinities of the other mineral acids; for though the vi-
triolic and marine acids diffolve very flowly,difficultly, and {pa-
ringly, feveral metals that are copioufly and readily diffolved by
the nitrous, yet they both have a ftronger affinity to thofe very
metals than the nitrous has to them, as is evident with regard

to filver, mercury, and lead, which. are precipitated from the
| nitrougs
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nitrous by the vitriolic and marine, though the two firft ‘are
infoluble in the marine, and all three difficultly foluble in the
vitriolic. Accordingly, we do not find that Mr. weNzeL has
ever made the propofed experiments, atleaft he makes no men-
tion of their refult.

The difcovery of the quantity of real acid in each of the
mineral acid liquors, and the proportion of real acid, taken up
by a-given quantity of each bafis at the point of faturation, led
me unexpectedly to what feems to me the true method of in-
veftigating the quantity of attraction which each acid bears to
the feveral bafes to which it is capable of uniting; for it was
impoflible not to perceive,

Firlt, That the quantity of real aczd neceffary to faturate a
given weight of each bafis, is inverfely as the affinity of each
bafis to fuch acid. ,

Secondly, That the quantity of each bafis, requifite to faturate
a given quantity of each acid, is direclly as the affnity of fuch
acid to each bafis.

Thus 100 grs. of each of the acids require for their faturas
tion a greater quantity of fixed alkali than of calcareous earths,
more of this earth than of volatile alkali, more of this alkali
than of magnefia, and more of magnefia than of earth of
allam, as may be feen in the following table,

RQuantity of bafis taken up by 100 grs. of each of the mineral acids.

Veg fixed Min.  Calcar, Vol. Mag-  Earth of
alkalis alkali. earth. alkalli.  nefia. allum.
Gis. Grs. Grs. Grs. Girs, 3rs.

Vitriolic acid  2: 5 105 110 90 8o 75

165 96 87 75 65

58 % 79 g1 55
As

Nitrous acid 21

W

Marine acid

N

Y
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As thefe numbers agree with what common experience
teaches us concerning the affinity of thefe acids. with their
refpe@ive bafes, they may be confidered as adequate expreflions.
of the quantity of that affinity, and I thall in future ufe them
as fuch. Thus the a{inity of the vitriolic acid to fixed vege~
table alkali, that is, the force with which they unite, or tend
to unite, to each other, is to the affinity with which that {ame
acid unites to calcareous carth as 215 grs. to 110; and to that
which the nitrous acid bears to calcareous earth as 215 grs. to.
96, &c. But before I proceed further in the comparifon of
thefe forces, it is neceflary to fay fomething of the nature of
Jaturation.

A body is faid to be faturated with another, when it is fo
mtimately combined with that other as to lofe fome peculiar
chara&eriftic property, which it poflefles when free from that
other. Thus acids poffefs the property of changing the Juice
of turnfol, or infufion of litmus, red. According to Mr.
BERGMAN one grain of the moft concentrated oil of vitriol will
give a vifible rednefs to 172,300 grs. of this infufion, and one
cubic inch of water, faturated with fixed air (the weakeft of
all acids, as is generally thought) of which water takes up
only aboeut its own bulk, and confequently 253 grs. take up
only about half a grain, reddens 5o cubic inches, that is,
about 12,650 grs. of the infufion. When acids lofe this pro-
perty they are faid to be faturated: and if both bodies are fatu-
rated, the compound is faid to be neutralized.

If an acid be united to lefs of any bafis than is requifite for
its faturation, its affinity to the deficient part of its bafis is as-
the ratio which that deficient part bears to the whole of what the
acid can faturate. Thus if 100 grs. of vitriolic acid be united
to 55 parts only of calcareous earth, its affinity to. the deficient

55 parts
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55 parts thould be eftimated half of its whole affinity, as ¢3
is the half of 110; but its affinity to the retained part is as its
whole affinity.

I fhall now thew how all decompofitions, in which thefe
three acids and the above mentioned bafes are alone concerned,
may eafily be explained,

In all decompofitions we muft confider, firft, the powers
which refift any decompofition, and tend to keep the bodies in
their prefent ftate ; and, fecondly, the powers which tend to -
effet a decompofition and a new union. The firft I fhall call
quiefcent affinities, and the fecond fort drvellent. '

A decompofition will always take place when the fum of the
divellent affinities is greater than that of the gusefcent 5 and, on
the contrary, no decompohtlon =il happen when the fum of
the quiefcent affinities is fuperior to, or equal to, that of the
divellent : all we have to do, therefore, is to compare the fums
of each of thefe powers. Thus, if the folutions of tartar
vitriolate and nitrous felenite be mixed, a double decompofition
will take place, a true felenite and nitre being the refult of
{uch mixture,

Quiefcent affinities. " Divellent affinities.
Vitriolic acid to fixed veget. alkali 215 | Vitriolic acid to calcareous earth 110
Nitrous acid to calcareous earth’ g6 | Nitrous Acid to vegetable alkali 214
Sumof ‘the quiefcent affinities 311 { Sum of the divellent — 323

Hence a double decompofition muft neceffarily happen.

The fame double decompofition will be produced if, inftead
of tartar vitriolate, 6LAUBER’s falt be ufed, 1 MARGR. 392.3
for’ the fum of the quiefcent affinities is 261, and that of the
divellent 275.  So alfo, if vitriolic ammon. be ufed forthe fum

of
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of the quiefcent is 136, and that of the divellent 195, or Ep-
fom falt, 1 MARGR. 390. Mem. Par. 1748, p. 339. or allum,
1 MARGR. 387. The determinations, however, with regard
to allum are not quite fo exal as the foregoing ; becaufe allum,
whether vitriolic, nitrous, or marine, conftantly retains an
excefs of acid, theexact point of faturation cannot be found as
I have already remarked, and is well known: however, the
fuperiority 1s on the fide of the divellent affinities, as it {hould
be. 1If, inftead of a folution of nitrous felenite, that of ma-
rine felenite be mixed with the folutions of the above men-
tioned vitriolico-neutral falts, the fame fort of double de-
compofition will happen, and a true felenite will be formed, r
MARGR. 382; and on calculation it will be conftantly found,
that the fum of the divellent conftantly excceds that of the
quiefcent affinities.

So alfo, if a folution of tartar vitriolate be mixed with a
folution of nitrous or marine Epfom, a double decompofition
will take place, though no vifible change: will appear in the.
mixed liquor, as vitriolic Epfom is exceeding foluble in water,
and therefore is not precipitated as {elenite is, on account of its
infolubility, Mem. Par. 1778, p. 338. In the firft cafe, the
fum of the quiefcent powers is 290, and of the divellent 295 ;
in the fecond cafe, that of the q\.ueicent 15 286, angd of the
divellent 295.

If a folution of crLAuBER’s falt be mixed with that of ni-
trous or marine Epfom, an invifible double decompofition will
alfo happen, Mem. Par. ibid. Hence Mr. QUATREMERE
DIJON-VAL, who lately denied this double decompofition (roz.
Mat 1782, p. 392.) was certainly deceived. In the firft cafe,
the fum of the quiefcent affinities is 240, and of the divellent

2455 in the fecond cafe, that of the quisfcent is 236, and of
Ver, LXXIIL G the
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the divellent 238. Further, if a {olution of nitre be mixed
with a folution of marine felenite, an invitible double decom-
pofition will enfue, Mem. Par. 1978, p. 341.; the{um of the
quiefcent powers being 304, and of the divellent 313.

If a folution of nitrous Epfom be mixed with that of ma-
rine {elenite, a double decompofition will be the confequence,.
17 R0Z. 393. : the fum of the quiefcent affinities being 164,
and that of the divellent 167.

From all which I colle, firft, that the quantity of each
affinity, as here determined, perfeétly coinciding with all the
facts hitherto known, which. are pretty numerous, may be
looked upon asexact or nearly fo.. 2dly, That thefe decompo-
fitions are perfetly confiftent with the fuperior affinity which
hitherto has been generally afcribed to the vitriolic and nitrous-
acids with fixed alkalies over that which thefe acids bear to
earths, and do not in the leaft infringe the received laws- of
affinities, as Mefl. MmaArRHER, MonNNET, and lately Mr. cor--
NETTE, in-the Memoirs of Paris for 1448, p. 339. do infinuate, .

There is a fa&, however, in that valuable repofitory of
chymical knowledge, Mr. creLL’s-Chymical Journal ¥, which
at firft fight feems contrary to one of the above determinations ;
it is there faid, that if folutions of one part allum and two.
parts common falt be mixed together, evaporated to a certain
degree, and fet to cryftallize, a GLAUBER’s falt will be found ;.
yet in this cafe the fum of the quiefcent affinities is 233, and
that of the divellent but 223. I repeated this experiment
without fuccefs, and indeed the author owns it never fucceeds
but during the moft intenfe cold.

If it does fucceed at all, the decompofition muit arife from a
large excefs of acid in the allum, which a&ed upon. and de-~

* 6 THEIL. p. 78,
compofed



the Attractive Powers of Mineral Acids. 43

‘compofed the common falt; and this explanation is confirmed
by the fmall proportion of crLAuvBER’s falt, which 1s faid to be
obtained by this procefs ; for from 30 Ibs. of common falt and
16 1bs. of allum only, 15 lbs. of GLAUBER’s falt were pro-
duced ; whereas, if the whole of the allum were decompofed,
there fhould be formed, according to my computation of the
proportion of acid in different falts, 293 lbs., and, according
to Mr. BERGMAN’s, 22 lbs. of GLAUBER’s falt.

Befides thefe powers there exifts another which neutral falts
pofiefs, of uniting to certain {ubftances, without {uffering any,
or but a very fmall, decompofition ; and thus forming #riple
falts, and fometimes quadruple. ‘This often caufes anomalies,
and has not as yet been fufficiently inveftigated *. Volatile
alkalies in particular poflefs this power; and hence, perhaps,
arifes the difference between Mr. BERGMAN’s table and mine,
with regard to them and magnefia; for though, when perfeétly
cauftic, they do not perfectly precipitate magnefia from Epfom
falt, it is becaufe they combine with this falt and form a triple
falt. _

According to my table, the three mineral acids have the
fame affinity to vegetable fixed alkalies, which will undoubtedly
appear extraordinary to many, as it 1s well known, that the
vitriolic acid decompofes both nitre and falt of fylvius; but it
fthould be remarked, that tartar vitriolate is alfo decompofed by
the nitrous and marine acids, as Mr. BAUME, MARGRAAF,
and BERGMAN, have found; and nitre is decompofed by the
marine acid, as Mr. corNETTE has thewn at large in the Me-
moirs of Paris for 17483 and not only thefe falts, but alfo
GLAUBER’s falt and vitriolic ammoniac, are decompofed by the

* In my next paper I fhall examine fome exceptions arifing from this fource.

G 2 nitrous



Myr. xIRWAN’s Experiments and Obfervations on
44 | :

nitrous acid; and al(o thefe falts, together with cubic nitre:
~ and nitrous ammoniac, are decompofed by the marine acid, as
Mr. BErRGMAN and Mr. coRNETTE have remarked : all which
fhew, that thefe decompofitions are the effet of a double affinity,
- or at leaft of compound forces. I always fufpeted. they arofe
from the different capacities of thefe acids for elementary fire ;.
but as the fubje& appeared to me of importance, for greater
certainty I made a feries of experiments which differ from.
thofe hitherto made in {feveral refpects, particularly in this,
that no heat was applied, and the decompofitions were difco-
vered, not by cryftallization, but by tefts.

Firft, I procured equal weights of each of the mineral acids,.
containing each the  fame quantity of real acid ; and throwing,
each fuddenly on an ounce of the fame oil of tartar, I had the
following refults, the temperature of all, before mixture,, being,
68° of FAHRENHEIT. 100 grs. of vitriolic acid, containing,
26,6 grs. of real acid proje¢ted on 480 of oil of tartar, raifed.
the thermometer to 138°.. :

100 grs. of fpirit of nitre, which alfo contained 26,6 grs..
real acid, projected in the fame manner on 480 grs. of -the-
fame oil of tartar, produceda heat of 120°.

100 grs. of {pirit of falt, whofe fpecific gravity was 1,220,
and which contained 26,6 grs. of real acid, projeted on the
above quantity of the fame oil of tartar, raifed the thermo-
meter from 69 to 129°.

Hence it follows, that the vitriolic acid contains more {peci~-
fic fire, or at leaft gives out more on uniting to fixed alkalies,,
than either the nitrous or marine;, and, therefore, when the
vitriolic acid comes in conta& with either nitre or falt of fyl-
vius, its fire pafles into thefe acids, which are thereby rarefied

to a great degree, and are thus expelled. from their alkaline
bafis,
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bafis, which is then feized on by the vitriolic. This explana-
tion is confirmed by the following experiments.

Into 400 grs. of fpirit of vitriol, whofe fpecific gravity was:
1,362, I put 6o grs. of nitre. The thermometer fell from 63
to 60, and during this time the nitrous acid was not expelled,
for I put in fome filings of copper, and they were not in the
leaft a&ed upon; but in five minutes after, they vifibly effer-
vefced, which fhews that the nitrous acid began to be expelled. -

Again, to 400 grs of oil of vitriol, whofe fpecific gravity was
1,870, I put 6o grs. of nitre :. the thermometer immediately rofe
from 68 to 105°, and the nitrous acid was expelled in the form:
of avifible fume. Thefe experiments prove, firft, that neutral’
falts are not decompofed, by mere folution, in anacid different
from that which they poflfefs. 2dly, That the nitrous. acid,
being converted into vapour, had imbibed a large quantity of
fire. But as the vitriolic, in both thefe experiments, was in:
much larger quantity than was neceflary to faturate the alka-
line bafis of the nitre, I put 60 grs. of nitre into 64 of the
above fpirit of vitriol, which contained the fame quantity of
real vitriolic acid as the 6o grs. of nitre did of the nitrous, and:
added 40 grs. of water, and alfo a few grains of filings of cop-
per. In lefs than two hours the copper was atted upon, and
confequently the nitrous acid was expelled. |

Again to about 400 gts. of oil of vitriol, whofe {pecific gra-
vity was 1,870, I put 100 grs. of common falt ; it immediately
effervefced, and gave out the marineacid in the form of a white
vapour. A thermometer held in the liquor rofe but 4°; but
when placed in the froth it rofe to 10°, and fell again on being
put into the liquor : whence it follows, that the vitriolic acid

gave out its fire to the marine, and that this latter received:
more:
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more than it could abforb even in the ftate of vapour, and
‘hence communicated heat to the contiguous liquor.

From thefe experiments it is evident, that the nitrous and
marine acids receive fire from the vitriolic, and are thrown into
-a vapourous ftate, or at leaft {fo much rarefied as to be expelled
from their alkaline bafis, notwithﬁanding that their affinity to
ithat bafis may be equally ftrong with that of the vitriolic.

T next proceeded to examine how tartar vitriolate and GLAvU-
BER’s falt are decompofed by the nitrous acid. Into 400 grs.
of {pirit of nitre, whofe fpecific gravity was 1,355, and which
.contained about 105 grs. of real acid, I put 6o of pulverifed
tartar vitriolate. The thermometer, which ftood at 68°, was
not in the leaft affe€ted by ftanding in this mixture, and there
was {carce any fign of folution. To try whether the vitriolic
acid was difengaged, I threw into the liquor a few grains of
powdered regulus of antimony: in 24 hours the vitriolic acid
was in part difengaged, for the regulus was aced wpon, and
the liquor became greenith. This femi-metal being foluble in a
mixture of the vitriolic and nitrous acids, but in neither fingly,
‘however, a great part of the tartar vitriolate {till remained un-
diffolved.  Afterwards I put the fame quantity of tartar vitri-
.olate into 400 grs. of {pirit of nitre, whofe fpecific gravity was
1,478 ; the thermometer rofe from 67 to 7¢°, the tartar vitri-
olate was quickly diffolved, and the regulus of antimony
fhewed the vitriolic acid was difengaged.

Hence it follows, thatin the laft experiment the nitrous acid
having the fame affinity to the alkaline bafis as the vitriolic, but
giving out, during the folution, more fire than was neceflary
to perform the folution, the vitriclic receiving this fire was dif-
-engaged ; for as it cannot unite to alkalies without giving out

fire, o when it receives back that fire it muft quit them. The
reafon
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reafon why the nitrous acid, which {pecifically contains lefs
fire than the vitriolic, gives out fo much, is, that its quantity
in both thefe experiments is far greater than that of the vitri-
olic, it being in the firft as 105 to 173 and in the fecond as
158 to 17.

For this reafon, to 6o grs. of {pirit of nitre, whofe fpecxﬁc
gravity was 1,355, I added 1000 grs. of water, and into this.
dilute acid I put 60 grs. of tartar vitriolate, which contained
exaltly the fame quantity of acid as the 6o grs. of {pirit of
nitre. After eight days the tartar vitriolate was almoft intirely-
difiolved, yet I could perceive no fign of its decompofition,
and after evaporation no nitre was found.. Hence I conclude,
that the nitrous acid can never decompofe tartar vitriolate
without the affiftance of heat, but when its quantity is fo
great-that it contains confiderably more fire, and by the at of
folution is determined to give out this fire. The decompofition
of cLauBer’s falt and vitriolic ammon. (neither of which, as-
Mr. BERGMAN obferved, is ever total) may be explained in the
fame manner ; whereas the vitriolic, ever fo dilute, decom-
pofes both nitre and nitrous ammoniac totally, Tartar vitriolate
is alfo decompofed by the marine acid, though very flowly, for
the fame reafon, and in the fame circumftances, as it is decom-
pofed by the nitrous acid, as appears by the following experi-
ments. Into 400 grs. of {pirit of falt, whofe fpecific. gravity
was I,2:0, 1 put 60 grs. of tartar vitriolate. The thermo-
meter was not in the leaft affeCted, and the falt diffolved very
flowly. To try whether the vitriolic acid was difengaged, I
added fome pulverifed bifmuth ; in twelve hours part of the
bifmuth was diffolved, and could not be precipitated by
the affufion of water, a fign that it was held in f{olution
by the compound acid, which alone hath the property of

5 preventing



48 Mr. RIRWAN’s Experiments and Obfervations on

preventing its precipitation by the affufion of water, as Mr.
wENZEL has difcovered. Here the quantity of marine acid was
much greater than that of the vitriolic, and confequently it
contained more fire; but this circumftance alone is not {ufficient,
at muft befides be.determined to give out that fire by the a&k of
folution. This appears by the experiments of Mr. CORNETTE ;
for when he mixed half an ounce of tartar vitriolate, previoufly
diffolved in water with two ounces of {pirit of falt, ‘the tartar
vitriolate was not decompofed, Memoirs, Paris, 1778, p. 49.3
for it being already diffolved, no cold or heat was generated by
mixing it with the {pirit of falt, and confeqjuently the latter did
not give out any fire. Mr. corRNETTE al{o obferved, that cLav-~
BER’s falt is eafier decompofed by the marine acid than tartar
vitriolate; this I have alfo experienced, and the reafon is, firft,
becaufe cLAUBER’s falt is more eafily {oluble in {pirit of falt
than tartar vitriolate ; and, fecondly, becaufe its alkaline bafis
takes up a greater quantity of the real marine acid than of the
vitriolic, whereas the bafis of tartar vitriolate takes up an equal
guantity of both acids; confequently the marine gives out
more fire In uniting to the bafis of cr.auBer’s falt than on
uniting to that of tartar vitriolate.

Vitriolic ammoniac 13 allo decompofed by the marine acid
for the fame reafon; but m all thefe cafes the quantity of the
marine acid muit much exceed that of the vitriolic, or no de-
compolition will take place. The decompofition of nitro-
neutral {alts by the marine acid depends on the fame principles.
Mr. corNETTE found, that cubic nitre was more cafily decom-
pofed than prifmatic nitre, and accordingly, during the folu-
tion of prifmatic nitre, only 3° of cold were produced; but,
during that of cubic nitre, the thermometer fell 6° a fign
that the fpirit of falt gave out more fire in the latter cafe than

wm
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in the former, and: its quantxty mg{‘c always be greater than
that of the nitrous acid Contamcd i the mmeml alkaline baixx
becaufe this bafis rcqmrcs for its {aturation more of the marine
than of the nitrous acid, as we havc aheady {een.

Yet the nitrous acid, in.its turn, . decompofes falt of f{ylvius
and common falt, as Mr. MmArRGrRAF has ﬂ)ewn, but it muft
always be in greater. quantity than the marine, in order to con-
tain a fuﬂmlent quantity of ﬁlc for that eﬁfe& To 403 grs. of
colouslefs, {pirit . of 1 nitre,. whcpfe fpecxﬁu gmvu:y was 1,178 I
put 60 grs. of common , falt,, it quxckly eftervefced and grew
red; yet the thexmqmeten rofe but 2% 4 ﬁgn that the m'ume
acid had abforbed the greater part of | the ﬁre which the nitrous
had given out, and was thus expelled : beﬁdes, in this cafe,
the fuperior affinity of the nitrous acid to the mineral bafis
haftened the dgcompofition ; and hence §he decompoﬁtlon h"tp-
pens without folution,, whqre;ls the , marine acid does not de-
compofe cubic nitre until it has chﬁolved it, wh1ch is woxthy
of notice. This mutual expulfion of the n1trous and marme
acids by each other is the, true reafon why aqua regia may be
made, as well by adding nitre or nitrous, ammoniac to {pirit of
falt, as by adding common falt or fal ammoniac to {pirit of
nitre, as Mr. coRNETTE has well remarked.
~ Selenite is decompofed neither by the nitrous nor by the
marine acids, as-Mefl. cuapTAL and corNETTE have obferved.
The reafon is evident on the above principles; it is diffolved by
neither without the affiftance of heat, and then the folution is
performed by ‘a_foreign heat, and not by that which thefe acids
give out when they a& withoutithe affiftance of heat.

‘Laﬁly, whenever a vitriolico-neutral falt, decompofed by
either the nitrous or marine acid, is evaporated to a certain
degree, the vitriolic expels thefe acids in its turn; for the free

VoL, LXXIII. H parnt
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part of the former acids being expelled by the heat of evapora-
tion, the neutral falts begin to cryftallize, and confequently
give out heat ; but the vitriolic being th¢u In greater proportion
re-a&ts on thefe falts, rcftores their fpecific fire to their acid
princvi‘plc; and recombines with their alkaline bafis, as already
cxplained.

Hence, though allum'is in reality decompofed by the nitrous
and marine acids, yet when the folution of it in either of thefe
acids 1s cvapomtcd to a’ certain dégree, the: vitriolic acid, of
which it contains a l'uger proportion than ‘any other terrene
falt, re-altson the nitrous and’marineallums, and expels their
acids, as Mr. cHAPTAL has thewn.

In explaining thefe phenomena 1 have all along {uppofed the
do&rine of Dr. BLACK to bé well known, vz, that {olids ab-
forb heat during their folution. ‘Both the heat aind cold,  pro-
duced in different folunons, feem to'me to depend on the fame
principle. If the menftruim gives out onily /o much of its fire
as the folvend can abforb, or/efs, then cold is produced; but if
it gives out more of its {pecificfire than the folvend can abforb,
thxs furplus becomes fenfible, and affeéts the thermometer by

producmg heat in proportlon to its qumtxty

Of the affinity of the mineral acids to metallic fubflances.

Having thus, in every inftance, -eftablithed the agreement
betwixt the quantity of any alkaline or terrene bafis, taken up
at ‘the point of faturation by a given weight of any of the
three mineral acids, and the quantity of affinity which each of
thefe acids bears to fuch bafis, I naturally extended my views
‘to metallic fubftances, to try whether this coincidence eould be
traced with regard to them alfo; but the difficulties that oc-
curred in this inquiry were fo great, that the fame degree of

certainty muft not be expeted as in the foregoing part.
Metallle
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Metallic fubftances, when free(t from all foreign mixture,
are obtained either.in a regulme ftate, or in that of a calx.
Thefe calccs, if formed by fire, arc conftantly combiiied with
more or lefs of the aérial acid, which is very difficultly ex-
traCted from thém, and very foon re-abforbed ; and if formed
by folution, they as conftantly retain a portion of their folvent
or prccnpltant, fo that the precife welght of the really metallic
part is difficultly aﬁ.cntuucd ‘But though tlus fhould eafily be
effeted, ftill they would for the moft part be unfit for my
purpofe ; becnufe moft of them, when much dephlogifticated,
are infoluble in fome or all the acids: hence I chofe metals in
their mehlllc ftatc for thc {fubjec of my experiments. Thefe
confift of {pecifically ditferent earths and phlogifton, and of
this they muft lofe a part before they can be diffolved in acids ;
but, befides that which efcapes in an aérial form, much more
of it, though feparated from the metallic earth, is yet retained
in the folution by the compound of acid and calx. It is this

calx, thus differently dephlogifticated by the different acids,
whofe proportion I endeavoured to afcertain.

The great difficulty that occurred in ‘this inquiry was, that
of ﬁndmg the exact quantity of acid neceflary to faturate the
metallic fubftances ; for all metallic folutions turn folution of
litmus red, and confequently contain an excefs of acid. And
the reafon is, becaufe the falts, formed by a due proportion of
metallic calx and acid, are nearly infoluble in liquids that do
not contain a further quantity of acid; and in fome cafes this
quantity, and even its proportion to the aqueous part of the liquor,
muft be very confiderable, as in folutions of bifinuth. Hence
I in vain endeavoured, by cauftic alkalies and lime-water, to
deprive thefe folutions of this excefs; for when deprived even
of ouly :part' of it, many of the metals precipitated, and all

H 2 would,
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would, if deprived of the whole of it. On this account I was
obliged to ufe different methods, of which I fhall here give an
mftance.  With regard to the folution of filver in the nitrous
acid, as it could be had extremely faturate 1 began with it.
657 grs. of this folution contained, according to my calcula-
tion, and 'tllowing for the qumtity of acid carricd oft in the
nitrous air, 31,34 grs- ¢ of real acul and 100 grs. of filver. Of
this folution I found that ¢ gr g.we a vifible red tint to as
much of a dilute folution of litrrius, as a quantity of {pirit of
nitre, which contained *;ths of a grain of real acid, and
therefore I )udged thefe 9 grs. to contain an excefs of acid,
amounting to % ths of a grain; and if ¢ grs. contain fuch an
excefs, then the whole folution muft have contained an excefs
amounting to 5.%ths of a grain, deduéting which from 31,38,
we find the quantity of acid faturated by 100 grs. of filver to
be 25,78 grs. In this manner 1 proceeded with moft other
metallic folutions. The vitriolic folutions of tin, wifmuth,
regulus of antimony, nickel, and 1egulus of arfenic, contain-
ing a large excefs of acid, I faturated part of it with cauftic
volatile alkali before T tried them with the infufion of litmus,
'md I ufed the fame expechent with the nitrous {olution of iron,
lead, tin, and reguha of antimony, and all the marine folu-
tions. The proportion of vitriolic and marine acid taken up by
lead, filver, and mercury, I determined by computing the
quantity of real acid ncceffary to precipitate thefe metals from
their, folutxons in the nitrous acid; and of all the determina-
tions thefe appeared to me to be the moft exalt. However, as
all the vitriols of thefe metals are, though in a flight degree,
foluble in the nitrous acid, I was obliged to re@ify the refult
from other confiderations, and the fame neceflity occurred with

ieg_ard to the marine falts of lead and mercury.

The
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The refult of thefe experiments  was, that 100 grs. of each

of thefe acids take up, at the point of faturation: of each me-

tallic {ubftance, dephlogifticated to {uch a degree asis neceflary

for its folution in each acid, the quantities exprefled in the fol-

lowing table, which denote their degree of affinity to each
metal.

Table of the affinity of the three mineral acids. to metallic
Subflances.

100 grs. ‘Leon. |'Cop- | Tin. [Lead. [Silver | Mer- y Zinc. | Wil- [Nickel] Co- |Reg. ot [Reg. or §
per. cury, muth. balt. |antimo. {arfenic.

Vitriolié acid ‘276; 260 138k 412|390 (432 | 318 'zfg 300 360 Ez’oo. 260

Nitrous acid| 255|255 120|365 375|416 |304| 290300350 194 | 220 |

Marin’eacid 265|265 | 130/ 400|420 4"38 312 :28 gzg 370| 198 | 290 |

Yet I cannot fay that thefe numbers are precifely fuch ‘as I
could extra& from my obfervations on the colour of the folution
of litmus; for thefe indications are fo precarious thatI.did not
abfolutely confide in- them, but adjufted the numbers, as I
thought other phenomena required.. However, the deviations
were not {o confiderable as to induce a doubt that metallic earths
had not almoft all a ftronger affinity to the three acids than
even frxed alkalies. Neverthelefs, the common tablesy which
poftpone - metallic fubftances. to. all others, . are in reality juft ;
they.only require a different. denomination, being in faét tables
of precipitation rather than of: gffinity, as-far as they‘relate t6
metallic fubftances, exprefling by their order, what metallic
fubftances precipitate others from the different acids.. But'thefe
precipitations are conflantly the refult of a double affinity and

decompofition,
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-decompofition, the preczpz!atmg metal yielding its phlogifton to
the precipitated metal;, while the precipitated metal yields its
acid to the precipitant.  Nor has this efcaped the fagacity of
Mr. BERGMAN, 2 N. A&. Upf. 205. who has even' confirmed
it by .experiments which I have repeated, and found exact.
"Thus, though copper, in its metallic form, precipitates filver
aud mercury from the nitrous acid with great eafe, yet the calx
of copper ‘will pxemplt'xte neither. The fuperior affinity of
acids to metallic earths, in preference to alkalies and unmetallic
earths, requiring further proof, I thall here demonftrate it in a
few inftances, with regard even to thofe metals which are com-’
monly thought to have the leaft affinity to acids. And, firft,
that the nitrous acid hasa ﬁronger affinity to filver than to ﬁxed
alkalies, appears by a curious experiment of Mr. MONNET'S
(Diffolution des Metaux, p. 159.). If a folution of filver in
nitrous acid be poured into:a mixed folution of fixed alkali and
common falt, the filver will be precipitated by the marine acid
of the common falt, and not by the free aikali contained in the
liquor, fora /una cornua is found. Now if the nitrous acid had
a greateraffinity to the free alkali than to the filver, it is evi-
dent, that the decompofition would be wrought by the free
alkah, and then the filver would be pnempxtated pure, and not
in the ftate of horn filver; but as it is precipitated in the ftate
of horn filver, it is plain, its precipitation was not effeted by a
fingle but by a double affinity. From whence it alfo follows,
that the marine acid has a greater affinity to filver than the
nitrous has to fixed alkalics. I repeated this experiment with a
folution of lead and alfo of mercury in the nitrous acid, and
the refult was fimilar, horn lead and marine falt of mercury
beng formed,

With
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With' regard to mercury, the expeuments of Mr. BAYEN
are well known : he has fhewn- that vitriol of lead and fub.
corrofive can be deprived of no-more than half of their acid
even by cauftic fixed alkalies, 3 roz. 293.

Again as to lead, if perfetly dry common: falt be pro-
jected on lead heated to incandefcence, the common. falt wilk
be decompofed and horn' lead formed, 1 MARGRAF. _,._and
38, Norcan this-be attributed to the volatilization-of. the acid
b) heat; for the alkali is as fixed as the lead;, and muft there-
fore be caufed by~ the greater affinity of the calx of lead, to.
which, 'when dephlogifticated,  the acid can unite. Mr. sCHEELE
informs us, that if a folution of common falt be digefted with:
litharge, the common. falt will be decompofed, and a:cauftic
alkali -produced, scueece on Fire, p. 175. He alfo decom-
pofes common falt by firoply ‘letting its folution flowly pafs
through 'a funuel filled with powdered: lltharge. * Mr. TUR-
~ER daily decompofes common falt by means of 11tharge. Mr..
scHrELE: alfo decompofes marine felenite, by means of litharge,,
through fimple mixture, without the affiftance of heat, 'mJ
the calcareous earth is feparated in a cauftic ftate ; which ﬂieW&
that this falt is decompofed by the fingle fuperior afﬁmty of:
the metallic calx to the marine acid, scHEELE on Fire, p. 174..

That acids have lefs affinity. to Volatlle alkalies than. to feve~-
ral metallic fubﬁal,lcesappears in fundry mﬁa,nces. - Horn: filver.
is foluble in volatile alkalies, as 15 well known.. Now, 1f thls
folution be triturated with four times its .Weight of mercury,.
the marine acid will combine with the mercury, and not with.
the.volatile alkali;; for a mercurius duleis,: and not a fal ammo-
‘niac, will be formed, as:Mr. MARGRAF ‘has‘,‘ fhe\gvn},, I MARG?.
286. If twoparts fal' ammoniac and;one.of filings of. iron be,

* scHEFFER: Chymifche. Focelesy § 59.
- " triturated:
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‘triturated together, the {mell of the volatile alkali will imme-
_diately be perceived * 5 or if, inftead of iron, minium, or diapho-
retic antimony, or zinc, be ufed, that finell is perceived as
{oon as they are mixed, g Mem. Scav. Etrang. p. §75. MONNET,
Difli Met. 209. But it will naturally be afked, how then it
'héppeﬁs, that all metallic folutions are precipirated by alkalies
and earths ? The anfwer is eafy+ all metallic falts are held in
folution by an excefs of acid. If alkalies and earths did nothing
‘more than abforb this excefs of acid, a precipitation ought
to take place; but they do fhill miore, for they take up the
greater part even of the proportion of acid neceflary to faturate
the metallic earth, and this they are enabled to do by means of
-a double affinity ; for during the folution of metals, only a
comparatively {mall part of the phlogifton efcapes.out of the
{olution, the remainder is retained by the compound of acid
and calx: when, therefore, an alkali or earth is added to fuch
a‘folution, the phlogifton quits the acid, and re-combines with
the calx, while the greater part of the acid unites to the preci-
pitant. Notwithftanding this great affinity of metallic earths
to acids, falts, whofe bafis 1s a fixed alkali or earth, are in few
inftances' decompofed by metals or their calces, by reafon of
the inability of the acids while combined with thefe bafis, and
thereby deprived of a great part of their {pecific fire, to volati-
lize the phlogiften -combined with the metallic earths, which
muft neceffarily be"expelled before an acid can combine with
them. And asto metallic calces, they are generally combined
with fixed air, which alfo muft be in part expelled.

‘But ammoniacal falts,” containing much more fire (for they
abforb fire during their formation) for that reafon a& much
morc powerfully on metals. ~ Allowing then the affinity of the

*--monNET, Diffol. Met. 71,
6 mineral
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'mineral acids to metallic fubftances to be as above, all double
-decompofition in which only falts, containing thefe acids united
to alkaline terrene or metallic bafes, are concerned, admit of
an eafy explanation ; nay, I am boldto fay, they cannot other-
wife be explained. Thhus if a folution of tartar vitriolate, and
of filver in the nitrous acid, be mixed in proper proportions
(which is always to be underftood), nitre and vitriol of filver
will be formed, and this latter for the moft part precipitated.

Quiefcent affinities. Divellent affinities.
Nitrous acid to filver - 375 | Nitrous acid to vegetablealkali  21%
Vitriolic acid tovegetable alkali 215 § Vitriolic acid to filver 390
Sum of the quiefcent - 590 ] Sum of the diveltent powers 6os

So alfo if, inftead of a folution of tartar vitriolate, that of
GLAUBER’s falt, or of vitriolic-ammoniac, or felenite, Epfom,
or allum, be ufed; for in all thefe cafes the balance is con-
ftantly in favour of the divellent powers, yet the folutions of
felenite and allum produce but a flight precipitation.

I alfo found, that the folution of filver is precipitated by the
vitriolic folutions of iron, copper, tin, and probably by many
other vitriolic folutions, if for no other reafon at leaft for this,
that they conftantly contain an excefs of acid; but if a fatu-
rate folution of filver be mixed with a very faturate folution of
lead or mercury in the vitriolic acid, the filver will not be pre-
cipitated, as I have obferved ; and in both cafes the balance is

“1n favour of the quiefcent affinities.

The nitrous folution of filver is alfo decompofed, and the

{ilver precipitated by all marino neutral falts, whether the bafis

be alkaline, terrene, or metallic, as I have experienced, aud
Vor. LXXIII 1 thele
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thefe decompofitions are conftantly indicated by the balance of
affinities exhibited as above.

In the fame manner filver is precipitated from the virriofic acid
by marino neutral falts, whether their bafis be alkaliue, terrene,.
or metallic, as I have found on trial, and as the balance of
affinities requires.

The nitrous {folution of lead 1s alfo decompofed, and the
fead for the moft part precipitated (unlefs the folution be very
dilute) in the form of vitriol of lead by all the vitriolico neutral
falts ; and alfo by all the marino neutral falts, except marine
falt of f{ilver, which only precipitates it by virtue of its excefs.
of acid..

The marine folution of lead is decompofed by all wvitriolico
neutral falts, except felenite and vitriol of nickel, which can
only precipitate it by virtue of an excefs of acid.

The nitrous folution of mercury is alfo decompofed, and the
mercury for the moft precipitated in the form of vitriol of
mercury by all vitriolic neutral falts, except witriol of lead,
which can only decompofe it by an excefs of acid..

Nitrous folution of mercury is alfo decompofed by marino
neutral falts, except the marine falt of filver and lead, which.
can only affeCtit by an excefs of acid.

Vitriol ‘of mercury is alfo decompofed by marino neutral’
falts, which decompofition is alfo apparent by expofing the an-
tagonifl powers ; yet a precipitation does not always appear as I
have remarked, particularly when marine allum is ufed, which
I attribute to the facility with which a fmall quantity of the
marine falt of mercury is foluble in an excefs of acid. Marine
{alt of filver decompofes vitriol of mercury, only through its
excefs of acid.

% Hence
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Hence we fee why horn filver can never be reduced by fixed
alkalies without lofs, as Mr. MARGRAAF has thewn, 1 MARGR.
247.3 nor could it be decompofed at all, but that the adtion
of heat helps that of the alkali.

If to a folution of fublimate corrofive oil of vitriol be added,
a precipitation will appear; but, as Mr. BERGMAN well
remarks, this does not pfocéed_ from a decompofition, but from
a fubftralion of the water neceflary to keep the fublimate
diffolved. -

If to a folution of vitriol of iron fome nitrous acid be added,
it immediately becomes turbid, becaufe the nitrousacid dephlo-
gifticates the calx of iron too much, but the addition of more
acid reftores the tranfparency, as the dephlogifticated calx is
ftill foluble by a greater quantity of acid. I omit a number of
other curious phenomena, which are explicable on thefe prin-
ciples.

I have affigned in the foregoing table two different affinities
to the vitriolic acid with regard to wifmuth, and alfo to the
marine acid with regard to mnickel and wifmuth. The firft
thews that which thefe acids bear to thofe metals, when de-
phlogifticated only by folution in thofe acids. The fecond
number, that which the acids bear to them when more dephlo-
giﬁicated, as they are, when diffolved in the nitrous acid. On
the other hand, all the acids have lefs affinity to the calces of
iron, zine, tin, and antimony, when they are dephlogifticated
to a certain degree; but as I could give no criterion of this
dephlogiftication, Idid not attempt to indicate the diminution
it caufes in the affinities of acids.

1z or



bo  Mr. xiIRwAN’s Experiments and Obfervations on

Of the precipitation of metals by each other from the mineral
acids.

I am now come to the laft point of my inquiry, and the
moft difficult to be fet forth with that degree of precifion which:
I have been enabled to attain in the former parts;, for, in the
firlt place, it is neceflary to find the quantity of phlogifton in
each of them, not cnly in general, but according to their
various degrees of dephlogiftication by each of the acids, In
this laft particular I cannet affert that T have attained any thing.
like a certainty, yetI hope what I advance may not be ufelefs.
to chymical readers, as it is not altogether groundlefs, as it con--
tradicts no chymical fat, but, on the contrary, is agreeable
to many, and affords a ready folution of all the phenomena..

Of the abfolute quantity of phlogifion in metals.

"The proportion of phlogifton in metallic fubftances rela-
tively to each other has been inveftigated in fo mafterly a man-
ner by Mr.. BEreMAN, that I lay it down as the ground of my
inquiries. After his difcovery all that remained was to find the-
abfolute quantity of it in any one metal, for then,. by an eafy.
calculation, it may be determined in all the reft.. The {ub-
ftance I chofe for this purpofe was regulus of arfenic, as being;
moft capable of dephlogiftication by nitrous acid, though.
not altogether fo.!

From 100 grs. of regulus of arfenic, diffolved in dilute
nitrous. acid, as already feen, 1oz cubic inches of nitrous. air
and _* ths are obtained, barometer at 30°, thermometer at 60°.
I muft add, that I made the experiment on § grs. only,. fo that:
the calculation. relates only to the quantity of air which 1oo

grss
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grs. fhould give. I repeated the experiment three times with
the fame fuccefs. I attempted getting more air from the refi-
duum left by a gentle evaporation, but though freth fpirit of
nitre grew red with it, the quantity of air was quite inconfi«
derable.

Now this quantity of nitrous air contains 6,86 grs. of phlo-
giftomn, according to the calculation to be feen in my former
paper 5 and hence I conclude, that 1oo grs. of regulus of arfe-
nic contains 6,86 grs. of phlogifton. This regulus was made
by Mr. woLFE, and perfeétly bright.

Hence the relative proportion of phlogifton in metals being,
as found by Mr. BERGMAN, and fet forth in the firlt colummy
of the following table, the abfolute quantity will be as thewmn
in the fecond column.

Relative quantity of phlogifton.- Abfolute quantity.-

roo grs. Gold - - 394 - - 24,82
Copper - 312 - - 19,65
Cobalt - 270 - = 17,01
Iron - 233 - - 14,67
Zinc - 182 - - 11,46
Nickel - 156 - -~ 9,82
Regulus of antimony 120  « = 7,56
Tin - - 114 - - 7,18
Regulus: of arfenic 109 - - 6,86
Silver - - 1000 = - 6,30
Mercury - 74 - - 4,56
Wif{muth - 57 - - 3,59
Lead - - 43 - - 2,70

This point being, as I conceived, of fome i importance, I en=

deavoured to-afcertain it ftill further by other experiments: and:
ass
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as filver lofes a certain quantity of phlogifton, which efcapes
and feparates from it during its folution in nitrous acid, I con-
ceived, that if the folution was expofed to nothing from which
it could re-obtain phlogifton, and thus diftilled to drynefs, and
mtirely feparated from the acid, as much filver thould remain
unreduced as correfponded with the quantity of phlogifton loft by
it.  And if this quantity of phlogifton correfponded with that
affigned to filver in the foregoing table, that then this table was
juft.

For this purpofe I diffolved 120 grs. of clean filings of
ftandard filver in dilute dephlogifticated nitrous acid, and
obtained from it 24 cubic inches of nitrous air. ‘This
folution I gently evaporated to drynefs; by the evaporation I
found a little of the filver volatilized, but not more than a
quarter of agrain. I then diftilled the dry refiduum, and kept
it an hour in almoft a white heat in a coated green glafs retort.
During the diftillation abundance of the nitrous acid pafled off,
a green and white fublimate arofe in the neck of the retort,
and fome pafled even into the receiver. When all was cold
I broke the retort, the infide of which was penetrated
into its very fubftance with a yellow and red tinge, and partly
covered over with an exceeding fine filver powder, which
could fearcely be fcraped off.  The remainder of the filver was
perfeétly white and free from acid, but not melted into a but-
ton, and when colleted weighed 94 grs.; therefore 26 grs.
were loft, that is, were fublimed or vitrified ; but of thefe 26
grs. 9 grs. were copper (for 100 grs. ftandard filver contain 7%
of copper) ; therefore, only 17 grs. of pure filver remained un-
reduced, being either volatilized or vitrified. The whole quan-
tity of pure filver in 120 grs. of ftandard filver amounts to 111

grs.; thenif 111 grs. of pure filver lofe 17 by reafon of its
lofs
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fofs of phl’ogiﬁqn, 100 grs. of pure filver fthould lofe 15,33
and by the above table 15,3 grs. of filver fhould contain
0,945 of a grain of phlogiﬁon.\ Let us now fee whether this
quantity of phlogifton correfponds with that-which 100 grs. of
pure filver really lofe by folution in nitrous acid. 100 grs. of
pure filver afford, as already faid, 14 cubic inches of nitrous
air, which, by my computation, contain 0,938 of a grain of
phlogifton, which differs from 0,945 only by +%+. The un-
reduced part of the filver was 15,3 grs.; and, by calculating
what it thould be by reafon of the lofs of the phlogifton con-
tained in the nitrous air, it would amount to 14 and 2 ths of a
grain, a difference certainly immaterial.

In this experiment,  only as much of the filver fublimed as.
could not regain phlogifton ; the remainder regained it from.
the nitrous air abforbed by the folution, and alfo from that
which remained united te the acid and calz. If this were not
fo, I do not fee why the whole of the filver would not {fublime..

Again : Dr. PrRIESTLEY having feveral times diffolved mer-
cury in the nitrous acid, and revivified it by diftilling over that
acid, conftantly found a confiderable proportion of it unre-
duced. Te try whether that proportion correfponded with my
calculation, I have examined the experiment which he made
with moft care, and which is to be found in his 4th vol. p..
262. We there find, that having diflolved 17 dwts 13 grs. =
321 grs. of mercury in nitrous acid, 1§ dwt. that is, 36 grs.
remained unreduced. Now, according to my calculation, 56
grs. thould remain unreduced ; for 100 grs. of mercury afford:
12 cubic inches of nitrous air; therefore 321 grs. thould afford
38,52, which contain 2,58 grs. of phlogifton, andif (accord-
ing to the table) 4,56 grs. of phlogifton be neceflary to metallize
roogrs. of mercury, 2,58 will be neceflary to metallize 56 grs.
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of mercury : and am fatisfied, from my own trials, that more
than §o grs. would be found unreduced if dephlogifticated ni-
trous acid had been wufed in diffolving the mercury, and the
folution performed with heat and a ftrong acid ; but that which
Dr. priesTLEY ufed, being the red or yellow fort, already
contained much phlogifton, which contributed to the revivifi-
cation of a Jarger quantity of mercury than would otherwife
be found. Itis true, that Dr. priEsTLEY afterwards revivified
“a great part of what originally remamed unreduced; but this
happened after it was for fome time expofed to the free air,
from whiclh the calces of the perfe& metals always attra&
phlogifton, as is evident in luna cornua, which blackens on
expofure to the air, and hence alfo proceed the redu&ions
operated by Mr. BAYEN.

But Dr. prIESTLEY, to whofe luminous experiments chy-
miftry is already {o much indebted, has been fo obliging as to
furnith me with fome which tend more dire&tly to elucidate the
prefent queftion.

In one experiment he found that nearly 5 dwts. of minium,
from whence all its air was extracted, that is, about 118 grs,
abforbed 40 oz. meafures of inflammable, that is, 75,8 cubic
inches = 2,65 grs. of phlogifton, and were then reduced :
then 100 grs. of minium fhould require for their redu&ion
nearly 2,25 grs. of phlogifton. In another experiment, made
with more care, he found, that 480 grs. of minium abforbed
108 oz. mieafures of inflammable air; according to this then
100 grs. of minium require for their reduction 1,49 grs. of
phlogifton ; and in two other experiments he found this quan-
tity ftill lefs. Upon which 1 remark, firft, that the whole of
the minium was not dephlogifticated ; for, befides that it is
never throughout equally calcined, much of it muft have been

reduced
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reduced during the expulﬁon of its air; fecondly, that the.
quantity of the pbloglﬁon in the ipflammable air may have
been greater as this varies with its tem perature, and the welghtf
of the atmofphere; {o that upon the whole thefe experiments
confirm the refults exprefled 1n the table.

Of the affinity of metallic calces to phiogifion.

That inflammable air or phlogifton is condenfed to a very
confiderable degree by uniting to any metallic fubftancé, fo that
its fpecific gravity is not only equal, but much fuperior, to that
of the metallic earth with which it combines, may eafily be.
concluded from the example of fixed air, which, by uniting to
calcarcous earth, acquires a fpecific gravity equal to that of
gold ; and hence, that metallic earth which condenfes phlo-
gifton moft, and in greateft quantity, uniting to'it moft clofely,
may be faid to have the greateft affinity to it; fo that if we
could find the fpecific gravity of a calx perfeétly pure, both
from phlogifton and fixed air, we could, by comparing its den-
fity with that of the fame calx when metallized, know the
denfity which phlogifton acquires by its union with fuch calx ;
but to procure fuch calces hath hitherto proved impoffible, as,’
during their dephlogiftication, they combine with fixed air, or
fome particles of their menftruum; and hence their abfolute
weight 1s increafed, though their {pecific gravity be fomewhat
diminifhed. From this laft circumftance it appears, that the {pe-
cific gravity of calces differs much lefs from that of their refpec-
tive metals than does the {pecific gravity which the phlogifton
acquires by its union with thofe calces, from that which it
poffefles in its uncombined ftate; in the fame manner as the
denfity of quick-lime differs much lefs from that of lime-

ftone, than does the denfity which fixed air acquires by its
Vor. LXXIII. K

uaion
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union with quick-lime from that which belongs to it in its aérial’
ftate; and hence, inftead of deducing the quantity of affinity

of metallic calces to phlogifton from the following propofition,

viz. that the affuity of metallic calces to phiogifion is in a com-

pound ratio of its quantity and denfity in each metal, T am obliged

to deduce it from this other, wiz. that the afiinity of metalisc
calces to phlogiflon is directly as the fpecific gravity of the refpec-

1ve metals, and inverfely as the quantity of calx contained in a

given weight of thofe metals. 'This latter propofition is an ap--
proximation to the former, founded on this truth, that zbe-
larger the quantity of phlogifton in any metal is, the finaller is the
quantity of calx in a given aweight of that metal; and that the
denfity which the pblogifion acquires, is as the [pecific gravity of
the metal, 'This latter propofition, however,. is not exaltly

true, for this denfity is much greater; yet it is the neareft

approximation I can make, and: its defet is fenfible only with.
regard to thofe metals which contain a confiderable quantity of

phlogifton, Viz.. gold, copper,, cobalt, and iron: with regard:
to the reft it is.of noimportance..

Then the fpecific gravity of metals being as reprefented in:
the firft column. of the following table,. the affinity of their
calces to phlogifton will be as is. thewn in. the fecond column..
‘The third. column exprefles. thefe affinities in numbers homo-
genous with thofe which exprefs the affinities of acids with:
their bafls..

wold.
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Specific gravity. Affinity of the calce
" to phlogifton.
Gold - . 19 - 0,23 - 1041
‘Mercury - 14 « 0,147 - 612
‘Silver - - 11,091 = 0,118 - 491
Lead - - 11,33 - 0,116 - 483
Copper - 8,8 - 0,109 - 4 54
Wifmuth - 9,6 © 0,009 = 412
Cobalt - 7;7 - 0;092 - 383

Iron - - 757 . 0,090 - 375
Regulus of atfenic 8,31 . 0,089 - 370

Zinc - - 7,24 - 0,0817 - 340
Nickel - 7,33 . 0,0812 - 338
Tin - - 7 . 0,075 - 312

Regulus of antimony 6,86 - 0,074 =~ 308

Here we fee, that the calx of lead has a greater affinity to
phlogifton than the calces of any of the imperfe& metals,
and hence its ufe in cuppellation ; for after it has loft its own
phlogifton, it extratts that of the bafe metals, and thus pro-
motes their calcination and vitrification.

Though the numbers in. the fecond column exprefs tolerably
well the greater or lefler affinity of metallic calces to pliloa-
gifton, yet they have this inconvenience, that they are not
homogenous with thofe that exprefs the affinities of acids to
other bafes, which limits their ufe to a narrow compafs, they
being, on that account, incomparable with thofe that exprefs
the affinities of acids: I therefore endeavoured to find a coin-
cidence between them in fome one inftance, in order to reduce
them to the {fame ftandard, as will be feen in the next para-
graph. o

K 2 or
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Qf the affinity of the vitriolic acid to phlogifion in fulpbur.

According to the principle above laid down, this affinity is
in a compound ratio of the quantity of phlogifton taken up by
100 grs. of the yitriolic acid and of the denfity 1t acquires by
its union with the acid. Now 100 grs. of fulphur contain 59
of acid and 41 of phiogifton, and the fpecific gravity of fulphur
is 2,344 ; therefore, the lofs of weight of fulphur in water =
2%-—42 66 grs. the lofsof weight of the acid part of the

fulphur i is 9——-* 13,96 grs.; therefme, the remainder of- the

lofs of fulphur is'the lofs of the phlogiftic part= 28,70 gxs 3
then the abfolute weight of the phloglﬁon being 41 grs. its

deuﬁty will be 1,429 = "-- 4L . and fince 100 grs. of vitriolic acid

take up v0 of phloglﬁon ltS affinity will be 1,429 x 70 =ro0,
But if the affinity of the vitriolic acid to ‘ph‘logiﬁon in ful’phm'
had been fought in' the fame manner with the affinity of metallic
«calces to phlogifton, ‘the quantity would be the fame, though
the expreflion of that quantity would be different, as relating
toa different ftandard ;. for by that method the affinity would be
direCtly as the denfity of the phlogifton, and inverfely as the
quantity of vitriolic acid contained inr 100 grs. of fulphur, that

1,429 _
. 59 .
cqmvalent to the former, V1%, 100. :By thls means I forined

the quantltxes expleﬂed in the third column, which are homor
genous to thofe which exprefs the affinities of acids to their
bafis.  Thus, the aﬂimty of the calx of gold to phlogifton is
1041, for::,024 .100::,25 . 1041, &c.

15, ——==,0243 theref'ore, this expreﬁion anfwers to, and is

The
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The third point neceflary for the explanation of the pheno-
‘mena attending the folution of metals, and their precipitation
by each other, is to determine the proportion of phlogifton

which they lofe by-folution in each of the acids, and the affi-
'.n‘ty which their calces bear to the part {o loft. I have not
been able to determine this by any dire@ experiment ;- for
‘though I might determine the part which efcapes in the form
of air, yet 1 could not that which is equally feparated from the
‘metal, but retamed in the folution ; yet from various collateral
‘confiderations I am induced to think, the proportion of phlo-
gifton, feparated from the metals by the different acids, 1s, at a
medium, as exprefled in the following table.

k

Irou. { Cop- | Tin. | Lead. [Sulver. {Mer- | Zine, | Wit- | Co- [ Nickel Rag. ot jReg. ot

pex. | cary., muth. | balt. antimo. larfenic.

. 2 8 | 7 |98 lintire| 87 | 85 | 851 93 Irnrive] 27 | 86

By vitriolicacid| 3 | To | 1o | Taof . 100} 100| 100|100 100 100
: Lo 1 1 88 ire] 29 199 |97 lIntire|Intirel Int 99

By nitrous acid | 7 |To5| To | 160 Intire 15 | 55 | 7o [fntire . ntire{ Intire 55
ine acid 2252 318 I U T DR LS R

By marine acid {755 Tos| T6 | 1o 4 10 | To | 160] To I T60 1o

On this {uppofition the affinity of the calces to the deficient
part of their phlogifton may eafily be calculated ; for they may
be confidered as acids whofe affinity to the deficient part of
‘their bafis is as the ratio which that part bears to the whole, as
already faid. Thus the affinity of iron, thoroughly deprived
of its phlogifton, being 375, as it lofes 3ds of its: phlogifton
by folutlon in the vitriolic acid, the affinity of iron to thefe two-
thirds is 2ds of its whole affinity, thatis, 2ds of 375=250..

Thefe affinities, together with thofe of the three acids to
the feveral calces, are reprefented together in the following

-table.
Vitriolic
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Tron. { Cop- } Tin, | Lead. [Silver { Mer- j Zinc.) Wil ¢ Co- - Nickel, Reg. of{Reg. o

per. cury. muth. | balt. antimo. |arfenic,

Vitriolic acia | 270 | 260 138 [ 412|590 [ 432 | 318 250.310[ 360 | 320 | 200 | 260, |

Calx tophlog.| 2 50 | 360 [ 218 {483 [ 491|532 298| 350 3oof 333 | 300 { 320

Niwous acé | 255 | 255 | 120 303 | 375 | 416] 504| 290 |350] 300 | 194 | 255

=

eatx s phiog. 250\’ 363 218;] 424‘: 491,5 §52| 327 400 ‘v‘ 383§ 33‘8 308 | 366

‘..\:Iafiueacid 205(205|130]400] 420 4-38 312 |250.320] 370 |275.310 198 290:

‘(,‘.alxtophlog. 165 zéov .104- 2001491 500 | 200 | 220 | 360]| 265 |- 240 | 300

‘The aflinities of calces to phlogifton are taken at a medium;
for almoft all metallic {ubftances are capable of greater or leffer
dephlogiftication, according to the {pecies, concentration, and
dephlogiftication of theit menftruum. The more they are
dephlogifticated, the greater their affinity to phlogifton ; and,
in gencral, the lefs their affinity to the mineral acids. Yet
there 1s a point of dephlogiftication at which the attraftion of
acids to the calces 1s ftrongeft : thus the vitriolic acid attradts
bifmuth moft firongly after it has been dephlogifticated by the
nitrous acids and the marine acid attras both bifmuth and
nickel more powerfully, when dephlogifticated by the nitrous
or vitriolic acids.

From thefe data we may eafily conceive, in moft cafes, what
will happen on putting one metal into the folution of another.

Thus, if a piece of copper be put into a faturate folution of
filver, the filver will be precipitated; for the balance is in
favour of the divellent powers.

uiefcent
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Quiefcent affinities. Divellent affinities.
Nitrous acid'to filver - 375 | Nitrous acid to copper - 255,
€alx of. copper to phlogifton 363 | Calx of filverito phlogifton 491
Sum of the quiefcent affinities: 738 - Sum-of the divellent — 746

The folutions muft be nearly faturate, elfe a large quantity
of the added metal will be diffolved’ by the free acid, before
any precipitation can:appear 3 yet it muft not be intirely fatu--
rate, at leaft in fome cafes,, as will prefently be feen.

I {aid'in mof cafes, becaufe in fome, particularly where mer-
cury, bifmuth, cobalt, regulus of antimony or arfenic, are
ufed, another power intervenes which has not yet been fully
inveftigated,. viz. the attraction of calces to each other, which:
1 thall occafionally mention.

It is worthy of obfervation, that the precipitating metals: are-
more dephlogifticated by this- means than by dire& folution i
their refpetive menftruums, and are even diflolved by men-~
ftruums that would not otherwife affet them ;- becaufe their
phlogifton is torn from them: by two powers- inftead of one:
thus, though copper be direétly foluble in the vatrioltc acid,.
only when this acid is concentrated and heated to a great
degree,. yet if a piece of copperbe put into a dilute cold folu--
tion of filver or mercury in the vitriolic of ‘acid, .or even into a-
dilute folution of iren; expofed to the open air, it will-be dif+-
folved ;. a circumftance which jultly excited the wonder of Mr..
MARGRAAF and Mr. wWENZEL, who did not apprehend: the
theory of it: and hence we fee how vitriol of- copper-may be
formed by nature, and why it always contains.a mixture of iron.

Of folutions in.the vitriolic acid.

This acid diffolves iron and zinc, without the afliftance of’
heat ;. becaufe its affinity to their calces is- greater than the affi-
5 nity
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nity which thefc calces bear to that portion of phlogifton
which they mutt lofe before they can unite to the acid, as may
be feen by infpefting the table; but all other metallic fub-
ftances unite to this acid only where it is concentrated and

heated.
Of folutions in the nitrous.acid.,

The nitrous acid has lefs affinity to all metallic fubftances
than either the vitriolic or marine.” It has alfo lefs affinity to
them than they have to that portion of phlogifton which they
muit lofe before they can unite to it; yet it diffolves them all
(gold and platina excepted) even without the aid of heat be-
caufe it unites itfelf to phlogifton unlefs too dilute; and the
heat produced by its union with phlogifton is fufficient to
promote the folution.

But if it be too concentrated, it will not a& either on lead
or filver, without the affiftance of heat, as BoYLE and BoEkr-
HAAVE have remarked * ; for the difference betwixt its affinity
to thefe metals, and that of thefe metals to the portion of
phlogifton which they muft lofe before they can unite to it, is
very great ; and when it is very concentrated, the liquor does
not contain fire enough to throw the phlogifton and it into an
aérial form, and reduce the folid to a liquid ; the fame would
probably be obferved with regard to mercury, if it had not
been already in a liquid ftate. sTAHL has alfo remarked, that

-1t produces very little heat in diffolving filver, and none in dif-
folving‘lead or mercury +. ‘T'his is eafily explained, now that
we know that filver contains but little phlogifton, and lead
much lefs, the heat being evidently produced, according to the

% 1 sHAw's ROERH, §508. 2 sHAW’S BOYLE 33§,

4 sTanL fur les fels 168,
1 faw
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law difcovered by Dr. cRAwWForD, by the union of phlogifton
to the acid, for metallic calces produce no heat. As.to mer-
cury, the obfervation is not exa&, forits folution is accompanied
with heat, as Mr. Lavoisier has obferved, 1 Lavors. 248.

Of folutions in the marine acid.

This acid is known 'to dephlogifticate metals lefs than any
other,  Where the portion of phlogifton, neceflary to be fepa-
rated, is more flrongly attracted than:the acid itfelf, it can
operate no folution, or at leaft very flowly, without the aid
of heat; nor even where the attra&tion of acid is ftronger to
the calx than that of the portion of phlogifton it feparates, if
the proportion of acid to fuch calx be very {mall ; becaufe fo
fmall a quantity of acid ‘does not contain fire enough to volati-
lize the phlogifton ; and hence hzat is neceflary for the folution
of lead in this acid. The dephlogifticated acid a&ts more
powerfully.

Of precipitations of and by iron.

- The mutual precipitations of iron and copper from. the
vitriolic acid by each other, have been well explained in a ge-
neral manner by Mr. MoNNET and Mr. BERGMAN 3 I fhall here
thew the reafon of thefe precipitations more diftinctly.

If a piece of copper be put into a faturate folution of iron,
freth made, no precipitation will happen, nor will any of the
copper be diffolved in twelve hours, nor even in a longer time,
if ‘the accefs of air to the folution be 'prevenrtéd 3 but if the
folution be expofed to the open air, the addition of a volatile
alkali will fhew the copper to have been atted upon in 24
heurs, or fooner if heat be applied, and a calx of iron is pre-
cipitated, The operation of the affinities in the firft cafe is as
follows.

Vor. LXXIIL L Quiefcent.



74  Mr. xirwaN's Experiments and Obfervations on

Quiefcent. Divellent.
Vitriolic acid to calx of iron 240 | Vitriolic acid to copper « 260
Copper to its phlogifton - 360 | Calx of iron to phlogifton .20
Sum - - - 630 | Sum - - - 5§10

Hence, in this cafe, no décompofition can happen; but in
the fecond cafe, much of the phlogifton of the folution of
iron having efcaped, the affinity of the calx of iron to acid is
diminifhed, and that to phlogifton is increafed, and therefore
the quiefcent affinities may be fuppofed,

and the divellent.

‘Vitriolic acid to the calx of iron 240 | Vitriolic acid to copper - 260
Copper to its phlogifton - 360 | Calx of iron to phlogifton 370
600 | 630

But from the increafed affinity of the calx of iron to phlo-
gifton it might be inferred, that as the iron recovers its phlo-
gifton, the acid fthould re-aéupon it and quit the copper ; and
this would certainly happen, if it recovered its phlogifton in
fufficient quantity, but the accefs of air and heat prevents its
retaining it, at leaft in fufficient quantity.

This increafed affinity of the calx of iron to phlogifton is not
a mere fuppofition ; for, if into a folutien of iron, fo far de-
phlogifticated as to refufe to cryftallize, fome freth iron be put,
the impoverithed calx will re-attraét fo much of the phlogifton
given out during the folution of the freth iren, that it will
now afford cryftals, as Mr. MoNNET has obferved in his excel-
lent Treatife on Vitriolization. The diminithed attration of

the calx of iron to acids is alfo evident from this experiment,
4 " and
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and alfo from the neceflity of ddding more acid to a turbid
folution of iron, in order to re-eftablifh its tranfparency. The
calces of copper alfo precipitate a dephlogifticated folution of
iron, as they thould, the affinity of the acid to fuch calx of
iron being 240, and that to copper being 260. With regard to
the folution of iron in nitrous acid, the fame thing happens;
but as this folution contains a large excefs of acid, a portion of
copper is diffolved even before any of the iron is precipitated.

With regard to a folution of iron in the marine acid, though
expofed to the open air, ‘copper’ ptecipitates nothing from it in
24 hours. ‘ '

But if a clean piece of iron be put into a folution of copper
in the vitriolic acid, the copper is immediately precipitated ; for
here the quiefcent and divellent affinities exhibited in the firft
{cheme ave reverfed, the quiefcent becoming the divellent, and
vice verfd. It is needlefs to add, that copper is in the fame
manner precipitated by iron from the nitrous and marineacids.

Hence the prattice of extra&ing copper from {ome mineral
waters by means of iron. Thefe waters, therefore, furnith
afterwards, by evaporation, vitriol of iron; but it is remarka-
ble, that this vitriol is much paler than the common, and lefs
fit for dying, 2 scHLUTTER §07. The reafon of which is,
that it is more dephlogifticated, not only becaufe old iron 1s
chiefly ufed, but becaufe copper, containing more phlogifton
than an equal weight of iron, deprives it of more of its phlo-
~ gifton than it would lofe if barely diffolved in the vitriolic
acid.

Caft iron, according to scHLUTTER, will fcarcely precipi-
tate a folution of copper; and in effeét Mr. BERGMAN has

found that it contains lefs phlogifton than bar iron.
L 2 I have
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I have always found filver to be eafily precipitated from its
folunon in the nitrous acid by iron. . The {fum of the quiefcent
affinities being 625, and that of the divellent 746 ; yet Mr.
BERGMAN obferved, that a very faturate folution of filver was
very difficultly precipitated, and only by fome forts of iron,
even though the folution was diluted, and an excefs of acid
added to 1t * ; the reafon of this curious phenomenon appears to
me deducible from a circumf{tance firft obferved by Mr. sSCHEELE,,
i diffolving  mercury, namely, that the nitrous acid, when
faturated with it, will take -up more of it in its metallic
form+. The fame thing happens in diffolving filver in the
nitrous acid in a ftrong heat; for, as I before remarked, the
laft portions of filver thrown in afford no air, and confequently
are not dephlogifticated, - Now  this compound of calx of
filver, and filver in its metallic form, may well be unprecipitable.
by iron, the filver, in its metallic form, preventing the calx
from coming in conta&t with the iron, and extracting phlos
gifton: from it: and hence alfo, iron has fometimes been ob-
ferved not to precipitate a folution of mercyry in this acid. f..

It has been long thought, that iron may be precipitated from.,
acids by zinc, though NEwMAN long ago denied it; but Mr.
BERGMAN has fatisfaQorily cleared up this point, by thewing
that zinc eannot precipitate iron from the vitriolic acid, until
the folution of iron lofes part of its phlogifton, With regard.
to the nitrous acid, I found, that zinc does not precipitate iron ;,
but, on the contrary, iron precipitates zinc ;. but in a thort
time the acid re-diffolves the zinc, and lets fall the iron, which
evidently proceeds from the too great dephlogiftication of the
calx of iron. But zinc precipitatés iron from the marine,

* Differt. de Phlog. Quantitate in Metals p. 6¢
+ 39 suensk. Handling, p. 70.
+ 2 CreLv. Nev. Entdeck. p. 266,

*+

though
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though with difficulty ; for after 24 hours the galls ftill ftruck
a black. I thould alfo add, that iron does not precipitate zinc
from the vitriolic acid. " '

Moft metallic fubftances, precipitated by iron from the ni-
trous acid, are in fome meafure re-diffolved fhortly after, as
the nitrous acid foon dephlogifticates the iron too much, then.
lets it fall, and re-ats on the other metals and re-diffolves.
them.

The precipitation of the argillaceous earth from allum by
iron is owing to the excefs of acid in the allum which firft
dephlogifticates theiron ; and when this is dephlogifticated, it
attralts the acid more ftrongly. Earth of allum, on the other
hand, precipitates iron when the folution of iron is dephlo-
gifticated by heat. It may alfo produce this effe&t by depriving
iron of its excefs of acid which keeps it in folution.

Of precipitations of and by copper.

When filver is diffolved in the nitrous acid, and a piece of
copper is put into the folution, it fometimes happens, that the
filver is. not precipitated, as Dr. LEwis has obferved *, This
happens either when the nitrous acid is fuperfaturated with
filver having taken up fome in its rmetallic form, as already
obferved 5 or when the filver is not much dephlogifticated, for
then its affinity to phlogifton, which is the principal caufe of
its precipitation, 1s lefs than 491 ; therefore, the remedy is to
heat it and add more acid, by which it is dephlogifticated fur-
ther. However, the nitrous acid always retains a little filver,
sCHLUTTER. 362. Hift. Mem. Par. 1728.

It is commonly faid, that if filings of copper be put into a
hoiling folution of allum, vitriol of copper will be found, and

* Commercium Philof, p. 157,
the
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the earth of allum precipitated. If this were true it would be
very furprifing, as copper is foluble, even with the affiftance of
heat, only in the concentrated vitriolic acid. Hence I made
the experiment, and found, that after 20 hours boiling not
the fmalleft particle of copper was diffolved, for the colour of
the folution was not altered by volatile alkalies : and though the
allum was precipitated, it ftill retained its faline form, fo that
it loft only its excefs of acid in this experiment.

Of precipitations of and by tin.

Tin is not precipitated, in its metallic form, by any metallic
fubftance ; and the reafon is, becaufe its precipitation is not the
effet of a double affinity, but of the fingle greater affinity of
its menftruum to every other metallic earth. Metals that are
precipitated from the nitrous acid by tin, are afterwards se-
-diffolved, becaufe the acid {foon quits the tin, it becoming too
much dephlogifticated.

Of precipitations of and by lead.

Metals diffolved in the vitriolic and marine acids, and preci~
pitable by lead, according to the indication of the balance of
affinities, are yet flowly precipitated, becaufe the firft portions
of lead that are diffolved form falts of difficult folution, which
cover its {urface, and protet it from the further attion of the
acid; and yet it contains fo little phlogifton, that a great deal
of it muft be diffolved before it gives out enough to precipitate
the diflolved metals.

Mr. BERGMAN obferved, that a very faturate folution of lead
is difficultly, if at all, precipitable by iron. Does not this
alfo arife from fome lead being taken up in its metallic form ?
Iron does not precipitate lead from the marine acid, thougha

pre-
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precipitate appears ; for this precipitate ftill retains the marine
acid : on the contrary, lead precipitates iron from this acid,
though very flowly.

Of precipitations of and by mercury.

Though the difference betwixt the quiefcent and divellent
powers be very fmall, yet mercury is quickly precipitated from
the vitriolic acid by copper ; becaufe the attrattion of the calx
of mercury to phlogifton is very ftrong, and a very {fmall pro-
portion of that contained in copper is fufficient to revive it.

Silver does not precipitate mercury from the vitriolic acid,
unlefs it contains copper, and then it does precipitate it; yet if
filver and turpeth mineral be diftilled, the mercury will pafs in
its metallic form, wENZEL 42.; which fthews that the affinity of
calx of mercury to phlogifton is increafed by heat. The difference
betwixt the quiefcent and divellent powers is indeed very {mall,

Silver appeared to me to precipitate mercury from the nitrous
acid, though very flowly, when the folution of mercury was
made with heat, and not over faturated ; but when the folu-
tion of mercury was made without heat, it was not at all pre-
cipitated. Oun the other hand, mercury precipitates filver from
this acid, not by virtue of the fuperiority of the ufual divellent
powers, but by reafon of the attraltion of mercury and filver
to each other, for they form partly an amalgama and partly
vegetate, and fcarce any of either remains in the folution,
The fame thing happens, thatis, they vegetate, if {olutionsof
both metals in the fame acid be mixed together.

Silver does not precipitate mercury from the folution of
fublimate -corrofive; but, on the contrary, mercury precipi~
tates filver from the marine acid : and if a f{olution of hern

filver in volatile alkali be triturated with mercury, the filver
will
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will be freed from its acid and calomel formed, 1 MARGRAAY
284.; and yet, if calomel and filver be diftilled, the mercury
will pafs in its metallic form, and horn filver will be formed,
1bid. 256. The fame thing happens if filver and fublimate
corrofive be diftilled, 1 porT. 338. sTAnL des fols, 306; the
affinity of calx of mercury to phlogifton increafing with the
heat.

Of precipitations of and by bifinuth.

With refpe& to the vitriolic acidI have made the fum of the
quiefcent and divellent powers equal, though in fact fome-
times the one preponderates and fometimes the other. Wif-
muth precipitates nothing from vitriol of copper in 16 hours;
nor does copper from vitriol .of wifmuth. Copper is faid to
precipitate wifmuth from the nitrous acid ; but I have alfo feen
copper precipitated from this in its metallic form by wifmuth.:
The variations proceed from the different dephlogiftication of
copper.

Of precipitations of and by nickel.

Unlefs nickel be pulverifed it fcarcely precipitates any metal.

Zinc precipitates a black powder from the folution of nickel -
in the vitriolic and nitrous acid, which Mr. BErRGMAN, by a
method peculiar to him, has fhewn to confift of arfenic, nickel,
and a little of the zinc itfelf. The arfenic attradting the calx
of nickel *; but zinc precipitates nickel from the marine acid.

The folution of iron in vitriolic acid a&s on nickel, and
that of nickel in this fame acid acts on iron ; but neither pre-
cipitates the other in 24 hours; but-on longer reft, iron feems
to have ithe advantage; but iron clearly precipitates nickel

* ¥ svEnsx. Handling. 1780,
1 from
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from the nitrous acid ; and though nickel feems alfo to preci
pitate iron, yet this arifes only from the gradual dephlogiftica~
tion of the iron. |

Nickel precipitates copper in its metallic form from the
vitriolic acid. It alfo precipitates copper from the nitrous and
" marine acids; but copper precipitates arfenic from a nitrous
folution of nickel. The vitriolic and nitrous folutions of lead
{eem to a&t in fpecie on nickel, that is, to diffolve it without
any decompofition, the calces uniting to each other. The vi-
triolic and nitrous folutions of nickel for fome time a& on lead
in the fame manner ; but at laft nickel feems to have the ad-
vantage. = With regard to the marine acid, lead feems to have
the advantage, though a black precipitate is feen, whichever
of them is put into the folution of the other.

Nickel readily precipitates wifmuth from the vitriolic and
nitrous acids ; but as to the marine I found each of thefe femi-
metals foluble in the folution of the other, yet nickel precipi-
tates wifmuth very flowly, and ounly as to part; and-wifmuth
precipitates a red powder, which I take to be ochre, from the
folution of nickel.

Nickel and tin are {lightly a&ted on, each by the falt of the
other; but the precipitations are as indicated by the balance of
affinities.

Of precipitations of and by cobalt.

Cobalt is not precipitated either from the vitriolic or nitrous
~acid by zinc; but it feemed to me to be precipitated by zinc
from the marine acid.

Though iron precipitates cobalt from the three acids, yet I
found much of the cobalt retained both by the vitriolic and
nitrous acids, particularly the latter, which, after letting fall

Vor. LXXIIIL M the
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the cébalt, afterwards re-takes it, and lets fall the dephlogifti-
cated calx of 1ron.

Nickel alfo, though it does not precipitate cobalt itfelf, as
apfnears by the remaining rednefs of the folution, yet conftantly
precipitates fome other heterogenous f{ubftance from it. The
folution of cobalt in the marine acid becomes colourlefs by the-
addition of nickel. | ‘

‘Wifmuth is foluble in the vitriolic and nitrous folutions of
cobalt, and caufes a fmélil white precipitate, but does not affeét
the true cobaltic part. Thefe folutions in-vitriolic acid cannot:
be attributed to an excefs of acid, as they are made in a dilute:
acid, and without heat. Copper alfo precipitates a white fub-
ftance from the nitrous folution of cobalt, which I take to be
arfenic.

It is difficult to procure either nickel or cobalt very pure 5 it
is evident thofe I ufed were not fo.

Of precipitations of and by regulus of antimony.

Copper ncither precipitates, nor is precipitated from, the
vitriolic acid by regulus of antimony, at leaft in three days;.
but vitriol of antimony in {pecie diffolves it flowly.

The regulus is alfo afted upon by vitriel of lead, for it be-
comes red after remaining 16 hours in the folution of that vi-
triol; and lead fcarcely precipitates it from the vitriolic acid.

I alfo found, that powdered regulus precipitates vitriol of
mercury very flightly.

Wifmuth neither precipitates, nor is precipitated by, this
regulus from the vitriolic acid in 24 hours.

Though tin precipitates this regulus from the nitrous acid,,
yet if the regulus be put into a folution of tin in this acid, in

16 hours neither will be found in the folution, either
by
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by reafon of the dephlogiftication, or of the union of the
calces to each other. \

Iron does not precipitate this regulus intirely from the marine
acid, ‘but a triple falt feems to be formed, confifting of the
acid and both calces. 'The regulus is alfo foluble in marine falt
of iron.

Neither does copper precipitate the regulus from marine acid -
in 16 hours; and if the regulus be put into marine falt of
copper it will be diffolved, and volatile alkalies will not give
a blue but a yellow1ﬂ1 Wlnte precipitate, 1{o that here alfo a
triple falt is formed. |

Of Precipitations of -and by regulus of arfenic.

- The folutions of arfenic a& in moft cafes like two acxds'
thus iron, copper, lead, nickel, and zinc, are acted on by
vitriol of arfenic (that is, its folution in vitriolic acid) but
{carce give any precipitate.

Neither does iron precipitate arfenic from the nitrous acid,
but copper does, and even filver givesa {light white precipitate
but regulus of arfenic precipitates filver completely in 16 hours.
Hence the former precipitate feems to be a triple falt.

Mercury alfo {lightly precipitates arfenic from the nitrous
acid, and feems to unite to it,” yet is itfelf precipitated by
regulus of arfenic in 24 hours.

Wifmuth forms a flight precipitate in the nitrous folution of
arfenic ; but regulus of arfenic forms a copious precipitate in the
nitrous folution of wifmuth ; fo that I believe the calces unite.

Nickel does not precipitate arfenic from the nitrous acid, but
both calces unite ; but regulus of arfenic produces a copious pre-
cipitate in the nitrous folution of nickel, yet the liquor continues

M 2 green ;
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green ; fo that certainly the nickel is not precipitated ; the white
precipitate in this cafe fecems to be {lightly dephlogifticated
arfenic.

This regulus alfo caufes a white precipitate in the nitrous
folution of cobalt, but the liquor fHll continues red.

With regard to the marine acid, copper precipitates the
regulus, but volatile alkalies do not ftrike a blue with this folu-
tion, which fhews the copper unites with the arfenic. Iron
alfo precipitates the arfenic.. Tin 1s foluble in marine {folution
of arfenic, but I could obferve no precipitate, nor does regulus
of arfenic precipitate tin. ‘

Neither wifmuth nor the regulus of arfenic precipitate each
other from the marine acid in 16 hours. Regulus of antimony
is alfo acted upon by the marine folution of arfenic, though it
caufes no precipitate, nor does the regulus of arfenic precipitate

4




