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XX. Experiments and Obfervations on the Diffolution of Metals
in Acids, and their Precipitations ; with an Account of a new
compound acid Menflruum, wfeful in_fome technical Operations
of parting Metals. By James Keir, Efg. F. R. S.

Read May 20, 1790.

N the following Paper, 1 intend to relate two fets of experi-

ments ;3 one, thewing the effects of compounding the witriolic
and nitrous acids in diffolving metals; and the other, deferibing
fome curious appearances which occur in the precipitation of
Silver from its folution in nitrous acid by iron, and by Jfome other
fubftances. In afubfequent Paper I hope to continue the fubject:
of metallic diffolution * and precipitation, firft, by adding fome:
experiments on the quantities and kinds of gas produced by
diffolving different metals in different acids, under various cir-
cumftances ; fecondly, by fubmitting certain general propofitions,,

# The Englifh word [olution has two fignifications in chemiftry ; one, expref-
five of the a& of diffolving, as when we fay, that ¢ folution is a' chemical
¢¢ operation ;** and the other; denoting the fubftance diffolved in its folvent, as
¢¢.a folution of filver in nitrous acid.” The French language is equally equi-
vocal, as the word ¢¢ diffolution” is ufed in both the above-mentioned fenfes. In
treating on this fubje&, in which both meanings were very frequently required,
fometimes in the fame fentence, I could not but be fenfible of confufion in the
fiyle, and I have therefore confined the word folution to exprefs the: fubftance
diffolved together with its- folvent, and. the word difolution to denote the act of

diffolving,
which
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360 Mr. Ke1r's Experiments and Obfervaiions on

which feem deducible from the facs related ; and, laftly, by
concluding with fome refleaions relative to the theory of metallic
diffolution and precipitation.

P ART L.

On the effects of compounding the vitriolic and nitrous acids, under
Various circumfiances, upon the diffolution of metals.

SECTION FIRST,

On the mixture of oil of vitriol and witre.

1. The properties of the feveral acids, in their feparate
ftates, have been inveftigated with confiderable induftry and
fuccefs; and thofe of one compound, agua regss, are well
known on account of its frequent ufe in diffolving gold: yet
not only various other combinations of different acids remain
to be examined ; but alfo the changes of properties to which
thefe mixed acids are fubjet, from the difference of circum-
ftances, efpecially thote of concentration, temperature. and of
that quality which is called, properly or improperly, pblogifi-

cation, are {ubjeés ftill open for enquiry.

2. As I fhall have frequent occafion to {peak of the phlogifi-
cation and dephlogifiic.tion of acids, 1 with to premife, that by
thefe terms I mean ounly certain flates or qualitzes of thofe
bodies, but without any thesretical reference. Thus vitriolic
acid may be faid to be phlogifticated by addition of fulphur or
other inflammable matter, by which 1t 1s. couverted into {ul-
phureous acid, without determining whether this change be

6 caufed



the Diffolution of Metals in Acids. 361
caufed by the addition of the fuppofed principle phlagifion, as
one fet of philofophers believe, or by the altion of the added
inflammable fubitance in drawing from the acid a portion of
its a€rial principle, by which the fulphur, its other element, is
made to predominate, as others have lately maintained. It
were much to be wifthed, that we had words totally uncon-
nefted with theory ; that chemifts, who differ from each other
in fome {peculative points, may yet {peak the fame laﬁguage,
and may relate their fa&s and obfervations, without having our
attention continually drawn afide from thefe to the different
“modes of explanation which have been imagined. But at pre-
fent we have only the choice of terms between words derived
from ‘the ancient theory, and thofe which have been lately
propofed by the oppofers of that theory. In this dilemma I
have preferred the ufe of the former, not that 1 with to thew
any predile&tion to either theory, but becaufe that {yftem, hav-
ing long been generally adopted, is underftood by all parties ;
and principally becaufe, by ufing the words of the old theory, I
am at liberty to define them, and to give fignifications expref-
five merely of facts, and of the actual ftate of bodies; whereas
the language and theory of the antiphlogiftic chemifts being
interwoven and adapted to each other, the former cannot be
divefted of its theoretical reference, and therefore feems inap-
plicable to the mere expofition of facts, but ought to be
referved folely for the explanation of the doftrines from which
this language is derived. Thus by the definition which I have
mentioned of ﬁb/ogg/izcatzon, this word exprefles not the pre-
fence or exiftence of an hypothetical principle of inflammabi-
lity ; but a certain well-known quality of acids and of other
bodies, communicated to them by the addition of many actual
inflammable fubftances. ‘Thus nitrous acid acquires a phlo-

Vor. LXXX. Bbb gifticated



262 Mr. Ke1r's Experiments and Obfervations on
gifticated quality by -addition of a little {pirit of wine, or by
diftillation with any inflammable {ubftance.

3. No two fubftances are more frequently in the hands of
chemifts and artifts than wiriolic acid and nitre, yet I have
found, that a mere mixture of thefe, when much concen-
trated, pofieffes properties which neither the vitriclic acid nor
the nitrous, of the fame df?gree of concentration, have fingly,
and which could not eafily be deduced, 2 priori, by reqfonmg
from our prefent knowledge of the theory of chemiftry.

4. Having found by fome previous trials that a mixture
compofed of nitre diffolved in oil of vitriol was capable of
diffolving filver eafily and copioufly, while it did not. affect
copper, iron, lead, regulus of cobalt, gold, and platina, I
conceived, that it might be ufeful in fome cafes of the parting
of filver from copper and the other metals above mentioned;
and having alfo obferved, that the diffolving powers of the mix-~
ture of vitriolic and nitrous acids varied greatly in different
degrees of concentration and phlogiftication, I thought that.an
inveftigation of thefe effets might be a fubje&t fit for philo-
fophical chemiftry, and might tend to illuftrate the theory of
the diffolution of metals in acids. With thefe views I made
the following experiments.

5. I put inte a long-necked retort, the contents of which,
mcluding the neck, were 1400 grain meafures, 100 grain
meafures of oil of vitriol of the ufual denfity at which it is
prepared in England, that is, whofe fpecific gravity is to that
of water as 1,844 to 1, and 1cO grains of pure and clean
nitre, which was then diffolved in the acid by the heat of a
water-bath, To this mixture 100 grains of {tandard filver
were added; the retort was fet in a water bath, in which the

watey
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water was made to boil, and a pnéumatic apparatus was
applied to catch any air or gas which might be extricated.

T'he filver began to diffolve, and the folution became of 3 purple
or violet colour. No air was thrown into the inverted jar, except-
ing a little of the common air of the retort, by means of the ex-
panfion which it fuffered from the heat of the water-bath, and
from fome nitrous fumes which appeared in the retort, and
which having afterwards c011dcxxfed, occafioned the witer to
rife along the neck of the retort, and mix with the folution.
The remaining filver was then feparated and weighed, and it
was found that 39 grains had been diffolved; but probably
rnore would have been diffolved if the operation had not been

“interrupted by the water ruthing into the retort.

6. In the fame apparatus 200 grains of ftandard filver were
added to a mixture of 100 grains of nitte previoufly diffolved
in 200 grain-meafures of oil of vitriol ;_and ia this folvent 92
grains of the filver were diffolved,” without any produttion of
air or gas. 'The folution, which was of a violet colour, hav-
ing been poured out of the retort while warm (for with fo
large a proportion of nitre, fuch mixtures, efpecially after
having diffolved filver, are apt to congeal with {mall degrees of
cold), in order to feparate the undiffolved filver from if, and
having been returned into the retort without this filver, T
poured 200 grains of water into the retott, upon which a ftrong
effervefcence took place betweed the folution and the water,‘
and 310 grdin-meafures of nitrots gas were thrown into the
inverted jar. Upon pouring 200 grains more of water into the
retort, 600 grain-meafures of the fame gas were expelled.
Further additions of water yielded no more gas; neither did
the filver, when afterwards added to this diluted {olution, give

Bbba2 | any
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any fenfible effervefcence, or fuffer a greater lofs of weight
than two grains. ‘ ’

7. In the {ame apparatus 100 grains of ftandard filver were
expofed to a mixture of g0 grains of nitre diffolved in 200
~g;l“ﬂir]~rn<\:afures of oil_’of vitriol ; and in this operation, 8o
grains of filver were diffolved, while at the fame time 4500
grain-meafures of nitrous gas were thrown into the inverted
jar.  When the undifiolved filver was ‘removed, 200 grains of
water were added to the folution, which was of a v;olet co-
lour, and upon the mixture of the two fluids an effervef=
cence happened ; but only a few bubbles of nitrous gas were
then expelled. -

8. In the fame apparatus 100 grains of ftandard filver were
expofed to a mixture of 200 grain-meafures of oil of vitriol,
200 grains of nitre, and 200 grains of water; and in this.
operation 20 grains of the filver were diflolved without any
{enfible emiffion of air or gas.

9. In thefe experiments, the copper contained in the ftandard
filver gave a reddith colour to the faline mafs which was formed
in the folution, and feemed to be a calx of copper interfperfed
through the falt of filver. I perceived no other difference
between the effeéts of pure and ftandard filver diffolved in this
acid. | » ’

1o0. I then expofed #in to the {ame mixture of oil of vitriol
and nitre, in the fame apparatus, and in the fame arcumﬁances,
takmg care always to add more metal than could be diffolved,
that, by weighing the remainder, the quantity capable of belng
diffolved might be found, as I had done with the experiments on
filver: and the refults were as follow.

11. No tin was diffolved nor calcined by the mixtures in the
proportion of 200 grain-meafures of oil of vitriol to 200 grains

of
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of nitre; nor by another mixture in the proportion of 200
grain-meafures of“‘oil of vitriol to 150 grains of nitre, and
confquently no gas was produced in either inftance.

12. With a mixture in the proportion of 200 grain-meafures
of oil of vitriol and 100 grains of nitre, the tin began foon to
be a&ed on, and to be diffufed through the liquor; but no
extrication of gas appeared until the digeftion had been con-
tinued two hours in boiling water ; and then it took place, and
gave a frothy appearance to the mixture, which was of an
opaque white colour, from the powder of tin diffufed among
it. . In this experiment the quantity of tin thus calcined was
73 grains, and the quantity of nitrous gas extricated during
this a&ion on the tin was 8500 grain-meafures. ‘Then, upon
pouring 200 grains of water into the retort, a freth effervef-
cence took place between the water and the white opaque mafs,
and 4600 grain-meafures of nitrous gas were thrown into the
mverted receiver.

13. With amixture in the proportion of 100 grain-meafures
of oil of vitriol to 30 grains of nitre, 30 grains of tin were
diffolved or calcined, and the nitrous gas, which began to be
extricated much fooner than in the laft mentioned experiment
with a larger proportion of nitre, amounted to 6300 grain=
meafures. Water, added to this folution of tin, did not pro-
duce any effervefcence.
~ 14. With a mixture in the proportion of 200 grain -meafures
of oil of v1tr101 200 grains of nitre, and 200 grains of water,
133 grains of tin were ated on with an effervefcence, which
took place violently, and produced 6500 grain-meafures of
nitrous gas. | |

15. The feveral mixtures above mentioned, in different pro-
portions of nitre and oil of vitriol, did, by the help of the

heat
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heat of the water-bath, calcine mercury into a white or greyith
powder. Nickel was alfo partly calcined and partly diffolved by
thefe mixtures. I did not perceive that any other metal was
affeéted by them, excepting that the furfaces of fome of them
were tarnithed.

16. Thefe mixtures of oil of vitriol and nitre were apt
to congeal by cold, thofe efpecially which had a large propors
tion of nitre. Thus, a mixture of 1000 grain-meafures of oil
of vitriol and 280 grains of nitre, after having kept fluid
feveral days, in a phial not {o dccurately ftopped as to prevent
altogether the efcape = of fome white fumes, congealed
at the temperature of 55° of FAHRENHEIT's thérmometer
wheteas fome of the fame liquid, having been mixed with equal
parts of oil of vitriol, did not congeal with a lefs cold than 45°.
The congelation is promoted by expofure to air, by which
white fumes rife, and moifture may be abforbed, er by any
other mode of flight dilution with water. *

1. Dilution of this compound acid, with more or lefs
water, alters confiderably -its properties, with regard to its
a&ion on metals. Thus it has been obferved, that in its concene
trated ftate it does not aét on 7ron but, by adding water, it
acquires a power of adting on that metal, and with different
effe&, according to the propottion of the water added. Thus,
by adding to two meafures of the compound acid one meafure
of water, the liquor is rendered capable of calcining iron, and
forming with it a white powder, but without effervefcence.
With an equal meafure of water effervefcence was produced.
With a larger proportion of watet the iron gave alfo a2 brown
colour to the liquor, fuch as phlogifticated nitrous acid acqmres
from irop, or communicates to a folution of martial vitriol in

watef.
18. Dilution
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18. Dilution with water renders this compound acid capable

of diflolving copper and =me, and probably thofe other metals

which are fubjet to the action of the dilute vitriolic or nitrous
acids.

SECTION SECOND,
An account of a new procefs for Jeparating filver from copper.

19. The properties of this liquor, in diffolving filver eafily
without a&ing on copper, have rendered it capable of a very
ufeful application in the arts. Among the manufatures at
Birmingham, that of making veflels of filver plated on cop-
per is a very confiderable one. In cutting out the rolled plated
metal into pieces of the required forms and fizes, there are
many fhreds, or fcraps as they are called, unfit for any purpofe
but the recovery of the metals by feparating them from each
other, The-eafieft and moft ceconomical method of parting
thefe two metals, fo as not to lofe either of them, is an obje&
of fome confequence to the manufadturers. For this purpofe
two modes were praltifed; oue, by melting the whole of the
mixed metals with lead, and feparating them by elqu'lthll and
tefting; and the fecond, by diffolving both metals in oil of
vitriol, with the help of heat, and by feparating the vitriol of
copper, by diffolving it in water, from the vitriol of filver,
which is afterwards to be reduced and purified. In the firft of
thefe methods, there is a confiderable wafte of lead and cop-
per; and in the fecond, the quantity of vitriolic acid employed
is very great, as much more is diffipated in the form of volatile
vitriolic, or fulphureous acid, than remains it the compofition of
the two vitriols,

5 Seme
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Some years ago, I communicated to an artift the method of
effeting the feparation of filver and copper by means of the
above-mentioned cd:mpouxad,of vitriolic acid and nitre; and, as
1 am informed, that it is now commonly pra&tifed by the ma-~
nufadturers in Birmingham, I have no doubt but it is much
more ceconomical, and it is certainly much more eafily executed
than any of the other methods: for nothing more is required
than to put the pieces of plated metal into an earthen glazed
pan ; to pour upon them fome of the acid liquor, which may
be in the proportion of eight or ten pounds of oil of vitriol to
one pound of nitre; to flir them about, that the furfaces may
be frequently expofed to frefh liquor, and to affift the aétion by
a gentle heat from 100° to 2c0° of FAHRENHEIT’s fcale.
When the liquor 1s nearly faturated, the filver is to be precipi~
tated from it by common falt, which forms a luna cornea, eafily
reducible by melting it in a crucible with a {ufficient quantity
of pot-ath; and, laftly, by refining the melted filver, if ne-
ceflary, with a little nitre thrown upon it. In this manner the
filver will be obtained fufficiently pure, and the copper will
remain unchanged. Otherwife, the filver may be precipitated
m its metallic ftate, by adding to the folution of filver a few
of the picces of copper, and a fufficient quantity of water to
enable the liquor to a& upon the copper.

The property which this acid mixture pofiefles of diffolving
filver with great facility, and in confiderable quantity, will
probably render it an ufeful menftruum in the feparation of
filver from other metals; and as the alchemifts have diftin-
-guithed the peculiar folvent of gold under the title of aqua
regis, a name fufficiently diftin&ive, though founded on a

fanciful allufion; fo, if they had been acquainted with the
properties
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properties of this compound, they would probably have be-
ftowed on it the appellation of agua regine.

SECTION THIRD.

The change of properties communicated fo the mixture of wiiriolic
and nitrous acids by phlogiftication.

20. The above-defcribed compound acid may be phlogifti-
cated in different methods, of which I fhall mention three.

1ft, By digefting the compound acid with fulphur by means
of the heat of a water-bath, the liquor diffolves the fulphur
with efferve{cence, lofes its property of yielding white fumes;
and if the quantity of fulphur be fufficient, and if the heat
applied be long enough continued, it exhibits red nitrous
vapours, and affumes a violet colour. ’

2dly, If, inftead of diffolving nitre in concentrated vitriolic
acid, this acid be impregnated with nitrous gas, or with nitrous
vapour, by making this gas or vapour pafs into the acid, this
compound will be phlogifticated, as it contains not the entire
nitrous acid, but only its phlogifticated part, or element, the
nitrous gas, without the proportion of pure air neceflary to
conflitute an acid. This impregnation of oil of vitriol with
nitrous gas or nitrous vapour was firft defcribed, and fome
of the properties of the impregnated liquor noticed, by Dr.
PriesTLEY. See Experiments and Obfervations on Air, Vol
III. p. 129 and 217%.

3dly, By fubftituting nitrous ammoniac inftead of nitre in
the mixture with oil of vitriol.

. The compound prepared by any of thefe methods, but

efpemally by the firft and fecond, differs confiderably in its

Vor. LXXX, Cce properties



g70  Mr.Ker’s Experiments and Obfervations on

properties with regard to its a&ion on metals from the acid de=
{cribed in the firft fe&ion. It has been obferved, that the
latter compound has little aion on any metals but filver, tin,
mercury, ‘and nickel.  On the other hand, the phlogifticated
compound not only a&s on thefe, but alfo on feveral others.
It forms with 7z7on a beautiful rofe-coloured folution, without
application of any artificial heat ; and in time a rofe-coloured
faline precipitate 1s depofited, which is foluble in water with
confiderable effervefcence. It diffolves copper, and acquires
from this metal, and alfo from regulus of cobalt, zinc, and
lead, pretty deep violet tinges. Bifmuth and regalus of anti-
mony were alfo attacked by this phlogifticated acid.

To afcertain more exallly the effects of this phlogifticated
acid on fome metals, I made the following experiments, with
a liquor prepared by making nitrous gas pafs through oil of
vitriol during a confiderable time.

22. To 200 grain-meafures of the oil of vitriol impregnated
with nitrous gas, put into a retort with along neck, the capa-
city of which, including the neck, was 1150 grain-meafures, I
added 144 grains of ftandard filver, and immerfed the mouth
of the retort in water, under an inverted jar filled with water,
to catch the gas which might be extricated.

The acid began to diflolve the filver with effervefcence by
application of heat; the folution became of a violet colour,
and the quantity of nitrous gas received in the inverted jar was
14700 grain-meafures. Upon Weighing the filver remaining,
the quantity which had been diffolved was found to be 7o
grains, When water was added to the folution, an effer-
velcence appeared, but only a very fmall quantity of gas was
extricated. By means of the water, a white faline powder of

filver, {oluble in a larger quantity of water, was precipitated
from
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from the folution. The folution of filver, when faturated and
undiluted, congeals readily in cool temperatures, and, when
diluted to a certain degree with water, gives foliated cryftals.
23. In the fame apparatus, and in the fame manner, 100
grain-meafures of this impregnated oil of vitriol were applied
to zrom. An eftervelcence appeared without application of
heat, the furface of the iron acquired a beautiful rofe colour or
rednefs mixed with purple: and this colour gradually pervaded
the whole liquor, but difappeared on keeping the retort {fome
time in hot water. Notwithftanding a confiderable apparent
effervefcence, the quantity of air expelled into the inverted jar
was only 400 grain-meafures, of which % was nitrous, and
the reft phlogifticated. The folution was then poured out of
the retort, and the iron was found to have loft only two grains
i weight. The folution was returned into the retort, without
the iron, and 200 grains of water were added to it; upon
which a white powder was immediately precipitated, which
re-diffolved with great effervefcence. When 2000 grain-mea-
fures of nitrous gas had been expelled into the inverted jar,
without application of heat, the retort was placed in the water-
bath, the heat of which rendered the effervefcence fo ftrong,
that the liquor boiled over the neck of the retort, fo that the
quantity of gas extricated could not be afcertained. '
24. In the fame manner 11 grains of copper were diffolved
in 100 grain-meafures of impregnated oil of vitriol. ‘The fo-
lution was of a deep violet colour, and at laft was turbid. ‘The
quantity of nitrous gas expelled into the inverted jar during
the operation was 4700 grain-meafures. When the copper
was removed, and 200 grains of water were added to the {olu-

tion, an effervefcence took place, 1700 grain-meafures of
Ccc2 nitrous
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nitrous gas were expelled, and the folution then acquired a
blue colour.

25. In the fame apparatus and manner, 100 grain-meafures
of the impregnated oil of vitriol were applied to ##, which
was thereby diminithed in weight 16 grains, while the liquor
acquired a violet colour, became turbid by the fufpenfion of
the calx of tin, and a quantity of nitrous gas was thrown into
the inverted receiver equal to 4100 grain-meafures, without
application of heat, and-another quantity equal to 4900 grain=
meafures, after the retort was put into the water-bath.

26. Mercary added to the impregnated oil of vitriol formed
a thick white turbid liquor, which was rendered clear by addi-
tion of unimpregnated oil of vitriol. In a little time this
mixture continuing to aét on the remaining mercury acquired a
purple colour. The mercury alted upon {unk to the bottom of
the glafs in the form of a white powder, and the purple liquor,
when mixed with a folution of common falt in water, gaveno
appearance of its containing any mercury in a diffolved ftate.

27. The nitrous gas with which the oil of vitriol is impreg=
nated thews no difpofition to quit the acid by expofure to air ;
but, on adding water to the impregnated acid, the gas is ex~

elled fuddenly with great effervefcence, and with red fumes,
in confequence of its mixture with the atmofpherical air.

Upon adding 240 grains of water to 6o grain-meafures of
impregnated oil of vitriol, 2300 grains of nitrous gas were
thrown into the receiver; but as the action of the two liquors
is inftantaneous, the quantity of gas expelled from the retort
before 1ts neck could be immerfed in water, and placed under
the receiver, muft have been confiderable. The whole of the
gas, however, was not extricated by means of the water, for

the
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the remaming liquor diffolved 5 grains of copper, while 8co
meafures of nitrous gas were thrown into the retort.

28. The following fa&ts principally are eftablifhed by the
preceding experiments.

1. That a mixture of the vitriolic and nitrous acids in a
concentrated ftate has a peculiar faculty of dlffolvmg filver
copioudly.

2. That it a&s upon, and principally calcines, tin, mer-
cury, and nickel; the latter of which, however, it diffolves
in fmall quantity, and that it has little or no'a&ion on other
metals.

3. That the quantity of gas produced while the metal is
diffolving 1s greater, relatively to the quantity of metal dif-
folved, when the proportion of nitre to the vitriolic acid is
{mall than when it is large; and that when the metals are dif-
folved by mixtures containing much nitre, and with a {mall
prodution of gas, the folution itfelf, or the metallic falt formed
in it, yields abundance of gas when mixed with water.

4. That dilution with water renders the concentrated mix-
ture lefs capable of dlﬂ'olvmg filver, but more capable of ating
on other metals.

5. That this mixture of highly concentrated vitriolic and
nitrous acids acquires a purple or violet colour when phlogifti-
cated, either by addition of inflammable fubftances as fulphur,
or by its aftion on metals, or by very ftrong impregnation of
oil of vitriol with nitrous gas *. "

% Dr. PriesTLEY has noticed this colour communicated to oil of vitriol by
impregnation with nitrous gas or vapour, and alfo the effervefcence produced by
adding water to this impregnated liquor,. Sce Experiments and Obfervations,,

Vol. IIL. p. 129 and 237,
6 6. That
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6. That this phlogiftication was found to communicate to
the mixture the power of diffolving, though in {mall quanti-
ties, copper, iron, zinc, and regulus of cobalt.

7. That water expels from a highly phlogifticated mixture of
concentrated vitriolic and nitrous acids, or of oil of vitriol
‘impregnated with nitrous gas, a great part of its contained
gas; and that therefore this gas is not capable of being re-
tained in fuch quantity by dilute as by concentrated acids.
Water unites with the mixture of oil of vitriol and nitre,
without any confiderable effervefcence.

29. To thefe obfervations I fhall {ubjoin one other fa&,
namely, that, when to the mixture of oil of vitriol with nitre
a faturated folution of common falt in water is added, a power-
ful aqua regis 1s produced, capable of diffolving gold and pla-
tina; and this aqua regis, though compofed of liquors perfeétly
colourlefs and free from all metallic matter, acquires at once a
bright and deep yellow colour. The addition of dry common
falt to the concentrated mixtures of vitriolic and nitrous acids
produces an effervefcence, but not the yellow colour; for the
prodution of which therefore a certain proportion of water
feems to be neceflary. ' '

PART IL
On the precipitation of filver from nitrous acid by iron,

SECTION I.

1. BergMaN relates, that upon adding iron to a folution of
filver in the nitrous acid no precipitation enfued *; although

* Differt. de Phlog. quantitate in Metallis,
5 the
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the affinity of iron to acids in general is known to be much
ftronger than that of filver; and although, even with régard
to the nitrous acid, other experiments evince the fuperior
affinity of iron: for as iron precipitates copper from this acid,
and as copper precipitates filver, we muft infer the greates
affinity of iron than of filver. In the courfe of his experi-
ments, however, fome inftances of precipitation occurred,
which he attributed to the peculiar quality of the irons which
he then employed *. I was defirous of difcovering the circum-~

ftances,

* Beromax tried many different kinds of iron, and he thought he found two
which were capable of precipitating filver. But as he did not difcover the cir-
cumftances according to which this precipitation fometimes does, and at other times
does not happen, he may have been miftaken with regard to the peculiar quality
of thefe two kinds of iron. At leaft the feveral kinds which I have tried always
precipitated filver in certain circumftances, and always failed to precipitate in
certain other circumftances, I do not know any other author who has men~
tioned this fubjeét, excepting Mr. Kirwan; who, in the conclufion of his
valuable Papers on the Attrastive Powers of Mineral Acids, fays, ** 1 have always
¢ found filver to be eafily precipitated from its folution in the nitrous acid by iron.
¢ The fum of the quiefcent affinities being 625, and that of the divellent 746.
¢ Yet Mr. Beromax obferved, that a very faturated folution of filver was very
¢« difficultly precipitated, and only by fome forts of iron, eventhough the folution
¢ was diluted, and an excefs of acid added to it. The reafon of this curious
¢ phenomenon appears to me deducible from a circumftance firft obferved by
¢ Scueerk, in diffolving mercury, namely, that the nitrous acid when faturated
¢ with it will take up more of it in its metallic form. 'The fame thing happers.
«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 dephlogifticateds 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 into contat with the iron, and extradting
« phlogiften from it.” In this Paper I fhall not enter into- the explanation of
thefe appearances ; but I thought it neceflary to premife what fo eminent a che-
mif as Mr. KirwAnN has fuggefted on the fubje&, that the reader may fee at once
the prefent flate of the queflion, I fhall only remark, that the above explana-

tion,,
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ftances, and of inveftigating the caufe, if I fhould be able, of
this irregularity and exception to the generally received laws of
affinity.

2. I digefted a piece of fine filver in pure and pale nitrous
acid, and while the diffolution was going on, and before the
faturation was completed, I poured a portion of the folution
upon pieces of clean and newly-fcraped iron wire into a wine
glafs, and obferved a fudden and copious precipitation of filver,
The precipitate was at firft black, then it affumed the appear-
ance of filver, and was five or fix times larger in diameter than
the piece of iron wire which it enveloped. The a&tion of the
acid on the iron continued fome little time, and then it ceafed ;
the filver re-diffolved, the liquor became clear, and the iron
remained bright and undifturbed in the folution at the bottom
of the wine glafs, where it continued during feveral weeks,
without fuffering any change, or effeting any precipitation of
the filver,

3. When the folution of filver was completely faturated, it
was no longer affeCted by iron, according to BErGMAN’s
obfervation.

4. Having found that the folution a&ed on the iron, and
was thereby precipitated, before it had been faturated, and not
afterwards, I was defirous of knowing, whether the faturation
was the circumftance which prevented the action and precipita-
tion. For this purpofe, I added to a portion of the faturated
folution fome of the fame nitrous acid, of which a part had
been employed to diffolve the filver ; and into this mixture,

tion, not being founded on any peculiarity in the nature of iron, feems to fup-
pofe, that the filver is alfo incapable of being precipitated, from fuch folutions as
iron cannot a& upon, by any other metal. But this is not the cafe: copper and

zinc readily precipitate filver from thefe folutions.
abounding
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abounding with a fuperfluous acid, I threw a piece of iron,
but no precipi'tation occurred. It was thence evident, that the
faturation of the acid was not the only circumftance which
prevented the precipitation.

5. To another portion of the faturated folution of filver I
added fome red {moking nitrousacid; and 1 found, upon trial,
that iron precipitated the filver from this mixture, and that the
fame appearances were exhibited as had been obferved with the
folution previoufly to its faturation.

6. The fame effe@ts were produced when vitriolic acid was’
added to the faturated folution of filver, and iron afterwards
applied.

7. To fome of the fame nitrous acid, of which a part had
been employed to diffolve the filver, I added a piece of iron;
and, while the iron was diffolving, I poured into the liquor
fome of the faturated folution of filver; upon which a preci-
pitation of filver took place inftantly; although, when the
fame acid had been previoufly miked with the folution of filver,
and the iron was then added to the mixture, no precipitation
had enfued. ‘

8. The quantity of vitriolic acid, or of the red fuming ni-
trous acid, neceflary to communicate to the faturated {olution
of filver the property of being atted on by iron, varies accord-
ing to the concentration, and to the degree of phlogiftication
of the acids added ; o that a lefs quantity than is fufficient
does not produce any apparent effe&. Neverthelefs, when the
folution of filver is by addition of thefe acids brought nearly to
a precipitable ftate, the addition of fpirit of wine will, in a
little time, render it capable of a&ing on iron.

Vor. LXXX. Ddd g. It
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g. It appears then, that a folution of filver is not precipi-
tated by iron in cold, unlefs it have a fuperabundance of phlo-
gifticated acid *.

1o. Heat affets the altion of a folution of filver on iron:
for if iron be digefted with heat, in a perfectly faturated folu-
tion of filver, fuch as a folution of cryftals of nitre of filver
in water, the filver will be depofited in its bright metallic
ftate on different parts of the iron, and the iron which has
been acted on by the folution appears in form of a yellow
ochre.

11. BEreMAN relates, that he has fometimes obferved
beautiful cryftallizations or vegetations of metallic filver formed
on pieces of iron immerfed long in a folution of filver.

I have found that no time is able to effet this depoflition, un-
lefs the {olution be in a ftate nearly fufficiently phlogifticated
to admit of a precipitation by iron, but not completely phlo-
gifticated enough to effe@ that purpofe immediately.

12, Dilution with a great deal of water feemed to difpofe
the folutions of filver to be precipitated by iron more eafily.

* Tt was faid, at § 4. that the addition of dephlogifticated nitrous acid to a
faturated folution of filver did not render this folution precipitable by iron.
Weverthelefs, as this acid diffolves iron, fuch a quantity may be added, as to
overcome the counteradting quality of the folution of filver, fo that the acid
fhall be able to a& on theiron; and while this metal is diffolving, it phlogifticates
the mixture, which then becomes capable of being precipitated, and is in fa&
reduced to the fame circumftances as are defcribed at § 7. The limits of the
quantities which produce changes cannot be afcertained, becaufe they depend on
‘the degrees of concentration and phlogiftication of the fubftances employed 3
and thercfore, whenever a change is faid to be produced by a certain fubftance, it
means that it may be produced by fome proportion, but does not imply by every
proportion, of that fubftance. Without attending to thefe confiderations, perfons
trying to repeat the experiments mentioned in this Paper will be liable to be

deceived,
7 A {olution
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A folution of filver, which did not a& on iron, upon being
very much diluted, and having a piece of iron immerfed in it,
during feveral hours, gave a precipitate of filver in the form of
a black powder.

SECTION IIL

On the alterations which iron or its_furface undergoes by the action
of a folution of filver in nitrous acid, or of a pure concentrated
nitrous acid. |

13. It has been faid, that when iron is expofed to the a&ion
of a phlogifticated folution of filver, it inftantly precipitates
the filver, is itfelf acted upon or diffolved by the acid folution
during a certain time, longer or fhorter, according to the de-
gree of phlogiftication, quantity of fuperabundant acid, and
other circumftances, and that at length the folution of the
iron ceafes; the filver precipitate is re-diffoved, if there 1s fu-
“perfluous acid; the liquor becomes clear again, but only ren-
dered a little browner by its having diflolved fome iron;
while the piece of iron remains bright and undifturbed at the
bottom of the liquor, where it is no longer able to affet the
folution of filver,

14. I poured a part of the phloglf’ucqted folution of filver
which had pafled through thefe changes, and which had
ceafed to a& upon the piece of iron, into another glafs, and
dropped another piece of freth iron wire into the liquor ; upon
which I obferved a precipitation of filver, a folution of part of
the iron, a rediffolution of the precipitated filver, and a cefla-
tion of all thefe phanomena, with the iron remaining bright
and quict at the bottom of the liquor, as before. It appeared

Ddda2 then,
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then, that the liquor had not loft its power of a&ing on fre/b
iron, although it ceafed to act on that picce which had been
expofed to 1t.

15. Toone of the pieces of iron which had been employed
in the precipitation of a folution of filver, and from which
the folution, no longer capable of alling upon it, had been
poured off, T added fome phlogifticated folution of filver which
had never been expofed to the altion of iron, but no precipi-
tation happened. It appeared then, that the iron itfelf, by
having been once employed to precipitate a f{olution of filver,
was rendered incapable of any further a&tion on any folution
of filver. And it is to be obferved, that this alteration was
produced without the leaft diminution of its metallic {plen-
dour, or change of colour, The alteration, however, was
only fuperficial, as may be fuppofed; for by fcraping off its
altered coat, it was again rendered capable of a&ing on a folu-
tion of filver. To avoid circumlocution, I fhall call iron thus
affe&ed, aftered iron; and iron which is clean, and has not
been altered, frefb iron.

16. To a phlogifticated folution of filver, in which a plece
of bright altered iron lay, without ation, I added a piece of
frefh iron, which was inftantly ‘enveloped with a mafs of pre-
cipitated filver, and ated on as ufual; but what is very
remarkable, in about a quarter of a minute, or lefs, the
altered iron fuddenly was covered with another coat of

» precipitated filver, and was now afted on by the acid folution
like the frefh piece. In a little time the filver precipitate was
re-diffolved, as ufual, and the two pieces of iron were reduced

to an altered ftate. 'When a frefth piece of iron was then held

in the liquor, fo as not to touch the two pieces of altered . iron,

they were neverthelefs foon acted upon by the acid folution,

6 and
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and fuddenly covered with filver precipitate as before; and
thefe phaznomena may be repeated with the fame folution of
filver, until the fuperfluous acid of the folutionr becomes fa-
turated by the iron, and then the re-diflolution of the precipi-
tated filver muft ceafe.

17. 1 poured fome dephlogifticated nitrous acid on a piece
of altered iron, without any action enfuing, although this acid
‘readily a&ted on freth iron, and when to the dephlogifticated
nitrous acid, with a piece of altered iron lying immerfed in it,
I added a piece of freth iron, this immediately began to dif-
folve, and foon afterwards the altered iron was aéed on alfo
by the acid.

18. T poured upon a piece of altered iron a folution of cop-
per in nitrous acid; but the copper was not precipitated by the
iron ; neither did this iron precipitate copper from a folution of
blue vitriol. '

19. Altered iron was acted on by a dilute phlogifticated ni-
trous acid; but not by a red concentrated acid, which is
known to be highly phlogifticated.

20. I put fome pieces of clean freth iron wire into a con-
centrated and red fuming nitrous acid. No apparent a&ion
enfued; but thé iron was found to be altered in the fame man=
ner as it is by a folution of filver; that 1s, it was rendered
incapable of being attacked either by a phlogifticated folution
of filver, or by dephlogifticated nitrous acid.

21. Iron was alfo altered by being immerfed fome little
time in a faturated folution of filver, which did not thew any
vifible adtion on it.

22. The alteration thus produced on the iron is very fuper-

ficial, ‘The leaft rubbing expofes fome of the frefh iron. be-
neath
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neath the furface, and thus {ubje&ts it to the alion of the
acid.

It is therefore with difficulty that thefe pieces of altered
iron can be dried, without lofing their peculiar property. For
this reafon, I generally transferred them out of the folution of
filver or concentrated nitrous acid into any other liquor, the
effe@ts of which 1 wanted to examine. Or they may be
transferred firft into a glafs of water, and thence into the
liquor to be examined. But it is to be obferved, that if they
are allowed to remain long in the water, they lofe their pecu-
liar property or alteration. They raay be preferved in their
altered ftate by being kept in fpirit of fal ammoniac.

~23. To a faturated folution of copper in nitrous acid (which
was capable of being readily precipitated by freth iron) I added
fome faturated folution of filver. From this mixture a piece
of frefh iron neither precipitated filver nor copper: nor did the
addition of fome dephlogxﬁwated nitrous acid effe& this pre-
(:1p1tat10n

24. A folution of copper, formed by precipitating filver
from nitrous acid by means of copper, was very relutantly and
flowly precipitated by a piece of frefh iron; and the iron thus
a&ed on by the acid was changed to an ochre.

25. A faturated folution of filver having been partly precx-
pitated by copper, acquired the property of alting upon freth
iron, and of being thereby precipitated.

26. Freth iron immerfed fome time in folutions of nitre of
lead, or of nitre of mercury in water, did not occafion any
precipitation of the diffolved metals; but acquired an aliered
quality. ‘Thefe metals then in this refpeét refemble filver.

27. It 1s well known, that a folution of martial vitriol,
added to a folution of gold in aqua regis, precipitates the gold

in
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in its metallic ftate. I do not recolledt, that the precipitation
of a folution of filver by the fame martial vitriol has been ob-
ferved. However, upon pouring a folution of martial vitriol
into a folution of filver in the nitrous acid, a precipitate will
be thrown dewn, which acquires in a few minutes more and
mote of a metallic appearance, and is indeed perfet filver,
When the two folutions are pretty concentrated, a bright ar-
gentine film fwims on the, furface of the mixture, or filvers
‘the fides of the glafs in which the experiment is made. When
a phlogifticated folution of filver is ufed, the mixture is black-
ened, as happens generally to a folution of martial vitriol,
when a phlogifticated nitrous acid is added to it.

I added about equal parts of water to a mixture of a phlo-
gifticated folution of filver and a folution of martial vitriol, in
which a// the filver had been precipitated, and digefted the
diluted mixture with heat, by which rmeans moft of the pre-
cipitated filver was re-diffolved. BErGM AN has obferved a
fimilar re-diffolution of gold precipitated by martial vitriol upon
boiling the mixture ; but he attributes the re-diflolution to the
concentration of the aqua regis by the evaporation. As this
explanation did not accord with my notions, I diluted the mix-
ture with water, and found that the fame re-diffolution occur-
red both with the folution of filver and with that of gold.
But with neither of the metals did I find that the re-diflolution
ever took place, unlefs there had been a fuperabundant acid
in the folutions of gold and filver employed.

28. Mercury is alfo precipitated in its metallic ftate from its
folution in nitrous acid by a folution of martial vitriol. When
the liquor is poured off from the precipitate, this may be

changed into running mercury by being dried near the fire.
29. 1
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29. I found alfo, that filver may be precipitated in its me»
tallic ftate, from its folution in vitriolic acid, by addition of
a folution of martial vitriol. A vitriol of mercury may alfo
be decompounded by a folution of martial vitriol, and the mer-
curial precipitate, which 1s a black powder, forms globules,
when dried and warmed.

30. Luna cornea is not decompounded by martial vitriol ;
* confequently there is no operation of a double affinity. Never=
thelefs, this luna cornea may be decompounded by the elements
of martial vitriol, while they are in the a& of diffolution ;
that 1s, the filver may be precipitated in its metallic ftate, by
digefting luna cornea with a dilute vitriolic acid, to which
fome pieces of iron are added. And it is to be obferved, «that
this reduction of the filver and precipitation take place, while
the acid is yet unfaturated. Marine acid and iron applied to
luna cornea effe& the fame redu&ion of the filver to a metallic
ftate, even when there is more acid than i1s f{ufficient for both
metals.

The explanation of thefe phanomena will be attempted in
the {ubfequent Papers which I propofe to prefent on this fub-

je& to the Society.




