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XXV. Experiments on the Congelation of the Vitriolic Acid. By

James Keir, Efg. F. -R. S. ; communicated by Henry Caven-

difh, Efq^. F. R. S^

Read May 3,. 1787.

*HAT the vitiioHc acid fometimes affumes a folid, cryflaP

line ftate, has been obferved by Basil Valentine^ and'

by many later chemlfts ; but their relations of this appearance are

neither fufficiently explicitj with regard to the effential and con-*

comitant circnmflances, nor do they feem very con fiftent with-

each other. It appears, however/that two very diftind fpecies of

congelation of this acid have been noticed. That" which is

defcribed by the older chemifts, and alfo by feme modern'

authors, requires no greater degree of cold than the common

temperature of the air, even in fummer, and is peculiar to

that acid 'which is obtained by diftillation from martial vitriol,

and which is pofleffed of a fmoking quality in a high degree

:

for not only the authors, by whom this congelation has been

obferved, have given this defcription of the acid employed,'

but alfo the late experiments of M. Dollfuss * feem to*

fliew, that the fmoking quality is effential to the phaenomenonr

for neither the acid obtained from vitriol, when deprived by^

reftification of its fmoking quality, nor the Englifli oil of'

vitriol (which Is known to be obtained by burning fulphur, anc}

* Crell Annalen 1785*

which
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which does not fmoke), were found, by his trials, to be fuf-

ceptible of this fpecies of congelation. The acid, thus con-

gealed, has been called glacial^ or toy oil of vitriol.

The other^ kind of congelatioh has been little noticed till

lately. To this congelation every kind of vitriolic acid is fub*

jeft, whether it fmokes or not, and whether it has been pre-

pared from martial vitriol, or from fulphur, provided the

cold to which it is expofed be fufficiently intenfe : for the

cold, requifite for this fpecies of congelation, is conliderably

greater than what is fufficient for the former.

Mr. Macqu ER relates, in the fecond edition of his Didionar^

of Chemiftry "^j that the Duke d'Ayen had obferved the conge-

lation of concentrated vitriolic acid, which had been expofed to a

cold expreffed by 13 or 14 degrees below o of Reaumur's

fcale; but that mixtures, confifting of one part of the above-

mentioned concentrated acid, with two or more parts of water^,

could not be frozen by the cold to which he expofed them, till

he had diluted the acid fo much, that its denfity was to that

of water as 104I to 96; in which latter cafe of congelation^

it is probable, that the water only did freeze, as it does in

dilute folutions of neutral falts. M. de Morveau f has made

fimilar experiments, with a view to verify thofe of the Duke

d'Ayen, and with fimilar fuccefs. By means of an intenfe

cdd, produced by adding fpirit of nitre to pounded ice, he

congealed a part of fome vitriolic acid, which he had pre-

vioufly concentrated.. He obferved, that although a very in-

tenfe cold had been employed to freeze the concentrated acid, it

neverthelefs remained congealed in much lefs degrees of cold,

and that it thawed very flowly. Laftly, fome experiments

* Article, Vitriolic Acid.

f Mem. de FAcad. dc Dijon, pour i jSa.

have
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have lately been made by Mi\ M^ Nab, at Hudfon's Bay, 011

the congelation of acids by intenfe cold; an account of which

experiments is given in the Philofophical Tranra<Stions for

1786, by Mr, Cavendish, at whofe defire they had been

made. Thefe experiments are the more valuable, as the den-

sity of the acids employed, and the temperature, and other

concomitant circumftances, have been diftinftly noted; and

they are rendered ftill more interefting, by the very judicious

remarks made on them by Mr. Cavendish. It is there re-

lated, that a vitriolic acid, whofe fpecific gravity was to that

of water as 1843.7 to 1000, froze when expofed to a cold of

- ij"" of Fahrenheit's fcale ; that another more dilute vitri-

olic acid, confiding of 629 parts of the former concentrated acid,

and 351 parts of water, congealed in a temperature of —36'';

and that when the acid was further diluted, it was found

capable of fuftaining a much greater cold without freezing.

in thefe experiments, as alfo in thofe of M, deMorveau, it

appeared, that the whole of the acid did not congeal, but that

part of it retained its fluidity. Mr. Cavendish found, on

examining the part which had congealed, and that which had

remained fluid, that they were ;?^^r^ of the fame ftrength ;(

and he is thence led to think, that the diflerence between them,

by which the one is more difpofed to coiigeal than the other,

does not depend on their different ftrengths, but on fome qua-

lity lefs obvious, and the fame which conftitutes the difference

between glacial and common oil of vitriol. In all the experi-

ments which had been made by the Duke d'Ayen, M. ds

MoRVEAu, and Mr. M<^ Nab, the vitriolic acid, when ftrong,

had frozen with lefs cold than when diluted ; but thefe experi-

ments did not enable Mr. Cavendish to determine, whether

this acid has any determinate ftrength or pint of ea/ieffreezing

Vol. LXXVIL R r (fuch
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(fuch as he had difcovered to be pofieffed by fpirlt of nitre),

or whether the cold requiiite for congelation does not con-

tinually diminiih, as the ftrength of the acid increafes, without

limitation* This latter opinion he thinks the moft probable,,

from the circumftance of the Duke d'Ayen's and M. de Mor-

VEAu's acids having frozen with a confiderably lefs intenfe

cold than thofe of Mn M^- Nab^ whichj he fuppofes, were

weakerj as the. former acids had been concentrated purpofely.

The obfervations which I have made, and am H'oin^ to relate,

apply folely to the latter kind of congelation of the vitriolic

acid, as the acid which I employed was of the khid that is

prepared by burning fulphur, and is commonly fold in Eng-

land under the name of oil of vitriol, and was perfedly free

from colour, fmell, or fmoking quality. After a fevere frofc

at the end of the year 1784, and beginning of 1785, I ob-

ferved that fome vitriolic acid^ contained in a corked phial, had

congealed ; while other parcels of the fame acid, fome ftronger

and fome weaker, equally expofed to the cold, had remained

fluid. As I imputed the congelation to the great intenfity of

the cold, I was afterwards much furprifed, when the froft

ceafed, to find that the acid remained frozen during many days,

when the temperature of the air w^as fometimes above 40"" of

Fahrenheit's fcale; and when the congealed acid was

brought into a warm room, purpofely to thaw it, a thermo-

meter, placed in contact with it during its thawing, continued

fiationary at 45^ From thefe circumftances I concluded, that

the freezing and thawing point of this acid was very near the

laft mentioned degree ; and, accordingly, upon expofing the

liquor which had been thawed to the air, at the temperature of

30"", the congelation again took place in a few hours. From
the circumflance of other parcels of the fame acid^ but of

4 different
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dKfcrent ftreogtlis, remaioiog fluids although they hrid been

expofed to a much greater cold than %¥as neceffary for the con-

gelation of that acid liquor which had frozen^ I was led to

belieFC^ that there muft be fome certain ftrength at which the

vitriolic acid was more difpofed to freeze than at any other,

greater or lefs. I knew that the fpecific gravity of the acid which

had frozen was nearly to that of water as 1800 to 100O9 and that

of the ftronger acid, which had not frozen, was as 1846 to

1000 ; which laft is the ufual deniity of the oil of vitriol com*

monlj fold in England, I knew alfo, that the acid which had

frozen was in no refped but in ftrength different from the

ftronger acid which had retained its fluidity ; having liiyfelfj,

fome weeks before^ taken the former acid from the bottle con-

taining the latter, and diluted it with water till it was reduced

to the fpecific gravity of i8oo.

Although from the above obfervations I was convinced of

the propofitfion generally, that the vitriolic acid is moft dif-

pofed to freeze when at a certain ftrength, and then it is fuf-

ceptible of congelation by means of much lefs cold than has

been hitherto imagined ; jet, as only part of my acid had

frozen, I could not with certainty know the ftrength of the

frozen part, and I therefore was not able to ftate, with any

accuracy, the degree of ftrength moft favourable to congela-

tion, nor the limits of ftrength within which the acid may be

congealed by fuch moderate cold. In the following winter I

had not leifure topurfue the fubje£t; but fince the commence-

ment of the prefent year, I have verified my former obferva-

lion with more attention to the exad deniities of the acids

;

and I have found, that the point of ftrength moft favourable

to congelation is very determinate, and that a very fmall varia-

tion above or below that point renders the acid incapable of

freezing without a confiderable augmentation of cold. As the

R r a acid,-
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acid^ when brought to the proper flrengthj was capable of

freezing with lefs cold than water ^oes, I irnmerfed feveral

acids of different ftrengths in melting fnow^ inftead of expo-

iing them to the air^ the temperature of which was variable^

whereas that of melting fnow was conftant and determinate.

Thofe acids which would not freeze in melting fnow, were

afterwards irnmerfed in a mixture of fnoWj water, and com--

mon fait, the temperature of ¥/hich was not fo conftant and'

determinate as that of melting fnow ; but it generally remained

for federal hours at about iS"", and was fometimes feveral degrees

lo\¥er. The intention of adding water to the fnow and' fait

was to leiTeii the intenfitj of the cold of this mixture, and to

render it more permanent than if the fnow and fait alone were

mixed.

The acids which had frozen in melting fnow, and which

were five in number, having been thawed and brought to the

temperature of do"^, were found on examination to have the

following fpecific gravities^

1786

15^84

1780

1778 -^

1775

Thofe acids which would not freeze in melting fnow^ but

which froze when irnmerfed in fnow^ water, and falt^ • having

been expofed to a greater cold, were of a greater latitude of

denlitj. Their fpecific gravities, when brought to the tempera*

ture of 60^, were found to be expreffed bj the following

numbers.

1814

1810

1 804
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1804

1794

17-70

1759

^1750

The acids which remained, and wliich %¥ouId not freeze

either in melting fnow, or in the mixture of fnow^ faltj and

water, were found on examination to ha?e the following fpe-'

cific_ gravities* ' 1846.

" 1S39

1815

1745 .

1720

1700

1610

iSSi

- It appears^ from the firft table of fpecific gravities^ that the

medium denfity of the acids which did freeze with the cold ^of

melting fnow was 1780; and from the fecond table it appears^

that, at the deniities of 1790 and 1770, the acid had been

incapable of freezing with that degree of cold. Hence it fol-

lows, that i.780 is nearlj- the ftrength or denfity of eafieft

freezing; and that' an increafe or diminution of that denfity,

equal to -x^-r^h part, renders the acid incapable of freezing

with the cold of melting fnow, notwithiftanding this cold is

fome degrees above the freezing point of the moft congelable

acid. From the fecond table of fpecific gravities it appears^

that by applying a more intenfe cold, namely, that produced

by a mixture of fnow^ fait, and water, the limits of the den-

fity of the acids capable of congelation were extended to about

^^ above or below the. point of eafieft freezing : and there

feems
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feems little reafon to doubt, that^ by greater augmentations of

cold, thefe limits may be further extended ; but in what ratio

thefe augmentations and exteniions proceed cannot be determined
«

Without many obfervations made in different temperatures.

Although it is probable, that the moft concentrated acids

may be frozen, provided the cold be fufEciently intenfe, yet

there feems to me reafon to believe^ that fome of the congela-

tions which have been obferved in InVhly concentrated acids

Bave been effefted in confequence of the denfity of thefe acids

having been reduced nearly to the point of eafy freezing by

their having abforbed moifture from the air : for the Duke

b'Ayen and M. deMorveau expofed their acids to the air, in

cups or open veflels ; and the latter author even acquaints us,

that, on examining the fpeclfic gravity of the acid which had

frozen, he found it to be to that of water as 129 to 74 ; which

denfit}^ being lefs than the point of eafieft freezing, proves that

the acid which he employed, and which he had previoufly

concentrated, had aclually been weakened during the experi-

ment* I have feveral times expofed concentrated oil of vitriol in

open veiTels in frofty weather ; and I have fometimes, but not

always, obferved a congelation take place. Upon feparating the

fluid from the congealed part, and upon examining the fpecific

gravity of the latter, after It had thawed, I found that it had

been reduced to the ftandard of eafieft freezing. When the

congealed acid was kept longer expofed^ it gradually thawed,

even when the cold of the air Increafed ; the reafon of which

is not to be imputed to the heat produced by the moifture of

the air mixing with the acid, for this caufe operated during

the congelation, but principally to the diminution of denlity

below the point of eafy freezing, w^ijich was occafioned by the

continued abforption of moifture from the air, and which

renderec
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rendered the acid incapable of continuing frozen ivithoBt a

great increafe of cold.

It appears then, that the concentration of M« be Mor-

VEAu's acid, -at the time of its congelation^ from which cir-

cumftance Mr. Cavendish infers generally^ that the vitriolic

acid freezes more eafiiy as it is more denfe, is not a true pre-

mife; and that therefore the inference, though jnftly deduced^

is invalid. On the contrary, there feems every reafon to be-

lieve, from the analogy of my experiments above mentioned^

that as the denfity of the acid increafes beyond the point of

eafieft freezing, the facility of the congelation diminishes ; at

leaft^ to as great denfity as we have been ever able to obtain

the vitriolic acid ; for if it were poilibie to divefl: it intirely of

• water, it would probably aflume a folid ftate in any tempera-

ture of the air.

The cryftailization of the frozen vitriolic acid is more or lefs

diffinft, according to the flownefs of its formation, and other

favourable clrcumftances. Sometimes the cryftals are very

diftindly fliaped, large, and very hard. Their form is the

fame as the common form of mineral alkali and of felenitic

fpar, but with angles different in dimenfions from either of

thefe. They are folids confifting of ten faces, of which the

two largeft are equal, parallel, and oppofite to each other, and

are oblique-angled parallelograms or rhomboids, whofe angles

are, as near as I could meafure them, of 105 and 75 degrees.

Between thefe two rhomboidal faces are placed eight faces of

the form of trapeziums. Thus each cryftal may be fuppofed

to be compofed of two equal and fimilar fruftums of pyramids

joined together by their rhomboidal bafes. I obferved, that the

cryftals always funk in the fluid acid to the bottom of the veffel,

which fhewed that their denfity was increafed by congelation, .

I thought



I thought of afcertainiog their fpecific gravity by adding *gra*

dually to this fluid part feme concentrated vitriolic acid, till

the cryftals iliould float in the liquor^ the examination of

whofe fpeciiic gravity would determine that of the floating cry-

ftals. But 1 was furprifed to fmdj that the cryftals funk even

in the concentrated acid, and confequently were denfer, I

then poured fome of the coogelable acid, previoufly brought

to the freezing temperature^ into a graduated narrow cylin-

drical glafsj up to a certain mark, which indicated a fpace

equal to that occupied by 200 grains of water. The glafs was

placed in a mixture of foow^ fait, and water, and when the

acid was frozen, a mark was made on the part of the glafs to

which the acid had funk. Having thawed the acid, and

emptied the glafs, I filled it with water to the mark to which

the acid had funk by freezing, and I found, that fifteen grains

more of water were required to raife It to the mkrk expreffing

200 grains ; which ihews, that the diminution of bulk, fuf-

tained by the acid in freezing, had been equal to -~ of the

whole.

Computing from this daium^ we fliould eflimate the fpecific

gravity of the congealed acid to have been 1924; but as it

contained evidently a great number of bubbles, its real fpecific

gravity muft be confiderably greater than the above determina-

tion, and cannot eafily be afcertaincd on account of thefe bub-

bles. By way of comparifon^ I obferved the alteration of

bulk which water contained in the fame cylindrical glafs would

fufFer by freezing; and I found that its expanfion was equal to

about -^'^th part of its bulk. The water had been previoufly

boiled ; but it neverthelefs contained numbcrlefs bubbles. In

this refpe£r then there is a remarkable difference between the

congelations of water and of vitriolic acid ; but, perhaps, the

ci i ii L- rVoc cJ
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diference arifes principally from the bubbles of elaftic fluids

which may be in greater quantity, and may add more to the

bulk of the water than of the acid.

Greater cold is produced by mixing fnow or pounded ice with

the congealed than with the fluid acid, but the quantity I

ha¥e not determiued. There is reafon to believe it may be

coniiderable. In the experiments made at Hudfon's Bay, by

Mr, M^ Nab, the greateft cold which he had produced by

mixing acids with fnow, was effe£ted by a vitriolic acid which

had previoufly congealed; and to this circumftance of the

coogelation of the acid, Mr. Cavendish juftly imputes the

intenfity of the cold, as the liquefaftion of both the frozen

acid and the fnow had concurred towards this effect; whereas,

in mixing fluid acids with fnow, the thawing of the fnow is

probably the fole produftive caufe.

I was defirous of comparing the times* required for the lique-

fa£tion of ice and of congealed acid, when both were expofed

to the fame temperature. For this purpofe I filled two equal

and fimilar cylindrical glaffes; one with the congelable vitriolic

acid, and the other with water; and, after having Immerfed

them in a freezing mixture till both fluids were frozen, and

reduced to the temperature of 2^"", I withdrew the glafles from

the freezing mixture, wiped them dry, and placed them toge-

ther in a room, where the thermometer flood at 62^, In 40

minutes the ice wz$ thawed, and in 95 minutes the acid was

liquefied, at the end of which time the thermometer, which

Hood near the glafles, had rifcn to 64.''. It appears then, that

the congealed acid requires more than twice the time for its

liquefaction, when expofed to that temperature, that ice does ;

but I do not think that we can infer, that the heats abforbed

and rendered latent^ as fome late philofophers exprefs them-

Vol* JLAAV 11, b i leiveb,ciC o
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felveS; or, in other words, that the cold generated bj the

Jiquefa£lion of ice and of congealed acid are in the above

proportion of the times, from the following confideration i

that, as during the liquefadion of the ice, its temperature^

remains ftationary at 32% and during the liquefadllon of the

acid, its temperature remains about 44^ or 45^, the ice, being

confiderablj colder than the acid, will take the heat from the

contiguous air much fafter.

The experiment does however fhew, that a confiderable

quantity of cold is generated by the liqueficllon of this acid;

and hence it appears probable, that in making experiments of

producing cold artificially, by mixing fnow with acids in very

cold temperatures, it would probably be nfeful to employ a

vitriolic acid of the proper deniity for congelation, and to*

freezQ it previoufly to its mixture with fnow.

It mnft not, however, be imagined, that the cold generated

by the mixture of thefe two frozen fubftances is nearly equal

to the fums of the colds generated by the fepa rate liquefadions^

of the congealed acid and ice, when fiogly expofed to a thaw-

ing temperature : for the mixture refulting from the lique-

fadion, confuting of the vitriolic acid and the water of the

fnow, appears, from the generation of heat which occurs in the

mixture of thefe ingredients in a fluid flate, to be fubjed to

different laws relatively to heat, than either of the ingredients

feparatcly. And the heat, thus generated, as foon as the

congealed acid and ice are brought to a fluid ftate, muft coun-

tera£l, in fome meafure^ the cold produced by the iique-

fadion.

The vitriolic acid, like water and other fluids, is capable of

retaining its fluidity when cooled conliderably below its freez-

ing point* I placed a phial^ containing fome congelable

vitriolic:
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vitriolic acid, in a mixture of fait, fnow, and water j and footi

afterwards, while the acid was yet fluids I immerfed in it a

thermometer, the merctirj of which quickly funk from 50"^

to.29''. While I was moving the thermometer in the fluid. In

'order to make it acquire the exa£t. temperature, I fiw the mer-

cury fuddenly rife, and upon looking at the acid, I obferved

numberlefs fmall cryitals floating in it, which had been fud-

denly formed. The degree to which the mercury then rofe was

46''|, Another time, while the acid w^as freezing, the thermo*

meter placed in it ftood at 45^,

From the above obfervations, the fdllowiog inferences may

be drawn,

ift, That the vitriolic acid has a point of eajiejt freezing %

that is, there is a certain ftreiigtlTor denfity, at w^hich this acid

freezes with conliderably lefs cold than at any other ftrength,

PTcater or lefs ; and that this denfity is nearly to that of water as

IJ780 is to 1000.

2dly, That the greater or lefs difpofition of congelation of

the vitriolic acid, which is irtt from the fmoklng quality that

.

is peculiar to the acid obtained by diftilling martial vitriol, does

not depend on any other quality or circumftance than its

flrength or denfity,

jdly. That the free^Jng and thawing degree of the mofl

congelable acid is about 45° of Fahrenheit's fcaie. it Is,

however, to be obferved^ that this degree is inferred from the

temperature indicated by the thermometers immerfed in the

freezing and thawing acids ; but that I never efFe£led the con-

gelation of the fluid acid, without expofing it to a greater cold,

namely, either that of melting fnow, or of the external air in

frofty weather*

b 1 % x^fiKe
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Like water, this acid poffefles the property of retainirrs Its

fl„idi,v when cooled fevLa. degrees Low its freezing point

;

and of riling fuddenly to this point, when its congelation is

promoted by agitation, or by contact with even a warmer

thermometer.

4thly, That, like water and other eongelable fluids, the

vitriolic acid generates cold during its liquefaftion, and heat

during iti? congelation; the quantity of which heat and cold/

fo generated, remains to be determined by future experiments,

5thly, That the acid, by congelation, when the cireum-

fiances for diftinft eryftallization are favourable, affuraes a

regular cryftalline form, a confiderable folidity and hardnefs^

and a denfity much greater than it pollcfled in a fluid ftate.

With refped to the firft mentioned fpecies of congelation,

which is peculiar to the fmokiog vitriolic acid that is procured

from martial vitrioij although I liave had no opportunity of

feeing it, as all the vitriolic acid, that is ufed in this country,

is obtained by burning fulphur, yet I will beg leave to fug-

geft, that it may be worth the attention of thofe chemifts to

whom it occurs, to obferve more accurately than has been

done, the freezing temperature and the denfity of the eon-

gelable acids ; and to examine whether the denfity of this

fmoking acid alfo is conneded with the glacial property. It

feems further to be deferving of inveffigation, whether there

is not fome analogy between the congelation of the fmoking

oil of vitriol, and the very curious cryftallization which Dr.

Priestley obferved in a concentrated vitriolic acid, fatiirated

with nitrous acid vapours ^5 and whether this fmoking quality

does

'"* ExperimeEts and Qbfervations relating to various Braaehes of Natural

Philofophyt
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dfoes not proceed from fome marine or other volatile acid^

which may be contained in the martial vitriol^ whence the

vitriolic acid is obtained,

Piiilofophy, vol. I. p. 26. and 450. M. Corkette has alfo effected the cry-

ftallization of vitriolic acid by diftilling it with nitrous aeid and charcoaL Me-
moir, de TAcad, des Scienc* PariS| pour 1779V


