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XVIIL Experiments on the Effect of wvarious Subfiances in lower-
ing the Point of Congelation in Water. By Charles Blagden,
M. D, Sec. R. S. and F. 4. §.

Read April 24, 1788,

HE experiments which were neceflary, in order to deter-

mine what effe®t the admixture of various f{ubftances
would produce upon the property of water to be cooled below
the freezing point*, naturally led me to a more particular confi-
deration of the power of fuch admixtures in making water
require a greater degree of cold before it congeals. Many cu-
rious queftions occurred on this fubjeét, which could only be
anfwered by frefh experiments. Thefe were made nearly in
the fame manner as the precediﬁg ; thatis, the liquor, whofe
freezing point I meant to try, was put into a glafs tumbler,
to the height of two or three inches above the bottom, and
the tumbler was then immerfed in a frigorific mixture of com-
mon falt and ice or fnow. As the obje&t was feldom to
cool the liquor as much as poffible below its freezing point, the
operation required no particular care, but the frigorific mix-
ture was commonly permitted to a&t with its full force:
‘wherefore, fome parts of the liquor were often much colder
than others; and particularly, near the top, a thermometer
would ufually ftand feveral degrees higher than toward the

bottom, becaufe the furface was conftantly warmed by the air
of the room.

* See p, 123. of this Volume,
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258 Dr. BLAGDEN’s Experiments on

My firft object of inveftigation was the ratio according to
which equal additions of the fame fubftance deprefs the freez-
Jng point. I began with common falt; and in order to ayoid
as much as poflible a fallacy in the experiments, becaufe the
ordinary falt is never pure, and often not perfeétly neutral, I
chofe fome clean falt, in fair cryftals, which is {old in London
under the name of Borrowftounnefs pure falt. ‘This falt I
diffolved i difhilled water, in various proportxons, and found
the correfponding points of congelation to be as is exprefled in
the annexed table; where the firft column indicates the num-
ber of parts and decimals of water to one part of the falt, and
the fecond column thews the freezing point found by the expe-
riment. It appeared clearly, on comparing the proportions of
water to falt, with the correfponding number of degrees which
the freezing point was reduced below 32°, that the effeét of
the falt was nearly in a fimple ratio ; namely, that if the ad-
dition of a fenth part of falt to the water funk the freezing
point about 11 degrees, or to 21°, it would be deprefled dou-
ble that quantity, or to o° nearly, when a fifth part of falt
was diffolved in the water. To thew, therefore, how far this
fimple proportion is exa&, I have added a third column to the
table, which i1s made by fele@ing the loweft freezing point
that was obtained without ambiguity in the experiment, and
calculating, by a fimple inverfe proportion, what all the other
points fhould have been according to that ratio. Thus when a
fourth part of its weight of common falt was. diffolved in wa-
ter, 1 found the freezing point of the liquor to be 4°; there-
fore, to determine what it fhould be when only .5 part of
{alt was added to the water, the formula is 32 : 4 :: 28 (the
number of degrees that the point 4° is below the freezing
point of pure water) : 33 ; which fubtraGted from 32° gives
28°%
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28°% for the freezing point of that folution. All the reft of
the third column of the table is found in the fame manner,
and with very little trouble, becaufe 4 x 28 =112 is a conftant
number, which being divided by the numbers of the firft co-
lumn, the quotient is the number of degrees fought. In all
the experiments, none but diftilled water was emploved.

Common Salt.

Proportion | Freezing | Freezing
of water to-jpoint by the |point by cal-|
the falt,  Jexperiment. | culation.
32:1 29 28% o ]
32:1 28+ 281 The third column is calculated
2401 273 27% from the laft experiment, in
16 : 1 255 25 which the freezing point of a
10 ¢ I 211 203 folution of one part of falt in
7,8 : 1| 183 173 four of water proved to be
6,2:1| 13% 14 + 4%
51 9z 9%
55+ 1 7% 7
4:1 4 4

The numbers in the third column of the table come o near
to thofe in the fecond, that moft likely the fmall differences
between them ought to be afcribed to errors in the experi-
ment; whence we fhould conclude, that the fale lowers the
freezing point in the fimple inverfe ratio of the proportion
which the water bears to it in the {olution.

In the courfe of the experiments made with the different
folutions of this falt, fome phznomena occurred which dsicrve
further attention.

1. This folution was in one inftance cooled 8%, and in feveral
5 or 6 degrees, below its freezing point ; but in general it

4 thot
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thot rather more readily than fome other folutions; which I
afcribed, from the analogy of my former experiments, to its
lefs tranfparency. Though the common falt did not form a
turbid folution, yet there was fomething of a greyifh caft,
much like what is produced by the mixture of a fmall portion
of clay with pure water; and the caution in condufing the
operation, neceflary to make folutions of this falt cool a cer-
tain number of degrees below their freezing point, feemed to
be nearly the fame as would be required with water equally
‘tinged by means of clay. |
2. When the folution was very ftrong, nearly faturated with
the falt, cooling it tended fomewhat to leflen this greyifh caft,
to render it rather.more limpid : as was particularly the cafein
a faturated folution which I cooled to o°. I {ufpect this effect
takes place when the folution begins to expand with the cold.
3. In the ftrong folutions, when the proportion of falt was
as much as one-fifth, before the real congelation came on
which reduced the whole to one temperature, feveral fmall
ficllated cryftals formed in the liquor, which increafed very
flowly. Thefe were real ice of the falt water; but the cold
being in this cafe very little below the freezing point of the
{olution, there was little power to make them fpread; and
fometimes, when this occurred, I believe, part of the folu-
tion toward the top was rather above than below the freezing
point.  Similar phenomena were obferved, and in a ftill more
remarkable manner, in the folutions of fome other falts, al-
ways when they were very ftrong: and it may be given as a
general fa&, that in folutions approaching to faturation, though
the formation of one glacial cryftal does, as in pure water, tend
to make the whole freeze and come up to an uniform tempera=
ture, yet the fhooting goes on much more flowly, as if the
2 falt
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falt oppofed fome refiftance, or at leaft proved an impediment,
to the progrefs of the cryftallization. By ftirring the folution,
however, when thefe ftellated cryftals once began to form,
they quickly increafed in bulk, or became more numerous,
and the liquor affumed its freezing temperature.

4. This falt with {now, in the manner. of frigorific mix-
tures, produced a cold of - 4%

The next falt which I tried for its effe@ in lowering the
freezing point of water, was nitre. It was part of a large
compound cryftal, or bundle of cryftals, apparently very
pure, fuch as is ufed in manufacturing the beft gunpowder.
This being mixed with the diftilled water, in different propor-
tions, the folutions: froze according to the following table.

Nitre..

Proportion | Freezing | Freezing point |
of water to |point by the | by calculation.
the falt. | experiment.

321 35%4- 302 | g o -
24:1 | 30 30 The third column is calcu=
16:1 | 282 29 lated from the fifth experi-
‘10:1 | 27 273 ment, in which the freez<
8 g 26 26 ing point: of a folution of

2,0+ 1} 26%  [faltdepofited | one part of falt in eight of
711 | 263 [laltdepofited | Water proved to.be 26°.

Q.. , much falt
6,85:1] 27 depofited.

Nitre is well known. to differ from common falt in being
much more foluble in warm than in cold water. Hence it
would be nothing-remarkable, that the folutions being made in

water
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water above the freezing point, fome of the falt thould, when
they exceeded a certain {trength, be depofited before they began
to frecze. But a further queftion occurred here, whether,
when a folution was cooled below its freezing point, the falt
would ftill continue to be depofited ; or whether it would not’
have parted with all the falt it was obliged to let go by the
timeé it came to the degree at which it was to freeze, and would
retain the remainder notwithftanding any fubfequent cooling.
To determine this, I noticed carefully the quantities of falt
depofited at the bottom of the tumbler, in comparifon with
the cold of the {olution as thewn by the immerfed thermome-
ter; and I found, that in fome cafes (for inftance, when the
falt was to the water only as 1 : 10) the depofition did not
begin till after the folution had pafled its freezing point; and
that, when it began earlier, ftill there was no ftop at the freez-
ing point, but the quantity continued augmenting as the cold
of the folution proceeded, and, as far as I could judge, rather
in an increafing ratio. 'Thus when the faturated folution was
cooled 8 or 10 degrees below its freezing point, which often
happened, the colleGion of nitre at the bottom was very
great; and in this manner I could render a faturated folution
of nitre no longer faturated when it came to freeze, the defi-
ciency being fometimes fo great as to raife the point of conge-
lation a degree or more. Hence was afcertained the unex-
peced fa&, that the lower fuch folutions are cooled, the higher
is their freezing point.

The nitre depofited by the folution as it cooled, formed, if
the veffel remained at reft, fmall but very white and compack
prifmatic or needle-like cryftals, of confiderable length, point-
ing different ways, and at laft curioufly interwoven with one
ancther. But if thefe were broken down, or the folution was

ftirred
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ftirred with any force, the remaining nitre depofited itfelf in
fuch minute cryftals as to have much the appearance of a
powder; I fuppofe from the deftruéion of the regular furfaces
“upon which it would otherwife have continued to formi,

Frequently, in the ftronger {olutions, there appecared near
the bottom and fide of the tumbler many elegant ftellated
cryftals, perhaps a quarter of an inch in diameter, all fepa-
rate, but fometimes crowding very clofe upon one another, fo
as to exhibit a fpeftacle of much beauty.

The ice of folutions of nitre, efpecially when it began to
thaw, was very different from common ice, having a foft
woolly appearance, as if of a more tender and loofe texture.
Something of the fame kind was obfervable in the ice of all
the other folutions, fufficiently diftinguifhing it from any that
can be formed of pure water.

All the folutions of nitre were remarkably limpid, having
no tendency to an opaque or turbid caft; and accordingly they
were very eafily cooled below the freezing point, and could not
but with difficulty be made to fthoot till they had pafled it many
degrees.  In two inftances they cooled more than 10 degrees;
‘namely, a folution of one part of nitre in 24 of water cooled
flowly to 19°5, and then thooting, the thermometer came up
to 30°; and another folution, in which the nitre was to the
water as 1 : 10, cooled rather below 16°, and having produced
fome ftellated cryflals, rofe, when the perfect congelation took
place, up to 277 |

As, when pure water is cooled below its freezing point, the
leaft particle of ice or {now brought into contact with it caufes
an inftant congelation, I was curicus to know whether the
fame effe@ would be produced when falts were diffolved in the
water. Therefore, having one of thefe nitrous folutions, whofe
" Vor, LXXVIIL Q.q proportigns
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proportions were 8 : 1, 1 cooled it to 24° about two degrees
below its freezing point, and then, no falt being depofited, I
put into it a fmall bit of ice. The effe of this was not in-
ftantaneous, as in pure water, though ultimately the fame;
the bit of ice gradually enlarged, and when it was ftirred
about in the liquor, a number of ftar-like cryftals formed,
which bieing fcattered through it {foon brought it to an uniform
temperature of 26°. This fame folution, when cooled in a
preceding experiment to 18°, had its freezing point at 27°,
from the quantity of nitre that had been depofited. In all
folutions, therefore, of fuch falts as are much more foluble in
Kot than. in cold water, if it be defired to find their freezing
point when they are loaded with as much of the falt as the
water can contain at that temperature, the moft effe@ual me-
thod is to oblige them to fhoot, asfoon as they can be made to
do fo, by putting in a {mall bit of ice or fnow ; for thus the
fallacy: which might etherwife arife from the depofition of
{ome of the falt will be avoided.
- A doubt having been fuggefted, whether the conta& of a
cryftal of falt might not alfo bring on the congelation,.v that
experiment was tried,. but it produced no effe. Indeed, the
formation of faline cryftals in thefe experiments, the liquor
ftill remaining fluid, was-a fufficient:proof to the contrary.
There is another pheenomenon which Ithought took place in
{olutions of nitre and fome other falts, but could not ablolutely:
fatisfy myfelf concerning it; namely, that the depofition of
{fome falt haftened that of the remainder.. For inftance, fup-
pofe that a folution of nitre in the proportion.of 1.: 8, would
retain the whole of its falt at. its freezing point of: 26°; then,
if another folution were made much {tronger, it would begin
to depofit its f{alt-before it came to 26°; and when cooled to
26°,
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26°, it would not have juft loft the difference between the pro-
portions of 6 : 1and 8 : 1, but would have depofited more of
the falt, fo that now at 26° it would contain perhaps only a
tenth of nitre; as if the formation or exiftence of fome cry-
ftals in the folution facilitated the feparation of the falt, or
conflituted an attractive power counteralting the attraction of
the falt to the water. It would have required a particular fe-
ries of experiments to afcertain this as-a fa&t; but feveral
obfervations incline me to believe it is fo; and the con-
fequences to be drawn from it would be fufficiently curious,
and applicable to many points of theory. Of the fame
nature, perhaps, is another circumftance already hinted
at, that after the folution has begun to form cryftals of
nitre, the depofition proceeds with increafed rapidity as the
cooling goes on. This may, indeed, be owing to the attrac-
tion of the water to the falt decreafing in a progreffive ratio
with each degree of cold; but it may alfo depend on the
attralting furfaces being multiplied as more cryftals are formed :
and ftirring the liquor feems to haften the provrefs of the de-
pofition ; which may be afcribed to its bringing frefh portions
of the folution perpetually to thofe attrating furfaces; for, if
there be fuch an attradtion, it can fcarcely be fuppofed to take
place at any fenfible diftance.

Upon the whole it feems evident from the precedmg table,
that the effe&t of nitre, like that of common falt, is to de-
prefs the freezing point in the fimple ratio of its proportion to
the water ; whxch will be found u.mverfally true when allow-
ance is made for the depofition and other fources of fallacy
already enumerated. |

“This nitre produced, with fnow, acold of between 26° and

o

37 L)
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As nitre funk the freezing . point of water fo little, namely,
but 6 degrees, I had recourfe for the next fet of experiments
to that neutral {alt which, after fea falt, produces the greateft
cold with ice; which is, the common fal ammoniac. The
different folutions of this falt in water, being fubmitted to the
a&ion of the frigorific mixtures, froze according to the follow~
ing table. |

Sal ammoniac.

Proportion | Freezing | Freezing point

of water to |point by the | by calculation.

the falt, |experiment,

15,7 51} 24% 24% The third column is calcu~
10 : 1 20§ | 20 lated from the laft experi~
9,8 :1} 20 193 ment but one, in which the
7,9 1| 16% - 163 freezing point of a folution
61 | a2 ' 12 of one part of the fal am-
5 8 8 moniac in five of water
4:1 4 falt depofited | proved to be 8°.

In this table alfo the numbers of the third colum agree fuf-
ficiently with thofe of the fecond to thew, that fal ammoniac,
like the two preceding falts, deprefies the freezing point in the
fimple ratio of the proportion in which it is mixed with the
water. |

The following 1s the account, as written at the time, of the
experiment where the falt was to the wateras 1: 5. - ¢¢ This
¢¢ folution cooled down to 2° at bottom, but the frigorific mix-
s¢ ture being infufficient, the top remainedat 10°. The tum-
“ bler was then taken out, and the frigorific mixture being
« refrefhed by flirring and the addition of new materials, it

“ was
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¢ was replaced, when ice foon began to form at the bottom,
¢¢ like feathered cryftals, which however thot out very flowly.
¢ But upon firring the folution, a vaft number of ftellated
- ¢ feathered cryftals prefently formed in it, the thermometer
“ rofe immediately to 7°%, and was foon got to 8°” I have
tranfcribed thefe remarks, not only becaufe they elucidate
fome of the phenomena mentioned in former experiments, but
likewife on account of the ftriking analogy the cryftals bore to:
“the configurations obferved in a drop of the folution eof this
falt viewed with the microfcope. As the drop dries, great
numbers of feathered cryftals thoot out from its edges, and
fome more perfe& flellated cryftals are often formed in the
middle; of which a pretty exat reprefentation may be feen in
Baxer’s Employment for the Microfcope (p. r10. PL IL.).
The refemblance of both kinds of cryftals, in thefe two dif=
ferent fituations, is very great; and their particular figure is
probably due to the fame caufe, a confufed and conftrained
cryftallization, occafioned in the one cafe by the hafty evapo-
ration and want of room in the drop, and in the other cafe by
the watery congelation a&ting upon and embarraffing the natu-
ral tendency of the falt.
A ftronger folution of fal ammoniac, the proportions being
1 : 4, exhibited a ftill more beautiful appearance; for, be-
fide the feathered cryftals at bottom, and the ftars floating in
the middle, a third fort of cryftals, moft refembling the ftars,
attached themfelves to the fides of the tumbler, and were feen
through the glafs as compofing a great variety of brilliant
Jacettes.  In this experiment the folution was reduced below 1°%
before any congelation began to take place, and a certain quan-
tity of the falt fell to the bottom in the form of a white pow-

der, about as much as reduced the liquor to the ftate of a
faturated
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faturated folution at the freezing point, which therefore, when
the congelation took place, proved to be 4°, inftead of 2°, the
number that would have anfwered to this proportion of falt.

It has been a queftion much contefted, whether faline folutions
depofit their falt upon freezing. That fome feparation, or a
'tendency to {eparation, takes place, many fa&ts concur to
prove; and among the reft fome phznomena obferved in the
above-mentioned experiments. For inftance, the ftellated
cryftals, when firft formed, were barely {ufpended in the wa-
ter, and fometimes they even gradually fubfided to the bot-
tom; which thews, that they confifted of falt chiefly, only
invifcated with ice, or at leaft of ‘an over~proportion of falt:
for the principal mafs of ice formed in a faturated folution
floats in it like common ice in pure water. Befides, it was
‘almoft conftantly found, that when a cruft of ice, which had
been formed in a faline folution, began to thaw, a thermome-
ter thruft into it rofe fomewhat higher than the point at which
it had become ftationary when the congelation took place; an
indication that a lefs proportion of falt was prefent in it than
had been in the whole folution. -And if, after any folution
had thot and formed a quantity of ice, the tumbler were
ftill kept in the frigorific mixture, the thermometer immerfed
in the liquor gradually funk lower and lower, as the congela-
tion proceeded. But thefe very obfervations fhew, that the
{eparation is far from perfect ; as the rife of the thermometer
in the former cafe, or its defcent in the latter, never exceeded
one or two degrees, under a great variation in the quantity of
ice in the folution.

Sometimes in folutions of fal ammoniac, and fuch other
falts as feparate by the cooling of the water, a fort of floccu-
lent fubftance is formed, which fubfides in the water, and

thereby
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~thereby is diftinguifhed from the proper ice of the folution,
which it otherwife much refembles in appearance. It is com-
pofed priiicipally of the depofited falt, in vefy. minute cryftals
like powder, invifcated:and kept together with a little ice..

Though fal ammoniac forms a tolerably tranfparent folu-
tion, yet I perceive that in thefe experiments it was in few in-
ftances cooled much. below its freezing point; the moft was
nine degrees. I believe this to have been accidental, from no-
particular attention being now beftowed on that object:

The fal ammoniac, mixed with fnow, produced a cold of
from 4° to 4°% of FAHRENHEIT’s [cale, '

Of all the {olutions fubmitted to thefe experiments, there
were none more tran{parent and elegant than thofe made with
Rochelle falt. The water diffolved a large proportion of this
fubftance, and had its freezing point funk according to the.
following table.

Rochelle falts.

Proportion | Freezing | Freezing point

of water to [point by the | by calculation.
the falt. [experiments.,

10:1 293 293 ‘The third column is calcus-
5:1 | 27% 275 |lated from the laft experi~
4:1 | 26% 26% ment: but one, in which:
2,6 11| 24 23% the freezing point-of a folu-
2,25:1| 22% 223 tion of one part of the
2:1 | 2r 21 Rochelle falt-in two parts of
1,6 11l 24 falt depofited | water proved to be 21°.

All the folutions of Rochelle falt bore to be cooled remarka-
bly well. Inone inftance the liquor funk 11§ degrees below

3

s



290, Dr. BLAGDEN’s Experiments on

its freezing point; namely, the folution of one part of the
falt in five of water, whofe freezing point proved 2%°%, and
which cooled to 16° before the cryftals of ice thot. In two other
inftances it funk fully nine degrees below its freezing point.
And, as already has been mentioned, the folutions of this
falt are remarkably tranfparent,

In tryihg the greateft cold to be obtained by mixing Ro-
chelle falt with fnow, I could get.the thermometer no lower
than 24°. v

Grauser’s falt likewife was fubjected to the experiments,
but its utmoft effet in producing cold with {fnow appearing to
be only two degrees, this was too {mall a {cale for fettling any
‘thing as to the ratio. A folution of it in water, in the pro-
portion of 1 : 5, cooled readily to 31°; but the falt was depo-~
fited in great quantitics, and often fo faft, as to ftop the cool-
ing of the bottom of the liquor entirely, though the veflel
was immerfed in a ftrong frigorific mixture. This pheno-
menon has been obferved before; but does not take place, to
the fame degree, in the folutions of any other falt with which
I am acquainted, though I evidently perceived fomething of
it in the ftrong folutions both of nitre and of fal ammoniac.
It is exa&ly the converfe of the cold produced by diffolving
falts in water 3 for as there fome heat is abforbed, and becomes
latent, by the change of the falt from a folid to a fluid ftate, {o
here fome heat is evolved as the falt affumes the folid cryftal-
line form. . The effe¢t is fo much more manifeflt with- GLav-
BER’s {alt only, Iimagine, becaufe the formation of the cry-
ftals proceeds fo rapidly ; whence the quantity of heat gene~
rated equals or exceeds the cold communicated by the freezing
mixture. Some odd appearances are produced by this fudden

ftop
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flop of the cooling, and the rapid depofition of falt; for
inftance, a particular ebullition in certain parts of the liquor;
but any intelligible defcription of them would be too minute.

Thefe were all the falts with an alkaline bafis which I tried.
They all agreed as to the chief object of thefe experiments,
namely, to determine how much the freezing point of water
would be funk by diflolving them in it in various proportions ;
which by thefe experiments appears to be, as nearly as could
be determined, according to the fimple ratio of the proportion
each falt bears to the water.

I now refolved to try a few falts with an earthy and metallic
bafis.

The common fal catharticus amarus of the fhops was the
‘pecimen I ufed of an earthy falt. It formed a turbid inele-
sant folution, as if dirty; and with various proportions of
water produced the following points of congelation.

Sal catharticus amarus.

Proportion | Freezing [ Freezing
of water to | point by the| point by
the falt. | experiment. | calculation, . .
. o The third column 1s calculated
16 : 1 3t 31 from the laft experiment, where
10: 1 30 30% the freezing point of a folution
4:1 2812 28 of one part of the fal catharti~
3:1 264 26% |cus amarus in 2,4 of water
2,4 1] 25% 255 |proved to be 25°3.

No falt was depofited from the ftrongeft of thefe folutions;
and as that which I ufed was a deliquefcent falt, it muft pro-
bably have been in a vaft proportion to the water, before any

Vor. LXXVII. Rr fuch
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{uch effe® would have taken place. 1 have funk a thermo=
meter with it and {fnow to 7°% ;5 which, according to the pro-
portions in the table, would make more than three parts of
the falt to two of water. Accordmgly, a large quantity of
the falt was 1¢qu1red to the fnow.

No particular phzenomenon was obferved with this falt, except
the {ingular configuration of its ice, which affumed the form
of fungl, or of fome kinds of lichen, with feathered flri.
The folutions were difiicult to cool much below their freezing
point.

Of the falts with a metallic bafis, green vitriol affords one
of the moft tranfparent folutions 1 water. It finks the ther-
morueter ucarly to 27°% with fnow, and reduced the ffeezing
peint of water according to the following table.

Green vitriol.

Proportion | Freezing ! Freezing
of water to [point by the | point hy
It, |experiment. | c: ion.
thefelt. e rome t Cdlcuiamn The third column is calculated
10:1 30% 31 from the laft experiment, in
6:1 30% 30%  |which the freezing point of a
41 293 29% folution of one part of the green
3:1 283 283 |vitriol in 2,4 of water proved
2,40 1] 28 28 to be 28°,

The ice formed by thefe {olutions affumed a foliaceous confi-
guration, with a texture of penniform ftrize, in fome refpets
like the appearance exhibited by a drop evaporating under a
microfcope, as delineated by Baker. Scarcely any falt gave
the point of congelation fo regularly in the proportion of the
quantities mixed with the water, and none afforded’ folutions

4 which
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which cooled more eafily and readily below the freezing point.
In two inftances the cooling was more than 11 d‘cgrees.

Having found that white vitriol, mixed with {now, pro-
duced a cold of 20°, melting the fnow remarkably faft, I was
induced to try the freszing point of its folutions. But though
it diffolved very readily in water, yet the liquor it formed was
fo turbid and thick, that little fatisfaCtion could be derived
from the experiments. The only numbers to be relied upon
are the following, which agree fufficiently with the general
refult.

White vitriol.
roportion | Freezin Freezin el *e ol
:f vl:ater to |point by t%xe point b% The third column 1s.ca1f:ulat§d
the falt. | experiment, | calculation, frorp the laft experiment, 1n
‘ . . which the freezing point of a
1I0:1 31 31 folution of one part of the
§t1 298 | 30 white vitriol in three of water
3:1 282 28%  |proved to be 28°%.

Thefe folutions cooled very ill, none of them having funk
much below the freezing point, and the ftrongeft, which had
a copious fediment, forming a cruft of ice at the bottom of the
tumbler, before it was reduced at all below the term of con-
gelaticn,

M. AcuArp, of Berlin, having alledged *, that’ borax in-
ftead of raifing the boiling point of water, like other faline
fubftances, very fenfibly depreffes it, I determined, how-.
ever extraordinary the fa& might appear, to try whether it had

# Sce CreLL’s Chem. Annalen, 1786, Vol I, p. 501,

Rra2 any
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any peculiar effe@ on the freezing point, But having made
the experiment with nearly a faturated folution of borax, the
thermometer when it congealed was evidently below 32°: I
believe about a degree.

As a neutral or middle falt, which when cryftallized is al-
ways nearly of the fame nature, and diffolves in a regular prow
portion in water, feemed likely to afford the moft fimple cafv
of the effe& of extraneous admixtures, it was with fuch tha
I began thefe experiments, But having found that with then.
the fimple ratio prevailed, I proceceded to try fubftances of ¢
more variable nature, and capable of being mixed with water
in almoft any proportion ; fuch as acids, alkalies, and ardent
{pirits. A material difference in the law, which feemed to
occur in thefe new experiments, renders it proper to defer the
account of them till fome refletions on the preceding faéls,
with a few additional experiments to which they gave rife,
have been premifed.

It 1s now, I believe, univerfally allowed, that in frigorific
mixtures the melting of the fnow or ice is the principal cauf.
of the cold produced; all that heat which muft become latent
in order to give water its fluid form being taken from the fen-
fible heat of the ingredients. But as, when cryftallized falts
are employed for the purpofe, thefe alfo are reduced to a liquid
form, there muft, from this circumftance, be fome additional
cold produced, fuch for inftance as would be occafioned by dif-
folving the fame falt in water. Suppofe then that the latent
heat of water is 1 50 degrees, and that fal ammoniac, in diffolving

“to faturation, produces fo much cold as finks the whole folution
about 20°; it is evident, that if this falt and ice are mixed
together in fuch proportions as juft to melt one another, the total
cold generated in the operation muft amount to 170 degrees.

2 | And
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And fo much a&tually is produced before the whole liquefa&tion
1s effeted 5 and yet a mixture of thefe two {ubftances will fink
the thermometer no lower than to 4° of FAHRENHEIT's {cale.
The confideration of this apparent difficulty has led to 'the
{uppofition, that a certain quantity of fire i1s contained in the
cryftals of the falt, which being difengaged in the folution
keeps up the mixture to a certain temperature®. But I con-
ceive, that the phznomenon depends fimply on the gradual
liquefadtion of the ingredients, a neceflary confequence of the
cold produced. A faturated folution of fal ammoniac freezes
itfelf at 4°; therefore, when the mixture is reduced, by the
liquefaltion of the ingredients, to that temperature, no more
of them can melt, becaufe any addition of cold would freeze
what 1s already melted; and if the mixture, under {uch cir-
cumftances, were placed in an atmofphere of its own tempera-
ture, the ingredients would remain for ever in that fame ftate,
without any further liquefa&tion. But in an atmofphere
warmer than 4°, they continue to melt, more or lefs flowly, as the
heat which is gradually communicated furnithes what is necef-
fary to become latent. ‘'This communicated fenfible heat being
immediately converted into latent, the mixture will always be
kept down to the fame temperature as long as there is a {uffi-
cient mafs- of unmelted materials; and it can fink no lower,
becaufe then the liquefattion would be ftopped ; confequently
fuch mixtures muft preferve, as they have been found to do, a
pretty uniform temperature, {o as to. have been formerly ufed.
for graduating thermometers.. And the whole cold produced,
or, to fpeak properly, the whole of the heat made to difap-
pear, I prefume to be ultimately equal to the full quantity of
latent heat belonging to the diffolved ice and falt.

* De Luc’s Idées fur la Météorologie, Tom. I, p. 20t.
According
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According to this explanation, the greateft cold to be pro-
duced with any falt and ice or {now fhould be that with which
a faturated folution of the fame falt freezes; which was for-
merly eftablithed by M. DE Luc as a fa&, and is in general
conformable to the preceding experiments. Thus, when a
folution of one partof {al ammoniac in four parts. of water was
put into the frigorific mixture, fome of the falt was depofited,
and then the folution on freezing raifed the thermometer to 4°,
which is exacly the cold produced by a mixture of the fame
falt with fnow. Likewife the {tronger folutions of nitre had
their freezing point between 26° and 27°; thofe of green
vitriol near 28°; and {o of moft of the other falts, correfpond-
ing with the cold of their frigorific mixtures. This agree=
ment, however, is liable to be modified by feveral circum-
ftances. Forinftance, if the falt be of that nature that more
of it 1s held in folution in warm than in cold water, it becomes
extremely diflicult to have the folution, at the moment it
freezes, exatly loaded with that quantity of falt which is moft
advantageous for a&ing upon the ice or fnow. Too much may
have been depofited by the cooling previous to the congela-
tion 3 or fome refiftance having occurred to the cryftallization
of the falt, more of it may be retained at the moment of
congelation than properly belongs to the folution at that tem-
perature.  The purity of the falts likewife, their particular na-
ture as inclined to deliquefce or to fall down in powder in the
air, the rapidity. of their a&tion upon the ice or {now, muft
neceflarily be taken into the account, as influencing the degree
of cold they can produce.

It is an evident corollary from the above-mentioned agree-
ment, that if the freezing peint of the folution of a falt in
water in any known proportion be given, its degree of folubi-

lity
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lity may in general be afcertained, merely by trying the greateft
cold it will produce with fnow.

‘Notwithftanding this ufual correfpondence between the
greateft quantity of a falt that could be diffolved, and the
greateft degree of cold it would produce, compared with the
freezing point of its {olution, I faw reafon to believe that, with
fome falts at leaft, an irregularity took place in this refpect.
The Rochelle falt, mixed with {now, did not fink the ther-
mometer lower than 24°; yet the freezing point of a folution
of one part of it in two of water appears, by the numbers in
the table, to have been 21° It is remarkable, however, that
in the experiment with a ftill fironger folution, where fome of
the falt was depofited, the freezing point came down to 24°.
Likewife the folution of white vitriol, whofe freezing point
was 28°2, depofited a copious fediment, and yet produced
with fnow a cold of 20° This fediment did not look like cry-
ftallized falt, but gave a turbid appearance to the whole folu-
tion. ‘The moft remarkable circumftance of this nature, I
think, occurred with the purified common falt ; which, when
mixed with fhow, funk the thermometer only to—~4° By
experiment I found that one part of this falt would diffolve in
about 2°f of water. Now, if the proportions of 1 tc 4 give
the freezing point at+4° as by the table; 1 to 23 would,
upon the general analogy, give it between — 12° and - 13°;
that is, 8 or 9 degrees lower than the greateft cold the falt
would produce with {fnow. This circumftance leads to a fuf~
picion, that however uniform the preceding tables appear, yet in
reality fomething of a decreafing ratio exifts, and that each
fubfequent addition of a falt does not deprefs the freezing point
quite fo much as the preceding. In thofe falts where the

whole quantity of depreflion is but fmall, and in the upper
part



293 Dr. BLAGDENs Experiments on

part of the feale in thofe which have a greater effet, this pro-
greflion may be infenfible, or be incapable of determination by
fuch experiments as thefe, which by their nature do not'admit
of extreme accuracy ; but it may become fufficiently obfervable
toward the laft additions of fuch falts as are foluble in great
quantity, and fuch as alter very much the freezing point. I
never {ucceeded to freeze the {aturated folution of this Bor-
rowftounnefs common falt, though it has been cooled feveral
degrees below — 4° without depofiting any of its falt; if the
experiment were made in a cold fufficient for the purpofe, it
would thew whether any irregularity takes place in the altion
of this falt upon fnow, or whether fuch a decreafing ratio
‘does exift, Perhaps, however, the whole may depend upon
the principle alluded to formerly, that the prefence of fome
{alt favours the depofition of more: for when a falt is mixed
with {now, it may in this point of view be confidered as in
the fame ftate with a faturated folution of the falt which has
fome of it remaining undiffolved ; and which, therefore, will
not contain more than properly belongs to it at the given tem-
perature ; and the cold of fuch a frigorific mixture fhould be
no greater than that of the freezing point of the faturated fo-
lution under thofe circumftances.

As it is well known that water, after it has been faturated
with one falt, will take up a certain portion of another falt
without depofiting any of the former, I was curious to try
what effec the addition of this fecond falt would produce on
the freezing point; and particularly whether it would deprefs
the freezing point of the faturated folution the fame number
of degrees that an equal proportion of the fame falt would
deprefs the freezing point of water; and whether the fame

fimple
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fimple ratio would hold good, or any new law take place. To
bring this to the teft of experiment, I'tock a faturated folation
-of nitre, whofe freezing point of courfe was between 26° and
27°: and adding to-it the purified common falt in wvarious pro-
Jportions, I obtained the following refults.

‘Compound folution of nitre and common falt.

Proportion of | Proportion of | Freezing .] Freezing |

water to the | water to the jpoint by the | point by | Difference.
nitre. common-{ilt,: | experiment. calculation,
; ) [e] -1 o ’ 2ol
o 50,201 233 223 2
Afaturated| i5:1 203 19 13
«folution, 10: 1 17% 153 2}
a4t r3% RS 2
51 5% 4 1}

The folution of nitre was one that had been made fome
gime, and contained near one-fixth part of nitre, confequently
more than the water could keep diffolved in the temperature of
the atmofphere, which was then not much above 40°. Some
of it therefore was depofited at the bottom. This, however,
the addition of a )% part of common falt foon enabled the water
to.take up, and the two falts.formed together a clear folution.
In the frigorific mixture, before the congelation took place,
fome faline cryftals were again depofited, which feemed to be
chiefly, 'if not entirely, nitre. In the temperature of the air
this depofit was re-diffolved ; and on attending to the circum-
ftances more carefully, upon a repetition of the cooling, I
found, that no falt began to be depofited till the folution was
reduced to 23°, when fome needle-like cryftals appeared, which
confequently were nitre. The folution cooled about a degree
more, and then, having let fall much falt, partly as cryitals

Vor. LXXVIIL ST and
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and partly, by ftirring, as a powder, it was made to congeal
by dropping in a bit of fnow, and the thermometer rofe to
23°%. When more {alt was added, to render its proportion to
the water as 1 : 15, the nitre feemed ftill more difficultly depo-
fited in the freezing mixture; and this continued to be the
eficé of further additions of falt, the depofition of faline
matter previous to the congelation being always lefs, in pro-
portion as the quantity of common falt was greater.,

It 1s evident from the freezing points of this compound fo-
lution, that the common falt deprefled the freezing point of
the folution of nitre fomething lefs than it would have de-
prefled the freezing point of water, if added to it in the fame
proportion. To fhew this more evidently, I have added a
fourth and a fifth column to the table: the fourth column is
formed by taking the freezing point of the faturated folution
of nitre as 26°4, and then finding how many degrees the
quantity of common falt added would have deprefled the freez-
ing pownt of water ; this number of degrees, fubtralted from
the conftant number 26°%, gives the freezing point by calcu-
lation 5 namely, what it thould have been if the falt had pro-
duced the fame effe upon the folution of nitre as it would
upon pure water; and the difference between this and the
treezing point found by the experiment gives the numbers in
the fifth column. From the tableitis apparent, that the defi-
ciency of effe¢t from the falt goes on increafing to the third
experiment, after which it decreafes. Probably fome particular
law takes place, which it would require a great number of expe-
riments to develope; but the decreafe toward the laft may in
part be owing tothe greater quantity of nitre which the water,
when it began to be loaded with common falt, retained at the
time of congelation, and which muft have its effet in

1 deprefling
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deprefling the freezing point. The above-mentioned circum-
ftance feems rather contradi®tory to an opinion which has been
entertained, that when one falt, added to a faturated folution
of another falt, enables it to take pp more of the former falt,
it 1s only becaufe the water of cryftallization of the fecond falt
really adds to the quantity of the diffolving fluid.

T next proceeded to try a fimilar experiment with fal ammo-
niac and the purified common falt, but with this difference,
that neither falt thould be added to the water in fuch quantity
as to come near the point of faturation, fufpefting that the
diminution of effe& obferved in the foregoing experiments
might depend, in part at leaft, upon this circumftance. The
{al ammoniac, therefore, was diffolved in water in the propor-
tion of 1 : 10, and the correfponding point of congelation ap-

cared by experiment to be 20°%, agreeing very well with the
table of fal ammoniac formerly given. To this folution was
added the purified common falt, in proportion to the water as
1:15, andthen as1 : 103 the refulting points of congelation
were as is thewn in the following table, conftruéted in all re-

{pe@ts as the immediately preceding.

Compound folution of fal ammoniac and common falt.

Proportion of | Proportion of | Freezing | Freezing
water to the fal] water to the [point by the | point by | Difference,
ammoniac. | common falt. | experiment, | calculation.
O. o]
I0: 1 123 13 +z
I0: 1 1I6: 1 9% 9% -5

Hence it appears, that in this compound folution both falts
produced, as exadlly as the experiments can be expected to
ST{a2 thew,
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fhew, their full effe@ in deprefling the point: of congelation.
When the folutions at length fr”oze, after. cooling many de-
grees below the freezing point, the cryftals thotin.a very beau-
tiful manver round the bulband up the ftem of the thermos
meter,

In a compound folution of Rochelle and common falt there.
was, however,. a déficiency of effec. For the folution: of
Rochelie falt. in. the proportion.of -one part to four of water,
having its freezing point at 26°%; when common falt:was
diffolved in it, in the proportion. of % th,.the freezing point
appeared by experiment to be 16°%, whereas by calculation it.
thould have been deprefled nearly to 135°

A compofition of three falts was affected as follows :

Compound folution. of Rochelle- falt,. common falt, and. fat.
ammoniac.

Proportion | Proportion | Proportion: |- Freezing [ Freezing

of water to | of water to |of water to [point by the | point by

the Rochelle [the common | the fal am- | experiment, | calculation,
falt, ‘falt. | moniac, ‘

Difference. |

{
=~ o
N

o
9,8:1 ro:1} 17:ivf 13- 113"

The computation is made thus: Rochelle falt, in the pro-
portion of 1 : 9,8, deprefles the freezing point 2°§; common
falt, in the proportion of 1 : 105 finks it 11°4; and fal am-
moniac, in the proportion of 1 : 1%, finks it 7°3 now 2%+
11} 4+ 7=120}; which, fubtrated from 32, leaves 11°% for the
computed freezing point of this mixture.

The moment I had found by experiment that the addition
of a different falt to the faturated folution of any falt would
fill further deprefs its freezing point, it was obvious to. con-

7 clude,
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clude, that greater cold could be produced with {row by a
mixture of falts than by means of either taken feparately-
I made feveral experiments with this view, and found 1t uni-
formly the fa&, that by adding a certain propertion of a falg
which had lefs power of producing cold with ihow, to one
which had a greater power, the frigorific effelt of the latter
was f{enfibly mcxenfed.~. Pafling over exam\plcs of lefs confe~
quence, it will be fufficient to inftance common falt and {fal
ammoniac. The ordinary common falt I ufed to mix with
fnow, {unk the thermometer to —5°; the fal ammoniacto +4°;
but when fome of the latter falt was mixed with the former,
the compofition produced with fuow. a cold of =120 1 did
not carry the experiments far enough to determine the propor-
tions which anfwered beft, but.faw evidently, thata confidera-
ble variety in this refpe€t occafioned fcarcely a perceptible: dif-
ference : .more: fal ammoniac was,. however, required, "than.
that proportion of it to the common falt, which ought, by
computation, to have f{unk a faturated. foluuon of the latter 7
degrees. On.feveral occafions 1 made ufe of this compofition
to obtain a greater degree. of cold than common falt- alone
would produce, and found it a very .convenient method..
On.this principle it is that impure common falt always
makes a ftronger freezing mixture than the pure; it bemg, in
fa&t, a compofition of falts. I have feen three falts produce a
greater cold ‘than- two, but have not carried the experiments:
far enough to afcertain the limits of this effec *.
M.
* The curious experiments, related in the- Philofophical - Tranfadtions for
1787, p. 282. of producing a great degree of cold by diffolving a mixture
of falts in water, depend in part upon the fame principle, the water becing

capable of reducing more falt from a folid to -a fluid ftate when feveral kinds are
employed, -
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M. pE Rzaumur propofed to try what cold gunpowder
would produce with fnow, as a teft of its goodnefs, that is,
of the purity of the nitre in its compofition. It is evident,
from what has been delivered above, that if any faline impu-
rity be mixed with the nitre, a frigorific mixture formed with
the compofition will be lower than 26°%, a greater or lefs
number of degrees, according to the nature and quantity of
the impurity; and if it be only common falt, the proportion
of it to the nitre may be thus determined pretty nearly.

As the cold produced by common falt with fhow is — 4° or
more, and by fal ammoniac +4°, 1t 1s difficult to conceive in
what manner FAHRENHEIT fixed the zero of his thermometer.
All thofe who have examined the few authentic paflages to
be found in authors upon this fubje, will be fenfible how
vaguely they are exprefled, leaving it doubtful whether he
ufed common {alt alone, fal ammoniac alone, or both mixed
together. There is no method of finking a thermometer
exaltly to o° with thefe falts and fuow, but by means of a
certain fmaller proportion of common falt added to the fal
ammoniac; and it would have been an extraordinary chance,
that FanrenserT fhould hit precifely this proportion often-
enough to make him rely upon the point fo found as the
commencement of his fcale ; more efpecially as the proportion

employed, thanit could of one of thekinds only. A remarkable fat of this nature,
as I imagine, is recorded {o early as in the Memoirs of the French Academy of
Sciences for 1500, p. 110, ¢ On prend unc livre de fublimé corrofif, er une
¢t livre de fel ammoniac; on les pulverife chacun a part; on méle enfuite les
¢ deux poudres trés exactement; on met le melange duns un matras, verfant
« par-deflus trois chopines de vinaigre diftillé ; on agite bien le tout: et ce me-
< lange fe refroidit {i fort, qu'on a peine & tenir long-tems le vaiffeau dans les
« mains en été, 1l eft arrivé méme quelque fois & M, HomsErG, que faifant ce
o mela‘nge en grande quantité, la matitre s'eft gel¢,”

-
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is probably no greater than a feventh or a fixth of common
falt to the fal ammoniac. Is it poffible that FAuRENHEIT,
finding a confiderable difference in his experiments, took the
mean between them for his zero, without any refpe@ to the
different nature of the falts with which he operated ? It ap-
pears, that he was at this time fo little acquainted with the
{ubje&, as to confider his zero as the utmoft limit of cold.

I come now to certain fubftances which, by equal additions,
feem to deprefs the freezing point of water in an zncreafing
ratio. Thefe, as was mentioned before, are acids, alkalies,
and {pirit of wine. I judge thisto be the cafe from the fol-
lowing experiments, though they are by no means fo full and
extenfive as I could have withed to make them, had leifure
permitted.

The {pecific gravity of the vitriolic acid I employed was
1,837 at 62° of heat; its effe¢t upon the freezing point is
thewn by the following table.

Vitriclic acid.

Proportion | Freezing | Freezing
of water to | point by the| point by
acid. experiment. | calculation.
Q o
1I0: 1 24% 22%
51 123 122
41l 71 73

This table is conftru@ed in the fame manner as thofe for-
merly given of the folution of fimple falts; the laft experi-
ment, where the proportion is 4 : 1, being taken as the ftan-
dard for computation; and the extreme difference between
the calculation and experiment is no lefs than 2°%, upon a

reduction
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redution of the freezing point from 24°% to 7°3. The frecz-
ing point, fet. down in the table, is that to which the liquor
rofe upon congealing, after having been cooled feveral degrees
lower; which it is proper-to. remark, becaufe the ice rofe two
or three degrees in thawing.

The nitrous acid I employed was fmoaking, -arid had its fpe-
cific gravity 1,454. It atted on. the.freezing point according
to the following table, which is conftracted in all refpets like
the preceding.

“Proportion of | ~ Freezing Freezing |
water to acid, | point by point by
experiment, | calculation,
) o o
16,8 : 1 26% 25%
1011 22 — 213
7,64 1 1 18 18
1 §,06: 1| 10} LY
4520 1 1 7 ‘ 7

“The greateft difference between the caleulation and experi-
~ment appears here to be oily-two-thirds of a degree; but that
-is more than, I think, can be attributed to inaccuracy. Thefe
_mixtures cooled remarkably well;-that in which the water was
‘to the acid as 7,64 : 1 funk down to 6° before it froze. The
ice heated about a degree before. it was melted.

Spirit of falt being a very weak acid, its increafe of ratio
swas not perceptible within the:limits to which T was conifined,

‘Muriatic
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Muriatic acid.

Proportion of | Freezing | Freezing
water to-acid. | point by point by
experiment, | calculation,
o ‘ o
o1 2§ 25
§I ¢ I 8¢ 18%
305:1 ] 95 95

This table is conftructed as the foregoing ; and the {pecific
gravity of the marine acid was 1,163.

Salt of tartar, fuch as is ufually fold in the fhops, was the
vegetable alkali I employed. 1Tt did not readily deliquefce,
and confequently was not very cauftic: the cold it produced
with fnow was = 12°

Salt of tartar.

Proportion of | Freezing Freezing
water to alkali,{ point by point by
experiment, | calculation.
o] hod
10:1 27% 261
7051 253 24%
51 22% 21%
31 15 14
2,51 113 10%
2:1 5 5

Here the greateft difference between the calculation and ex-
periment is fomething more than 1% degree, in finking the
freezing point from 22°; to 5°; butin the higher freezing
points of the table it is lefs, aswell as in the lower, Perhaps

Vor. LXXVIIL Tt this
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this irregularity in the experiments is in part to be afcribed to
an impurity in the falt of tartar; a turbid appearance, and at
length a depofition, took place in all thefe folutions, but prin-
cipally in the ftronger, occafioned probably by tartar of vitriol,
with which that falt is {o frequently mixed.

The mineral alkali T tried, which was the cryftallized foda
of the fhops, fhewed no increafe of ratio; but the fcale of its
operation was too fmall for a proper judgement to be formed.

Mineral Alkali.

Proportion of y Freezing , Freezing
water to alkali.{ point by point by’
experiment. } calculation. |

o
I 30"’

o:1 : 29° 2
sen o do2zs | 27

This falt would not remain fufpended in, much greater pro-
portion in the cooled’ water. I confider the folutions as de-
creafing in their freezing point by an equal ratio: poffibly,. if
the falt of tartar had been cryftallized, and perfe@tly fatu-
rated with fixed air, it would alfo have a&ed in the manner

of a neutral falt, and preduced no increafe upon the ratio.

B My volatile alkali, being the fal volatilis: falis ammoniaci,
was tried only in two proportions..

VOIRP'
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Volatile alkali.

Proportion of | Freezing | Freezing
water to alkali,| point by | point by
experiment, | calculation,
o o
101 25 25%
518:1 1 19 I 19

Here alfo there is no appearance of an increafe of ratio, but
rather the contrary.

The {pecific gravity of the fpirit of wine I employed was
,829 at 62°, It deprefled the freezing point according to the
following table.

Spirit of wine.

Proportion of | Freezing { Freezing |
water to {pirit. | point by | point by
| experiment. | calculation.
B (<] [}
851 243 233
511 17 18
3,66 1 1 12X 123
ERR 8% 8z
z,5:1 | 4 | 4

The total difference between the calculation and experiment,
upon a redudion of the freezing point from 24°; to 4° is  of
a degree; but the intermediate points are very irregular, and
in an oppofite fenfe, as if the ratio were decreafing. It feems
more probable, that fome inaccuracy in the experiments, per-
haps owing in part to the evaporation of the fpirits, fhould be

Ttz the
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the occafion of this, than that there thould be fuch an irregu-
larity in the law.

If any perfon fhould alledge, that the difference between
the obferved and computed freezing points in the foregoing
tables 1s not {ufficient to eftablith the increafe of ratio, 1 can
only reply, that it appears to me greater than can reafonably
be afcribed to error in the experiment; efpecially as fimilar
experiments with neutral falts, not conduéted more atten-
tively, agreed fo well together in pointing out a different law.
It muft be allowed, however, that the experiments do not
thew any increafe of ratio, except in the vitriolic and nitrous
acids, falt of tartar, and, with more ambiguity, in ipirit of
wine : from analogy only I fufpe& it to take place in the ather
acids, and in the mineral and volatile alkalies provided they
are cauflic. ‘That a different law from what prevails in the
neutral falts thould take place with thefe fubftances, feems not
furprifing, when it is confidered how much fironger attrac-
tion they thew for water, and how much lefs limited the pro-
portion is in which they will unite to it: for the {fame reafons,
I fhould not think it extraordinary, if deliquefcent falts, com-
bined with water, fhould be found to obferve the fame in-
creafing ratio in deprefling the freezing point.

As other experiments upon the watery congelation of acids,
and in Jower degrees of cold, have been given to the public, it
would have been defirable to compare them with mine, and thus
to have obtained a greater length of fcale. But the difficulty
of afcertaining the precife firength of different acids is fo great,
and a {fmall uncertainty in this refpe& may occafion fo much
error, that I conceive little reliance can be placed, with regard
to the prefent object, upon any experiments except fuch as are

4 made
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made by diluting the fame acid with different proportions of
water,

I fhall conclude this Paper with the account of an experi-
ment to determine the effeét of falt upon the expanfion of
water by cold. Pure water begins to thew this expanfion about
the temperature of 40° that is, 8 degrees above its freezing
point. I put a folution of common falt, in the proportions of
4,8 parts of water to one of the falt, and confequently whofe
freezing point was 8°%, into an apparatus I had ufed for other
experiments of the fame kind; and found that the folution
continued to contract till it was.cooled to 1%°, but had fenfibly
expanded by the time it was cooled to 15°.  Suppofe the expan-
fion to have begun at 16°%, it would be juft 8 degrees above
its new freezing point. Hence we have reafon to conclude, as
far as one experiment goes, that the combination of a falt
‘with water has no other effet upon its quality of expanding
by cold, than to deprefs the point at which that quality be-
gins to be fenfible, juft as much as it deprefles the point of
congelation.

It is probable, that the fubje& of this Paper will appear to
fome minute and trifling. Did it lead to nothing further, that
opinion might bejuft. But it is by the accumulation of facts
of this kind, and efpecially fuch as have been developed by
‘Mr. Cavenpist in his excellent Papers on the freezing of
acids ¥, that the foundation muft be laid for a general theory
of the laws of cohefion, which may ultimately lead to a know-
ledge of the ftru&ure upon which the intimate properties of

* Philofophical Tranfadtions, Vol LXXVIL, p. 241, and p. 166, of this
Volume, .
bodics
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bodies depend; in the fame manner as more accurate obferva-
tions of the different motions of the great mafles in the uni-
verfe, paved the way to the fublime difcoveries of KEPLER

and NEwTON.




