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X111, The fuppofed Effeé? of boiling upon Water, in difpofing
it to freeze more readily, afcertained by Experiments.
By Jofeph Black, M. D. Profeffor of Chemiftry at Edin-
burgh, in @ Letter to Sir John Pringle, Bart. P. R. §.

TO SIR JOHN PRINGLE, BART. P. R. S.

DEAR SIR, Edinburgh, Feb. 11, 1775.
Rcdde;;;? 23, E had lately one day of a calm and

clear froft; and I immediately feized
the opportunity, which I miffed before, to make fome
experiments relative to the freezing of boiled water, in
comparifon with that of water not boiled. I ordered
fome water to be boiled in the tea kettle four hours. I
then filled with it a Florentine flafk, and immediately
applyed fnow to the flafk until I cooled it to 48° of
FAHRENHEIT, the temperature of {fome unboiled water
which ftood in my ftudy in a bottle; then putting four
ounces of boiled, and four of the unboiled water, {epa-
rately, into two equal tea cups, I expofed them on the
outfide of a north window, where a thermometer pomted
to 29°. ‘The confequence was, that ice appeared firft
upon the boiled water; and this, in feveral repetitions of
the experiment, with the fame boiled water, fome of
which
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‘which were made nine hours after it was poured out of
the tea kettle,  The length of time which intervened
between the firft appearance of ice upon the two waters
was different in the different experiments. One caufeof .
this variety was plainly a variation of the temperature of
the air, which became colder in the afternoon, and made
the thermometer defcend gradually to 25°. Another
caufe was the difturbance of the water; when the un-
boiled water was difturbed now and then by ftirring it
gently with a quill tooth-pick, the ice was formed upon
it as foon, or very nearly as foon, as upon the other; and
from what I faw, I have reafon to think, that were it to
be ftirred inceffantly, provided at the fame time the ex-
periment were made with quantities of water, not much
larger or deeper than thefe, it would begin to freeze full
as foon. In one of thefe trials, having infpected my tea
cups when they had been an hour expofed, and finding
ice upon the boiled water, and none upon the other, I
gently ftirred the unboiled water with my tooth-pick,
and faw immediately, under my eye, fine feathers of ice
formed on its furface, which quickly encreafed in fize
and number, until there was as much ice in this cup as
in the other, and all of it formed in one minute of time,
or two at moft. And in the reft of the trials, though the
congelation began in general later in the unboiled water
than in the other; when it did begin in the former, the
ice quickly encreafed fo as, in a very fhort time, to equal,
or nearly equal in quantity, that which had been formed
more gradually in the boiled water. The opinion,
Sa therefore,
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therefore, which I have formed from what I have hi-
therto feet’\i;L is, that the boiled and common water differ
from one anjother in this refpect; that whereas the com~
mon water, when expofed in a ftate of tranquillity to air
that is a few degrees colder than the freezing point, may
eafily be cooled to the degree of fuch air, and ftill conti-
nue perfeétly fluid, provided it ftill remain undifturbed:
the boiled water, on the contrary, cannot be preferved
fluid in thefe circumftances; but when cooled down to
the freezing point, if we attempt to make it in the leaft
colder, a part of it is immediately changed into ice; after
which, by the continued aétion of the cold air upon it,
more ice is formed in it every moment, untit the whole
of it be gradually congealed before it can become as cold
as the air that furrounds it. From this difcovery it is
eafy to underftand, why they find it neceffary to boil the
water in India, in order to obtain ice. The utmoft in-
tenfity of the cold which they can obtain byall the means
they employ, is probably not greater than 31° or 30° of
FAHRENHEITS thermometer. Common water, left un-
difturbed, will eafily defcend to this degree without freez-
ing; and, if they have not the means of making it colder,
may continue fluid for any time, provided it be not dif-
turbed: the refrigerating caufes of that part of the world
when they have done fo much, have done their utmott,
and can a& no further upon the water. But this cannot
happen to the boiled water; when the refrigerating
caufes have cooled it to 32°, the nexteffect they produce,
is to occafion in it the beginning of congelation, while

the
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the water is afterwards gradually affuming the form of
ice, we know, by experience, that the temperature of it
mutft remain at 32°; it cannot be made colder, fo lorig as
any confiderable part of it remains unfrozen(«~. The re-
frigerating caufes continue, therefore, tohave power over
it, and toact upon it, and will gradually change the whole
into ice, if their action be continued fufficiently long.

The next object of inveftigation may be the caufe
of this difference between the boiled and the common
water. In confidering this point, the following idea
was fuggefted. As we know from experience, that by
difturbing common water, we haften the beginning of
its congelation, or render it incapable of being cooled
below 32°, without being congealed; may not the only
difference between it and boiling water, when they are
expofed together to a calm frofty air, confift in this cir-
cumitance: that the boiled water is neceffarily fubjected
to the action of a difturbing caufe, during the whole
time of its expofure, which the other is not? One effect
of boiling water long, is to expell the air which it natu-
rally contains; as foon as it cools, it begins to attract and
abforb air again, until it hath recovered its former quan-
tity ; but this probably requires a confiderable time. Du~
ring the whole of this time, the air entering into it muft
occafion an agitation or difturbance in the water, which,
though not fenfibleto the eye, may be very effectual in

(a) Common water, when cooled in a ftate of tranquillity te feveral degrees
below the freeing point, will fuddenly rife up to it again, if difturbed in fucha:
manner as to occafion in it a beginning of congelation. ‘

preventing
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preventing it to become, in the leaft, colder than the
freezing point, without beginning to freeze, in confe-
quence of which its congelation muft begin immediately
after it is cooled to that point. When I refle& upon
this idea, I remember a fa&t which appears to me to fup-
port it ftrongly. FAHRENHEIT was the firft perfon who
difcovered that water, when preferved in tranquillity,
may be cooled fome degrees below the freezing point
without freezing. He made the difcovery while he was
endeavouring to obtain ice from water that had been
purged of its air: with this intention he had put fome
water into little glafs globes, and having purged it of air,
by boiling and the air-pump, he fuddenly fealed up the
globes, and then expofed them to the frofty air. He was
furprizedto find the water remain unfrozen much longer
than he expeted, when at laft he opened fome of his
globes, in order to apply a thermometer to the water, or
otherwife examine what ftate it was in. The immediate
confequence of the admiffion of the air was a fudden
congelation which happened in the water; and in the
1eft of his globes, a fimilar production of ice was occa-
fioned by fhaking them. The inference that may be
drawn from thefe experiments of FAHRENHEIT’S is {uffi--
ciently obvious; it appears to me to remove all doubt
with regard to the above fuppofition, Before thefe
experiments of FAHRENHEIT occurred to my memory, I
had planned a few, fuggefted by the above fuppofition,
that might have led tothe fagne conclufion; but the thort
duration of the froft, for one day only, did not give me
time to put them in execution. '
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