[ 166 ]

XL An Account of Experiments made by Myr. Joun M¢ Nas,
at Albany Fort, Hudfon’s Bay, relative to the Freesing of
Nitrous and Vitriolic Acids. By Henry Cavendith, FEfg.
F.R. S. and 4. 8.

Read February 28, 1788,

T ROM the experiments made by Mr. M° Nas, of which

I gave an account in the LXXVIth Volume of the
Philofophical Tranfaltions, p. 241. it appeared, that fpirit of
nitre was fubje@, not only to what I call the aqueous conge-
lation, namely, that in which it is chiefly, and perhaps in-
tirely, the watery part which freezes, but alfo to another
kind, in which the acid itfelf freezes, and which I call the
{pirituous congelation. When ‘its ftrength is {uch as not to
diffolve fo much as ;%255 of its weight of marble, or when its
ftrength is lefs than ,243, as'I call it for fhortnefs, it is liable
to the aqueous congelation folely ; and it is only in greater
ftrengths that the {pirituous congelation can take place. This
feems to be performed with the leat degree of cold when the
ftrength is ,411, in which cafe the freezing point isat — 1°f,
When the acid is either ftronger or weaker, it requires a
greater degree of cold; and in both cafes the frozen part {feems
to approach nearer to the ftrength of ,411 than the unfrozen
part. The freezing points, an{wering to different degrees of
ftrength, {eemed to be as follows.

Strength.
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Strength. [Freezing point.
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As fome of thefe properties, however, were deduced from
reafoning not {ufficiently eafy to firike the generality of readers
with much convi@tion, Mr. M® Nag was defired to try {fome
more experiments to afcertain the truth of it; which he was fo
good as to undertake, and has executed them with the fame
care and accuracy as the former.

For this purpofe, I {ent him fome bottles of {pirit of nitre
of different ftrengtis, and he was defired to expofe each of
thefe liquors to the cold till they froze; then totry their tem-
perature by a thermometer; afterwards to keep them in a
warm-: room till the ice was almoft melted, and then again ex-
pofe them to the cold, and, when a confiderable part of the acid
had frozen, to try the temperature a fecond time; then to
‘decant the unfrozen part into another bottle, and fend both
parts back to England, that their firength might be examined.

The intent of this fecond expofure to the cold was as fol-
lows. Spirit of nitre bears, like other liquors, to be cooled
greatly below its freezing point without freezing: then the
congelation begins fuddenly; the liquor is filled with fine
fpicula of frozen matter, and the ice becomes fo loofe and
porous, that, if the procefs be continued long enough for a
confiderable portion of the acid to congeal, {carce any of the
fluid part can be decanted: whereas, if it be heated in this
flate till the frozen. part is almoft, but not intirely, melted,

and
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and be again expofed to the cold, as the liquor is then in con-
ta& with the congealed matter, it begins to freeze as foon as it
arrives at the freezing point, and the ice becomes much more
{olid and compadt.

The intent of decanting the fluid part, and fending both
parts back, that their ftrength might be determined, was
partly to examine the truth of the fuppofition laid down in my
former Paper, that the ftrength of the frozen part approaches
nearer to ,411 than that of the unfrozen; but it is al{o a ne-
ceffary ftep towards determining the freezing point anfivering
to a given firength of the acid; for as the frozen part is com-
monly of a different ftrength from the unfrozen, the ftrength
of the fluid part, and the cold neceflary to make it freeze, is
continually altering during the progrefs of the congelation.
In coniequence of this, the temperature of the liquor is not
that with which the frozen part congealed; but it is that ne-
ceflary to make the remainder, or the fluid part, begin to
freeze, or, in other words, itis the freezing point of the fluid
part. This is the reafon that a thermometer, pléced in fpirit
of nitre, continually finks during the progrefs of congelation ;
which is contrary to what is obferved in pure water, and other
fluids in which no feparation of parts is produced by freezing.

Moreover, from the above-mentioned experiments of Mr.
Me Nas it appeared, that oil of vitriol, as we,llj as {pirit of
nitre, 1s {ubje& to the fpirituous congelation ; but it feemed
uncertain, whether, like the latter, it had any point of eafieft
freezing, or whether it did not uniformly freeze with lefs cold
as the ftrength increafed. For this reafon, fome bottles of oil
of vitriol, of different ftrengths, were fent, which he was
defired to try in the fame manner as the former. This point,
indeed, has fince been determined by Mr. KEeir, who has

thewn
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thewn that oil of vitriol has a ftrength of eafieft freezing ;
and that at that point a remarkably flight degree of cold is
{ufficient for its congelation.

The refult of Mr. M® Nas's experiments on the nitrous acid
is given in the following table.

Decanted part, | Undecanted part. [Strength [Strength [Freezing [Freezing
‘ of the | before | point by {point by
N whole | fent. |  firft | fecond
Quantity. lStrcngth. Quantity. |Strength.] mafs. ~ |method. |method.

6of - = |- = | = == == =] .60 | =416~ =
%1410 445 | 2137 | 4435 | 5439 | 437 | +¥15,7|— 3.8

1658 | ,390 1940 | ,422 | ,407 | ,408 | — 3;5|— 4
9| 1368 | ,353 | 2438 | ,416 | ,393 | ,39f | — 4,5|—11
|1o] 2206 | ,343 1920 | ,373 } ,357 | 2357 | —12,5[—13,8
1l 3620 | ,310 602 »381 ,320 | 2320 | —22,5({=—23

12| 2155 | ,276 1494 | ,293 | ,283 | »280 | —39,1{—40,3
13 1618 | ,241 1961 235 | 238 238 | =34 |—32

The firft column contains the numbers by which Mr.
Me¢ Nas has diftinguithed the different bottles. The fecond
and third columns contain the quantity and ftrength of the
decanted part of theliquor; and the fourth and fifth thew the
quantity and ftrength of the undecanted part of the liquor.
The fixth column gives the ftrength of both parts put toge-
ther, or the ftrength of the whole mafls; and the feventh is
the ftrength of the fame acid, as it was determined before it
was fent to Hudfon’s Bay. 'The ftrengths of the decanted and
undecanted parts were found by faturating the liquor returned
home with marble; and that of the whole mafs was inferred
- by computation from the quantity and ftrength of the de-
canted and undecanted parts; and as the ftrength thus in-
ferred never differs from that determined before the liquors
were fent to Hudfon’s Bay by more than _J. part of the

ey
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whole, it is not likely that the firengths of the deecanted and
undecanted parts here fet down thould differ. from the truth by
much more than that quantity.

The eighth column contains the freezing points found in
the firft method, or the temperature of the liquors after the
hafty congelation which took place on expefing them to the
cold without any frozen matter in them; and the ninth con-
tains their temperature after the more gradual eongelation
which tock place when they were cooled with fome frozen
‘matter in them; and as the unfrozen part of the acid was
decanted immediately after the temperature had been obferved,
it follows, that this column fhews the true freezing points of
the decanted liquors. In like manner the eighth column thews
the freezing points of that part of the liquor which re-
mained fluid in the firft manner of trying the experiment;
but as the ftrength of this part was not determined, the pre-
cife ftrengths to which thefe freezing points correfpond are
unknown. ‘Thus much, however, 1s certain, that thefe points
muft be below thofe of the whole mafs, and inall probability
muft be above thofe of the decanted liquor; as there is great
reafon to think, that the quantity of frozen matter was always
lefs, and confequently the f’crength of the fluid part differed
lefs from that of the whole mafs, in the firt way of trymg
the experiment than in the fecond.

Before I draw any conclufions from thefe experiments, it
will be proper to take notice of fome particularities which
occurred mn trying them.

N° 6. was made to congeal by a freezing mixture of {now
and diluted oil of vitriol. By the time the acid was cooled’
to —42° icy filaments were formed on the infide of the phial
above the acid.  Ten minutes after, the acid being cooled one

degree
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degree more, the phial was taken out and agitated. ‘This
mixed the icy filaments with the acid, and made it freeze, which
it feems not to have done before, in confequence of which its
temperature rofe to — 41°4.  After having melted the greatelt
part of thefe filaments, and again expofed it to the freezing
mixture, fome fnow accidentally fell nto the acid, and made
“an uncertainty in the freezing pomt for which reafon 1 1t is not
fet down. But as it is evident, that the quantity of congealed
matter in the firft experiment was exceflively {mall, the
ftrength of the unfrozen part could not differ fenfibly from
that of the whole mafs, and therefore —41°% is the true
freezing point that anfwers to the ftrength of ,561.

It is remarkable, that N° 8. acquired by congelation a
bluith colour, not unlike that which the dephlogifticated ni-
trous acid, in Mr. M° Na#’s former experiments, acquired by
dilution with fnow. It is not faid, how long the acid re-
tained this colour, but it was intirely gone when the phlal‘
arrived in England. I am quite at a lofs to account for this
phanomenon, and why it happened to this bottle only.

N° 12. when cooled to - 17° feemed to contain many icy
particles; but as it afterwards bore to be cooled to —48°,
without their increafing, we may conclude, that they were
not frozen {pirit of nitre, but only fome heterogencous matter
{feparated from it. A little of the congealed part of N° 8,
dropped into it while at this point, made it freeze, and it rofe
to - 39°%

In all the foregoing acids the ice was heavier than the fluid
part, and in confequence fubfided to the bottom; a proof
that it was the {pirituous congelation which had taken place
in them: butin N° 13, the frozen part {wam at top, which
thews, that the comgelation was of the aqueous kind.

Z 2 1t
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It may appear remarkable to thofe who read Mr. M¢ Nas's
experiments, that thefe acids bore to be heated fo much above
their freezing points before the ice intirely diffolved. IN° 6.
bore to be heated 18 degrees, N° 4. 13 degrees, and N° 12,
17 degrees above their fréezing points, before all the congealed
acid had difappeared. But as, in order to diffolve this con-
gealed matter, they were brought into a room - in all proba-
bility a great many degrees warmer than the points to which
they were heated, fo that the liquors heated faft; and as during
‘the difiolution the ice would fubfide to the bottomj it 1s not
extraordinary, that the fluid part in the phial might be many
degrees warmer than the frozen pact, unlefs the phials were
much agitated during the time, which nothing' thews them to.
have been; efpecially if we confider 'the ‘great quantity of
heat which, in all probability, muft be communicated to the
frozen acid in order to melt it; and that, perhaps, the frozen
acid inay receive and part with its heat but flowly. It muft
be obferved, that in N° 6. and r2. the frozen part might very
likely be of a confiderably different firength, and in confe-
quence its freezing point miight be feveral degrees different
from that of the whole mafs, fo that the temperature  to
which. the fluid was heated, in order to melt the ice, might
very likely not differ fo much from the freezing point of the
ice itfelf as is here fet down. But this. could not. be the cafe
with N° 4.

It muft be obferved, that when Mr. Me NAB Wanted to try
the temperature of N° 7. after it had frozen in the firft man-
ner, the ftopper ftuck {o tight that he was not-able to remove
it without warming it before the fire. ‘The thermometer was
then introduced, and ftood feveral minutes therein at 4+ 1°%, or
+32% As the thermometer remained fo long at this point, one

4 | might
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might naturally fuppofe, that this was the true freezing point
of the unfrozen acid. But yet, from what has been juft faid,
it feems not improbable that it may be otherwife, and that
the true freezing point may be fenfibly lower; for which
reafon it 1s marked in the table with an afteriflc (*) as doubtful.

It was before faid, that the temperatures in the ninth column
of the foregoing table, are the freezing points anfwering to the
ftrengths exprefled 1n the third column, and that — 41°% is the
freezing point; an{fwering to the ftrength of ,561; whence
the freezing points determined by thefe experiments, and their,
refpeive ftrengths, are as follows :

" Strength, [Freezing point.
561 - 410,6
2445 ~- 3,8
»390 - 4
353 | -~ 11
2343 -138
,310 -23
3276 - 4093

By interpolation from thefe data,. according to NEw ron’s.
method 4, it appears, that the ftrength at which the acid
freezes with the leaft cold s 418 and that the freezing point:
anfwering to that ftrength is — 2°,%..

In order to fhew more readily the freezing point anfwering .
to any given ﬁrength I have computed, by the fame method,
the following table, in which the ftrengths- increafe in arith- -
metical progreflion.

+ Princip, Math, Lib, IIL, prop. 40, lem, .-

Strength,
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Strength. |Freezing point.| Difference.

»568 — 4555
,538 —30,1 | T154
,508 | =181 +I§ '
478 | = g4 | T 7
+ 53
448 —- 41 H
418 | — 24 | T F
3388 - 4,2 -

358 | —o7 | D@3

»328 -17,7 +
5298 - 27,7 1o

It was before thewn, that the freezing points, found by the
firlt method, ought to be below thofe of the whole mafs, and
muft, in all probability, be above thofe of the decanted liquor.
In order to fee how this agrees with obfervation, I computed
in the above-mentioned manner the freezing points an{wering
to the ftrength of the whole mafs, and compared them with
the obferved freezing points. The refult is given in the fol-
lowing table.

Strength | Strength |Computed| Obferved freezing

of the | of the | freezing point.

N°| whole | decanted | point of —
| mafs. | liquor. |thewhole{ In firft | In fecond

mafs, | method. | method,

71 439 | 445 | — 32 {+ 1,7 | — 38|
81 2407 | 2390 | — 2,6 | — 3,5 | — 4
91 +393 0353 | = 37 | — 45 | —1In,
101 ,357 | 5343 | —10, | —12,5 ¢ ~13,8
It | ,320 »310 —10,9 | —22,5 | —23,

121,283 1 ;276 | —356 | —39,1 | —40,3

It
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It may be obferved, that the freezing point of N° 4. tried
in the firft way, 1s confiderably above that correfponding to the
firength of the whole mafs; but as this experiment was fhewn
(in p. 173.) to be doubtful, and not unlikely to exceed the
truth, we may fafely rejet it as erroneous. All the others,
as might be expected, are lower than thofe correfponding to
the firength of the whole mafs, and above thofe obferved in
“the fecond manner, and therefore ferve to confirm the truth of
the above determination of the freezing pomnts of {pirit of
nitre ; and alfo thew, that in this acid the point of {pirituous
congelation is pretty regular, and does not depend much, if
at all, on the rapidity with which the congelation is performed:
The point of aqueous congelation, Lowever, feems liable to.
confiderable irregularity ; for N° 13. after having been expofed
to the cold, froze on agitation, the congelation, as was before
faid, being of the aqueous kind, and the thermometer flood.
{tationary therein at — 34° The ice being then almoft melted,
it was again expofed to the cold, till a good deal was frozen ;.
but yet its temperature was, then ‘no- lower than — 32°%,,
though the quantity of frozen matter muft certainly have been
much more than in the firft trial. The fluid part being then
decanted, and the frozen part melted, both were again expofed
to the cold. They both were made to congeal by agitation,.
and the temperature of the undecanted was then found to be
~ 35° and that of the decanted part —37°: o that it thould
eem as if the freezing point found by the hafty congelation-
was always lower than that found the other way, which may,
perhaps, proceed from this caufe; namely, that when {uffi-
cient time is allowed, the watery part will feparate from the
veft, and freeze in a degree of cold much lefs than what is
2 required.
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required to produce that eﬁ"e& when it is performed in a more
rapid manner.

‘Thefe experiments confirm the truth of the conclufions I
drew from Mr. M° Nag’s former experithents; for, firft,
‘there isa certain “degree of ‘f’cren‘gtﬁ at which fpirit of nitre
freezes with a lefs degree of cold than when it is either
ftronger or weaker; and ‘when fpirit of nitre; of a different
ftrength from that, is made to congeal, the frozen part
-approaches nearer to the foregoing degree of ftrength than the
-unfrozen. Likewife this ftrength, as well as the freezing
point correfponding thersto, and the freezing point anfwering
‘to- the ftrength of ,54, come outvery nearly the fame as I
concluded from thofe-experiments ; for by ‘the prefent experi-
ments they come out ,418, - 2°%, and - 31°, and by the for-
mer ,41r1, —1°%, and — 31°. But the freezing point anfwering
to the ftrength of ,38 is totally different from what I there
fuppofed. This muft have been owing to-the ftrength of that
acid having been very different from what I thought it; which
1s not improbable, as its ftrength was inferred only from the
quantity of fnow which was added to it in finding the degree
-of -cold produced by its mixture with {now.

After the foregoing experiments were finithed, Mr. M* Nas
‘made {fome more for determining- the freezing points both of
‘the decarited and undecanted part; but for want of a fufficient
- explanation of the manner in which they were executed, I
‘have not been able to make any ufe of them. In their prefent
ftate ‘they fhew much appearance of irregularity ; but this
would very likely have been cleared up, if the circumftances
- had been more fully detailed.

On
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On the Vitriolic Acid,

An irregularity of a remarkable kind occurred in trying two
of thefe acids; namely, when the undecanted part was melted
and again made to congeal, its freezing point was found to be
much lefs cold than that of the decanted part, and the dif-
ference was much greater than could be attributed to the
difference of ftrength. This feems to have happened only in
the two ftrongeft acids, namely, N° 1. and 2. and in great
meafure confirms the fuppofition which I formed from Mr.
Me Nas’s former experiments, that the congealed part of oil
of vitriol differs from the reft, not merely in ftrength, but
alfo in fome other refpe&t, which I am not acquainted with.
It thould feem, however, that this property does not extend to
weak oil of vitriol.

It perhaps may be fufpeCted, that this property takes place
in the nitrous acid alfo, and was the caufe of the flow melting
of the ice taken notice of in p. 172. But I think it more
likely, that that phaznomenon proceeded from the caufes there
afligned.

Some {maller 1rregular1t1es occurred in trying the vitriolic
acid, the caufe of which I believe was, that when this acid
has been cooled below the freezing point, and begins to freeze,
the congelation proceeds but flowly; fo that a confiderable
time elapfes before it rifes to the true freezing point. Something
of the fame kind {eems to take place in the nitrous acid alfo,
though in a lefs degree ; for the decanted liquors ufually con-
tinued to freeze and depofit a {mall quantity of ice, for a few mi-
nutes after they were poured off, though their cold, at leaft in
fome inftances, was found rather to diminith during that time.

Vor. LXXVIIL : Aa It
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It muft be obferved, that fmall fpicula of ice always came over
along with the decanted liquor ; and to this, in all probability,
the new-formed ice attached itfelf; for otherwife it is likely,
that no ice would have been produced. ’

The following table contains the frength of the acids as
determined before they were fent to Hudfon’s Bay, and the
quantity and ftrength of the decanted and undecanted parts.
when they arrived at London, and the ftrength of the whole
mafs as computed from thence. - For the fake of uniformity, I
have exprefled their ftrengths, like thofe of the nitrous acid,.
by the quantity of marble neceflary to faturate them, though
I did not find their ftrength by a&ually trying how much mar-
ble they would diffolve; as that method is too uncertain, on.
account of the felenite formed in the operation, and which in
good meafure defends the marble from the a&ion of the acid..
The method I ufed was, to find the weight of the plumbum
vitriolatum formed by the addition of fugar of lead, and from.
thence to compute the frength, on the fuppofition that a.
quantity of oil of vitriol, fufficient to produce 100 parts of
plumbum vitriolatum, will diffolve 33 of marble; as I found
by experiment that fo much oil of vitriol would faturate as.
much fixed alkali as a quantity of nitrous acid fufficient to dif~-
folve 33 of marble. It may be obferved, that the quantity of
alkali, neceflary to faturate a given quantity of acid, can hardly
be determined with much accuracy, for which reafon the fore-
going lefs direft method was adopted ;. efpecially as the precipi--
tation of plumbum vitriolatum fhews the proportional firengths,.
which is the thing principally wanted, with as great. accuracy.
as any method I know.



Experiments on the freexing of Acids. 179

Strength | Decanted part. Undecanted part. | Strength
N° | bef ' :

efore of whole
fent. |Quantity.|Strength. | Quantity.|Strength.} mafs.

977 1375 | »967 3460 | ,963 1964
»918 3915 2919 1876 2995 914
,846 88 2777 4915 ,850 ,849
4758 389 | 710 { 3795 | ,753 »755

L 547 4803

PWN -

The undecanted part of N° 4. was divided into two parts
namely, the lefs and the more congealable part; and it is the
latter whofe quantity and ftrength is given in the laft line.

It is well known, that oil of vitriol attra&s moifture with
great avidity ; and fome of thefe acids were much expofed to
the air during the experiments made with them, and may
therefore be fuppofed to have attraéted fo much moifture from
the air, as might fenfibly diminith their ftrength; and this
feems a&ually to have been the cafe with fome of them. But
as the bottles were well ftopped, and as, except in one acid
which was the moft expofed to the air, the firength of the
whole mafs comes out not much lefs than that determined be-
fore the liquors were fent to Hudfon’s Bay, I imagine their
firength could not fenfibly alter during their voyage home;
and confequently their ftrength, at the time the laft obferva-
tions were made with them, could not differ much from that
here fet down. -

It would be tedious to give the experiments for determining
their freezing points in detail ; butthe refult is as follows. The
freezing point of N° 1. tried in the firft method, was fomewhat
above + 1°, but it is uncertain how much; that tried in the
fecond manner feemed ~6°3. But the freezing point of the
undecanted part, after having been intirely melted, and again

Aaz expofed
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expofed to the cold, was 4+9° It muft be obferved, that
though this part was in all probability at firft ftronger than the
decanted part, yet at the time its freezing,ypoint was tried, it
feems to have become rather weaker than that, owing to its
expofure to the air. It was before. faid, that the freezing
puint tried in the fecond manner is that 'of the decanted
liquor ; fo that the freezing point of the dc'capted part {feems to
have been 13 or 14 degrees colder than that of the undecanted
part s though the difference of ftrength, if there was any,
muft in all probability have tended to produce the contrary
effeét.

The freezing point of N° 2. tried in the firft way, was - 26°;
and that tried in the fecond was - 30° or26°; but yet the
freezing point of the undecanted part was 26 or 30 degrees
higher, namely, at zero; a difference which could fcarcely
have proceeded from the difference of ftrength.

The freezing point of N° 3. could hardly differ much from
'+ 42°; and that of N° 4. was about — 45°.

It {hould be remarked, . that when this laft acid, as well as
N° 1. and 2. were expoled to a great cold, a fediment formed
in them. ‘This muft have been of a very different nature from.
frozen acid, as appeared both from its texture, which was foft
and mucilaginous to the feel, inftead of being gritty as the
frozen acid always was; and alfo from its being' not much in-
creafed by an increafe of cold; and therefore feems to have
been fome impurity feparated from the, acid. The quantity
was greatef’c in N° 4.5 but even in this, though it appearecf
great, it is likely that the real quantity was very finall,

“Another bottle of acid, whofe ftrength was ,659, was fent ;-
but Mr. M¢ NaB was not able to make this freeze.

From thefe experiments it thould feem, that the freezing

4 point
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point of oil of vitriol, anfwering to different ftrengths, is
nearly as follows :

Strength, |Freezing point.
977 | t+ 1
,846 +42
,758 ~ 45

From hence we may conclude, that oil of vitriol has not
only a ftrength of eafieft freezing, as Mr. Keir has thewn ;
but that, at a ftrength fuperior to this, it has another point of
contrary flexure, beyond which, if the firength be increafed,
the cold neceffary to freeze it again begins to diminith.

The ftrength anfwering to this latter point of contrary
flexure muft, in all probability, be rather more than ,918, as
the decanted or unfrozen part of N° 2. feemed rather ftronger
than the undecanted part; and for a like reafon the ftrength of
cafieft freezing is rather more than ,846.

Mr. KE1r found that oil of vitriol froze, with the leaft degree
of cold, when its fpecific gravity at 60° of heat was 1,780,
and that the freezing point anfwering to that degree of ftrength
was +46°; which agrees pretty nearly with thefe experiments,
as the firength of oil of vitriol of that fpecific gravity is ,848,
that 15, nearly the fame as that of N° 3.
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