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XXL Hiffory of the Congelation of RQuickfilver. By Charles
Blagden, M. D, F. R, S. Phyfician to the Army.

Read June 5, 1783.

PP \HE late experiments at Hudfon’s Bay have determined a
M point, upon which philofophers not only were much
divided in their opinion, but alfo entertained, in general, very
erroncous fentiments. ‘Though many obvious circumftances
rendered it improbable, that the term of mercurial congelation
thould be five or fix hundred degrees below ¢ of FAHRENHEIT’S
fcale, as had been at firft fuppofed ; yet fcarcely any one ven-
tured to imagine that it was fhort of 100°% Mr. HUTCHINS,
however, has clearly proved, that even this number is far be-
yond the truth ; and that quickfilver freezes in a degree of cold
not exceeding that which fometimes occurs in the northern
parts of Europe, and frequently in the more rigorous climates
of Afia and America. It now appears, that quickfilver, fo far
from containing any eflential principle of fluidity, does not
differ from fome of the other metals, in its melting point,
nearly fo much as they differ among themfelves; and as it is
malleable in its folid ftate, and after calcination recovers its
metallic form by heat alone, without the addition of inflam-
mable matter, there can be no doubt but it muft be ranked
among the perfet metals, which, therefore, arranged accord-
Xx 2 ing
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330 Dr. BLAGDEN’s Hiflory of
ing to their {pecific gravity, are thefe four: platina #, gold,
quickfilver, and filver.

In the general progrefs of {cience, it is always ufeful at
intervals, and efpecially when any confiderable advance has been
made, to look round and contemplate the profpet left behind.
Thus our aétual fituation i1s more diftiné&ly comprehended, and a
better judgement may be formed of what remains to be done,
For this reafon, I thought it might not be unacceptable to the
Society, if I were, on the prefent occafion, to lay before them
an account of the different obfervations and experiments 1 have
been able to colle&, relative to the congelat‘io‘n of quickfilver;
efpecially as many of thefe are recorded in books not eafily
procured, and in languages little underftood by the learned
of this country. I fhall begin with the various attempts
which have been made to render this metal folid by frigorific
mixtures, and then enumerate the many inftances in which
that effect has certainly been produced by the natural cold of
the air.

P A R T L

§ 1. I'T was undoubtedly M. josEPH ADAM BRAUN, Pro-
feflor of Philofophy in the Imperial Academy at Peterfburg,
who firft, upon decifive evidence, eftablithed the fa&, that
quickfilver can be made folid by a diminution of its heat: but,

* Unlefs, indeed, the irreducible black powder, obtained by M. rrniers
fhould be thought to place platina among the imperfe@t metals, See Mem, de
VAg, Roy. des Scienc. 1779, p. 404, &c,
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as in moft difcoveries, much depends upon accident, fo, on this
occafion, M. BRAUN undertook the experiments for a very dif-
ferent obje& from that which prefented itfelf in the courfe of
them, and at the fuggeftion of another perfon. This gentle-
man was Dr, JouN ERNEST zEIHER, Profeflor of Mechanics
in the fame Academy, who having repeated FAHRENHEIT'S
experiments with frigorific mixtures in Germany, before he
came to fettle at Peterfburg, withed to try whether they might
not be profecuted further in the great natural cold which fome-
times prevails in that city. Illnefs prevented Dr. ZEIHER from
carrying his ideas into execution; he therefore communicated
them to Profeflor BrRAUN, who was already much converfant
in thermometrical experiments, and engaged hin to take up
the fubject of artificial cold whenever the weather fhould be
favourable for this purpofe. A proper opportunity occurred
‘on the 14th of December, 1759, O. S. the thermometer fink-
ing in the open air {fo low as — 34° of FAHRENHEIT’s {cale,
which we now know to be within a few degrees of the point at
which mercury freezes. M. BRAUN accordingly prepared a fri-
gorific mixture with agua fortis and pounded ice, by means.
of which his thermometer was reduced to —69°, lower, by
almoft 30 degrees, than it had fallen in any preceding experi~
ments of this nature.

Part of the quickfilver had now really congealed, yet fo far
was M. BraUN from entertaining a fufpicion of that {fort, and
{o entirely were his views direCted to- another obje&, that he
acknowledges he had well nigh defifted from all further trials,.
content with having thus much exceeded’ fuch. eminent phi-
lofophers as FAHRENHEIT, MUSSCHENBROECK, and REAUMUR..

Animated, however, by the hope that a ftill greater degree-
of cold might be produced, he entered upon the experiment

anew 3
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anew ; and all his pounded ice being expended, he was fortu-
nately obliged to fubftitute fnow in its place. With this frefh
mixture he had the fatisfattion of feeing the mercury in his
thermometer fink to —100° and in fucceflive experiments to
~244° and - 352°  Surprifed at fo unexpected an event, he
drew the inftrument out of the mixture, and carefully exa-
mined its bulb, to fee if it had received any injury; but he
found it perfetly entire, and moreover perceived a much more
unexpected phenomenon, that the quickfilver was fixed, and
remained 1mmoveable above 12 minutes. On repeating the fame
experiment with another thermometer, graduated no lower than
—220°, all the mercury {unk into the ball, and became folid
as before, not beginning to re-afcend till after a fhill longer
interval of time.

From thefe appearances the profeflor very juftly concluded,
that the quickfilver in both inftruments had been fixed or
frozen by the cold; but as the evidence was not yet complete,
he only ventured to propofe the congelation of mercury as a
probable truth, at the next meeting of the Academy held three
days afterwards; and 11 the mean time was making prepara-
tions to acquire more palpable proofs of the fact. The ther-
mometers ordered with this view were not ready till the 25th
of December O. S. when, in company with the celebrated
mpINUs, Profeflor of Phyfics, he performed the experiment with
{imilar materials, and as {foon as he found the quickfilver im-
moveable, broke the bulb of his thermometer. Now all his
doubts were removed ;3 he obtained a folid thining metallic mafs,
which extended under the ftrokes of a peftle, in hardnefs
rather inferior to lead, and yielding a dull dead {ound like that
metal,  Profeflor &PINUS was occupied at the fame time in
imilar experiments, employing both thermometers and fimple

tubes
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tubes of a large bore; with which laft he remarked, that the
quickfilver in them fell fenfibly on freezing, and aflumed a
concave furface ; likewife, that the congealed picces would fink
in fluidd mercury; all evident proofs of its great contraion.
T'hefe obfervations were frequently repeated during the winter,
with fome variety in the circumitances and phwxnomena, by
Profeflor BrRauN and many other perfons; I find M.
romonosov, Profeflor of Chemiftry, the Apothecary-general
mopeL, Mefl. KRASE, HIMSEL, and POISSONNIER, quoted on
different occafions as witnefles, they having all either performed
or affifted at the experiments. Such evidence one would have
imagined fufficient to place the fact beyond all controver{y, and
render the congelation of mercury one of the moft acknow-
ledged truths in natural philofophy..

It may not here be improper to remark, as an additional
proof how much we are indebted to accident for difcoveries,
that if Mr. BRAUN had chanced to begin with a {pirit thermo-
meter inftead of a mercurial one, we might very poflibly to
this day have remained ignorant that quickfilver would freeze.
For fince, to judge from Mr. HUTCHINS’s experiments, the for-
mer would have funk but a few degrees in the frigorific mix-
ture, it is not improbable, that the profeflor, difcouraged by
fuch a failure of fuccefs in the immediate obje& of his purfuit,
would have relinquifhed all further attempts of this nature.

When the feafon for experiments requiring cold was. paft,.
Profeflor BrAUN employed himfelf in drawing upa general ac-
count of {fuch as he had then made, which he communicated
to the Peterfburg Academy on the 6th of September, 1760,
O. 8. and printed foon afterwards as a {eparate differtation®..
Of this fo copious an extra@, by Dr. waTson, is already in=

* De admirando frigore artificiali differtatio,.

fertedi
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ferted in the Philofophical Tranfattions ¥, that it would be
improper for me to dwell upon any further particulars. T will
only obferve, that though many of the circumftances men-
tioned by M. BrAUN were not firft remarked by himfelf, yet the
differtation 1s compofed entirely in his name, all the other gen-
tlemen very generoufly giving up their part to him who made
the original difcovery, and undertook to put the whole in a
fit drefs to appear before the world.

Five years afterwards, Profeflor srauw again addreffed the
publick on the fame fubjett, under the title of ¢ Supplements”
to his former differtation 4. Here he declares, that fince the
firft difcovery he has fuffered no winter to elapfe without
making fimilar experiments, and never failed of fuccefs in
freezing the quickfilver, whenever there was a proper degree of
natural cold, which he ftates at ~ 10°, in order for the experi-
ment to be complete, though fome commencement of conge-
lation might be perceived when the temperature of the air is as
high as +2° He confirms all his former obfervations, and
adds many others to illuftrate them; among which two are
very important, as coming nearer than any yet known to afcer-
tain the real contraltion that quickfilver fuffers in becoming
folid. At the fame time it muft be confefled, he has not
re&tified any of his former miftakes: he retains the fame
groundlefs opinions relative to the freezing point of the quick-
{ilver, the prodigious cold generated by his mixtures, and the
explanation of various phenomena, which depend upon very
different principles, from thofe to which he affigns them.

* Vol. LIL. p. 156.
4 Supplementa de CTongelatione Mercurii, Nov, Comment, Acad, Scient,

¥mperial, Petropol, tom, XI, p. 302, & feqq.
The
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* "The general ftate of M. BRAUN’s experiments is, that with
the above-mentioned frigorific mixtures, and once, when the
natural cold was at — 2%°, with rectified {pirits and fhow, he
congealed the quickfilver, and difcovered moft of its properties
m a folid ftate, efpecially that it is a real metal, which melts
with a very {mall degree of heat. But not perceiving the nc-
ceffary confequence of its great contra&tion in freezing, though
aware of the fa&t, he perpetually confounded the diminution of
its volume from this caufe with that which is fimply the effet
of cold. Hence he confidered, asthe commencement of con-
gelation, what was, in reality, its extreme term, or the utmoft
contra&tion which the whole would fuffer in becoming folid.
To this, indeed, he fcarcely ever attained, owing to the various
impediments that occurred from adhefion of the quickfilver in
the thermometrical tube, hollows left in the bulb as it froze,
portions of the mercury remaining uncongealed, and many
other caufes. All thefe being by, their nature very irregular, his
fuppefed freezing point came to be extremely uncertain, and
feveral anomalous appearances were occafioned, which could
not poflibly be explained upon his miftaken fuppofition; but,
notwithftanding fuch errors, the greatefl part of our prefent
knowledge on the fubje@ of mercurial congelation is to be
found in the writings of M. BRAUN, who may therefore juftly
be ftiled the father of this branch of fcience.

In his fupplementary treatife, the Profeffor engages to con-
tinue his refearches, and to lay the refult of them before the
Academy, if they fhould lead to any thing new. But he did
not live to accomplith his defign.  His original differtation was
re-printed, and the {upplement firft publithed, in the XIth tome
of the Novi Commentarii Academiz Scientiarum Petropoli-
tanz for the year 1765, ‘Thisvolume did not appear till 1767,

Vor. LXXIIL Yy and
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and Profeflor 3R AUN died the following year. Thefe two treas
tifes contain the fubftance of all his. obfervations ; but feverak
further particulars,. relative to the difcovery, may be colleCted:
from. the  Philofophical Tranfadions *, the Hiftory of the
French Academy of Sciences §, and other literary publications.

of that period:

§ 2. Profeffor sravw, in his firlt differtation, exprefed a
very commendable with, that the experiment of congealing
quickfilver might be repeated in- other countries, and laments,.
in the fupplement, that nothing of this kind had been done..
it was not, however, till the year 1774, that his affertions.
received any fort of confirmatien out of Ruffia, and then by
a mode: of experiment which did not feem to promife much:
fuccefs: M. JOHN FREDERIC BLUMENBACH, then a ftudent
of Phyfic at-Gottingen, now Profeflor of Medicine in the fame -
Univerfity, obferving the intenfe cold that prevailed there in
the month of - January that. year, took the opportunity of ex--
pofing fome quickfilver to its altion. As-the original account
of this.experiment-was.given only in afingle number of the
Literary Journal of Gottingen §, in the German language, I’
will here tranflate it as exactly. as. poflible, feveral of the cir--
cumftances being very remarkable.

“ On-the 11th of January,” fays M. BLUMENBACH, ¢ at:
¢« half after five in; the evening, I put three drams of quick-
s filver in a fmall fugar-glafs, and covered it with a mixture of.
“ equal parts of fnow and Egyptian fal ammoniac. This mix-
“ ture was put loofe into the glafs, {o that the quickfilver lay:

* Vol, LI. p 6j0.

4 Hift. del’Académie des Sciences, 1760, pv26.

+ Gottingifche Anzeigen.von-gelehrten Sachen.  Stiick 18, Jan. 29, 1774.

s¢ perfectly:
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the Congelation of Quickfilver. 337
perfe@ly free, being only covered by it as with pieces of ice ;
the whole, together with the glafs, weighed fomewhat above
an ounce. 1 hung it out at a window three flories .high,
upon a {mall roof facing the weft, fo that the glafs was
freely expofed to the north-weft; andI mixed with the {now
upon which it ftood two drams more of fal ammoniac. The
fnow and fal ammoniacin the glafs foon froze in the open
air to a mafs like ice: no fenfible change, however, appeared
in the quickfilver that evening; but at ene in the morning it
was found frozen folid. It had divided into two large and
four {maller picces; of the former, one was hemifpherical
and the other cylindrical, each feemingly rather above a dram

in weight; the four fmall bits might amount to half'a fcruple.

They were all with their flat fide frozen hard to the glafs, and
no where immediately touched by the mixture; their colour
was a dull pale white, with a bluith caft, like zinc, very
different from the natural appearance of quickfilver. I withed
much to break the glafs immediately, and to try how thefe
bodies would bear the hammer ; but defiring rather to have
witnefles of fuch a rare phaenomenon I refrained. The {pirit
of wine, in an excellent thermometer made by BRrRANDER,
{tood at ‘this time 10° under o of FAHRENHEIT s fcale, which
was thecold of Upfal in 1740. Next morning, the rath,
about feven -o’clock, I found that the larger hemifphere be-
gan to melt, perhaps becaufe it was moft expofed to the air,
and not fo near as the others to the fal ammoniac mixture
which lay beneath. 1In this ftate it refembled an amalgam,
finking to that fide on which the glafs was inclined, but
without quitting the furface of the glafs, to which it was
ftill firmly congealed ; the five other pieces had not yet un-
dergone any alteration, but remained frozen hard, as‘l had

Yy 2 ¢ obferved
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¢ obferved them in the night. T now made hafte to call fome
* of my friends, who came in time to fee evidently all this
* with me. They were the younger Dr. voceL, and Meff.
““ WEBER, WAGNER, and GRaAUMANN. Teward eight o’clock
* the cylindrical piece began to foften in the fame manner as
¢ the former, and the other four foon followed. About cight
¢ they fell from the furface of the glafs, and divided into many
“ fluid fhining globules, which were foon loft in the inter-
¢ ftices of the frozen mixture, and re-united in part at the
¢ bottom, being now exactly like common quickfilver.”

In this experiment at Gottingen it is not a little furprifing,
that the cold fhould have proved fufficient to effe& fuch a con-
gelation of the quickfilver. A mercurial thermometer would
probably have ftood lower than M. BLuMENBACH’S of fpirits 3
but how much cannot poflibly be determined, without knowing,
the ftrength of the {pirits, and after what method it was gra-
duated. At all events, the diffcrence could fcarcely have
amounted to ten degrees, which would flill give the tempera~
ture of the air at leaft 20° above the freezing point of quick=
filver. Sal ammoniac with melting {now produces 32 degrees
of cold; may we fuppofe, that it has a power of increafing the
cold nearly as much when it and the fhow are previeufly cooled
below that point*? Butif fo, why was not the quickfilver
congealed till after a period of feveral hours, fince other frigo-
rific mixtures begin to act almoft immediatety ? Befides, there
was not here the appearance of ation, which confifts in a folu~
tion of the fnow, inftead of its freezing into a mafs. Or had
the cold been greater where the mercury was placed than at M,
BLUMENBACH's thermometer? ‘The whole experiment remains

¥ See Bifhop waTsow’s Chemical Effays, vol. III. p. 138.

Z ane
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involved in fuch obfcurity, that fome perfons have fuppofed
the quickfilver itfelf was not frozen, but only covered over with
ice, towhich opinion, however, there are great objeions.

It is worthy of remark, that Gottingen, though fituated in
the fame latitude as London, aud enjoying a temperate climate:
in general, becomes fubjet at times to a great {everity of cold..
This of the 11th of January, 1774, is one inftance. 1 find
others when the thermometer funk there to ~12°, —16°, or
—19°; and at Cattlenburg, a fmall town about two German.
miles diftant, to —30°*. By watching fuch extraordinary
occafions, experiments on the freezing of quickfilver might
eafily be performed in many places where the poflibility of
them is at prefent little fufpected. The cold obferved at Glaf-
gow in 1780 would have been fully fufficient for that purs
pofe .

Dr. BrLuMmENBACH's defcription of the folid quickfilver dif-
fers.fo much from Profeffor BraUN’s, with refpe& to.its colour
and general appearance, as to require a particular explanation.
Their difagreement, Iimagine, was. occafioned by a diverfity -
in the circumftances of their experiments. Quickfilver cryftal-
lizes in becoming folid. In this property it refembles other-
metallic fubftances, as appears from many falts, and is e]e-
gantly exemplified in thofe curious cups which are formed by
expofing proper maffes of mel'tcd metal tothe cold air till the:
outer part be fufficiently hardened to conftitute a folid coat, and
then letting out the internal fluid part, 1o as to leave a, hollow i 1
the middle. This concavity 1s found every where befet with:
metallic cryftals, fcarcely yielding in beauty and regularity to»

* LaxmanN’s Sibirifche Briefe, p..98. Nov, Comunentar, Petrop. tom. VIL.
- 396
t Vize:—23%on the fngw,. — 14° in.theair. Phil. Tranf..vol. LXX. .p. 456:
the



340 Dr. BLAGDEN’s Hiflory of

‘the fineft configurations of falts. In like manner, with regard
to quickfilver, Profeflor BR AuN himfelf obferved, that when-
-ever it had congealed but imperfe&tly, and the fluid part was
poured off, the folid furface which came in view was extremely
rough, asif compofed of many fmall globules. ‘One.of Mr.
HUTCHINS’s late obfervations exceedingly illuftrates this matters
for he remarks, that when the fluid mercury was decanted off,
an his tenth experiment, ¢ theinternal {furface of the frozen
<¢ quickfilver thewed very uneven, with many radii going acrofs,
¢ fome of which had heads refembling pins.” Now in Pro-
feflor BLUMENBACH’s experiment, the quickfilver lying -loofc,
except the flat fide that touched the glafs, could C»ryf’caHiZQ
without impediment, and hence aflumed a rough, and con-
{equently a dead-white furface; whereas in thofe made by Mr.
BrAUN, with tubes and thermometers, the metal being fo
much confined by the fmooth glafs, its furface was rendered of
a high polith, not diftinguithable in point of {plendor from
that of fluid mercury. Perhaps alfo, M. BLUMENBACK’s quick-
filver might have been made to look duller by fome dirt or
moifture colle&ed upon it from the {fal ammoniac and {now.

§ 3. In the notification of Profeffor 3R AUN’s experiments by
the French Academy of Sciences, a fort of requeft is inferted,
that proper perfons might be fent by the Ruffians into Siberia,
and by the Englith to Hudfon’s Bay, for the purpofe of re-
peating them with every advantage of natural cold. I do not
find that the Ruffians have ‘taken any notice of this, and indeed
with regard to them it would be almeft fuperfluous, as fcarcely
a winter pafles at Peterfburg in which the weather is not fevere
enough for the ready congelation of mercury by artificial
means. Butin this country, the Royal Socicty, ever attentive
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tothe improvement of fcience, defired their late {ecretary Dr..
MAaTY to make the neceflary application to the Hudfon’s Bay
Company; in confequence of which- Mr. Hurenins, who
was then in London, and going out with a commiffion as go-
vernor at- Albany Fort, offered to undertake the experiments,
and executed them in a very complete manner, as appears from
the account publithed in the LXVIth volume of the Philofoplii-
cal Tranfa&ions. In the months of January and February 1775,
he twice froze quickfilver at Albany Fort; and in the firft of
thefe experiments, having broken his thermometer, he found,
that the metal flattened by a fall of about fix inches, bore to-
be bammered, gave a ¢ deadifh” found like lead, and was
finely polithed on the furface.  As Mr. nuremins adopted
exaltly the method of Profeflor BravuN, he obferved the fame
phaenomena, encountered the fame difficulties from the fticking
of the quickfilver in the- tube, and cracking of his thermo-
meter, and was equally at'a lofs with regard to-the point of
congelation:  Still, however, this was the fulleft confirmation
that M: Br auN’s Differtations had ever yet received ; and it
may be confidered:as a prelude, by which Mr. HUTCHINS ac-
quired the experience that enabled him to fucceed fo perfeétly
in his laft moft decifive and fatisfactory experiments,

§ 4. The account of Mr. HuTcHINS's fuccefs at Hudfon’s
Bay was read before the Royal Society at the commencement
of the feverelt winter that had been known for many years in
Europe. T'wo gentlemen of different countries-embraced this
opportunity to attempt the congelation: of quickfilver. The
firlt was Dr. LAMBERT BICKER, Secretary to the Batavian: So-
ciety at Rotterdam; who, on. the 28th of January, 1776, at
eight in.the morning, made an experiment to try how low he

5. could.
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could reduce the thermometer by artificial cold, the tempera-
ture of the air being then +2°. He could not bring the mer«
cury lower than —94°, at swhich point it flood immoveable ;
and upon breaking the bulb he faw with certainty that the
outer part of the quickfilver had loft its fluidity, and was
thickened to the cenfiftence of an amalgam ; it fell out of the
bulb in little bits, which bore to beflattened by preffure, with-
.out running into globules like the inner fluid part.

Next day, when the thermometer ftoed at + 8°, he repeated
the experiment with all poflible exa@nefs, after M. BraUN's
- manner; but could not obtain a greater defcent of the mercury
than to 80° under o, and did not again break his thermometer.

The firll account I faw of thefe experiments was in an ex-
tra@t from the Altona Poft*, in the German language, which
Sir jostrir BANKs had the goodnefs to procure from Gottin-
gen at my requeft; but as they are confirmed by Profeflor
VAN swWINDEN in his Obfervations on the cold of 1776 +,
there can can be no doubt of their authenticy ; and they afford
a proof that the freezing point of quickfilver cannot be lower
than —94°, as it funk only to that degree, and yet was in part
congealed,

§ 5. The other gentleman who tried the effeét of this fevere
cold i 1476 upon mercury was Dr. ANTHONY FOTHERGILL,
at Northampton, and the account of his experiment may be
feen in the Philofophical Tranfa&ions for that year|. His

/
* Altonatr Reichspostreuter, 1776, N° 24. Teb, 24.

-t Oblervations fur le froid rigonreux du Mois de Janvier, 1756, p.
W77
4 Vel LXVL p, 580,

frigorific
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frigorific mixture appears to have been made with the vitriolic
acid ; and the natural cold of the air at Northampton that day,
the goth of January, was +¢° It is {carcely poflible to de-
termine how far he fucceeded. The quickfilver of his thermo-
meter funk into the bulb, and it, as well as fome in a phial,
contrated what Dr. FoTHERGILL calls a film on the top; but
unlefs the fcale of his ih{’c:ument went below . ~ 40°, or fome
folid cryftals were formed, fuch 2s M. BrauN and others ob-
ferved at the commencement of congelation, nothing can be
collefted with certainty from this experiment.

Though the cold of this hard winter was not f{ufficient,
either in England or Holland, for the convenient performance
of experiments on the congelation of quickfilver, yet in many
parts of the European continent, not farther north, it was
fully intenfe enough for that purpofe. The very morning
when Dr. Bicker {ucceeded fo imperfeétly at Rotterdam, the
thermometer funk to —22° at Rudolftadt, fituated a degree
more to the fouthward; and it had been the preceding day as
low as ~ 18° at Berlin *.

§ 6. 1 find no further attempts to freeze quickfilver till the
year 1781, when Mr. murcnins refumed this fubject with fuch
brilliant fuccefs. The preceding experiments had done little
more than prox}e that quickfilver might be rendered folid by
cold, and fhew what fort of fubftance it was in that fhate.
Nothing fatisfatory had been afcertained with regard to its
freezing point, or the degree of a thermometer at which it
ceafes to be a melted and becomes a folid metal. It muft not
be {uppofed, however, that the gentlemen who were engaged

% Befchiftigungen der Berlinifchen Gefellfchaft Naturforfch, Freunde, B. IL.
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in thefe refearches negleGted fuch a principal objet of enquiry ;
on the contrary, Profeflor Br Aun himfelf, ashath been already
mentioned; took.infinite pains. to inveftigate it, but, for want
of perceiving the confequences of the metal’s great contradtion
in becoming folid, went very wide of the truth. This fource
of error did- not efcape the penetration of: other philofophers,
feveral of whom declared their opinion that. the degree of cold
neceffary for the congelation of quickfilver could hardly be de-
termined by freezing a thermometer filled with that fluid.. But
Mr. cavenpisH and Dr. BLack were the gentlemen whe {ug-
gefted an adequate method of obviating the difficulty, fo as to
afcertain. the point in. queftion with:certainty. and precifion.
Reafoning on the well-known - fa&, that a quantity of water
continues at the fame temperature from the moment 1t begins to
freeze till the whole 1s become {olid, they very juftly concluded
that the fame would hold goed with regard to quickfilver; and
Mr. cavenDprisH confirmed this inference by experiments with
metals of eafy fufion, in which he found a thermometer keep
at the fame degree all the time they were pafling from a fluid
to a folid ftate.. Hence it was propofed, that.a fmall thermo-
meter thould be placed in fome quickfilver to be frozen ;:which
finking pretty regularly. till the congelation began, and remain=
g ftationary. till it fhould be complete, would thus thew the
degree of cold at-which this effe& takes place.

It 1s not at all furprifing, that both the above-mentioned
gentlemen fhould have {uggefted the fame method, . without the
leaft communication of each other’s fentiments. Moft difcove-
ries follow fo clofely upon a certain ftate of advancement in
every {cience, that, under the prefent general diffufion of know-
ledge, fimilar ideas muft be expefted to occur about the fame
time to {uch perfons as are engaged in fimilar purfuits. When
the fruit is come to a certain degree of ripenefs, more than one

man
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‘man may have ftrength enough to thake it o,  Were we fure
that philofophy would continue to be regularly cultivated, per-
haps it might with truth be affirmed, that the utmott efforts of
_genius amount only to a power of anticipating difcoveries which
would neceflarily be made in the courfe of a few years by the
‘common progrefs of mankind. The principles of this experi-
ment for determining the point of congelation in mercury
being already before the world, it was moft probable, that the
confequences to be deduced from them would not efcape gentle-
men of fuch acknowledged fagacity, whenever they might
‘happen to apply their attention to that fubject.

Though the methods propofed by Mr. caveEnpisn and Dr.
BLACK were fundamentally the fame, yet there was fome dif-
ferencein the apparatus they recommended; and as the former
gentleman got /s executed in London and fent out to Hudfon’s
Bay, it was that which Mr. nuTcuins employed in perferming
moft of his experiments. A circumftantial detail of thefe has
fo recently been read before the Society, that it would be tedious
for me here to recapitulate the particulars. They have not only
confirmed the preceding obfervations relative to the folid ftate
into which quickfilver can be brought by cold, its metalline
{plendor and polith when {mooth, its roughnefs and cryftalliza-
tion where the furface was unconfined, its malleabillity, foft-
nefs, and dull found when ftruck; but have alfo clearly demon-
{trated, that its point of congelation is no lower than - 40°,
or rather — 39°, of FAHRENHEIT’s fcale; that it will bear,
however, to be cooled a few degrees below that point, to which
it jumps up again on beginning to congeal; and that its rapid de-
{cent in a thermometer through many hundreds of degrees,
when it has once paft the above-mentioned limits, proceeds
merely from its great contra&tion in the aét of freezing. Thefe

Lz 2 and
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and the other confequences deducible from Mr. HurcHINSs ex=
periments have been fo exaétly pointed out by Mr. cavenDIsH,
the real author and firft mover of the whole bufinefs, that
nothing remains for me but to add a few fupplementary re-
marks. ; |

Moft of the appearances which perplexed M. srAUN in his
experiments admit of fuch a ready folution from thefe of Mr.
HuTCcHINS, that it would be fuperfluous to dwell upon eacly
particular ; there is one, however, which muft be mentioned,
becaufe an erroncous explanation has been given of it by a very
eminent Swedith philofopher*.  Profeflor Braun obferves,,
that by a certain kind of management he could effect the con-
gelation of quickfilver with very weak aqua fortis. For this.
purpofe he filled feveral different glaffes with fnow, into which
he fucceflively poured the dilute acid of nitre, and immerfed
his thermometer. The mercury, which would fink only to
~148° in the firft glafs, came in the fourth to the term of’
complete congelation. It is no wonder that the profeffor, with
the ideas he entertained, fhould think this extraordinary ; but
we now clearly underftand, that the cold in the firft glafs was.
{ufficient to freeze part of the quickfilver, but did not laft long
enough to render the whole {olid; in the fecond glafs a further
part froze ; in the third {till more; till at length only fuch a
quantity was left as the fourth mixture could fully congeal.

Another phznomenon, of which M. BRAUN gives a very un-
fatisfa&ory folution, is the finking of the quickfilver in his
thermometers after they were taken out of the frigorific mix-
tare. 'This, I {uppofe, procceded entirely from its beginning
to melt in the warmer air, and confequently fubfiding to fill

up vacuities in the ftem or ball, in the fame manner as hap-
* Kongle Veteatk, Acad, Handlingar vol, XXXIIL pe 119,
4 pened
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pened very remarkably in fome of the experiments at Hudfon’s
Bay, and in various meteorological obfervations to be defcribed
hereafter.

Mr., HUTCHINS mentions, in the remarks upon his ninth ex-
periment, that the internal furface of the congealed quickfilver,
after the fuperincumbent frigorific mixture and fluid metal had
been decanted off, ¢ was every where very rough, and of a
¢ dull white, refembling that of a filver {poon in common
“ ufe;” likewife, that ¢ the lump fhewed very weak cohefion,
¢« crumbling to pieces under the {trokes of a hammer, and had
¢ not the ufual polith.” Thefe differences he afcribes to an
effe& produced, by the fpirit of nitre in the mixture, upon the
quickfilver, with which it came into immediate contact ; but I
am rather of opinion, that they were occafioned chiefly by the
unconfined cryftallization of the mercury in the open gallipot-
employed for this experiment, fimilar appearances having al-
ways been obferved when it congealed under {uch circum-
ftances.

It is here neceffary to take notice, that the thermometers fent
out to Mr. HUTCHINS, even thofe made with quickfilver, did
not exaltly agree together. From his Table of Comparifon we
may colle&t, what fubfequent experiments have confirmed, that
— 40° upon the two {mall ones with 1vory fcales, anfwered:
to —44° or —45° upon one of the large thermometers, that
which had the ball on top, and to —42°0r — 43° upon the
other. Now as this laft was the inftrument which Mr,
HUTCHINS plunged into the quickfilver he attempted to freeze
in his eighth experiment, and which {unk only to — 40°, it is
no wonder that he did not then perceive any marks of conge-
lation, the cold really wanting two or three degrees of ‘being
{ufficient for that effect,

The
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The old ‘fpirit-thermometer called H was erroneous no lefs
than %° or 8° near the freezing point -of water, which ferved
as a kind of compenfation in.the lower parts of the fcale, fo as
to make:it agree tolerably well with thofe of mercury in the
greateft cold of the frigorific mixtures.

Although in two of Mr. HuTcHINS’s thermometers the
quickfilver {unk exceedingly low, to —450° or near — 500°,
there is reafon’to believe he did'not in any inftance obtain the
extreme term of contrattion, f{ince Profeflor BRAUN, in fome
of his .laft experiments, brought the mercury ‘in one thermo-
‘meter to ~ §44° and in anotherto - 556°%, Hence it would
feem, that Mr. murcuins had always fome part of the quick-
filver left unfrozen, or fome vacuity remaining, -either in the
{ftem or the ball of his inftruments ; and as no objection appears
againft thofe experiments of M. BRAUN’s, we muft conclude,
that quickfilver, in becoming folid, contraéts about a 23d of
its whole bulk. 'When the principal ebjet in view is to deter-
mine the quantity of this contraction, it will .be moft expe-
dient to perform the experiment in the leaft degree of cold
which will permit the quickfilver to be entirely frozen, that it
may not be fo likely to ftick faft in:the tube; but care muft be
taken to congeal the whole of the mercury in the ftem as well
as that in the bulb.

Among the numerous improvements in natural knowledge
which have been made within a thort period of ‘years, perhaps
none tends to illuftrate more phenomena of nature than the
late difcovery, that a confiderable ‘quantity of heat difappears
when bodies pafs into a ftate of fluidity or elaftic vapour, and
re-appears when they are converted back again to their original
condition, This remarkable effect of fuch changes, I believe,

* Nov. Comment, Petrop, tom, XI, p, 313,
i was
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was firft obféerved at Glafgow, about twenty years ago, by Dr.
sLack and Mr. 1rRwin,. who endeavoured to determine its
moft material. circumftances- by various experiments.  Since
that time Dr.. BLack” has- conftantly taught it in his chemical
le&ures ;. and confidering the heat which difappears as fill re-
maining in:the fluid or vapour, but deprived for the time of its
property of being: communicated” to.other bodies; and thereby
becoming fenfible, he calls it Jatent heat; a term fufficiently
expreflive.of ' his manner-of* conceiving the fact.

In: the year 1772, the celebrated Profeffor wiLcke inférted,
in.the Tranfaltions of the Royal Academy. of Sciences: at:
Stockholm *, a paper profefledly on the {ubje& of 2he-cold pro-
duced by fuow in melting, which being written in the Swedith
language is-1éfs known in:this country than it deferves. He
feems not at-all acquainted ‘with what Dr. BL Ack had done, but
fpeaks of it'as his own  difcovery, originating in an accidéntal
attempt 'to: melt away a quantity of fnow by the affufion of
hot water ;- when he found the procefs-go on fo flowdy, . and {o
little eﬁé&“p}'od-uced., that: he determined. to..inveftigate  the
caufe of fo unexpeted an event. After a {eries of experiments
with this view, he came to the following conclufion ;.that
fnow, in melting, conftantly abforbs a- certain and equal quan-
tity of heat, which is employed entirely in giving it fluidity. To
render - fuch a property: more intelligible, M: WILCKE pro--
pounds-a particular:theory of an-elaftic. fluid between the par-
ticles of bodies;:and:he proceeds to. various illuftrations and
dedu&ions, . all highly-ingenious.

T'wo. principal imethods- have been adopted: to prove this lofs
of heat ;. one,.by adding ice at'the freezing. point to a certain:
proportion of water at a known- degree:of' heat, .and obferving
how much the temperature of .the. mixture comes out.below

* Kongl. Vetenfkaps Acad,.Handlingar vol. XXXIII, p. 97.
that:
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that which fhould have refulted according to the common laws
of the diftribution of heat among bodies; the other, by ob-
ferving how much falter water near the freezing point acquires
fenfible hieat, than an equal quantity of ice melting under fimilar
circumftances. It 1s obvious, that both thefe methods tend
not only to prove the fac, but likewife to difcover the quantity
of heat fo abferbed; and that the latter alfo, if the operation
be reverfell, will thew the quantity of heat evolved, when a
fluid congeals or becomes folid. In this way Dr. sBLack efti-
mates the heat in queftion to be equal to 140 degrees upon Far-
RENHEIT’s {cale; Profeflor wirckr, by a great variety of ex-
periments with different proportions of {fnow and water, brought
it out pretty uniformly about 1303 and Mr. cAVENDIsH, as he
hath lately informed us, finds it amount to 150, and choofes to
call the proce(s a generation of heat or produion of cold *.
As the method put in practice by Mr. HuTcHINS to fettle the
freezing point of quickfilver depends entirely upon this gene-
ration, re-appearance or evolution of heat, by means of which
the congealing quickfilver is kept at the fame temperature as
long as any confiderable portion of it remains fluid, I thought
fome account of fuch an interefting dlfcovely would not here
be mifplaced. It now becomes an important object of atten-
tion, in examining the properties of bodies, to inveftigate the
quantity of heat produced or loft at their melting and vaporific
points.  So little, however, has hitherto been done in this
refpe@, even with thofe bodies that are changing from fluid to
folid every day before our eyes, that it isno wonder we are yet
unable to determine it in a {ubftance which has fo feldom been
{een in a folid ftate. But from the very quick congelation of
quickfilver when placed in a frigorific mixture, as thewn by its

% Mefl. Lavorsier and pE rLAck, from fome late experiments with their new
apparatus, fixit at 135.

rapid
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rapid defcent in the thermometer, and from its readinefs to
melt again upon an abatement of the cold, apparent in all the
experiments, and particularly noticed by M. BrAUN, there is
reafon to believe, that the quantity of heat employed in giving
it fluidity is not very confiderable. When water, which has
been cooled below + 32°, begins to freeze, a certain part of it,
proportioned to the degree of cooling, fhoots at once into ice;
that is, ice continues to be formed till fo much heat be evolved
as is requifite to bring the whole up again to 4 32°. Now I
am inclined to fufpect, that in feveral of Mr. HUTCHINS’S ex~
periments the firft jump of the quickfilver down from a little
below the point of mercurial congelation, depended on a fimi-
lar principle of the fudden freezing of fuch a proportion of the
mercury as correfponded to the number of degrees it had been
cooled below that point; hence, if the degree to which it bore
to be cooled before it began to congeal, and the contraétion it
fuffers in congealing, were both known, its quantity of latent
heat, to fpeak in Dr. Brack’s language, might readily be
found. From a rude and vague computation of this fort, I
am led to believe, it is not half that of water; and if {o,
quickfilver feems to differ much in this refpect from other me-
tals; for tin is faid, from Mr. 1IRWIN’s experiments, to re-
quire, in order to melt, a quantity of heat which, if fet loofe
and rendered fenfible, would raife the thermometer 500 degrecs.

Befides the inftruments contrived particularly to try the
freezing point of quickfilver, two f{pirit-thermometers alfo were
fent out to Hudfon’s Bay, principally with a view to {fome col-
lateral circumftances of the experiment. My intention in
recommending them was to difcover what degree of cold the
freezing mixture produced ; and to obtain a more exa&t com-
parifon of the relative contractions of mercury and alcohol, by

Vor., LXXIIL Aaa marking
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marking-their fimultancous defcents on a more extended feale,
or as long as both of them fhould continue to contraét regu-
larly. The {pecific gravity of the alcohol employed to make
thefe thermometers was found to be 0,8254,ina temperature of
58°% 5 and they were graduated on the principle of two fixed
points, one, the real freczing point of water fixed by aétual
“experiment 3 the other, the 122d degree above o, determined
by comparifon with a ftandard mercurial thermometer. ‘This
interval being divided into go parts, the degrees {o found were
“meafured downward as well as upward on the {cale, with a pro-
per allowance for inequality in the bore of the tube. A fubfequent
experiment fhewed that the freezing point had been rightly
marked upon thefe inftruments ; but that, in confequence of a
common fault in conflruting thermormeters, of not heating
the contents of the tube fo much as thofe of the ball, the
point of 122° was marked on both of them lower than it ought
by the {pace of two degrees; {othat 122°on the fcale indicated
only 120 degrees above o of real heat. Any detail of the ob-
fervations that were made to fettle the relative contra&tions of
quickfilver and {pirits by means of thefe inftruments would be
improper at prefent ; it is {ufficient to mention, that on one of
them the 2gth degree below o, and on the other the zoth, were
found to correfpond with — 40° of the fmall mercurial ther-
mometers, or more precifely with the point that would have
been — 39° upon an exa& ftandard inftrument.
 The other objeé for which the fpirit-thermometers were
propofed, is more immediately conneéted with the congelation
of mercury. All former experiments with frigorific mix~
tures had left us abfolutely in the dark with regard to the de-
gree of cold that was really produced. By thefe inftruments
it s now determined, that the greateft effe®t of a mixture of
{now
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fnow and {imoaking acid of nitre, even with the advantage of
fuch natural cold as congealed the quickfilver expofed to it, was-
only to diminith the heat to fuch a degree as would correfpond
with — 45° or = 46° of a ftandard mercurial thermometer; and
confequently that the cold obtained by rAHRENHEIT in the firft
experiments with {uch mixtures, which BoerHAAVE fates at
~ 40°%, cannot be exceeded but by a very few degrees. This refult
is the more {urprifing, on account of BRAUN’s pofitive affertions,
that his thermometer both of retified {pirits and eflential oils
‘defcended 150 or at leaft 100 degrees below o+. But, finge
that gentleman was ftrongly imprefled with an opinion of the
exceflive cold neceflary to freeze quickfilver, fo much as to
thew evident perplexity at finding his {pirit-thermometers fink
lefs than thofe of mercury, I fhould, from this circumftance
alone, be inclined to place moft confidence in the experiments
made at Hudfon’s Bay, in which no hypothefis was adopted,
and therefore no prejudice can be apprehended. Indeed Mr.
MUTCHINS’s obfervations with regard to the degree of cold ge-
nerated by his freezing mixtures, are fo regular, uniform, and
numerous, as hardly to leave a doubt that it does not exceed
~35° or —=36° of his {pirit-thermometers. And this is, of
itfelf, a very great additional proof, that the freezing point of
quickfilver cannot be much lower than Mr. HuTCcHINS deter-
mines it, fince the mixture was incapable of diminithing the
heat more than fix or feven degrees further. The advantages
arifing from a knowledge of the cold produced, were fo apparent
in thefe experiments at Hudfon’s Bay, with refpe& to many
circumitances, both in the congelation of the quickfilver itfelfy

®* poEruAAV, Element, Chemie, tom. I p. 164.
+ Nov. Comment. Petrop. tom. XI. ps 290. 316, g7, From 260° to 300°

of pE 1’ 15LE’ feale.
Aaaz and



354 Dr. 3LAGDENR's Hiflory of

and in the aftion of the frigorific mixtures, that I fhould
{uppofe {pirit-thermometers will always be employed in future,
whenever any thing of this kind 1s attempted.

§ 7. Itis not a little extraordinary, that fince the death of
Profeflor BRAUN, now near fifteen years ago, all attention to
the congelation of mercury thould in a manner be laid afide on
the {pot where it was originally difcovered. A dead filence on
the fubjeét feems to have prevailed at Peterfburgh till this pre-
fent winter ; when Dr. MAT. GUTHRIE, F. R. 5. Phyfician to the
Cadet Corps of Nobles, having heard the matter much can~
vafled during his late vifit here, refumed the confideration of it
on his return to that metropolis. The only intelligence I have
yet received of Dr. GUTHRIE’s experiments or conclufions,.1s con-
tained in one of his letters to Dr. GARTHSHORE of this Society,
who has obligingly favoured me with the following extract.

¢« Having found,” fays Dr. GuTHRIE, ¢ in my late journey
¢¢ to Britain, that it remained a matter of doubt, whether mes-
‘¢ cury in its pure ftate, unmixed with heterogencous matter,
¢ had ever been or was capable of being congealed ; I am glad
s to be able, from the refult of feveral experiments, to inform
“ you, that the pureft mercury known to the chemifts is capa-
¢ ble of congelation, and in that ftate will bear the hammer.

¢¢ T have done fomething alfo toward determining the point of
¢ jts congelation, by determining what it is not, wsz. 150° of
“ REAUMUR’s thermometer.

“ A fine thermometer, made by NAIRNE, graduated 150°
“ of REAUMUR, that 1s, 337° of FAHRENHEIT below the
¢ freezing point” [or - 305°] “ funk entirely into the bulb,
“ while the mercury in which it was plunged remained per-
s fectly liquid, nay had not as yet grown thick and gritty, a

| ¢ phenomenon
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¢« phenomenon. that always precedes congelation, as 1 have
¢ found in my experiments; nor had there as yet been formed
¢ in the infide of the tube containing the mercury to be frozen
(and the thermometer to determine the point of congelation
with which I flirred it) an incruftation of the metal, another
indication of approaching congelation, which ever begins on
the fide of the tube, and gradually increafes till it has
reached the center, and a folid cylinder is produced.

« From this you may form a judgement of the impurity of
the mercury which fome pretend to have {een congealed with
natural cold ; for here 150° of REAUMUR was not found a {uf-
ficient degree of cold to freeze it, and furely no {uch abfence
of heat, or any thing near it, has ever been, or ever could
““ be, obferved on the face of the habitable globe.
¢ I fhall only add, that my experiments were conducted on
¢ the plan of my learned friend Dr. BLAck, and {piritus nitri
¢¢ fumans Glauberi with fnow, were employed to produce an
artificial cold, while the thermometer of REAUMUR flood at
20° below o in the open air” [that is, —13° of FAHREN-
HEIT’s {cale.] ﬂ
Though the confequences here deduced by Dr. gurHRIE
from his experiment are undoubtedly erroneous,. as appears from
a fufficient number of other fats, yet it is not at all {urprizing,
that they thould have feemed to him juft; for the error arifes from:
a circumiftance, which could not be forefeen with certainty, and:
occurred in feveral of Mr. HUTCHINS’s experiments as well as.
in Dr. sursarIe’s. To underftand this, it muft be confidered,.
that when we attempt to afcertain the freezing point of water,.
by keeping a thermometer immerfed in it while it is changing:
into ice, the inftrument employed for this purpofe is not made
of water, but of a different fluid, not fubje& to be peculiarly
affected:
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affeted by that particular degree of cold. In order, therefore,
to render the experiment with quickfilver perfectly analogous,
it would be neceffary not to make ufe of a mercurial thermos
meter ; but to fubftitute fuch a one as is capable of fuftaining
a greater intenfity of cold. For otherwife, if it fhould hap-
pen, from any circumftance, that the quickfilver in the ther-
mometer fhould begin to freeze before that in which 1t is
plunged, the whole experiment muft evidently be fruitlefs, as
the former would fink, perhaps, many hundreds of degrees in
the inftrument, by its own contra&ion in becoming folid,
while the furrounding mercury fhll retained its fluidity. Now
this was precifely the cafe in Dr. GUTHRIE’s experiment ; the
thermometer, with which he flirred his quickfilver, congealed,
it would feem from the great defcent, almoft entirely, though
he could not percetve in the quickfilver {o agitated the leaft ap-
pearance of change toa folid ftate. 'Thus, likewife, in feveral
of the experiments at Hudfon’s Bay, the mercury in the en-
clofed thermometer was found to freeze before that in the cy-
linder. Hence it 1s manifeft, that the continuance of fluidity
in a quantity of quickfilver does not fecure a thermometer of
that metal immerfed in it from freezing.

The caufe of this phenomenon is extremely uncertain, Pof-
{ibly the point of congelation may not be exaltly the fame in
all quickfilver under all circumftances. Foreign admixtures
may occafion a difference in this refpect ; and it does not follow,
that the effe@ of fuch, in certain proportions, muft neceflarily
be to make the mercury congeal fooner, fince, inthe cafe of the
fufible metal, the melting point of tin is brought lower by the
addition of two metallic {ubftances, both of which feparately
require a ftronger heat than it for their fufion.

But as quickfilver bears to be cooled fome degrees below its
freezing point, before it begins to form folid cryftals, the phe-
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nomenon' in queftion may depend upon that circumflance: for
if, from whatever caufe, the mercury in the thermometer
thould begin to congeal as {oon as it was cooled down to — 59
or — 40°, whillt that which furrounded it would fuftain a cold
of —43° or — 44° without becoming folid ; it is evident, that
the whole of the former might be congealed, and yet no part
of the latter, though the recal freezing point of both were the
fame, that is, though the furrounding quickfilver as foon as it
came to fhoot its cryftals would rife immediately to — 39°, the
point at which that in the thermometer froze.

As this is undoubtedly the moft obfcure part of our know-
ledge relative to the congelation of quickfilver, I endeavoured
to illuftrate it by fome experiments on the freezing of water.
The pureft water I could obtain bore to be cooled to 4 21°, no
Iefs than eleven degrees below the temperature to which it in-
flantly rofe as foon as the cryftals of ice thot through it. ‘This
was diftilled water very recently boiled; it is a miftake, there-
fore, that boiling neceffarily renders water not fo capable of
being cooled below the freezing point. In proportion as the
water was lefs pure, it feemed to congeal the fooner ; and the
kind of impurity which had the moft effe¢t appeared rather
to be extraneous matter diffufed through the water, fo as to
trouble its tranfparency, than fuch as was chemically diffolved.
init*, The fmalleft particle of ice, alfo, whenever the water
was below the freezing point, either added from without, or
by any means formed in it, would inftantly caufe a cryftalliza-
tion, by which the whole came immediately up to + 32°.
Likewife a crack in the bottom of the containing glafs veflel

# T take this to be the reafon that boiling has been: thought to render water in=
capable of being cooled below the freezing point. In moft kinds of water, the:
application of heat occafions the precipitation of earthy fubftances which were

before held in folution ; hence the water comes to be in the ftate of having extras
neous matter diffufed through it, and therefore readily congeals,
effeCtually
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effeCtually prevented the water from being cooled below the
freezing point, as ice conftantly formed on the bottom, per-
haps in ‘confequence of the early generation of fome minute
portions of it in the crack. But independently of thefe cir-
camftances, neither flirring, agitation, a current of frefh air
on the furface, nor the contat of any extraneous body not
colder, would caufe the water to thoot into ice, even after it
was cooled many degrees below the freezing point, notwith-
ftanding the repeated aflertions of authors to the contrary.

How far thefe fats may be applicable to the above men-
tioned inftances, where the thermometer froze before the
quickfilver in which it was immerfed, can fcarcely be deter-
mined unlefs more particulars were known. They thew, how-
ever, that the congelation would not neceflarily be brought on
by ftirring the quickfilver, as practifed by Dr. curnris; and
point the way to various conjetures upon this difficult pheno-
menon, the difcuffion of which muft be referved for a future
opportunity.

This fource of error in the method for fettling the point of
mercurial congelation, may eafily be obviated by a {mall change
in the apparatus. Nothing further is neceffary than to employ
thermometers made of alcohol, eflential oils, or fuch other
fluids as will bear the requifite cold without freezing. Pro-
bably the former of thefe will be found moft convenient:
and. although the contrattion of other fluids does not exactly
keep pace with that of quickfilver, yet as the relative propor-
tions can be readily determined, experiments with them may at
all times be reduced to the mercurial ftandard, being not only
the moft familiar, but likewife that which feems to correfpond
beft with equal increments and decrements of heat.

There 1s one way alfo in which mercurial thermometers may
be employed to afcertain the freezing point of quickfilver; I mean

by
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by plunging them into fome of that metal which has been
frozen and is now melting., T'his was put in practice very fuce
cefsfully by Mr. murcuins in his ninth and tenth experi-
ments. It anfwers to the method of determining the common
point of congelation upon a thermometer by melting ice, well
known to be more fteady and certain in its temperature thar
freezing water. If, however, the point of mercurial congela-
tion be not exa@ly the fame in different portions of the metal,
it is evident, that no reliance could be placed on {uch an experi-
ment ; and it can {carcely be executed but with the greatefl
advantage of natural cold.

As Dr. curnHrIE was miftaken in {fuppofing he had proved
that quickfilver did not congeal till it was cooled under — 305°,
his fuggeftion of impurity in the mercury employed by others
1s clearly without foundation. The inftances to which he re-
fers, when that metal froze by the natural cold of the air, are
rendered certain and unexceptionable, from a great variety of
concomitant circumftances, confirmed by the moft credible
teftimony, as fhall prefently be thewn ¥,

§ 8. This account of mercurial congetation by artificial
means would remain incomplete, were I not to mention that
at Hampftead, on the 26th of February laft, the temperature
of the air being then above + 20°, Mr. CAVENDISH, \by an in-
genious artifice of diluting the nitrous acid to a proper degree,

* Gince this was written, Dr. cuturiE has fent a more perfe& account of his
experiments, They agree in the main with Mr. nureniws’s, and the difficultics
which occurred to him may be folved on the fame principles. It feems not impro-
bable, that the thermometer with which the Do&or ftirred his quickfilver had," by
fome accident, in the courfe of a long experiment, come into conta& with the
frigorific mixture, and fo been fet freezing.

Vor. LXXIIIL Bbb funk
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{unk the quickfilver in his thermometer to 110°, and confe-
quently froze it in part. He then interrupted the experiment
to try the cold of his frigorific mixture by a {pirit thermometer,
and tound it nearly as great as Mr. wvwcuIins had ever pro-
duced at Hudfon’s Bay, that is, about equal to —45° of @
ftandard mercurial thermometer.

P AR T II.

N O other experiments have been inftituted, as far as hath
come to my knowledge, for the purpofe of rendering quick-
filver {olid by frigorific mixtures ; therefore I now proceed to a
new feries of fadts, which ferve partly to confirm the former,
and partly to thew their application. Though the congelation
of mercury, abftratedly confidered, muft be allowed to form:
a very curious and important epocha in the hiftory of that me-
tal, yet it is as having a reference to thermometers, by teach-
ing us what dependence can be placed upon thofe inftruments,
fixing our ideas with regard to the different diminutions of heat,
and enabling .us to form a jufter eftimate of climates, that it
chiefly becomes interefting to the human race. The fub'fequent
part of this narrative will demonftrate, that quickfilver has
very frequently become folid by natural cold ; that in a few in-
{tauces the effe¢t was fo palpable and obvious as te firike with
itcmediate conviction ; but that wn moft it has never been
even fufpeCted till the prefent time, the ftrange appear-
ances which eften occurred being imputed by the obfervers to

3 any
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any other rather than the real caufe, though they arc now
found to carry with thetn a force of internal evidence which
eftablifhes the truth beyendall doubt.

In enumerating thefe facz, T fhall continue to purfue a chro-
nological order. They are in general of fuch a kind as could
fecarcely become an object of attention, till thermometers had
acquired fome degree of accuracy. Thig did not happen till
near the year 1730, and the firft obfervations which prove the
freezing of quickfilver were made within four or five years of
that period: fo intimately are improvements i phi Iofophy
connefted with the perfeCtion of inftruments ! k

§ 1. When the Emprefs anna 1wanNovNa had afcended the
throne of Ruffia, the refolved to carry into execution one of
the favourite ideas of her illuftrious uncle, peTER the Great,
by fending out proper perfons to explore and defcribe the dif-
ferent parts of her vaft dominions, and enquire into the com-

“munication between Afiaand America. Three profefiors of the
Imperial Academy were chofen for this expedition ; Dr, JorN
GEORGE GMELIN, in the department of Natural Hiftory and
Chemiftry ; M. GERARD FREDERIC MULLER, as general Hifto-
riographer ; and M. Louls DE L’ISLE DE LA CROYERE, for the
department of Aftronomy; draught{men and other proper
affiftants were appointed to attend them. Inthe fummer of the
year 1733 they departed from Peter{burg ; and though a prin-
cipal obje& of their commiffion was unavoidably neglected,
from the difficulty of tranfporting the neceflary fupplies of
provifions to Kamchatka, yet it was the tenth year of their
travels before the furvivors returned to Europe.

The thermometrical obfervations made in the courfe of this

memorable {urvey of the Ruffian empire were communicated
Bbba to
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to the world by Profeflor smerin.  His firft account of them
appeared in the preface to his Flora Sibirica®, where a few of
the moft remarkable are adduced as proofs. of the exceffive r1-
gour of the Siberian climate; but they were afterwards given
at full length, with a mere fatisfactory detail of circumftances,
in M. aMELIN’s journal of his travels 4, publithed by himfelf
fome years after his return.  An abftract of them was alfo -
ferted in the Peterfburg Commentaries for the years 1756 1 and
1765 §, taken, after the profeflor’s death, from his original
difpatches, in pofleflion of the Imperial Academy. All the
accounts agree together tolerably well ;5 but as the journal 1s.
more immediately from the author, in his native language the
German, and commonly contains moft particulars, I thought
it right to adhere principally to that work in the following nar-
vation of the facts||.

It was at Yenifeitk, lat. 58°4 N. and long. 92° E. of Green-
wich, that M. emeLIN firft obferved fuch a defcent of his ther-
mometer as, we now know, indicated the mercury to have
been frozen.  This happened in the winter of 1734 and 1735.
¢ Here,” fays the profeflor ], ¢ we firft experienced the truth
¢ of what various travellers have related, with refpe to the
¢ extreme cold of Siberia; for, about the middle of December,
“ {uch fevere weather fet in, as, we are certain, had never been
% known i our time at Peterfburg. The air feemed as if
st it were frozen, with the appearance of a fog,' which did not

* P, Ixxi—Ixxiii,
+ Reife durch Sibirien,
I Nove Comment. Petrop, tom, V1. p. 425,
§ ibid. tom. X1, p. 320.
Il See alfo Mem. de ’Acad, des Sciences, 1749, p. 7.
§ Beife, Theil 1 p. 255,
% fuffer
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« {uffer the {moke to afcend as it iflued from the chimnies.
¢ Birds fell down out of the air as if dead, and froze imme-
¢ diately, unlefs they were brought into a warm room.
¢« Whenever the door was opened, a fog fuddenly formed round it.
“ During the day, thort asit was, parhelia and haloes round the
“ fun were frequently feen, and in the night meck moons and
“¢ haloes about the moon. Finally, our thermometer, not {ub-
¢ jelt to the fame deception as the fenfes, left us no doubt of
“ the exceflive cold ; for the quickfilver in it was reduced” [on
the sth of Jan. O. 8.] ¢ to — 120% of FAHRENHEIT’s {cale,
¢ Jower than it had ever hitherto been obferved in nature.”
Thus far Profeflor emeLin. Little did he conceive that,
though his thermometer was not fubject to the fame deception
as the fenfes, it lay expofed to another fource of error which
defeated all his conclufions : for as foon as the cold became fuf-
ficiently great to produce any congelation of the quickfilver, it
ceafed to be a meafure of the temperature ; inftead, therefore,
of 120° below o, the cold moft probably did not exceed the
point of mercurial congelation, or - 39°, but by avery few de-
grees, the great defcent of the quickfilver, as it depended upon
its contraltion in the aét of freezing, only affording a proof
that it had really fuffered this change. ,
~ We muft here obferve, that Dr. eMELIN’s thermometers
- were conftructed by M. josePH NICHOLAS DE L'ISLE, brother
“to the gentleman who went upon this expedition, on the prin-
ciple invented by himfelf, and which ftill bears his name. At
prefent fuch thermometers are always made by determining
two fixed points, of which the uppermoft, or that of boiling
water, 15 afflumed as o, and the lowermoft, or the point of
melting ice, as 150°, the fcale being counted downward; but
in their original conftrution, when the utility of fixed points:
was.
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was lefs underftood, M. pr L'tsLe took the degrees of his fcale
from decrements in the bulk of the quickfilver equal to ten thous
{andth parts of its whole volume at the heat of boiling water,
Ry this method the freezing point feems to have fallen about
the 1 52d degree™; and accordingly Profeflor emrernin, whens
ever he has occaflion to expref(s his ebfervations in the numbers
of vaurEvuerr's {eale, reduces them on that fuppofition. It
1s not ealy to difcover the exadt time when the prefent method
of reckoning M. pE £’1sLE’s degrees cammenced ; but {o carly
as in M. BRAUN"s experiments it is expreflly fated, that the
freezing point of his thermometer was only 150°4. There
can be no doubt, however, both from theory and from weir-
srECHT’s | and emELIN’S obfervations, that in the thermome-
ters ufed during this Siberian journey, the degree at which
water congealed was nearly as low as 152°3 it is according to
this proportion, thercfore, that I fkall compute all Dr, gmE-
LIN’s obfervations, adhering to the common rule for fuch as
have been made {ubfequent to his time with DE v’1siE’s ther-
mometer.

The next inftance of mercurial congelation to be found in
oMELIN’s journal exhibits a very ftriking example of the force
of prejudice. It happened at Yakutik, lat. 62° N. and long,
130° E. in the winter of 1736 and 1737, and is thus related
by the profeflor §. ¢ This winter was unufually mild here,
«¢ neverthelefs we endured at times very {fevere cold, being froft-
4¢ bitten in a fledge within the {pace of fix minutes, notwith-
4 ftanding all our precautions. One day, alfo, a certain per-

* emerin’s Reife. Theil, 111 p. 143.
4+ Nov. Comment. Petrop. tom, XL, p. 299,
4 Ibid, tom, X, p. 303.

& Reife, Thed. II. p. 458,
¢ {on,
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fon, who has fome reputation in the learned world on ac-
count of his ebfervations in natural philefophy, mformed
me by a note, that the quickfilver iw his barometer was fro-
zen. Thaftened immediately to his heufe, to fee this hitherto:
incredible wonder of nature. Not feeling by the way the
{ame effe@s of cold as I had experienced at other times in
lefs diftances, Ibegan, before my arrival, to entertain fufpi-
cions about the congelation of his quickfilver. In fa&, T
faw that it did not continue in one column, but was divided
in different places as into little cylinders which appeared
frozen, and in fome of thefe divifions between the quick-
filver I perceived an appearance like frozen moifture. It im-
mediately occurred to me, that the mercury might have been
cleaned with vinegar and falt, and not fufficiently dried. The
perfon acknowledged it had been purified in that manner.
This fame quickfilver, taken out of the barometer and well-
dried, would not freeze again, though expofed to a much
greater degree of cold, as thewn by the thermometer. We
were affured by the inhabitants, that the fevereft cold of this:
winter did not approach what they had fuffered other years;,
and yet the thermometer fell feveral times to 42° below o of
rAHRENHEIT's {cale, which would be thought, in Germany
at leaft, a very intenfe froft.”

The gentleman to whofe obfervation Dr. MELIN here thews

fo little refpedt, feems to have been no other than one of his affo-
ciates in the commiffion, M. DR L’ISLE DE LA CRO¥ERE ¥, pro~
bably the firft perfon upon earth whe faw quickfilver reduced

to

a folid form by cold, and ventured to credit the teftimony off

his fenfes.  As to the objeétion, that the fame mercury did not
freeze with a greater degree of cold, it is of no avail; for M.

# See Browynsrt’s Letter, Phil, Tranfact, vol, LI, p. 6734
GMELIMN
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cmeLIN had not any other means of eftimating this but by the
defeent of his thermometer, which could be depended upon no
farther than to the point of mercurial congelation.  Nay, it is
not improbable, that the more violent the cold, the lefs would
the quickfilver appear to fink below that point, from the quicker
freezing and adhefion of the {mall thread of mercury in the
thermometrical tube. Befides, a part of the quickfilver ex-
pofed to the air might eafily be frozen, and yet no appearance
of fuch a change be perceived, if the mafs did not any where
{eparate or divide. And the fac, that it attually did freeze
{everal times during the winter i1s put beyond all doubt, by the
(inking of the thermometer {o many degrees below the term at
which that effe begins to take place. The abfurd idea, that
quickfilver appears to congeal in confequence of water it con-
tains, was derived, I believe, originally from a whim of ray-
MoND LuLLY’s. It has been the ufual refuge of thofe gentle-
men who thought proper to deny that mercury could be made
folid by cold; but is too deftitute of {upport to merit confu-
tation.

Profeflor BRAUN mentions, on two different occafions *, that
the Peterfburg Academy have in their poflefliion fome obferva-
tions made in Siberia, which feem to thew the congelation of
mercury by natural cold; but that little credit was given to
them, becaufe it had at other times been found to retain its
fluidity when the cold was much more intenfe. Probably the
obfervations here meant are M. DE L’ISLE DE LA CROYERE’s
for that gentleman certainly tran{mitted papers to the Academy,
according to which the mercury became folid as foon as it fell
about 200° below o of his brother’s thermometer 4, cor-

# Nov, Comment. Petrop. tom. VIII. p. 363, and tom, XL p. 26¢.

+ Phil, Tranfad, vol, LI. p. 673,
refponding
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refponding with — 25° of FAHRENREIT's fcale. This eftima-
tion, though now found to be many degrees lefs than the truth,
yet approaches it {o near as to imprefs a very favourable ide
both of M. pe L'1sLE's talent for obfervation, and of his fupe-
riority to vulgar prejudices. It is to this fame gentleman that
we arc indebted for an account of the aftonifhing féverity of
the climate in the north-eafternmoft extremities of Afia. Ya-
kutk itfelf, lying further in that diretion than any other place
where M. GMELIN refided, evidently partakes of the fame rigo-
rous cold, if a winter in which quickfilver froze feveral times
was efteemed unufually mild by the inhabitants.

Another fet of obfervations, in the courfe of which the
mercury frequently congealed, were made by Profeflor smer 1N
at Kirenga Fort, lat. 573 N. long. 108 E. in the winter of
1737 and 1738. His thermometer on different days ftood at
-108° -86° -109°% —113°% and feveral intermediate de-
grees. Some extraordinary appearances, which very much per-
plexed him in thefe obfervations, not only admit of a ready
folution from Mr. HUTCHINS's determination of the freezing-
point of quickfilver, but alfo confirm it with wonderful pre-
ciflon.

On the 27th of November (O. S.) after the thermometer
had been ftanding two days at —46°, the profeflor found it
funkat noon to 108°.  He adds * : ¢ I had {carcely noted down
¢ this obfervation, when fufpe&ting fome miftake, I ran back
¢ and examined it again. I faw the quickfilver now at 102°,
¢ and it continued rifing fo faft, that in the fpace of half an
¢t hour it had reached to — 19°.” Theexplanation of this pha-
nomenon, which appeared fo odd to M. 6MELIN, 1s very evi-
dent. When the intenfe cold fet in, the quickfilver froze in

* Reife, Theil. IL. p, 619.
Vor. LXXIII. Ccc his
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his thermometer, and ftuck in the tube at —46°, that 1s, @
few degrees below the true point of mercurial congelation. But
the weathen becoming milder two- days afterwards, the fmall
thread of quicktilver n the tube foon melted, and confequently.
fubfided. Poflibly it came much lower than Dr. eMerix hap-
pened to obferve it at-noon 3 for then the great body of quick-
filver was undoubtedly in motion, afcending rapidly as it ex-
panded by melting, till it came up to the degree that: cors
relponded with the temperature of the air. Therefore, inftead
of a change in that temperature from - 46° to — 108° in a few
hours, and from ~ 108 up to. —1¢° in half an hour, which
would have been really aftonithing, this obfervation only thews
that the cold, after-having continued two-days-as: much below
~ 39° as was fufficient to freeze mercury, at length abated 20
or 30 degrees, perhaps very gradually ;- no greater alteration
than frequently takes place in- meft-extra-tropical climates.

A fimilar:inftance oceurred -at Kirenga Fort-a-few days afters
wards *,_ explicable in the fame manner.

Again, on the 2gth of  December (O: 5.) Dr. emzr1N found
his thermometer; which had been ftanding at —40° early
the morning, {funk down to —100° at four in the afternoon.
He fubjoins the following remark 4. ¢“I obferved fome air
* in the thermometer, feparating the quickfilver for the fpace
* of about {ix degrees. Yefterday eveming I toek. notice of a
* fimilar appearance, except that-the air was.not then colleted
“ into one place, but lay fcattered in feveral. I confidered it-
¢ as an accidental fault in the inftrument; and’attempted to
“ expel it by means of a fteel wire, but could not bear the
s¢ cold. In the barometer, alfo; fome very {mall.air-bubbles.

¥ Reife, Theil. 1L p. 623,

+. Ibid. p. 6314
s “ryrere.
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“¢were perceived. Next morningonly a very few minute air-
<¢ bubbles remained in the quickfilver of the thermometer,
“ which had then rifen to ~ 44°, and not the leaft lvcftigc of
<¢ them was to be feen in the barometer.”

It cannot be doubted, but thefe appearances proceeded from a
congelation of the mercury. in Profeflor 6MELIN’s inftruments.
His thermometer thewed by 1ts defcent that the cold was {uffi-
cient for this effet; and the difappearance of thofe fuppofed
air-bubbles as the froft abated, demonftrates that they were no-
thing more than interftices formed by minute portions of con-
gealed metal refting irregularly upon one another, and which,
therefore, were gradually obliterated as the folid bits melting
dewn united into one mafs. Now this obfervation is of confe-
quence, not only as proving that the quickfilver congealed, but
likewife as pointing out, with great exaltmefs, the degree of
cold neceflary for its congelation. For fince, when only a few
very minute bubbles were left, the mercury reached up to — 44°
in the thermometer, its freezing point could not be below that
degree, becaufe fome of it continued ftill folid, but muft be a
little higher, juft fo much as would anfwer to the expanfion
produced by the melting of that very fmall proportion of metal
which remained frozen.

From Dr. GMELIN’s attempt to extricate the fuppofed air by
means of a wire, it would feem, that the tubes of his ther-
mometers were open attop. 'This idea is in fome meafure .con-
firmed by a paflage in the preface to his Flera Sibirica*, where
he mentions, ‘that upen arriving at, er quitting a place, he
afed to try whether his thermometer would rife to o in boiling
water, and, if there appeared any deficiency, correGted it by the
addition of freth quickfilver ; which he wmould fcarcely have

#* P, Ixxiv,
Ccca dene,
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done, had the tubebeen fealed, on account of the great rifk of

{poiling the inftrument in breaking it open fo often. Perhaps
the above-mentioned appearance of air bubbles, from the di-
vided ftatc of the frozen quickfilver, may have depended in part
upon this expofure to the atmofphere, as well as upon the large
fize of M. DE L’1sLE’s original thermometers. Under thefe
circumftances we cannot fuppofe that the inftruments were very
exact.

Dr. GMELIN on feveral other occafions obferved, that the
quickfilver in his thermometer looked as if air was interfperfed
in it. Whenever this happened, it always fubfided many de-
grees below what we now underftand to be the point of mer-
curial congelation ¥, The profeflor, totally at alofs to explain
fuch a phenomenon, imputes it’ fometimes to a fundamental
fault in his inftrument, but which he could never difcover, and
at other times to an imaginary effe of the intenfe cold, in
expelling or extricating air from the pores of the quickfilver, to
be abforbed as the cold abated.  On the gth of January, 1438,
O. S. the mercury funk at once to — 114°, after having been
{tationary two whole days at - 25° 4.

The laft obfervations of M. GMELIN’s, in which quickfilver
froze, were made upon his return homeward in a part of Si-
beria, much nearer the confines of Europe. During the month
of December, 1742, as he was paffing over that branch of the
Ural or Riphzan mountaind which runs between Verchoturie
and Solikamik, about the 59th degree of N. lat. and fcarcely
6o degrees E, of Greenwich, his thermometer funk to — 41°,
-70°% and at length into the bulb, though it was graduated

* Reife. Theil. II. p. 634.

+ Ibid,
to
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to g6° below o *,  The fame appearance of air bubbles which
he had fo frequently remarked in fuch great defcents of the
thermometer, puts it beyond doubt that the quickfilver was
frozen. ‘This event furnithed a very ftriking proof of the force
of habit in reconciling men to hardthips, which in their com-
mon courfe of life are thought intolerable.  Profeflor cMELIN,
who had now been nine years in Siberia, not only bore to travel
in this exceflive cold, but alfo, in order to afcertain the height
of the mountains he traverfed, employed himfelf in obferving
a barometer, whilft the quickfilver was freezing in his inftru-
ments.

Thefe are the principal of Dr. MELIN’s thermometrical ob-
fervations. He colle&ted many more, part of which were de-
ftroyed by fire or other accidents, and the remainder feem to
contain no further information. They were confidered by him
as demonftrating the cold of Siberia to exceed that even of the
moft northern parts of Europe near 1oo degrees, an opinion
which has fince been almoft univerfally adopted ; whereas we
have, in falt, no proof that the difference of climate amounts
to fo much as the variation between one winter and another.
At Yenifeitk, wherethecold was fo intenfe in 1735, it does not
feem to have ever been {ufficient to freeze a thermometer in the
winter that M. eMEeLIN {pent there four years afterwards; and
it will foon be thewn that quickfilver has congealed more than
once in Europe. All that we are authorifed to conclude, there-
fore, with refpe& to the Siberian climate, is, that the cold
there not unfrequently exceeds the degree indicated by — 39° of
a ftandard mercurial thermometer..

* Reife, Theil. TV, p. 512~ 515,
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'§ 2. This was the period of fcientifical -enterprife. Soon
after the intelligent Academicians of Peterfburg had pevetrated
iato Siberia by 01dcx of the Rufllan Monarch, another potent
Sovereign fent out thofe philofophical expeditions, by which
the opinion of our illuftrious countryman, refpeting the figure
of the carth, was {o honourably confirmed. As it became ne-
ceflfary, for the determination of this queftion, to meafure a
degree at the arctic circle, the gentlemen who undertook it
were unavoidably expofed to a great feverity of cold. About
the time when the quickfilver was exhibited frozen to Profeflor
GMELIN, near the extremity of Afia, without overcoming his
prepofleflion, M. mAvPERTUIS and his affociates faw the liquor
‘congeal in their {pirit-thermometer at Torned in Lapland *.
"Uheir-mercurial thermometer funk at the fame time to — 37° of
M. pr rEAUMUR's fcale; which, if the inftrument was exaltly
graduated according to that philofopher’s: original idea, would
undoubtedly thew that the quickfilver froze, as it correfponds
with 51° of FARRENHEIT. But the inaccuracies in conftructing
M. pE rReEAUMUR’s thermometers have been fo great, that I
think no dependence can be placed upon this obfervation, efpe-
cially as it does not appear to have been attended with any ex-
traordinary phenomenon. |

The fame objection holds good with regard to the obferva-
tions made by M. cavriEr at Quebec, from the year 1743 to
1749, anextralt from which is inferted in the Memoirs of the
French Academy of Sciencest. The account given of his
thermometer is too indefinite to allow any certain inference to

* QOvuruier Voyage au Nord, p. 145,

4 Mem. de PAc. des Scienc. 1744, po 135 5 1745, P+ 194.5 1746, p. 88,3

1747, p» 46045 1750, p. 399. b
be
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be drawn 3 but as the quickfilver feveral times contradted fo
much as to leave a vifible vacuity in the top of the bulb, and
the fcale feems to have reached near to its point of congelation,
Tam rather of opinion that it actually froze. If fo, Quebec,
fituated 1in lat. 47°, is the moft fouthern place.in which fuch a
great degree of natural cold has hitherto been obferved.

§ 5.. We come now. to an inftance of what, however often
it may. have happened, has hitherto never been {ufpected, the
congelation of quickiilverin Europe by natural cold. The ob-
fervations which prove this fa& are recorded in the Tranfa&ions.
of the Royal Academy of Sciences at Stockholm, whence L.
have extratted the following account, from the original
Swedith.

In. January,. 1760,. the weather was remarkably cold in Lap--
“land.  Onthe fifth of that month different thermometers funk.
to —76° —128° or lower*. Again, on the 23d and fol-
lowing days, they fell to ~ 58°, = 79°, —92°, and below - 238°
into the ball . This great defcent of the mercusy was ob-
{erved in four places,.Tomeﬁ, Sombio, Tukasierf, and Utsioki,
all fituated between the 65th and 7oth degrees of N. lat. and”
the 21{t and 28th of eaftern longitude, by M. ANDREW HEL-
LANT, ceconomical Infpettor of Iapland, whofe remarks on.
the phwnomenon afford of themfelves {ufficient evidence, that
the quickhlver was frozen. ¢ During the cold weather at Som-
“ bio,” fays hef, ¢ as it was clear fun-fhing, though fcarcely.
« the whole body of thefun appeared above the low woods that.
¢ terminated our horizon, I took a thermometer which was..

¥ Xongl. Vetenfk. Acad. Handlingar, vol. XX, p. 314.
4 1bid. vol, XX1..p. 312.
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¢ hanging before in the fhade, and expofed it to the rifing fun
¢ about eleven in the forenoon, to fee whether, when that lu-
minary was {o low, it would produce any effe@ upon the
“ inftrument.  But to my great {urprife, upon looking at it
¢ about noon, I found that the mercury had entirely {ubfided
< 1nto the ball, though it was ftanding as high as - 61° at ele-
“ yven o'clock, and the {cale reached down to 238° below o, 1
*¢ could not perceive or think, that the air had changed fo {ud-
denly to {uch an extraordinary degreec of cold. 1 therefore
brought my thermometer, the only one 1 had left, within
s doors, and held it before the fire, when it quickly afcended
to the ufual height in a warm room. Upon being carried
¢ out again into the open air, and placed in the fhade, it {unk,
as in the forenoon, to - 61°  Afterwards 1 expofed it once
more to the fun-fhine ; but the fun having already begun to
difappear behind the horizon, the quickfilver did not fubfide
¢¢ into the bulb as before. I then returned with the inftrument
into the room, and held it in my hands before the fire, upon
which the quickfilver fell back into the ball, where it left a
¢ yacuum or hollow bubble about the fize of a pepper-corn.
When I inclined the thermometer, this bubble ran round the
ball; and after a fow minutes the quickfilver rofe again to
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«¢ 1 repeated thefe experiments feveral times at Nebuloslock™ [a
{ettlement about ten miles diftant from Sombio] ¢ the {ame af-
« ternoon and the following day, by carrying the thermometer
¢t out of the cold fometimes to the fire, and fometimes into a
¢« warm hut; when the fame thing happened, that the quick-
s filver always fubfided into the ball. ~ After my return to Tor-
s neg in April, T attempted to perform them again; but when

¢ the cold was only a few degrees below the freezing point of
2 ¢ water,
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* water, I could never make the mercury fink, cither by hold-

*¢ ing 1t before the fire, or carrying it into a warm room, though

¢¢ the experiments always fucceeded when the thermometer
¢¢ previoufly ftood at - 58° or lower.

¢ People who were well cloathed, and in brifk motion, or

¢ drniving with rein-deer, could bear this cold an hour or two ;
€

~

but fuch as travelled with horfes in a fledge foon found it ne-
¢ ceflary to have receurfe to the farm-~houfes to warm them-
¢ felves. On going out from a hot room, fome of the firft
¢ infpirations were rather heavy and difficule; but the breath-
¢ ing foon became eafier. It felt dreadfully cold; but fhill §
¢« could not perceive, from the fenfation alone, that the wea-
¢¢ ther was {o extraordinarily fevere as it appeared to be by the
¢ mftruments. Having fpent an hour at the houfe of one of
¢ my friends, in the afternoon of the 25th of January, and
¢ finding on my return that a thermometer, graduated to
¢ —8° had funk mto the ball, I could not at firft believe it
¢t had happened from the cold, but thought the inftrument
muft be broken, till other thermometers that were hanging
¢ near it convinced me of the truth.”

Several reflexions prefent themielves on the perufal of thefe
obfervations. The phznomena fairly thew, that there was a
{ufficient degree of cold to congeal the quickfilver in Mr, HEL~
LANT’s thermometers, which fometimes funk regularly into
the bulb, but commonly ftuck faft in the tube till it was heated

&

by the fun, the fire, or a warm room, and thus made to {ub-
fide. The continuance of this cold was very remarkable; it
lafted no lefs than three days, with fufficient tenfity to frecze
mercury ; a circumftance almoft unparalleled any where, and
the more extraordinary, becaufe M. szrranT, during twenty-
three years that he had made obfervations in Lapland, never

Vor. LXXIIL Ddd Lcfore
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before faw the thermometer fo low as to indicate a conge=
lation of the mercury. But 1t was not 1 Lapland alone
that the feafon was uncommonly fevere. At this fame time
the froft was nearly, if not quite, intenfe enough at Peterfburg
to freeze quickfilver, as appears from the remarks of M. BrAUN,
who was then engaged in his experiments. And it is a curious
coincidence of events, that on the very day when the congela-
tion of mercury by artificial means was firft clearly eftablithed
in Ruffia, nature fhould be performing the fame operation be-
fore the eyes of an attentive and philofophical obferver in a
neighbouring kingdom, who yet had not {ufficient fagacity to
divine her fecret.

Two circumftances, however, ftruck M., neLrant, which
might have led him immediately to {ufpet the truth. The
firft was, that fuch a degree of cold as this prodigious defcent
of the thermometer feemed to indicate, bore no fort of pro-
portion to. the general ftile of the weather in that country,
What could be more incredible, than that the cold, which had
never been known before to fink the thermometer below — 40°,
fhould on one particular occafion exceed that point by hun-
dreds of degrees, more than double the whole variation of tem-
perature between fummer and winter ? Such an event would
thew a want of balance in the {yftem of nature, with relpe&t
to heat and cold, fo very different from the apt adjultment of
its other parts, as to be inadmiffible but upon the moft decifive
proofs. Any refleting perfon, therefore, would be more in-
clined to believe, that the inftruments employed had ceafed to
be meafures of the temperature, from fome caufe or other, than
that the extremes of cold fhould be {ubjet to fuch anomaleus
excefles.

The
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‘I'he other circumftance of which M. BELLANT takes notice,
that the fenfation attending this cold by no means correfponded
with its effe® upon a thermometer, pointed dire@tly to the
fame conclufion. When that inftrument 1s at 40° below o, the
beams of houfes crack with a loud explofion, trees {plit and are
killed, birds fall down dead out of the air, and it is with the
utmoft difficulty that man, notwithftanding all his refources,
can preferve the extreme parts of his body from being deftroyed
by the froft. Now, if the cold had been increafed as far be-
yond this degree, as 7 differs from the heat of boiling water,
could M. HELLANT have expofed himfelf to the open air with
impunity ! The analogy of all we know of cold declares the
contrary : and though the power of animals and vegetables to
refift variations of temperature has been found much greater than
was formerly imagined, I think it would not be rafh to affirm,
that in any part of our globe where the cold was carried to
fuch excefs, the whole {yftem of organized bodies muft perith.

Yet thefe obvious inferences feem to have never occurred to
M. HELLANT. Eventhe unexpeted defcent of his thermome-
ter on being expofed to heat, ftrange and inexplicable as it muft
have appeared, and contradi¢tory to all the notions he enter-
tained, did not fuggeft to him a doubt of the mftrument’s
marking the real temperature of the air.  But we now know
that it ceafed to do fo after the cold had increafed a few degrees
below — 39”3 thatall the unufual phanomena turned upon the
congelation of the quickfilver; and that the feverity of this
feafon, though greater than ufual in Lapland, did not exceed
that of common winters by any fuch remarkable difference.

The vacuumor hollow bubble, obferved after thequickfilver had
fallen back into the ball, thews how very much it had contraéted
by the congelation. This bubble moved upon inclining the

Ddd:z thermow



378 Dr. sLacpex’s Hifory of
thermometer, becaule the external part of the frozen mafs in
the ball havmg melted before the mternal, though not in {uffi-

cient quantity to fill its whole capacity, ran round it freely ina
fluid ftate, the empty {pot always rifing to the top.

§ 4. Barly in the {pring of 1761, the Abbé cuarre p’Av-
TEROCHE, i his journey to Tobollk for obferving the tranfit
of Venus, pafled through Solikamitk, a town of Siberia, fitu-
ated in 59°% N. lat. and 7" Il of Greenwich. On th}s occas
fion he takes notice ®, that the thermometer had funk there the
preceding winter to — 124°; which, if the gencral ftile of the
Abb&’s remarks will allow {ufficient dependence to be placed
upon 1it, would necefiarily thew that the quickfilver was then
frozen.

§ 5. M. EricH raxMany, late Profeflor of Mineralogy
and Chemiftry at Peterfburg, was refident in 1765 at Bar-
naul in Siberia, lat. 53° N. and long. 81° E. as minifter to
the German congregation of the Kolyvan Province. On the
firft day of that year, he faw the thermometer down fo low as
- §8°4; whence it i1s probable, that fome part at leaft of the
quickfilver was congealed. As no concomitant circumftances
are recorded with this fact, it would fcarcely have been worth
mentioning, were it not to introduce an account of fome in-
ftruments, which became afterwards the fubje& of very curious
obfervations. For M. Laxmann, during his abode in this
remote country, employed his leifure in the conftru&ion of ba-
rometers and thermometers, an art in which he acquired great
fkill.  Thefe he afterwards diftributed, free of expence, to all

* Voyage en Siberie, p. 84. and 93,
+ naxmanw’s Sibirifche Briefe, p. 97.
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parts of Siberia where they were likely to be ufed, with the
moft laudable and exemplary zeal to diffufe fome rays of {cience
through thofe dark and uncultivated regions *.

All the particulars here mentioned are extralted from M.
LAXMANN’s Siberian Leticers; a {carce book, becaufe, on his
return to Europe, he bought up every copy he could find, as they
had been publithed without his confent by Profeffor scurndzer
of Gottingen.

§ 6. The benefits accruing from the travels of learned men,
could not efcape the penctration of the wile Emprefs who now
reigns in Peterfburg. Soon after her eftablithment on the
throne, fhe ordered an expedition of the {ame nature as that in
which Profeflor merin had been engaged above thirty vears
before. Among the gentlemen who undertook this fecond phi-
lofophical {urvey of the Ruflian Empire, was Dr. PETER s1MON
PALLAS, one of the moft eminent naturalifts and fkilful ob-
{ervers of the prefent age.  The journal of his travels is pub-
lithed by himfelf in the German language, and comprehends a
rich ftore of curious and ufeful information. In general his
winters were not {pent in the coldeft parts of Afia; twice,
however, he refided at Krafnoyartk lat. 56°% N, long. ¢3° E.
and the laft time, in 1472, had an opportunity of witnefling
the roft remarkable inftance of the congelation of mercury. by
natural cold that is yet known to the world.

¢ The winter,” fays M. PALLAS §, ¢ {et 10 early this year,
¢ and was felt in December with uncommon feverity. On the
¢ 6th and 7th of that month happened the greateft cold I have
¢ eyer experienced in Siberia; the air was calm at the time,

* Sibirifche Briefe, p. 29.

# Reife durch verfchiedene Provinzen des Rufiifchen Reichs, Theil, 1L p. 417.
2 ¢ and
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¢ and feemingly thickened, fo that, though the fky was in
¢ other refpe@s clear, the fun appeared as through a fog. 1
¢ had only one {mall thermometer left, on which the {cale
¢« went no lower than —~#70°; and on the 6th in the morning I
¢¢ remarked that the quickfilver in it funk into the ball, except
¢ fome {mall columns which became folid and ftuck faft in the
¢ tube. By the temperature of a room not much warmed,
¢¢ into which T brought the thermometer from the gallery of
¢ my houfe, thefe congealed columns immediately fell down ;
¢¢ but it was more than half a minute before the mercury came
¢ into motion out of the ball. T repeated this experiment fre-
¢ quently, and always with fimilar fuccefs, fometimes one and
¢ fometimes more threads of frozen quickfilver remaining behind
¢ in the tube. When the ball of the thermometer, as it hung
¢ in the open air, was warmed by being touched with the fin-
¢ gers, the quickfilver rofe; and it could plainly be feen, that
¢¢ the folid frozen columns ftuck and refifted a good while, and
« were at length pufhed up with a fort of violence. In the
¢¢ mean time I placed upon the gallery on the north fide of my
¢ houfe about a quarter of a pound of clean and dry quick-
¢ filver in an open bowl; within an hour I found the edges
¢« and {furface of it frozen folid, and fome minutes afterwards
¢« the whole was condenfed, by the natural cold, into a foft
¢ mafs very much like tin. 'While the inner part was fhll
¢ fluid, the frozen furface exhibited a great variety of branched
¢« wrinkles; butin general it remained pretty {mooth in freez-
¢« ing, as did alfo a larger quantity of quickfilver which I after-
¢ wards expofed to the cold. The congealed mercury was more
¢ flexible than lead ; but upon being bent thort it was found
<t more brittle than tin, and when hammered out thin it {eemed
¢ fomewhat granulated, If the hammer had not been per-
4 ¢ feltly
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< fedtly cooled, the quickfilver melted away under it in drops ;
¢ and the fame thing happened when the metal was touched
¢« with the finger, by which alfo the finger was immediately
¢ benumbed. In our warm room it thawed on its {urface gra-
¢¢ dually, by drops, like wax on the fire, and did not melt all
“ atonce. When the frozen mafs was broken to pieces in the
¢ cold, the fragments adhered to one another, and to the bowl
¢ in which they lay. Although the froft feemed to abate a
¢ little toward night, yet the congealed quickfilver remained
“ unaltered, and the experiment with the thermometer could
¢ f¥ill be repeated. On the 7th of December I had an oppor-
< tunity of making the fame obfervations all day; but fome
€ hours after fun-fet a north-weft wind {prung up, which raifed
¢¢ the thermometer to —46°, when the mafs of quickfilver
¢ began to melt.”

Before this obfervation of Dr. pALLAS’s, no perfon had feen
or handled quickfilver frozen by natural cold, {o as to {fubmit
the fa&t to the public with competent evidence; but the cir-
cumftances here related are fo pointed and confiftent, that
even thofe who had doubted of M. BRAUN’s experiments were
now ftaggered, and began to believe. Indeed, it was fcarcely
poflible to fuppofe any miftake, when Dr. parrLas had two
whole days to repeat and vary the experiments at his leifure.
But befides removing all doubts upon the congelation of quick-
filver, thefe obfervations tended to thew, within certain limits,
the degree of cold neceffary for that effet. It was evident that
the freezing point muft be {fomewhere above 70°, becaufe the
thermometer’s graduation reached only fo low, and yet fome-
part of the mercury always congealed in the tube; and as the
{olid mafles did not begin to melt till the thermometer rofe
to — 46°, that {feemed to be nearly the pointat which it pafles

from.
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from a {olid to a fluid ftate, and very poflibly was fo upon this
inftrument, a difference of feveral degrees being often found in
thermometers {o low down on the {cale as ~ 40°, from inaccu-
racies in their conftruction.

The cryftallization of quickflver, alfo, became manifelt on
this occafion.  Hence, when hammered out thin, it thewed a
granulated texture.  T'he branched wrinkles too, which formed
on its furface whilflt it was congealing, could icarcely have
procecded from any other caufe, and fuggelt a general idea of
‘the manner in which it fhoots. That quickfilver thould cry-
{tallize fo much more vifibly than moft other metals, will not
appear furprifing, if we confider how little the cold 1s below
its freezing point. Such fubftances as require, in order to
meli, a degree of heat much above that of our atmofphere,
‘experience {o great a change of temperature vpon being taken
off the fire, that they become folid haftily, and as it were in
confuflon’; wheteas quickfilver, having never probably been ex-
pofed to a degree of cold much exceeding that of its melting
point, its particles have had full leifure to arrange themfelves
regularly, in exaét conformity to the laws of their mutual
attradtions. As in Profeflor enLumeENBACcH sand Mr. HUTCHINS's
‘experiments, fo here, Iimagine, fome flight roughnefs of the
furface was occafioned by this cryftallization 5 in confequence
of which M. parLras compared his frozen quickfilver to tin,
rather than to bright filver, the appearance it always aflumes
when congealed in fmooth glafs.

Another property of quickfilver, very important to be
known, was obferved perhaps no where fo diftin&ly as on this
occalion at Krafnoyarfk; I mean its tendency to adhefion in
{reezing. Thus, Dr.earras fays the fragments of the con-
gealed mafs fluck to one another, and to the bowl in which

they



the Congelation of Quickfilver, 383
they lay. So likewife Mr. HUTCHINS found the frozen quicke
filver adhering to his cylinders and gallipot; Profeflor srLy-
MENBACH to his glafs veflel; and fimilar fa&s occurred to
other obfervers. Hence the deceptions, already {o often men-
tioned, from the fticking of the mercury in the ftems of ther-
mometers. And_this caufe of error can fcarcely ever fail to
take place; for if quickfilver congealing in wide open vefiels
adheres to them wherever it touches, how can it be expeéted to
remain loofe when frozen in a narrow tube ! Now, fince quick-
filver, under thefe circumftances, retains the fame appearance
as while fluid, from the polifh given to its furfice by the
{mooth glafs, it is no wonder that fuch frequent miftakes have
been made relative to the height of the thermometer, both in
experiments with artificial cold, and in meteorological obferva-
tions. At the {ame time it muft be confefled, that {uch a ten~
dency to adhere, in a metal which contra&s fo much in becoming
folid, is not a little difficult to explain, unlefs we may fuppofe
it to be the immediate effeét of the cryftallization.

Quickfilver, with all its other qualities of a perfet metal,
feems from Dr. pALLAS’s, and indeed moft of the experiments,
not to be completely malleable, but rather apt to break under
the hammer. Perhaps it has never been fufficiently cooled to
poflefs its metallic properties in perfe€tion ; for with refpet to
its melting point it may be confidered as having always been
hot, that is, heated near to fufion, a ftate in which other
metals undergo a very fenfible change in their properties. But
when mercury congeals in veflels which confine its {urface, it
{feems to become more malleable than under a loofe cryftalliza~
tion.

Dr. paLLas’s travels lafted from the year 1768 to 1473,
during which time #bis of the beginning of December, 1772,

Vor. LXXIIL Eee feem
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feems to be the ouly inftance that occurred of the freezing of
quickfilver. From this circumftance, and his occafional hints
about the climate, I am mclined to fulpe@, that the cold was
not fo great in Siberia at this period, as when Dr. ¢mernin
~was there from 1734 to 1742,  In Europe, likewife, the win-
ters in general appear to have been feverer about the time of
¢MELIN's expedition than lately. It was in this very town of
Krafnoyarik that Profeflor 6MELIN refided during the famous
hard winter of 1739 and 17403 but unfortunately he has in-
formed us of the cold there only by its grofler effects, I be-
lieve becaufe his thermometers had been accidentally de-

troyed.

§ 7. Nearly 500 miles fouth-eaftward of Krafnoyarfk is
the town of Irkutfk, the capital of a Siberian Province on
the vaft Baikal Lake, and fituated in lat. 52® N. and about the
104th degree of E. longitude. At the former of thefe places, the
cold recorded by Dr. PALLAs began to abate on the 7th of De-
cember in the evening; and more than a day after, thatis, on the
gth in the morning, it became fo intenfe at Irkutfk as to freeze
quickfilver. An account of this phenomenon, fent by Lieu-
tenant-general VON BRILL, the governor, was publithed by
Dr. parras i his Journal*, and M. GEorG1I, one of the affo-
ciates in this expedition, afterwards colleGted fome further par-
ticulars . It appears, that about four in the morning, the
quickfilver was found frozen in the barometer and thermo-
meter, its upper {urface being irregularly broken. In the for-
mer of thefe inftruments the mercury ftood at 28 inches 7 lines,.
and the broken appearance extended. through a fpace of about

* Ibid. p. 419.
t Bemerkungen einer Reife im Ruffifchen Reich, B. L p, 29,
5 lines
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5 lines from the top downward: when it came to melt a few
hours afterwards, it rofe to 29 inches 4 lines, which difference
of height was probably in part at leaft an effet of the contrac-
tion it undergoes in freezing, its greater fpecific gravity in the
congealed ftate making it ftand proportionably lower. In the
thermometer, part of the mercury had ftuck at —44°; and

immediately under ~ 59° an empty {pace was left, equal to 1y

degrees of the fcale. ‘I'his obfervation, therefore, determines
almoft precifely the freczing point; for none of the quickfilver
could have adhered in the tube {o high as — 44°, unlefs 1t had

congealed before it funk below this point, and confequently be-

fore the cold exceeded this degree. And that the mercury was
really frozen became evident afterwards; for about eleven in
the forenoon, as the air grew warmer, it was found to have all
fubfided into the bulb, the fmall threads in the tube melting
down into the vacuity left there, out of which it did not rife
again till near two hours had elapfed.

The accuracy of this thermometer at Irkutfk, apparent from
its precifion with refpect to the point of congelation, would be
matter of f{urprife, had we not been informed, that both 1t and
the barometer were among the inftruments conftruéted by
M. raxMANN during his refidence in Siberia. M. GEORGI
mentions them as being in the pofleffion of Dr. wAcHsMANN,
the public phyfician of Irkutfk, by whom probably the obfer-
vations were communicated to the governor.

§ 8. As the cold of America is well known to exceed that
which prevails under the fame latitudes in Europe, we muft
expet to find quickfilver freezing fpontaneoufly in parts of that
continent which do not lie very far to the northward. Ac-
cordingly, befides the inftance of Quebec formerly mentioned,

Ecez2 this
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this effect takes place frequently in Hudfon’s Bay, even at
Albany Fort, where the latitude 1s not one degree greater than
in London. Mr. HurcHiNs, in his different fituations at Hud-
fon’s Bay, has been conftantly attentive to meteorological obfer-
vations. During his former refidence at York Fort, fituated
near the middle of the Bay in lat. §8 N. he was not provided
with any thermometer graduated more than 70 or go degrees
below the cypher: but he remarked, that ¢ the quickGlver
¢ frequently funk into the bulb,” efpecially after having been
{tationary at — §5° or —5%° and that it afterwards ufed to
alcend to ¢ about - 30° indicating a greater degree of
¢ heat than before it fell #.”  Thefe phanomena were clearly
owing to its congelation, adhefion in the tube, and fubfequent
liquefadtion as the air grew warmer. When Mr. HUTCHINS
went afterwards to Albany Fort, and had procured inftruments
with more extenfive fcales, he obferved the fame appearances
ftill more diftinétly. His thermometers froze twice in the
winter of 1774 and 1775, and three times in that of 1777 and
1798 ; and in every inftance, except one, the mercury funk
hundreds of degrees juft as the cold began to abate. The
laft of thefe obfervations is rendered remarkable by the defcent
of the quickfilver to —490°, the greateft ever known by na-
tural cold, and probably very near its extreme term of con-
tra&ion by freezing. In 1782, alfo, Mr. HuTCHINS'S ther~
mometers, together with fome quickfilver in a phial, again con-
gealed in the open air, and exhibited fimilar phanomena, as
appears from the account of his experiments.

Fortunately in thefe inftances of intenfe cold at Albany Fort,
attention was paid not only to the mercurial thermometers, but

* MS. Jourpal,

+ Ilbid,

likewife
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Iikewife to one made of {pirits, whofe relative movement has
been afcertained by comparifon. This inftrument, while the
others were three, four, or almoft five hundred degrees below
o, never {unk further than to a point which correfponds with
— 46° of a ftandard mercurial thermometer. Hence it would
have been eafy to infer, both that the quickfilver a&ually con-
gealed on thefe occafions, and that the degree of cold necefiary
for fuch an effeét does not exceed — 46°. That the moft intenfe
cold of Hudfon’s Bay, during a feries of feveral years, went
fo little below the point of mercurial congelation, well de-
ferves to be noticed ; and as it feems to be feldom greater in
‘Siberia,. at leaft in the parts vifited by GMELIN or PALLAS, the
‘effets being not more violent, perhaps we are authorifed to
conclude, that the extreme of artificial cold, produced by
fnow and nitrous acid, correfponds pretty exaétly with the ex-
treme of natural cold in the moft rigorous climates. which can
well be inhabited.

Mr. HuTcHINS'S. meteorological journal at Hudfon’s Bay
confirms what he mentions in the remarks on his third experi-
ment, thatin the coldeft weather the wind is to the fouthward
of 'W. which muftevidently depend on fome local circumftance
of that country.. During my own refidence in America, I
thought I could diftinély perceive that the coldeft winds, vul-
garly called north-weflers, didnot blow exaétly from that quar-
ter; but at Rhode Hland, for inftance, came from N.W. by
W. or a point {till more to the weftward; at New York were
rather nearer the W. than the N.; and at Philadelphia almoft
due N.W. On tracing lines in thefe directions from Albany
Fort, Rhode Ifland, and Philadelphia, they are found to meet
among the great ridges of mountains which feparate Hudfon’s.
Bay from Lake Superior ; whence a fufpicion atifes, that thefe:

mountains



388 Dr. BLAGDEN's Hiflory of

mountains may be one fource of the exceflive cold which par-
ticular winds occafion in North America. But another cir--
cumitance is to be taken into confideration, that when the fury
of thefe N.W. winds abates, they very regularly draw round to
the weftward and fouthward. INow the maximum of cold muft
be, when the cold wind has blown as long as 1t can, and the
fucceeding warmer wind has not yet had time to undo any of
1ts effect ;5 confequently at the period when it is veering round
from the northward toward the {fun. Accordingly we find,
that when the cold has become fufficiently great at Albany
Fort to congeal quickfilver, the wind not only came
from the fouthward of W. but commonly, alfo, blew with
very little force ; indeed the intenfeft frofts in all countries {eem
to take place with light airs or a calm.

§ 9. There are, in the pofleflion of the Royal Society, fe-
veral other meteorological regifters from our different fettle-
ments on Hudfon’s Bay ; but none of thofe which I have feen
contain any ftriking extraordinary appearances, to fhew that
the thermemeter was frozen; and the defcent alone, within
certain bounds, determines nothing, for thefe inftruments were
formerly conftru&ted with fo little accuracy, as to be often
marked 8 or 10 degrees too low at the point of mercurial con-
gelation. I conclude, therefore, that when Mefl. waLEs and
DYMOND were at Prince of Wales’s Fort in the winter of
1768 and 1769, the quickiilver always retained its fluidity,
though it once funk to —45° of their thermometer*. This
Fort lies in lat. 59°; but on account of the abovementioned
ridges of mountains, and perhaps for other caufes, the fouthern
parts of the Bay may be quite as cold as the northern,

* Phil. Tranfa&, vol. LX. p. 153,

§ 10.
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§ 10. We muft now return to Europe. In the beginning
of the year 1780, M. voN ELTERLEIN, of Vytegra, froze
quickfilver by natural cold, and fent an account of his experi=
ment in a letter to the late Profeflor ¢ULDENSTADT, then at
Peterfburg. I obtained from Gottingen a copy orf this letter,
in the original German, by the friendfhip of Sir josEPH BANKS 5
and, tranflated, it is as follows :

¢ On the 4th of January, 1780, the cold having increafed
¢ to — 34° that evening at Vytegra, I expofed to the open air
“ three ounces of very pure quickfilver, in a China tea-cup,
“ covered with paper pierced full of holes. Next day, at eight
¢ in the morning, I found it folid, and looking like a piece of
¢ caft lead, with a confiderable depreffion in the middle. On
¢¢ attempting to loofen it in the cup, my knife raifed thavings
“ from it as if it had been lead, which remair;ed fticking:
““upj and at length the whole feparated from the bottom
¢ of the cup in one mafs. I then took it in my hand to
“try if it would bend; it was like ftiff glue, and broke
“into two pieces; but my fingers immediately loft all feeling,,
¢ and'could fcarcely be reftored in an hour and an half by rub-
‘ bing with fnow. = At eight o’clock a thermometer, made by
“ M. LAXxMANN of the Academy, ftoodat — 57°; by half after
“ nine it was rifen to —40°; and then the two pieces of mer-
¢ cury, which lay in the cup, had loft {fo much of their hard-
¢¢ nefs that they could no longer be broken or cut into thavings,
¢ but refembled a thick amalgam, which, though it became
¢« fluid when prefled by the fingers, immediately afterwards:
¢t refumed the confiftence of pap. With the thermometer at-
¢ — 39°, the quickfilver became fluid. The cold was never lefs
“ on the sth than —28°, and by ninein the evening it had

¢ increafed:

-
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““increafed again to —35°% In the morning the wind was
¢ N.N.E. and afterwards N.W.”

This experiment of M. voN ELTERLEIN’s deferves attention
in many refpeés. It afcertains the freezing point of mercury
with fuch wonderful exadtnefs, from the melting of the folid
pieces when the thermometer came up to ~ 39°, as to furnith
a valuable corroboration of Mr. HUTCHINS’s experiments, and at
the fame time very much to enhance our opinion of M. Lax-
MANN’s 1kill in the conftruétion of inftruments. When the
thermometer was thought, early i the morning, to be ftand-
ing at —5%°, I imagine, that part of the quickfilver being
frozen adhered in the tube. The ductility of the folid metal
muft have been confiderable, from 1its yielding to the knife in
the form of fhavings; yet, as in moft other inftances, it
fhewed fome degree of brittlenefs when force was applied to it
in the mafs. Cryftallizing without impediment, it affumed
an appearance which M. voN ELTERLEIN rather compares to
that of lead than of filver. 1Its tendency to adhefion became
evident from the neceflity of employing an inftrument to {epa-
rateit from the tea-cup ; and its contraction in freezing was de-
monftrated by the depreflion obferved in the middle of the folid
mafs. ‘This fingle experiment, therefore, exemplifies, in a
very beautiful manner, moft of the properties hitherto difco-
vered in quickfilver, when it pafies from a fluid to a folid form.

Vytegra, or Witegorlk, is fituated in lat. 61°N. and long. 36°
E. upon a river of the fame name. It has acquired {fome cele-
brity from one of the many ufeful projects which occupied the
a&tive mind of Czar pETER the Great. He propofed to cut a
canal from the river Vytegra which difcharges itfelf into the
Lake Onega, to the river Kovtha which joins the Belofero, or
White Lake, in order to form a communication between thofe

= twoe
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two great bedies of water; but the undertaking was unfortu=
nately interrupted by his death *,

§ 11. The laft inftance I have been able to find of the con-
gelation of quickfilver by natural cold, occurred no longer ago
than the beginning of the year 1782, in Iemtland, one of the
northern provinces of Sweden. M. joun 16zxsTEN, Engi-
neer-extraordinary, 1is the gentleman to whom we are indebted
for this obfervation. His letter on the fubjed, dated from
Brunflo in Iemtland, lat. 63°} N. and long. 15° E. is inferted
in the Swedith T'ranfactions for 1782+, together with fome
remarks upon it by Profeflor wir.cxe.

¢¢ During, twelve years,” {ays M. TORNSTEN, ¢ that T have
¢¢ refided here in Iemtland, the cold had never but once brought
¢ the thermometer {o lowas — 36°, till the laft day of Decem-
¢ ber, 1781, when it fell in the evening to — 54°. The fol-
¢ Jowing mew-year’s day it was funk to — 56° at eight in the
“ morning, and by ten te —62°.  Here it continued ftationary
“ feveral hours, but at half paft four in the afternoon it was
¢ obferved at — 116°, and by eight the famec evening it had
“ rifen to —31°% Although the quickfilver,” continues M.
TORNSTEN, ¢ thus fell to —116°on the firft of January in
< the afternoon, I am of opinion that its defcent ought not to
¢ be afcribed to a proportionable increafe of cold, but on the
¢ contrary proceeded from the fudden change to milder wea-
“¢ ther, which came on that afternoon. For the preceding
¢¢ evening, when the thermometer was ftanding at — 54°, I
¢ remarked, that, upon bringing it into a warm room, the
<« quickfilver fell on a fudden entirely into the ball, which was

* Bifching’s Erdbefchreibung, Theil T. p. €69s

+ Kongl. Vetenfk. Acad, Nya Haudlingar, tom, IT, p. 80,
Vor. LXXIIL Fif “ about
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about 130 degrees below o.  This experiment I repeated: fe-
veral times with fuccefs, but obferved the following differ-
ence, thatit hadnot kept the thermometer in the heat long:
enough for the quickfilver to begin to rife again after it had
{funk into the ball, it never afcended above the r3zoth degree
by continuing in the cold, but upon being carried back into-
the warm room it contraCted ftill more in- the ball by a quan-
tity which, however vifible, could not be meafured. On
the other hand, if the inftrument had been kept in the room.
till the mercury had rifen above - §4°, it became ftationary
at that degree in the openair. Now, though Fdid not, on
the 1ft of January, bring the thermometer within doors be-
fore it had funk of itfelf to — 116°, yet zhis fall likewife
{feems to have been occafioned by the change to milder wea-
ther which was then taking place. For ateight in the even-
ing, when the external cold was at — 3.1°, 1 found that hoar-
froft formed on the ball and ftem of the thermometer as be-
fore, upon 1its being brought into a warm room; but the
mercury did not fink, on the contrary it began immediately
to rife.

¢ Some quadrupeds perifhed by the intenfe cold, and a great
number of {mall birds were found dead. Neverthelefs, the

¢ people did not negle&t going to church on this high holiday,

6

&6

and I have not heard that any one was froft-bitten who went
out with proper cloathing.”
M. 1ormsTEN certainly judged right when he concluded,

that the fall of the thermometer to — 116° rather indicated a
diminution than an creafe of the cold. Though he knew
nothing of the caufe, yet his obfervation led him to a juft in--
ference, 1 which he difplayed more fagacity than M. neLrLanTt
onafimilaroccafion, Allthe phenomenawhich fomuch perplexed

thefe
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thefe gentlemen are explicable in the following manner. When
the air becomes fufficiently cold to freeze quickfilver, that me-
tal muft be fltanding about - 39°, or, in the common way of
marking the boiling point, fomewhere between - 40° and
— 50°% in the tube of a thermometer cxpofed to it.  As the

{mall thread of mercury in the tube muft be more eafily affe&ed
by the cold, it will probably congeal before any other part, zmd
fick faft about the abovementioned degrees. The remainder
of the mercury will then go on to freeze, and as it {ui s 'mch
a great contra&tion in becoming folid, muft leave « "onh‘ rable
vacuity in the bulb of any common thermometer, 'cnfe-
quently, when the cold, from whatever caufe, comes to be lefs
than is required for keeping the metal in a folid ftate, the {mall
thread that was frozen in the tube immediately melts, and
finks down into the vacuity of the bulb, where the whole mafs
remains, till by its gradual liquefaction it expands again into
the tube, and becomes a juft meafure of the temperature. This
agrees exa&tly with what M. TORNsTEN obferved. In the even=
ing of the 3ift the quickfilver congealed i his thermometer,
and part of it ftuck in the tube at - 54°, but {ubfided into the
vacuity left in the bulb, as foon as it was expofed to heat.
When the inftrument had been kept in the warm room till the
quickfilver re-afcended into the tube, it froze and adhered again
in the open air, and the fame ph@nomena were repeated. If
M. TORNSTEN be cxat in faying it always became faft at — 54°,
the circumftance is curious, and may have depended upon fome
particular ftate of the tube in that part, or upon the firft thoot-
ing of the mercury after it ‘had been cooled to a certain degree
below its freezing-point. But when the thermometer was car-
ried back into the open air before any of the quickfilver had
rifen out of the bulb, the efte& of the cold could not be to
Fffa force
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force it up into the tube, and therefore no {uch appearances.
were obferved asin the former cafe.  'With regard to M. TOrRN-
srEN's remark, that when the whole mafs of quickfilver re-
muned in the ball it fiill contrated upon the application of
heat, the fa& s fo improbable, and would be perceived with
fach difficulty, that I haveno doubt but he was mifled by fome
prepofieflion.  In like manner on the 1t of January, when
the thermometer, having been ftationary fome hours at — 62°,
fank in the afternoon to —116°, it happened unqueftionably
from the melting and {ubfiding of athread of frozen mercury,
which had adhered in the tube of the inftrument as high as
the former degree. None of thefe effets could be produced
when the thermometer had rifen to — 31°, beeaufe the cold was
not then fufficient to congeal the quickfilver. In this eafly and
imple manner, does our knowledge of the freezing point of
iercury enable us to account for phanomena, which were
thought fo anomalous as to elude every kind of explanation.
Even fo lately as laft year, one of the moft eminent philofo-
phers in Europe, Profeflor wiLcke of Stockholm, made a vain
attempt to folve the difficulties by a ftrained application of his.
do&lrine relative to the various {pecific quantities of heat in bo-
dies, and their different attra&ions for the matter of heat *.

It would now be fuperfluous to add, that the real cold at
Brunflo. was by no means what the thermometer {eemed to in-
dicate, but probably very little exceeded — 39°, or the degree of
mercurial congelation, had not M. TORNSTEN’s obfervations
been lately reprefented, even in this country, as exhibiting an
inftance of cold alually carried to {uch a difproportionate and
cnormoys cxcefs,

Thus
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Thus is the hiftory of the congelation of quickfilver, both
by natural and artificial cold, brought down to the prefent pe-
riod. All the fa&s 1 have colleCted are here delivered: it is
not improbable, however, that there may be others which have
efcaped me, efpecially fuch as are very recent, or have never
been publithed *; but the number already found is greater

than

# Accordingly, having gone to Paris after this paper was read, and there men-
tioned, at a meeting of the Academy of Sciences, our late experiments on the
congelation of quickfilver, I was informed, that M. cazarer had fucceeded in
rendering it folid at Bourdeaux ; and foon afterwards the following account of his
experiment came out in the Paris Journal, which, for obvious reafons, I fhall give
in the original French,

¢ M. cavenprsu, de la Soci€té Royale de Lomdres, a fait dans le mois de
¢ Téyrier dernier, experience dela congélation du mercure, & Hampftead, fituéd
¢ deux milles de Londres. Ce Savant eft fur le point de publier fon mémoire &

¢ ce fujet. Le travail du chymifte Anglois ayant été annoncé & I’Academie
<

-

Royale des Sciences, dans une de fes {éances, fon Direéteur, M. capET DE
€ GASSICOURT, a revendigué ew faveur de M. cazarkr, la congélation du mer-
« cure dans un climat beaucoup plus temperé que Londres, le chymifte Irancois

<

-

Payant obtenue a Bordeaux, + « o+ .« . .

¢ M. cazaLer, regardant I’acide nitreux concentré comme, de tous les fels,
¢ celui qui produit la diffolutionde la glace avec plus de facilité, annonga en 1779,
¢ dans une de fes lecons publiques & Bordeaux, quil croyoit 4 la poflibilité de la.
4

-

N 2 . . . PR, A
congélation du mercure, par ce moyen, dans les Provinces méridionales mémes ;
“ mais il n’eut occafion de faire fon expérience quw’au mois de Septembre de

~

Pannée derniere,

¢« 11 prit de la glace pilée, pafléed travers un crible, la mit dans un baril dont
¢ Je fond étoit un plat de porcelaine percé de plufieurs trous pour faciliter ecoule-
¢ ment de la glace fondue; il plaga plufieurs tubes remplis de mercure au centre:
de la glace, qu'onarrofa d’efprit de nitre fumant fait parle procédé de wovuLFE..
On rapprochoit la glace des tubes A mefure qﬁe la diffolution. s’en opéroit ; ik
fallut 120 livres de glace pour produire la congélation du mercure. Les tubes:
o yetirés et caffés les uns apris les autres, le mercure fe trouva en filets comme:

e

~

[

~

¢

-
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than I expe@ed on beginning the fearch. By fuch a conneted
view of the different obfervations and experiments in any one
branch of {cience, we are furnithed with the beft epportunity
of difcriminating what 1s certain from what is doubtful, and
acquire as diftin@ ideas as the attual ftate of knowledge will
admit. On the prefent fubject of mercurial congelation, the
conclufions have in general been noticed, as the premifes oc-
curred. Though Mr. murcnins’s experiments did not ftand in
nced of any confirmation, yet {ill it 1s pleafant to {ee their princi-
pal refult, the freezing point of quickfilver, eftablithed by fuch a
bixly of collateral evidence as, taken together, is abfolutely irre-
fiitibir.  But befides the information obtained relative to quick=
filver iti=lf, we have been able to corred feveral vulgar preju-
dices. 'The difference between cold climates no longer appears
{o prodigious, nor the refifting powers of animals and vegeta-
bles fo aftonithing and inconceivable. That extenfive fcale of
heat, which reprefents its diminutions by artificial means as
continued down {o many hundreds of degrees below the greateft
produced by nature, however {pecious in profpet, proves to
be deftitute of foundation. The ufe of quickfilver for ther-
mometers is at length fully afcertained. From the boiling point,
to 39° or 40° below o, it muft be confidered as unexceptiona-
ble, all {ufpicion of its irregular contrattion within thofe
¢¢ de Pargent. Bientdt la chaleur de Patmofphére lui rendit fa fluidité, Certe
“ pxperience intercffunte a le double merite davoir été devinée par un chymifte Fran-
¢ cois, et exicutie pav un autre ; il a fuppléé a ce que le climat oppofoit d'obflacles,
S un moyen iout-d-fait ingenicux, et qui exigeoit des connoiffances en phyfique.” See
Journal de Puris, 1§ Juill. 1783, p. 814.

The peculiarity of M. cazanet’s procefs confifts in the largencfs of the quan-
tities on which he operated, and the provifion he made for tae ufelefs liquor, pro-
duced by the melted ice, to run off as faft as it was formed, Ie certainly con-
gealed the mercury, but did nothing to afcertain its freczing point, which he

ftems not even to have had in contemplation, :
2 bounds
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bounds being removed, by fuch a complete explanation of the
caufe upon which its anomalous defcent in the lower part of
the fcale depends.  On this principle there might, perhaps, be
fome propriety, in conftruéting thermometers of mercury, to
fix the cypher at its point of congelation, and thence reckon
the degrees of heat upwards.

The principal advantage, however, of thus: pafling in re-
view all former accounts, 1s to furnifh an important leflon to
authors, which can never be too firengly inculcated, that their
accuracy muft be brought to the teft of future difcoveries. As.
knowledge advances, their errors, their mifreprefentations,
their fuppreflion of the truth, or fittitious additions to it, fhall:
all be infallibly detected, andi heap upon. their head propor-
tionable ignominy ;. while the fimple and candid narrative, the
exa&t and unbiafled relation' of falts, will acquire redoubled
luftre from the fiery trial.  Let every author recolle&, that
the day is impending, when fome unforefeen improvement,.
affording means to fift: falfehood from truth, however artfully
blended, fhall finally decide whether he is to be reprobated with.
the bafe herd of deceivers, or ranked among thofe faithful vo-
taries of {cience, whofe names will be delivered down. with:
honour to pofterity.




