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AN ACCOUNT, &

T is at prefent well known, that by the evaporation of va-
E rious fluids a fenfible degree of cold is produced; and that
by the evaporation of cther, which is the moft volatile fluid
we are acquainted with, water may be congealed, and the ther-
mometer may be brought feveral degrees below the freezing
point. But as various thermometrical experiments, which I
lately made, have exhibited fome new phenomena, and as I
have contrived an eafy and pleafing method of freezing a {mall
quantity of water m a fhort time, and in every climate; I
think it not improper to give an account of thefe things in the
firlt part of this leGture.

My firft experiments were intended to difcover, if poffible, a
fluid cheaper than ether, by the evaporation of which a
degree of cold fufficient for fome ufeful purpofe might be
generated. But in this my expeftation was difappointed, as
I found that ether was incomparably fuperior to any other
fluid, as the cold it produced was feveral degrees greater
than that occafioned by any other of the moft volatile fluids
whatever.  Being, therefore, obliged to ufe ether, I en-
deavoured to contrive a method, by which the leaft poffible
quantity of it might be wafted in the production of a degree
of cold {ufficient to freeze water, and in this I met with fuc-
cefs.  But before we come to the defeription of this method, I

Vor. LXXL Xxx thall
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thall briefly relate fome obfervations made on the cold produced
by the evaporation of other fluids befides ether.

In a room, the tempemture of which was 64° according to
FAHRENHELT'S thermometer, and in which the air was gently
ventilated, T obferved the effe@s produced by various fluids
when thrown upon the ball of a thermometer. The ball of
this thermometer was quite detached from the ivory piece upon
which the {cale was engraved. The various fluids were thrown
upon the thermometer through the capillary aperture of a
{mall glafs vefiel, fhaped like a funnel, and care was taken to
throw them {o flowly upon the bulb of the thermometer, that
a drop might now and then fall from the under part of it; ex-
cept when thofe fluids were ufed, which evaporate very flowly,,
in which cafe it was {ufficient to keep the ball of the thermo-
meter only moift, without any drop falling from it. During
the experiment the thermometer was kept turning very gently
round itsaxis, in order that the fluid ufed might fall upon every
part of its bulb. This method I find to anfwer much better
than that of dipping the ball of the thermometer into the fluid
and removing it immediately after, or that of wetting the ther-
mometer with a feather. ‘The evaporation, and confequently
the cold produced by it, may be increafed by ventilation. viz..
by blowing with a pair of bellows upen the thermometer; but
this was not ufed in the following experiments, becaufe it is
not eafily performed by one perfon, and alfo becaufe it occafions.
very uncertain refults.

With the above defcribed method I began to examine the:
effeCts of water, and found, that the thermometer was brought
down to 56°, viz. 8° below the temperature of the room in

which the experiment was made, and of the water employed..
This
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"This effe&t was produced in about two minutes time," after
which a larger continuation did not bring the mercury lower.

By means of {pirit of wine the thermometer was brought
down to 48°, which is enly 16° below the temperature of the
room, and of the {pirit employed. When the {pirit of wine
is highly reétified, the cold produced by its evaporation is cer-
tainly greater than wheniit is of the common fort ; but the dif-
ference is not {o great as one, who never tried the experiment,
might expe&t. The purer {pirit produces the effelt much
quicker.

Ufing various other fluids, which were either compounds of
water and {piritous {ubftances, or pure eflences, I found that
the cold produced by their evaporation was generally in fome
intermediate degree between the cold produced by the water and
that preduced by the {pirit of wine.

Spirit of turpentine brought the thermometer only 3° lower
than the temperature of the room; but olive oil and other oils,
which evaperate either very flowly or not at all, did not fenfi«
bly affe& the thermometer.

Willing to obferve how much ele@rization could increafe the
evaporation of {pirit of wine, and confequently the cold pro-
duced by it, T put the tube containing the {pirit into an infu-
lating handle, and connefed it with the conduor of an elec-
trical machine, which waskept in a&ion whilft the experiment
was performed ; by thefe means the thermometer was brought
down to 447° Having tried the three mineral acids I found,
that inftead of cooling they heated the thermometer, which effect
1 expeed s fince it is well known, that thofe acids attralt
the water from the atmofphere, and that heat is produced
by the combination of water and any of them. The vitri-

olic acid, which was very ftrong and tranfparent, raifed the
Xxx2 . thermo-
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thermemeter to 102°; the fmoaking nitrous acid raifed it to
72°; and the marine acid raifed it to 66°; the temperature
of the room, as well as of the acids, being 64°, as mentioned
above.

The apparatus which I contrived for the purpofe of ufing
the leaft poflible quantity of ether in freezing water, &c. con-
{ifts in a glafs tube, terminating in a capillary aperture, which
tube is to be fixed upon the bottle that contamns the ether.
Fig. 1. of the annexed drawing exhibits fuch a tube, round the
lower part of which, wviz. at A fome thread 1s wound, in order
to let it fit the neck of the bottle. When the experiment is to
be made, the ftopper of the bottle containing the ether is re-
moved, and the above mentioned tube is fixed upon it. The
thread round this tube thould be moiftened a little with water or
{pittle before it is fixed on the bottle, i order to prevent more
effetually any efcape of ether between the neck of the bottle
and the tube. Then holding the bottle by its bottom FG (fig.
2.) and keeping it inclined as is thewn in the figure, the fmall
{tream of ether iffuing out of the aperture D of the tube DE,
is direted upon the ball of the thermeometer, or upon a tube
containing water or other liquor that is required to be congealed.

Ether being very volatile, and baving the remarkable pro-
perty of increafing the bulk of air, does not require any aper-
ture, through which the air might enter the bottle, in propor-
tion as the ether goes out: the heat of the hand is more than
{ufficient to force the etherin a ftream from the aperture D

After this manner, throwing the fiream of ether upon the
ball of a thermometer in fuch quantity as that a drop of ether
might now and then, for inftance every 1o feconds, fall from
the under part of the thermometer, I have brought the mer-
cury down to 3°, viz. 29° below the freezing point, when the

atmofphere
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atmofphere was fomewhat hotter than temperate, and that
without blowing upon the thermometer.

When the ether is very good, wiz. is capable of diffolving
elaftic gum, and the thermometer has a {fmall bulb, not above
twenty drops of ether are required to produce this effect, and
about two minutes of time ; but when the ether is of the
common fort, a greater quantity of it, and a longer time, is
neceflary to be employed, though at laft the thermometer is
brought down very nearly as low by this as by the beft {fort of
ether.

In order to freeze water by the evaporation of ether, I take
a thin glafs tube about four inches long and about one-fifth of
an inch in diameter, hermetically clofed at one end, and put a
little water 1n it, fo as to fill about half an inch length of it,
as 1s thewn at CB in the figure. Into this tube a flender wire
H 1s alfo introduced, the lower extremity of which is twifted
in a {piral manner, and ferves to draw up the ice, when formed.
Things being thus prepared, I hold the glafs tube by its upper
part A with the fingers of the left hand, and keep it continually
and gently turning round its axis, firft one way, and then the
contrary ; whilft with the right hand I hold the phial contain-
ing the cther in {uch a manner as to direct the ftream of ether
on the outfide of the tube, and a little above the {urface of the
water 1n 1t. ‘The capillary aperture D fhould be kept almoit
in ‘conta& with the furface of the tube that contains the
water. Continuing this operation for two or three minutes,
the water will be froze as it were in an wnftant; fince it will
appear to become opaque at the bottom B, and the opacity will
afcend at C in lefs than half a fecond of time, which exhibits
a beautiful appearance. This congelation, however, is only
fuperficial, and in oxder to congeal the whole quantity of wa-

ter,
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ter, the operation muft be comtinued one or two minutes
Jonger; after which the wire H will be found to be kept very
tight by the ice. Now the bottle with the ether is left upon a
table or other place, and to the outfide of the glafs tube the
liand muft be applied for a moment, in order to foften the fur-
face of the ice, which adheres very firmly to the glafs, and
then pulling the wire H out of the tube, a folid and hard piece
of ice will come out, faftened to 1ts {piral extremity.

Inftead of the wire H fometimes I put a fmall thermo-
meéter into this tube fo as to have its bulb immerfed in the
water. With this thermometer 1 have obferved a very re-
markable phenomenon, which feems to be not explicable
in the prefent ftate of knowledge concerning heat and cold.
This is, that water will freeze in the winter with a lefs de-
gree of cold than it will in the {ummer, or when the wea-
ther is hotter: for inftance, in the winter the water in the
tube AB will freeze when the thermometer is about 30°; but
in the {ummer, or even when the temperature of the atmo-
{phere is about 60°, the quickfilver in the thermomer muft be
brought ten or fifteen, or even more, degrees below the freezing
point, before the water which furrounds the faid thermometer
will be converted into ice, even fuperficially ; hence it appears,
that in the {ummer time a greater quantity of ether and longer
time is required tofreez a given quantity of water than in the
winter, not only becaufe then a greater degree of heat is to be
overcome, but principally becaufe in the fummer a much greater
degree of cold muft be actually produced before the water that
is kept in it will affume a folid form. When the temperature
«i the atmofphere has been about 40°, I have froze a quantity
ot water with an equal weight of good ether, but at prefent,

7 being
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being fummer, between two and three times the quantity of
the fame ether muft be ufed to produce the fameeffect.

There feems to be fomething in the air which, befides heat,
interferes with the treezing of water, and perhaps of all fluids,
though I cannot fay from experience whether the above men-
tioned difference between the freezing of water in winter and
fummer, takes place with other fluids, as milk and other
animal fluids, oils, wines, &c.

The proportion between the quantity of the ether and of the
water that may be frozen by 1t, feems to vary according tothe
quantity of water; for a larger quantity of water feems to
require a proportionably lefs quantity of ether than a fmaller
quantity of water, fuppofing that the water is contained in
eylindrical glafs veflels ; for 1 have not tried whether a metal
veflel inftead of a glafs one, and whether fome other fhape
befides the cylindrical, might not facilitate the congelation. In
the beginning of the {pring I froze about a quarter of an ounce
of water with nearly half anounce weight of ether, the appa-
ratus being larger, though fimilar to that defcribed above.

‘Now as the price of ether, {ufficiently good for the purpofe,
1s generally between eighteen pence and two thillings per ounce,
it 1s plain, that with lefs than two fhillings a quarter of an
ounce of ice, orice cream, may be made in every climate, and
at any time, which may afford great fatisfaction to thofe per-
fons, who living in places where no natural ice is to be had,
never faw or tafted any fuch delicious refrefhments.

When a fmall piece of ice, for inftance, of about ten grams
in weight, is wanted, the neceflary apparatus is very fmall,
and the expence of the ether not worth mentioning. I have
a fmall box, which is four inches and a half long, two inches

broad, and one inch and a half deep, which contains all the appa-
ratus.



518 - Mr. cavarLvro’s Account of

ratus neceflary for this purpofe, wiz. a bottle capable of con-
taming about one ounce of ether, two pointed tubes (in cafe
that one fhould break) a tube in which the water is to be
trozen, and the wire. 'With the quantity of ether contained
in this finall and very portable apparatus, the experiment,
when carcfully performed, may be repeated about ten times.
A perfon who wifhes to perform fuch experiments in” hot cli-
mates, and in places where ice 1s not eafily procured, requires
only a large bottle of ether, befides the fmall apparatus de-
fcribed above. Con

It is a known fadt, that the moment a quantity of water
becomes ice, a thermometer kept immerfed in it, rifes a few
degrees, and accordingly this is obferved in our experi-
ment, v/z. the mercury of the thermometer, which is im-
merfed in the water of the tube AB, will fuddenly rife, fome-
times as much as ten degrees, when the water becomes firft
opaque. Ele@rization increafes very little the degree of cold
produced by the evaporation of ether. Having thrown the
ele&rified, and alfo the unele&rified, ftream of ether upon the
bulb of a thermometer, the mercury in it was brought down
two degrees lower in the former than in the latter cafe.

As various perfons may, perhaps, be induced by this paper
to repeat fuch experiments, and as ether is a fluid which can
‘with difficulty be preferved, it may be ufeful to mention, that
a cork confines ether in a glafs bottle much better than a
glafs ftopple, which it is almoft impoffible to grind fo well
as intirely to prevent the evaporation of ether. When a ftop-
ple, made very nicely out of a uniform and clofe piece of cork,
‘which goes rather tight, is put upon a bottle of ether, the
fmell of that fluid cannot be perceived through it; but I never

faw a glafs ftopple that could produce the fame effet. By open-

ing
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ing the bottle very often, or by long keeping, the cork becomes
loofe, in which cafe it muft be changed ; and thus ether, fpirit
of wine, or any fluid, excepting thofe which corrode cork,
may be preferved.
1 fhall now defcribe a method of purifying vitriolic ether,
which 1s very eafy and expeditious, though not very profitable :
this method I learned of Mr. wincH, Chemift, in the Hay-
market. Fill about a quarter of a ftrong bottle with common
ether, and upon it pour about twice as much water, then ftop
the bottle, and give it a fhake, {o as to mix for a time the ethér
with the water. This done, keep the bottle without motion,
and with the mouth downwards, till the ether is feparated from
the water and {fwims over it, which requires not above three or
four minutes of time; then open the bottle, ahd’k'eeping it {tll
inverted, let the greateft part of the water come out very
gently ; after this the bottle being turned with the mouth up-
wards, more water muft be poured in it, and in fhort the
fame operation muft be repeated three or four times. Lattly,
all the water being feparated from the ether by decanting it
with dexterity, the ether will be found to be exceedingly pure.
By this means I have purified common vitriolic ether, which
could not affet elaftic gum, and have reduced it into fucha
ftate as that elaftic gum was eafily diffolved by it. Indeed this
purified ether appeared by every trial to be purer than I ever
{aw it, even when made after the beft ufual method, and in
the moft careful manner. The only inconvenience attending
this procefs is, that a vaft quantity of ether is loft. Not
above threc or four ounces of a pound of common ether
remain after the purification. As the greateft part of the ether
is certainly mixed with the water that is ufed in the procefs, it
may perhaps be worth while to put that water into a retort, and
Vor. LXXL Yyy to:
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‘to diftil the ether from it, which muft come fufficiently pure
for common ufe.

It is commonly believed, that water combincs with the pureft
part of ether, when thofe two fluids are kept togethers
whereas, by the above defcribed procefs, the contrary is efta-
Dlithed: perhaps when ether is kept in contad with
water for a long time, the pureft part of it may appear to
be loft, becaufe the ether may be combined with, and may
retain fome water in itfelf, at the {fame time that the water
combines with and retains fome ether, whercas the cafe may be
different when the ether is quickly wathed in water, and is im-
mediately after {eparated from it: but in refpet to this I have
yet not made any cxperiments, {o as to be able to decide
the matter.

1L ‘Experiments relating to the expanfion of ‘mercury.

THE difficulty and uncertainty attending the various rie-
thods hitherto propofed for inveftigating the e'xpanﬁon of quick-
filver, or its increafe of bulk when rarified by a given degree
of heat, determined me to contrive fome method by which
this purpofe'might be effected "with more certainty and preci-
fion. After various experiments I hit upon the following me-
thod, which to me feems both new and capableof great accu-

racy, though in this I may be deceived.

Firft, having blown a ball to a capillary tube, fuch as are
commonly ufed for thermomcters, Iweighed it, and found that
this empty thermometer was equal to 79,25 grains. This
empty glafs previous to its being weighed was rendered as per-
' fetly
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fetly clean as poflible, which is a neceffary precaution in this
experiment, which depends upon a very great accuracy of
weight. Then T introduced fome mercury into the ftem of
this thermometer, taking care that none of it entered the ball,
and, by adapting a {fcale of inches to the tube, obferved that
4,3 inches length of the tube was filled with the mercury. The
thermometer was now weighed again, and from this weight,
the weight of the glafs found before being fubtratted, the re-
mainder, viz. 0,24 gr. thewed the weight of fo much quick-
filver as filled 4,3 inches of the tube. Now the ball of the
thermometer, and alfo part of the tube, were intirely filled
with quickfilver: then, in order to find out the weight of the
mercury contained in it, the thermometer was weighed for the
laft time, and from this weight the weight of the glafs being
fubtralted, the remainder, viz. 3205 grs. thewed the weight
of the whole quantity of quickfilver contained in the ther-
mometer.

By comparifon with a graduated thermometer in hot and cold
water, 1 made a {cale to the new thermometer according to
FAHRENHEIT’s, and by applying a fcale of inches found, that
the length of 20° in this {cale was equal to 1,33 inch. But
0,24 gr. was the weight of fo much mercury as filled 4,3
inches length of the tube; therefore, by the rule of propor«
tion it will be found, that the weight of fo much quickfilver as
fills 1,33 inch of the tube, wiz. the length of 20° is equal t&°
0,0742 gr. nearly, and that the weight of fo much quickfilver
as fills the length of the tube that is equivalent to ene degree,
is equal to 0,00371 gr. Now itisclear, that the weight of the
whole quantity of quickfilver contained in the thermometer is
to the weight of fo much quickfilver as fills the length of one
degree in the tube, 2sthe bulk of the whole quantity of quick-

Yyyaz filver
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filver in a given degree of heat, to the increafe of bulk, that
the fame whole quantity of quickfilver acquires when heated
of but 1°; vrz. 32,05 grs. isto 0,00371 gr..as I is to 0,0011 + 3
{o that by this experiment it appears, that 1> of FAHRENHEIT's
thermometer increafes the bulk of mercury not above , ;.12 .. ths
parts. In this procefs a {fmall deviation from mathematical
cxaltnefs is occafioned by the fmall difference of weight be-
tween the quickiilver of the tube when firft weighed and when
it is afterwards heated to 1°; but by an eafy calculation it will
be found, that this difference is fo exceedingly fmall as not to be
perceived by our exatteft weighing and meafuring inftruments.

For clearnefs fake I thall fubjoin the calculation of the above
related experiments, difencumbered from words. Here the
decimals are not computed to a very large number, that being
unneceflary for this purpofe.

Weight of the glafs, - - - - 79,25 gISs.
Weight of {o much quickfilver as filled 4,3 inches

length of the tube, - - - 0,24 grs.
Weight of the whole quantity of quickfilver con-
~ tained in the thermometer, - - 32,05 grs.
Length of the tube equal to 20°, - - 1,33 inch.

4,3 10,24 31 1,33 1 0,0742=20°

20° 10,0742 i1 1 :0,00371

32,05 1 0,00371 :: 1 : 0,0001T+ = to the expanfion
occafioned by one degree of heat.

Having repeated this experiment with other thcrmometers,
and by fimilar calculations, each procefs gave a refult little dif-
ferent from the others, which irregularity is certainly owing
to the imperfetion of my fcales, which are not of the niceft
fort: but taking a mecan of various experiments it appcars,

that
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that 1° of heat, according to FAHRENHEIT’s thermometer,
increafes the bulk of a quantity of quickfilver of . 2pro™
parts, viz. if the bulk of a quantity of quickfilver in the
temperature of 50°is equal to 100,000 cubic inches, the bulk
of the fame quantity of quickfilver in the temperature of §1°
will be equal to 100,009 cubic inches.

It is almoft fuperfluous to mention, that the cavity of the
tubes employed for thefe experiments, muft be perfectly uni-
form throughout. The {cales to be ufed for this method
thould be {o exact as to be turned by the hundredth part of a
grain when charged with about half an ounce weight.

From thefe obfervations the method of graduating, or of
determining the length of a degree in a new thermometer, is
eafily deduced, the only requifites for the calculation being the
weight of a quantity of quickfilver, which fills a known
length of the tube, and the weight of the whole quantity of
quickfilver contained in the thermometer when filled: Sup-
pofe, for inftance, that in making a new thermometer it
be found, that the weight of fo much quickfilver as fills five.
inches length of the tube is equal to ten grains, and'that the
weight of the whole quantity of quickfilver contained'in the
thermometer weighs 300 gramns. It is plain, that if the
whole quantity of quickfilver weighs goo grs.. d e parts
of it muft weigh 0,027 gr.  But the weight of {fo much mer-
cury as fills five inches of the tube is equal to 10 grains;
therefore, 0,027 gr. weight of quickfilver muft fill o,6133
inch of the tube, and this is equal to the length.of 1°, or the:
double, treble, &c. of it is equal to two, thiree,. &c. degrees..

By this means the fcale may be made; that'is, it may be
divided into degrees, but the numbers cannot be added to them.
without finding which of thefe degrees correfponds with the

5 freezing
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freezing point or boiling point.. Either the point of ’boilin‘g
or freezing may be found by experiment, or any other point
may be afcertained by comparifon with another thermometer,
and then the other degrees are nominated accordingly.

1. Defeription of a thermometrical barometer.

THE determination of the various degrees of heat thewn
by boiling water under different preffures of the atmofphere,
has been attempted by various perfons, but it was lately com-
pleted by the accurate and numerous experiments of Sir GEorGE
SHUCKBURGH, member of this Society. His valuable paper is
inferted in the LXIXth vol. of the Phil. Tranf; Upon confi-
dering this paper, I thought it poflible to conftru& a thermo-
meter with proper apparatus, which, by means of boiling wa-
ter, might indicate the various gravity of the atmofphere, wiz.
the height of the barometer. This thermometer, together
with the fuitable apparatus, might, I thought, be packed into a
{mall and very portable box, and I even flattered myfelf, that
with fuch an inftrument the heights of mountains, &c. might
perhaps be determined with greater facility than with the com-
mon portable barometer. My expeations are far from having
been difappointed, and although the inftrument which I have
hitherto conftra&ted has various defe@s, I have, however,
thought of fome expedients which will undoubtedly render it
much more perfect; I fhall then prefent to this Society a
more particular account of it, and alfo of the experiments
which I 'intend to make with it. The inftrument in its prefent
ftate confifts of a cylindrical tin veflel, about two inches in
diameter and five inches high, in which veflel the water is

con-
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contained, which may be made to boil by the flame of a large
wax candle. ‘The thermometer is faftened to the tin veflel
in {uch a manner as that its bulb may be about one inch above
the bottom. The {cale of this thermometer, which is of
brafs, exhibits on one fide of the glafs tube a few degrees of
FAHRENHEIT's {cale, viz. from 200° to 216°. On the other
fide of the tube are marked the various barometrical heights,
at which the boiling water fhews thofe particular degrees of heat
which are fet down in Sir 6. sSHUCKBURGH's table. With this in-
ftrument the barometrical height is thewn within one-tenth of
aninch. The degrees of this thermometer are fomewhat longer
than one-ninth of an inch, and confequently may be fub-
divided into many parts, cipecially if a nonius i1s ufed. But
the greateft imperfection of this inftrument arifes from the
{mallnefs of the tin veflel, which does not admit a f{ufficient
quantity of water: and I find, that when a thermometer is
kept in a fmall quantity of boiling water, the quickfilver
in its ftem does not ftand very fteady, fometimes rifing or
falling even half a degree ; but when the quantity of water is
fufficiently large, for inftance is ten or twelve ounces, and is.
kept boiling in a proper veflel, its degree of heat under the fame
preflure of the atmofphere is very fettled.
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