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ADVERTISEMENT.

Otwithftanding what I had

faid, in the conclufion of

the Preface to the Fourth Volume
of my Chemical Eﬁ'ays, concern~
ing the httle likelihood of the
Trats there ‘mentloncd being ac-
ceptable to many readers, my:
Bookfeller has defired leave to
publifh them. - He has formed an
expeQation, that the purchafers
of the Chemical Effays will not
be difpleafed at having an oppor-
tunity of poflefling all that re-
mains of what I have ever written
on chemxcal fuble&s  Great ims~
provements have been made in
az many
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many branches of chemiftry finee
the Inflitutiones Metallurgices and
the Plan -of .Chemical Lefures
were firft printed, but I have no
inclination to revife them; they
will be candidly read with a re-
ference to the time when they
were compofed.. I do not recol- -
le@ what motive induced me to
write the Metallurgic Inftitutes in
Latin; unlefs it was the vanity of
thinking, that when I had: treated
the other parts of Chemiftry in
the fame manner, the work might
ftand a chance of finding its way
into foreign countries. I had
written feveral chapters de Aere
communi-fixo-inflammabiliy de Igne ;
de Aqua; de Terra calcaria, wvi-
irefcibiliy &ec. much about the

6 period
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period in which the Metallurgie
Inftitutes were finithed : but my
attention’ being foon after called
to other purfuits, I gave up the
defign which I had formed, ‘of
exprefling in a conneéted feries
of propofitions' what was then
{cientifically known in Chemiftry;
and what I had written, with this
view, fhared ‘the fate of my other
chemical manuferipts when I de-
termined laft year to quit this fa-
vourite ftudy.
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EVSSAY'I.

Olbfervations on the Sulpbur Wells at
HARROGATE, made in Fuly and
Auguft, 1785,

N 1733, when Door Suort
firlt publifhed his Treatife on
Mineral Waters, there were only
three fulphur wells at Harrogate;
there are now four. ‘I made fome
inquiry refpeéting the time and oc-
cafion of making the fourth well,
and received the following account
from an old man, who was himfelf
principally concerned in the tranfac-
VOL. V. B tion.
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tion. About forty years ago, a per-
fon who, by leafe from the Earl of
Burlington, had acquired a right of
fearching for minerals in the foreft of
Knarefborough, made a fhew as if he
had a real intention of digging for
coal, on the very fpot where the
three fulphur wells were fituated.
This attempt alarmed the apprehen-
fions of the inn-keepers and others
at Harrogate, who were interefted
in the prefervation of the wells : they
gave him what legal oppofition they
could, and all the illegal that they
durft, Atlength, for the fum of one
hundred pounds, which they raifed
amongft themfelves, the difpute was
compromifed, and the defign real or
pretended of digging for coal was
abandoned. Sulphur water, how-
ever, had rifen up where he had be-
gun to dig. They inclofed the place

with
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with a little ftone edifice, and putting.
down a bafon, made a fourth well.
By a claufe in the a of parliament
for inclofing Knarefborough Foreft,
pafled in 1770, it is rendered un-
lawful for any perfon whatever to
fink any pit, or dig any quarry or
mine, whereby the medicinal {prings
or waters at Harrogate may be da-
maged or polluted; fo that no at-
tempts of the kind above-mentioned
need be apprehended in future.

This fourth well is that which 1s
neareft to one of the barns of the
Crown-Inn, being about ten yards
diftant from it. In digging, a few
years fince, the foundation of that
barn, they met with fulphur water in
{everal places.. Ata very little dif-
tance from the four wells there are
two others of the fame kind; onein
the yard of the Half-Moon-Inn, dif-

3 2 covered
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covered in digging for common
water in 17383, and another which
breaks out on the fide of the rivulet
below that Inn.  On the banks of
that rivulet I faw feveral other ful-
phureous {prings : they are eafily dif~
tinguithed by the blacknefs of the
earth over which they flow.

On the declivity of a hill, about a
quarter of a mile to the weft of the
fulphur wells at Harrogate, there is
a bog which has been formed by the
rotting of wood: the earth of the
rotten wood is in fome places four
feet in thicknefs, and there is a ftra-
tum confifting of clay, and fmall
loofe decaying fand-ftones, every
where under it. The hill above is
of grit-ftone. In this bog there are
four more fulphur wells ; one at the
top, near the rails which feparate the
bog from the Common; and three

at
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at the bottom, though one of thefe,
ftrictly fpeaking, is not in the bog,
but at the fide of it in the ftratum
on which the bog is fituated, and at
the diftance of a yard or two from a
rivulet of frefh water, which runs
from thence to Low Harrogate, paf-
fing clofe to the fide but above the
level of the fulphur wells of that
place. On the other fide of the
hill, above the bog, and to the weft
of it, there is another fulphur well
on the fide'of a brook; and it has
been thought that the wells both at
Harrogate and in the bog are fup-
plied from this well. Inalow ground,
between High Harrogate and Knare{-
borough, there is a {ulphur well;
another to the north of it in Bilton
Park, at about the diftance of a mile;
and another to the fouth of it, ata
lefs diftance, was difcovered this

B 3 year
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year in digging for common water
by a perfon of the name of Richard-
fons and, laftly, there is another at a
place called Hookftone Crag: none
of thefe laft-mentioned wells are
above two miles diftant from High
Harrogate; and by an accurate fearch
a great many more might, probably,
be difcovered in the neighbourhood.
It is not unufual to dig within a
few yards of any of thefe fulphur
wells, and to meet with water which
is not fulphureous. 1 ordered a well
to be dug in the fore-mentioned bog,
fixteen yards to the fouth of the ful-
phur well which is near the rails,
and to the fame depth with it; the
water with which it was prefently
filled was chalybeate, but in no de-
gree fulphureous. I had another
well dug, at about thirty yards dif-
tance from the three fulphur wells
which
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which are fituated at the lower ex-
tremity of the bog; this well, by the
declivity of the ground, was ten or
twelve feet below their level, but
its water was not {ulphureous. From
the firft well which I dug, it is evi-
dent, that every part of the bog does
not yield fulphur water; and from
the fecond, which was funk into the
clay, it is clear that every part of the
ftratum on which the bog is placed
‘does not yield it, though one of the
wells is fituated in it,

The fulphur wells at Harrogate
are a great many feet below the level
of thofe in the bog; but they com-
municate with them, if we may rely
on what Doctor Short has told us—
¢ That about the beginning of this
century, when the concourfe of peo-
ple was very great to the Spaw at
Harrogate, one Robert W ard, an old

' B 4 man,
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man, made a bafon in the clay under
the mofs of a bog where the ftrongeft
and brifkeft of thefe fulphur {prings
rife, and gathered half an hogfhead
of water at a time for the ufe of the
poor; but when he laded this he’al-
moft dried the three fulphur wells at
the village, whence it is evident, that
all have the fame origin and com-
municate with one another.”” By
converfing with fome of the oldeft
and moft intelligent people at Har-
rogate, I could not find that they
entertained any opinion of the water
at the bog having a communication
with that at the Spaw. This cir-
cumftancemighteafily be afcertained ;
and, if the faét thould be contrary to
what Doltor Short fuppofed, the
wells at the bog ought to be covered
from the weather as thofe at the vil-
lage are ; they would by this mean

yield
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vield great plenty of water for the
baths which are wanted by invalids,
and which are often very fcantily
fupplied by the wells at Harrogate,
notwithftanding the attention which
1s ufed in preferving the water which
fprings at the four wells, by empty-
ing them as often as they become
full during both the day and night
time. And indeed it is furprifing,
that the well on the {ide of the rivu-
Ietbelow the Half-Moon-Inn, which
is fo well fituated for the purpofe, has
never been inclofed for the furnifhing
fulphureous water for the baths. The
prefent mode of  carrying the water
in cafks to the feveral houfes where
the perfons lodge who want to
bathe in it, isvery troublefome, and
the water thereby lofes of its virtue.
Some of the wells about the village,
" that for inftance which has been
difcovered ;
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difcovered at the Half-Moon-Inn,
the water of which, I believe, {prings
from a different fource from that
which fupplies the four fulphur wells,
fhould be either enlarged to a great-
er horizontal breadth, or funk to 2
greater depth, in order to try, by
one or both of thefe ways, whether
the quantity and ftrength of the water
might not be increafed ; and if that
fhould, as it probably would be the
cafe, one or more baths might be
ereted after the manner of thofe at
Buxton and other places; or, by pro-
per additional buildings, warm bath-
ing in fulphureous water might be
practifed, as is done in common wa-
ter in the bagnios in London. The
faltnefs of the fulphureous water, if
that thould be thought ufeful, might
eafily be made even greater than that

of fea water, by adding a quarter
of
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of a pound of common falt to every
gallon of the water ufed in forming
a bath. The waters at Harrogate,
though they have long been very be-
neficial, have not yet been rendered
fo ufeful to mankind, as an intelli-
gent and enterprifing perfon might
make them. The alternate ftrata of
fand, ftone, and fhale, which com-
pofe the lower hills near the wells at
Harrogate, dip very much, as may
be feen in a ftone quarry about twor
hundred yards from the wells; and
the fame circumftance may be ob-
ferved in dry weather, in following
the bottom of the brook from the
village up to the bog; and hence,
if there be a communication be-
tween the waters of the bog and
of the village, as Doctor SHorT
afferts, it is probable, that the fame
ftratum of fhale which is feen at the

bottom



(32 )
bottom of the wells at the village,
breaks.out again at the bog above
the village, and that the water finds
its way from the bog to the village
through the crevices of that ftra-
tum.
After having obferved, as carefully
as I could, the number and fituation
of the fulphur wells about Harro-
gate, 1 took notice of the tempera-
ture of the four at the village. 1In
the month of June, 1780, when the
thermometer in the fhade was 72°,
and the pump water at the Granby-
Inn, the well of which is fifty feet
deep, was 48°, the ftrongeft of the
fulphur wells, being that of which
invalids ufually drink, was §0°. On
the 2gth of July in this year, after
the earth had been parched with
drought for many months, the heat
of the ftrongeft well was 54°; the
water
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water of the Granby pump was on
the fame day 48°, and the heat of
the air in the fhade 76°. Do&or
WaLkER, who has lately written a
treatife on Harrogate water, fays,
that the heat of this {pring was 48°,
when that of an adjoining rivulet
was §3°.  And I have little doubt
in believing, that if the experiment
was made in cold weather, the tem- '
perature of the fame well would be
found to be feveral degrees below 48.
This variation of temperature in the
fulphur water indicates its fpringing
from no great depth below the fur-
face of the earth ; or at leaft it indi-
cates its having run for a confidera-
ble diftance in a channel fo near to
the {urface of the earth, as to parti-
cipate of the changes of temperature,
to which that is liable from the a&ion
of the fun, But the heat of the

fulphur
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{ulphur water is not only variable in
the fame well, at different times,
but it is not the fame in all the wells
at the fame time. If we call the
ftrongeft well the firft, and reckon
‘the reft in order, going to the right,
the third well, which is reckoned the
next ftrongeft, was 57° hot when the
firft well was 54°. In fupport of the
conjeéture that the fulphur water of
the ftrongeft well would ina cold fea-
fonmake the thermometer fink below
.48° which is the conftant tempera-
ture of {prings fituated at a great
-depth in the earth in this country,
it may be obferved, that though the
firft ‘and the third well are never
frozen, yet the fecond and fourth well
are frozen in fevere weather. When
the fecond and the fourth well are
-covered with ice, itis probable, that

the firlt and the third have a tempe-
4 rature
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rature far below 48°; but that the
fea falt, which is more abundant in
them than in the other two wells,
and which of all falts refifts moft
powerfully the congelation of the
water in which it is diffolved, pre-
ferves them from being frozen in the
coldeft feafons incident to our cli-
mate.

As the temperature of thefe four
wells is not the fame in all of them at
the fame time, nor invariable in any
of them, fo neither does there feem
to be any uniformity or conftancy in
them, with refpect to the quantity of
falt which they contain. The falt
with which they are all impregnated
1s of the fame kind in all, and it is
almoft wholly common falt; and
though the quantity contained in a
definitive portion of any one of the
wells is not, I think, precifely the

fame
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fame at all feafons of the year, yet
the limits within which it varies are
not, I apprehend, very great. A
method is mentioned in the LXth
volume of the Philofophical Tran{-
actions, of eftimating the quantity
of common falt diffolved in water,
by taking the {pecific gravity of the
water: this method is not to be relied
on, when any confiderable portion
of any other kind of falt is diffolved
along with the fea falt; but it is
accurate enough to give a good no-
tion of the quantity contained in the
different wells at Harrogate. On
the 13th of Auguft, after feveral
days of rainy weather, I took the
fpecific gravities of the four fulphur
wells at the village, the drinking
well being the firft.—Rain water
1.000; firft well 1.009 ; fecond well

z.002; third well 1.007; fourth
well
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well 1.002. By comparing thefe {pe-
cific gravities with the table which
is given in the LXth volume of the
Tranfa&tions, it may be gathered,
that the water of the firft well con-
tained % of its weight of common
falt; that of the fecond and fourth,
4+ and that of the third, ;%.. After
four days more heavy rain 1 tried
the ftrongeft well again, and found
1ts fpecific gravity to be 1.008. It
1s worthy of obfervation, that the
water, as it fprings into the firft and
third well, 1s quite tranfparent, but
ufually of a pearl colour in the fe-
cond and fourth, fimilar in appear-
ance to the water of the firft or third
well after it has been expofed a few
hours to the air; hence it is proba-
ble, that the external air has accefs
to the water of the fecond and fourth
well before it fprings up into the

VOL., V. < bafon.
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bafon. ~A great many authors have
publifhed accounts of the quantity
of common falt contained in a gal-
Ion of the water of the ftrongeft
well; they differ fomewhat from
each other, fome making it more,
others lefs, than two ounces. Thefe
diverfities proceed either from the
different care and fkill ufed in con-
duting the experiment; or from a
real difference in the quantity of falt
with which the water is impregnated
at different feafons of the year, The
medium quantity of falt contained in
a gallon falls fhort of, I think, ra-
ther than exceeds two ounces. The
fea water at Scarborough contains
about twice as much falt as is found
in the ftrongeft fulphur well at Har-
rogate. The fulphur wells at the
bog are commonly faid to be ful-
phureous, but not faline. This,

_however,
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however, is a miftake; they contain
{alt, and falt of the fame kind as the
wells at the village. I could not
diftinguith the kind of falt by the
method in which I had eftimated the
~quantity cosatained in the fulphur
wells ; I therefore evaporated a gallon
of the water of the well in the bog
-which is near the rails, and obtained
a full ounce of common falt; of a
brownifh colour: the colour would
‘have gone off by calcination. In
what degree the medicinal powers
“of Harrogate water depend on its
fulphureous, and in what degree on
its faline impregnation, are quef-
tions which I meddle not with: I
would only juft obferve on this head,
that any ftrong fulphureous water,
fuch as that of Keddleftone in Der-
byfhire, or of Shap in Weftmore-
land, which naturally contains little

c.2 or
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or no fea falt, may be rendered fi-
milar to Harrogate water, by dif-
folving in it a proper proportion of
common falt. The four fulphur
wells at Harrogate are very near to
each other; they might all be in-
cluded within the circumference of a
circle of feven or eight yards in
diameter ; yet, from what has been
faid it is evident, that they have not
all either the fame temperature, or
the fame quantity of faline impreg-
nation. This diverfity of quality, in
wells which have a proximity of
ficuation, is no uncommon phzno-
menon; and though at the firft view
it feems to be furprifing, yet it ceafes
to be fo on reflettion: for the waters
which feed wells fo circumftanced,
may flow through ftrata of different
qualities fituated at different depths,
though in the fame diretion; or

through
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through ftrata placed both at dif-
ferent depths, and in different direc-
tions; and that this is the cafe at
Harrogate is probable enough, there
being hills on every fide of the hol-
low in which the village is placed.

With refpect to the fulphureous
impregnation of thefe waters, ] made

- the following obfervations.

The infide of the bafon, into
which the water of the ftrongeft well
rifes, is covered with a whitifh pel-
licle, which may be eafily fcraped
off from the grit-ftone of which the
bafon is made. I obferved, in the
year 1780, that this pellicle on a hot
iron burned with the flame and fmell
of fulphur. I this year repeated the
experiment with the fame fuccefs;,
the fubftance fhould be gently dried
before it is put on the iron, I would
further obferve, that the fulphur is

-3 but
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but a fmall part of the fubftance:
which is fcraped off, That 1 might
be certain of the poffibility of ob-
taining true palpable fulphur from
what is fcraped off from the bafon,
and at the fame time give fome guefs.
at the quantity of fulphur contained:
in it, I took three or four ounces of
it, and having wafhed it well, and
dried it thoroughly by a gentle heat,
I put two ounceés into a clean glafs.
retort, and fublimed from it about
two or three grains of yellow ful-
phur. This fulphur, which fruck to
the neck of the retort, had an oily
appearance ; and the retort, when
opened, had not only the finell of
the volatile fulphureous acid, which
ufually accompanies the {fublimation
of fulphur, but it had alfo the ftrong
empyreumatic fmell which peculiarly
appertains to burnt oils; and it re--

“ &2 tained
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tained this fmell for feveral days. It
has been remarked before, that the
falt feparable from the fulphur water
was of a brownith colour; and others,
who have analyfed this water, have
met with a brown fubftance, which
they knew not what to make of;
both which appearances may be at-
tributed to the oil, the exiftence of
which was rendered fo manifeft by
the fublimation here mentioned. I
will not trouble the Society with any
conjeétures concerning the origin of
this oil, or the medium of its com-
bination with water ; the difcovery
of it gave me fome pléafure, as it
feemed to add a degree of probabi-
lity to what I had faid concerning -
the nature of the air with which, in
one of my Chemical Effays, 1 had
fuppofed Harrogate water to be im-
pregnated, I will again take the
: C 4 liberty
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liberty of repeating the query whick
I there propofed. ¢ Does this air,
and the inflammable air feparable
from fome metallic fubftances, con-
Gift of oleaginous particles in an elaftic
ftate ” When I ventured to conjec-
ture, in the Effay alluded to, that
fulphureous waters received their im-
pregnation from air of a particular
kind, I did not know that Profefior
Bergman had advanced the fame opi-
nion, and denominated that {pecies
of air, Hepatic Air. I have fince
then feen his works, and very readily
give up to him not only the priority
of the difcovery, but the merit of
profecuting it. And though what
he has faid concerning the manner
‘of precipitating fulphur from thefe
waters can leave no doubt in the
mind of any chemift concerning the
actual exiflence of fulphur in them;

yet
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yet I 'will proceed to the mention ‘of
fome other obvious experiments on
the Harrogate water, in fupport of
the fame doérine.

Knowing that, in the baths of Aix-
la-Chapelle, fulphur is found ftick-
ing to the fides and top of the chan-
nel in which the fulphureous water
is conveyed, I examined with great
attention the fides of the little ftone
building which is raifed over the
bafon of the ftrongeft well, and faw
them in fome places of a yellowith
colour: this I thought proceeded
from a fpecies of yellow mofs, com-
monly found on grit-ftone: I col-:
leCted, however, what I could of it
by brufhing the fides of the build-
ing, at the diftance of three or four
feet from the water in the bafon:
on putting what I had brufhed off
on a hot iron, I found that it con-

fifted
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fifted principally of particles of grit=
ftone, evidently however mixed with
particles of fulphur.

Much of the fulphureous water is
ufed for baths at Harrogate; and
for that purpofe all the four wells
are frequently emptied into large
tubs containing many gallons apiece;
thefe conftantly ftand at the wells,
and the cafks, in which the water is
carried to the feveral houfes, are
filled from them. On examining
the infides of thefe tubs, I found
them covered, as if painted, with a
whitith pellicle. I fcraped off a part
of this pellicle: it was no longer
foluble in water; but, being put on
a hot iron, .it appeared to coafift al-
moft wholly of fulphur. Some of
thefc tubs have been in ufe many
years, and the adhering cruft is thick
in proportion to the time they have
: 1 been
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been applied to the purpofe; but
the fulphur pellicle was fufficiently
obfervable on one which was new in
the beginning of this feafon. The
water when it is firft put into thefe
tubs is tranfparent ; when it has been
expofed to the air for a few hours, it
becomes milky; and, where the
quantity is large, a white cloud may
" be feen flowly precipitating itfelf to:
the bottom. This white precipitate
confifts partly, I am not certain that
it confifts wholly, of fulphur; and
the fulphur is as really contained in
the waters denominated fulphureous,
as iron is contained in certain forts.
of chalybeate waters; in the one
cafe the iron is rendered foluble in
water by its being united to fixed
air, or fome other volatile principle ;.
and in"the other fulphur is rendered
foluble in water by its being united

to
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to fixed air, or fome other volatile
‘principle: neither iron nor fulphur
are of themfelves foluble in water,
but each of them, being reduced
into the form of a falt by an union
with fome other fubftances, becomes
foluble in water, and remains dif-
folved in it, till that other fubftance
either efcapes into the air, or be-
comes combined with fome other
body.

About forty years ago, they took
up the bafon of the third well, and a
credible perfon, who was himfelf
prefent at the operation, informed
me, that in all the crevices of the
ftone on which the bafon refted,
there were layers of pure yellow ful-
phur. This I can well believe, forI
ordered a piece of fhale to be broken
off from the bottom of the fourth
well ; it was fplit, as fhale generally

sy -
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is, into feveral thin pieces, and was
covered with a whitith cruft. ‘Being
laid on a hot iron, in a dark room,
it cracked very much, and exhibited
a blue flame and fulphureous {mell.
If the water happens to ftand a few
days in any of the wells, without be-
ing difturbed, there is found at the
bottom a black fediment; this black
fediment alfo marks the courfe of
the water which flows from the well,
and it may be efteemed characteriftic
of a fulphur water. The furface of
the water alfo, when it is not ftirred
for fome time, is covered with a
whitith fcum.  Dolor Shers had
long ago obferved, that both the
black fediment, and the white fcum,
gave clear indications, on a hot
iron, of their containing {ulphur: I
know not whence it has come that
his accuracy has been queftioned in
' this
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this point; certain I am, that on the
repetition of his experiments I found
them true. The. white fcum alfo,
which is found fticking on the grafs
over which the water flows, being
‘gently dried, burns with the flame
and fmell' of fulphur. From what
‘has been faid it is clear, that ful-
phur is found at Harrogate, fticking
to the bafon into which the water
{prings; fublimed upon the ftones
svhich compofe the edifice furround-
ing the well; adhering to the fides
-of the tubs in which the water ftands;
{ubfiding to the bottom of the chan-
nel in which the water runs; and -
covering the furface of the earth,
.and of the blades of grafs, over
which it flows. It is unnecefiary to
add another word on this fubjet; it
remains that I rifk a conjecture or
two, on the primary caufe of the

fulphureous



(-3t )
{fulphurecus impregnation obfervable
in thefe waters.

In the Chemical Effay before re-
ferred to, I have fhewn, that the air
feparable from the lead ore of Der-~
byfhire, or from Black-Jack, by fo-
lution in the acid of vitriol, impreg-
" nates common water with the ful=
phureous {imell of Harrogate water;
and I have alfo fhewn that the blad-
der fucus or fea-wrack, by being
calcined to a certain point, and put
into water, not only gives the water
a brackifh tafte, but communicates
to it, without injuring its tranfpa-
rency, the fmell, tafte, and other
properties of Harrogate water. Pro-
feflor Bergman impregnated water
with a fulphureous tafte and fmell,
by means of air feparated by the
vitriolic acid from hepar fulphuris,
made by fufion of equal weights of

{fulphur
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fulphur and pot-athes, and from a
mafs made of three parts of iron
filings melted with two of fulphur;
and he found alfo, that Black-Jack
and native Siberian iron yielded he-
patic air, by folution in acids. This,
I believe, is the main of what is
known by chemifts on this fubjeét;
what I have to fuggeft, relative to
the Harrogate waters in particular,
may perhaps be of ufe to future in-
‘quirers. »
I have been told, that on break-

ing into an old coal-work, in which '
a confiderable quantity of wood had
been left rotting for a long time,
there iffued out a great quantity of
water {melling like Harrogate water,
and leaving, as that water does, a
white fcum on the earth over which
it paffed. On opening a well of
common water, in which there was

found
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found a log of rotten wood, an ob- -
fervant phyfician affured me, that he
had perceived a ftrong and diftinét,
fmell of Harrogate water. Dr.
Darwin, in his ingenious Account
of an artificial Spring of Water,
publithed in the firft part of the
LXXVth volume of the Philofo-
phical Tranfaltions, mentions his
having perceived a flight fulphure-
ous fmell and tafte in the water of a
well which had been funk in a black,
loofe, moift earth, which appeared
to have been very lately a morafs,
but which is now covered with houfes
built upon piles. In the bog or
morafs above-mentioned there is
great plenty of fulphureous water,
which feems to {pring from the
earth of the rotten wood of which
that bog confifts. Thefe falls are
not fufficient to make us certain,

VOL. V. D that
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that rotten wood is efficacious in
impregnating water with a fulphure-
ous {mell; becaufe there are many
bogs in every part of the world, in
which no fulphureous water has ever
been difcovered. Nor, on the other
hand, are they to be rejected as
of no ufe in the inquiry; becaufe
wood, at a particular period of its
putrefadtion, or when fituated at a
particular depth, or when incum-
bent on a foil of a particular kind,
may give an impregnation to wa-
ter, which the fame wood, under
different circumftances, would not.
give.

The bilge water, ufually found at
the bottom of fhips which are foul,
is faid to fmell like Harrogate wa-
ter: I at firft fuppofed, that it had
acquired this fmell in confequence
of becoming putrid in contat with

the
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the timber on which it refted, and
this circumftance 1 confidered as a
notable fupport to the conjecture 1
‘had formed of rotten wood being,
ander certain circumftances, inftru-
mental in generating the fmell of
Harrogate water. But this notion
i1s not well founded; for the bilge
water is, I fuppofe, falt water; and
Dr. Short {ays, that fed water, which,
‘had been kept in a ftone bottle fix
weeks ¢ ftunk not much fhort of
Harrogate fulphur water.” It has
been remarked above, that calcined
fea-wrack, which contains a great
deal of fea falt, exhales an odour
fimilar in all refpects to that of Har-
rogate water; and in confirmation
of the truth -of this remark, 1 find
that an author, quoted by Dr. Short,
fays, that « Bay falt thrice calcined,
diffolved in water, gives exatly the

D2 odour
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odour of the fulphur Well at Har-
rogate.” From thefe experiments
confidered together, it may, perhaps,
be inferred, that common falt com-
municates a f{ulphureous fmell to
water both by putrefaction and cal-
cination. Hence fome may think,
that there is fome probability in the
fuppofition, that either a calcined
ftratum of common falt, or a pu-
trefcent falt {pring, may contribute
to the produétion of the fulphure-
ous fmell of Harrogate water ; efpe-
cially as thefe waters are largely im-
pregnated with common falt. How-
ever, as neither the falt in fea water,
nor that of calcined feé-wrack; nor
calcined bay falt, are any of them
ablolutely free from the admixture
of bodies containing the vitriolic
acid, a doubt ftill remains, whether
the fulphureous exhalation, here

fpoken
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fpoken of, can be generated from
fubftances in which the vitriolic acid
does not exift,

The fhale from which alum is
made, when it is firft dug out of the
earth, gives no impregnation to wa-
ter; but by expofure to air and
moifture its principles are loofened,
it fhivers into pieces, and finally
moulders into a kind of clay, which
has an aluminous tafte. Alum is
an earthy falt refulting from an union
of the acid of fulphur with pure clay;
and hence we are fure, that fhale,
when decompofed by the air, con-
tains the acid of fulphur; and from
its oily black appearance, and efpe-
cially from its being inflammable,
we are equally certain that it con=-
tains phlogifton, the other confti-
tuent part of fulphur. And indeed
pyritous fubftances, or combinations

D 3 of
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of fulphur and iron, enter inte the
compofition of many, prebably of
all forts of fhale, though the parti-
cles of the pyrites may not be large:
enough to be feen in fome of them ;
and if this be admitted, then we need:
be at no lofs to account for the bits.
of fulphur, which are fublimed to
the top of the heaps of fhale, when:
they calcine large quantities of it
for the purpofe of making alum:
nor need we have any difficulty in
admitting, that a phlogiftic vapour
muft be difcharged from fhale, when
it is_decompofed by the air. Dr.
Short fays, that he burned a piece of
aluminous fhale for half an hour in
an open fire ; he then powdered and
infufed it in common water, and the
water fent forth a moft intolerable
fulphureous fmell, the very fame
with Harrogate water. He burned

feveral



¢ "39.7)

feveral other pieces of thale, but none
of them ftunk fo ftrong as the firft.
This difference may be attributed,
either to the different qualities of
the different pieces of fhale which
he tried, or to the calcination of the
firt being pufhed to a certain defi-
nite degree; for the combination of
the principles on which the fmell
depends may be produced by one
degree of heat, and deftroyed by
another. I have mentioned, briefly,
thefe properties of fhale, becaufe
there is a ftratum of fhale extended
over all the country in the neigh-
bourhood of Harrogate ; feveral beds
of it may be feen in the ftone quarry
above the fulphur wells; many of
the brooks about Harrogate run
upon fhale, and the fulphur wells
fpring out of it. They have bored
to the depth of twenty yards into

D 4 . this
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this fhale, in different places, in
fearch of coal, but have never pene-
trated through it. Its hardnefs is
not the fame at all depths. Some
of it will ftrike fire, as a pyrites
does, with fteel ; and other beds of
it are foft, as if in a ftate of decom-
‘pofition, and the fulphur water is
thought to rife out of that fhale
which is in the fofteft ftate. But
whatever impregnation fhale when
calcined, or otherwife decompofed
to a particular degree, may give to
the water which paffes over it, it
muft not be concluded, that fhale in
general gives water a fulphureous
impregnation; fince there are many
{prings, in various parts of England,
- arifing out of fhale, in which no fuch.

impregnation is obferved.
I forgot to mention, in its proper
place, that having vifited the bog,
fo
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fo often fpoken of, after a long feries
of very dry weather, I found its fur-
face, where there was no grafs, quite
candied over with a yellowifh cruft,
of tolerable confiftency, which had
a ftrong. aluminous tafte, and the
fmell of honey. Bergman {peaks of
a turf found at Helfingberg in Sca-
nia, confifting of the roots of vege-
tables, which was often covered with
a pyritous cuticle, which, when elix-
ated, yiefded alum; and I makeno
doubt, that the Harrogate morafs is
of the fame kind.

Whether nature ufes any of the
methods which I have mentioned
of producing the air by which ful-
phureous waters are impregnated,
may be much queftioned; it is of
ufe, however, to record the experi-
ments by which her produétions may
be imitated ; for though the line of

human
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human underftanding will never fa-
thom the depths of divine wifdom,
difplayed in the formation of this
little globe which we inhabit; yet
the impulle of attempting an in-
veltigation of the works of God is
irrefiftible; and every phyfical truth
which we difcover, every little ap-
proach whick we make towards a
comprehenfion of the mode of his
operation, gives to a mind of any
piety the moft pure and fublime fa-
tisfaltion.

ESSAY
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Experiments and Obfervations on va-
rious Phenomena attending the So-
lution of Salts.

HAVING lately had occafion,,
in fome chemical inquiries, to
make various folutions of falts, I
met with fome phznomena, which
did not appear to me either to have
been fufficiently attended to, or con-
fitently explained by writers upon.
that fubject. The fufpenfion of
falts in water, of metals in acids, of
fulphur in oils, and of other bodies.
in menftruums {pecifically lighter
than the bodies themfelves, hath

ever
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ever been confidered in chemiftry,
as a problem of difficult folution.
Thofe philofophers who acquiefce,
upon the whole, in the caufe which
hath been affigned for this phzno-
menon by Sir Ifaac. Newton, in his
optical Queftions, have taken great
pains to illuftrate the manner how
it is effeted, by fuppofing that the
bodies are received into the pores
of their refpetive menftruums, and
there kept fufpended by the attrac-
tion or, as Berncuilli and Freind
would have it, by the refiftance arif-
ing from the tenacity of the fluid.
Hence it happens, fay thefe philofo-
phers, that after water is faturated
with one falt, it is {till capable of
diffolving fomewhat of a fecond kind,
and being faturated with that, of a
third, and fo on; juft as a veflel
filled as full as poffible with fpheres

or
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or cylinders of one magnitude hath
a capability of receiving {imilar bo-
dies of an inferior fize, or bodies of
a different figure. The opinion of
Gaffendus feems to have been ge-
nerally adopted; he endeavours to
prove, from the experiment which
hath been mentioned, not only the
porofity of water, but a diverfity in
the figures of the pores: Afero &
aliud experimentum fingulare, quo vifus
Jum mibi deprebendere interfperfa by -
Jufmodi [patiola inania intra aquam
dari.— Aiebam, cum fint falis corpuf-
cula cubica, poterunt ea quidem re-
plere Jpatiola, que & ipfa cubica
Sfuerint ; at cum non modo commune
Jal, fed alumen etiam, quod eft oftabe-
dricum, balinitrum item, & fal am-
moniacum faccharumque & alia que
aliarum funt figurarum eddem . aqud
‘exfolvi poffunt 5 erunt ergo etiam in

aqua
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aqua fpatiola oftabedrica atque id
genus alia; adeo ut agua, tametfi fale
“faturata fuerit, nibilominus & alumen
“et cetera omnia exfolvere pofit ac in
Sefe transfundere. Gaf, Phyf. 1. i.
fe&. 1. cap. 1i. The reafon why
warm water diffolvesin general more
falt than cold water, feems as if it
might be derived from the fame
principle, was it true ; the interftices
between the elementary particles of
water are enlarged by the expanfion
-of the fluid, and might therefore be
fuppofed capable of admitting into
them a larger quantity of falt. This
«doétrine hath been embraced by
amoft philofophers, efpecially by the
Jate Abbé Nollet, in the 4th volume
-of his Iecons de Phyfique; and I
«do not know that ‘it hath been op-
pofed by any body. The late Mr.
Eller, of Berlin, hath carried -this

fpeculation
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{peculation fo far, as to publifh a

Table in the Berlin Memoirs for

1750, exhibiting the feveral quan-

tities of above twenty different kinds

of falt, which a given quantity of
water will abforb into its pores, with-
out being in the leaft augmented in

bulk. It is not therefore without

fome uneafinefs that I find myfelf

conftrained to diffent from the ge-

“neral opinion, and particularly to
differ from Mr. Eller, who hath

treated this fubje&t ex profeffo; who

made his experiments, as he himfelf

affures us, with the greateft exact-

nefs; and who was led by them to

the difcovery of what he is pleafed

to call, wune werité inconteflable, fa-

voir, que les plus petites parties con-

Srituantes de Peau font doiices de pores
ou dinterfiices dans lefquels les atomes

de el penvent nicher, fans augmenter

5 leur:
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leur volume. 1 do not at prefent fee
any very probable method of recon-
ciling the different refults of our in-
quiries ; I will therefore content my-
“{elf with giving a plain relation of
the experiments which I have made
upon this fubjeét.

EXPERIMENT 1I.

I took a large mattrafs, contain-
ing, when filled to the middle of
its neck, 132 ounces of water, Troy
weight ; the diameter of the cavity
of the neck was fix lines: having
with a diamond marked the place
where the water ftood in the neck
~of the mattrafs, I dropped into it a
fingle piece of purified nitre, the
weight of which was a 26c0th part
of the weight of the water, and im-
mediately obferved that the water
was confiderably elevated in the tube:

during
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during the folution of falt, the wa-
ter funk néar one third of its whole
elevation; but when the folution
was entirely finithed, it remained
very fenfibly raifed above the mark:
fo that, even from the experiment
with this inftrument, we may be
affured that water cannot abforb
+oosth part of its weight of nitre,
without being augmented in bulk.
Mr. Eller, from his éxperiments,
concludes, that eight ounces of wa-
ter will abforb one drachm and a
half, or above a 42d part of its
weight of nitre; and hence I fup-
pofed the quantity of water which I
ufed would have abforbed above fix-
teen times as much, or above three
ounces; whereas the event thewed
that it could not abforb . of an
ounce. From the finking of the
water during the folution, I was at
VOL. V. E firft
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firft irclined to believe that fonie
part at lealt of the nitre was taken
into the pc;res of the water: in or-
der to fec whether this conjeCture
couid be verified by falt, I made

the following experiment.

EXPERIMENT II

I chofe two matraffes of unequal
fizes, containing quantities of water
‘in the proportion of 12 to 1, the
diameters of the necks being equal :
into the largeft I put 1 th part of
the water’s weight of nitre, and an
equal quantity into the fmaller; and
I obferved that the water, as well
before as after the folution, was
equally elevated in them both: this
experiment was repeated. Now, if
a given quantity of water can abforb
into its pores, without being in-
creafed in magnitude, any quantity
of falt however fmall, it {eems rea-
fonable
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fenable to fuppofe that a quantxty
containing twelve times as many
pores fheuld abforb twelve times as
much, (fince it is an allowed fat i
that the minuteft portion of afalt
is uniformly diffufed ' through- the
largeft quantity of water) and it
might confequently be expeéted, that
the water fhould rife higher in the
neck of the fmaller matrafs thanin
that of the larger, which is contrary
to the experiment. :

EXPERIMENT IIL

" Apprehending that common pump
water, with which I had made the
preceding experiments, might have
its interftices preoccupied by felenites
and other heterogeneous matters,
and be thereby rendered incapable
of admitting into them any addi-
tional fubftance; and obferving that
Mr. Eller had ufed in all his expe-

E 2 I 1ments
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riments 8 ounces of diftilled water,
I had hopes to have reconciled my
experiments to his by that means:
" but upon trial, with diftilled water,
I found the elevation precifely the
fame as before. Nor do the con-
clufions depend upon the kind of
falt; they hold true mutatis mutandis
of any other falt as well as nitre.
_ During the folution the water is re-
frigerated and thereby contrated in
magnitude, and the fmaller the
"quantity the greater will be the cold
and confequent contraltion pro-
duced by the addition of fmall por-
tions of falt; but I cannot fuppofe
that this circumftance could be over-
looked by Mr. Eller, though it in-
duced me to ufe a much larger quan-
tity, or that he attributed the fink-
ing of the water during the folution,
to an imbibition of the particles of
“the
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the feveral falcs into the pores of the
water, and thence by calculation
conftructed his table.

EXPERIMENT IV,
Having always remarked that the
water in the neck of the matrafs was
elevated higher upon the firft im-
merfion of the falt, than after it was
wholly diffolved, I endeavoured to
alcertain the difference in feveral
kinds of falt. To do this.with the
greater exalnefs, I pitched upon a
matrafs which had a neck as far as
I wanted it accurately cylindrical,
as I found by obferving ithe eleva-
tions occalioned by the additions of
equal portions of water;-the ma-
trafs held about 67 ounces of wa-
ter. The falts I ufed were all dry,
and in as large pieces as:the neck
of the matrafs would admit; the
water was heated to the forty-fecond

23 degree
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degree of Fahrenheit’s thermometer,
and. kept as nearly as could be in
that temperature. I changed the
water for each experiment, and ufed
'in each 24 penny weights of falt;
the heights to which ‘the water rofe,
as meafured from a mark in the
middle of the tubé, before and after
the folutionof each falt, are expreffed
in the following table : the firft co-
lumn denotes the height to which
the water was elevated by 24 penny
weights of falt before its folution,
the fecond after its folution, the
third the difference in fra&tional
parts of the elevation before folution.

Elevation by 24 penny
weights of imple water o 58
24 penny wights of ge-
nuine Glauber’s falt 42 36 *
Vol, falt of fal. ammon. 40 33 5

Sal
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Sal ammon. 40
Refined white fugar 39
Coarfe brown fugar 39
White fugar candy 37
Glauber’s fait from Lym-
ington 35

. Terra foliata tar. 37
Rochelle fale i“33

Alum not quite diffolved 33
Borax not half diffolved

in 2 days 33
Green vitriol 32
White vitriol 30
Nitre : 30
Sal gem. from Norwich . 27
Blue vitriol 26
Pearl] afh 2
Vitriolated tartar 22
Green vitriol calcined to

whitenefs 22
Dry falt of tartar 21
Bafket fea falt 19

E 4 Corrolive
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Correfive fublimate 14 10 %
Turbith mineral - 9 o

. Had I not been in fome meafure
perfuaded, from the refult of the
preceding experiments, that no por-
tion of any falt could be abforbed
into the pores of water, I fhould
have readily concluded that the third
column of this table denoted fuch
parts of 24 penny weights of the fe-
veral falts as might be lodged in the
interftices of 67 ounces of water,
without ipcreafing its magnitude?
the quantities indeed which might
have been thus afcertained would
have but ill agreed with thofe which
are determined by Mr. Eller; and
that diverfity of quantity may fug-
geft a doubt concerning the validity
of his principle. The finking of
the water in the neck of the matrafs

feems
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feems to be a general phenomenon
attending the folution of all falts;
the quantity of the defcent is vari-
ous from % to 4 of the whole ele-
vation in thofe falts which I have
tried. In forming the table, I re-
peated many of the experiments,
but found no variation which could
affe@ the general conclufion; with
‘particular attention I repeated the
folution of vitriolated tartar, for I
thought it a very remarkable ecir-
cumftance that one of the hardeft
falts fhould be more diminithed in:
proportion to its whole bulk than
any other, but the numbers in the
table 22 and 11 accurately exprefled
the height before and after folution:
"upon the repetition of the experi~
ment, fo that it may be relied upon
as a certain fat that a cubic inch
of vitriolated tartar is by folution in

t water
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water reduced to half a cubic inch,
though the water cannot, as appeared -
from an experiment I made, abforb
t oth part, nor, as I believe, any

1550
part, of that falt without being aug-
mented in magnitude. It is evident
from the table that fal gemme, blue
vitriol, corrofive fublimate, calcined
vitriol, ‘and in general thofe falts
which retain the leaft water in their
compofition and conftitute the hard-
eft mafles, fink more in proportion
to their refpective bulks than any
other. I own myfelf at a lofs for a
general principle to explain this ge-
neral phanomenon, unlefs the air
.contained in the feveral falts may be
efteemed fufficient for the purpofe;
a very copious feparation of air from
the falts during the whole time of
their folution may be readily ob-
ferved in 2all of them, and a {mall
portion
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portion of it, combined with the par-
ticles of a falt, may augment its
bulk, without fenfibly increafing its
weight. Yet the two following ex-
periments rather tend to diminifh.
the probability of this opinion. .

EXPERIMENT V,

I took water which had been well
purged from its air by long boiling,
and which had been corked up whilft
it was warm; when it had acquired
a proper temperature, 1 filled a ma-
trafs with it, as before, and putting
into it fal gemme, &c. I obferved
that the elevation before folution was
the fame as when'common water was
ufed, and that it funk equally in the
neck during the folution; but then
the feparation of air feemed greatly
lefs in all the trials I made. This
phenomenon is eafily explained:

common
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common watér is always faturated
with air; upon the addition of any
falt, the particles of water begin to
attraét and diffolve the falt, and let
go the air with which they are united;
this air, added to the air contained in
the falr, renders the whole much
more vifible i common than in
boiled water. Mufichenbrook and
others are of opinion, that air only
fills the interftices of water, without
augmenting its bulk; they ground
their opinion upon obferving that the
fpecific gravities of common water
and of water purged from its air
are equal; the fa&, taking it for
granted, will fcarcely authorize the
conclufion : for, fuppofing that a
cubic inch of common water con-
tains even a cubic inch of air, the
difference of the weight of the wa-
ter when faturated with air, and when

freed
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freed as much as pofiible from it
(though probably it can never be
wholly freed from it), will not equal
I of a grain: how imperceptible then
muft the difference be, if water, in-
ftead of an equal bulk, doth not con-
tain .1 _th part of its bulk of air,
which is a fuppofition much nearer
to the truth: the air is feparated frorh
the water during the folution of the
falt, and the particles of the falt pro-
bably occupy its place as happens in
other chemical precipitations; but
we cannot thence infer that they are
received into the interftices of the
water, unlefs we had more conclu-
five arguments, to prove that the air
itfelf was lodged in them. T varied
the preceding experiment by putting
two equal and tranfparent pieces of
fal gemmae into two tall drinking
glaffes, filled one with common, the

’ other
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other with boiled water; from" the
firft there continually afcended a very
vifible fiream of air, and the falt and
the bottom of the glafs were covered
with bubbles, it feeming as if the
water quitted its air to diffolve the
falt; in the other, though fome air
was {een breaking out from the falt
whil(t it was diffelving, there did not
feem to be any precipitated, as it
were, from the water. In moft of
the experiments which I made, the,
boiled water diffolved a given quan-
tity of falt fooner than the common
water, when they had the fame de-
gree of heat; but the difference in
time might be owing to the different
magnitude of the furfaces of the falt,
though from the generality of the
event, I thould rather attribute it to
the different diffolving powers of

T water,
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‘water, when replete with, and when

deprived of air.

EXPERIMENT VI.
Thinking that the difference in
the bulks of the water before and

- after folution might be owing to the

{eparation and efcape of fome vola-
tile principle ; I took care to balance

as accurately as I could, water and

fal gemma, water and falt of tartar,

_water and vitriolated tartar, &c. and

then puttihg the feveral falts into
the water, I obferved when the {olu-
tion was accomplifhed, whether the
equilibrium of the fcales was af-
fetted, but I could not diftinguith
any change. Dr. Hales and others
have fpoken of the exiftence of air

in falts, and have in two or three

inftances inveftigated the quantity,
but after a very different manner
from
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from that I have ufed; nor can I

think myfelf at liberty to efteem

this air which is feparated by folu-

tion, of the fame nature with that

which is called by him and others

fixed air, inafmuch as fixed air makes

a confiderable part of the weight of

the bodies from which it is extracted,

precipitates lime water, and is fel-

dom difcharged (or perhaps pro-

duced from fome of the minute parts

of the body being converted by the

*violence of the fire, &c. into an
elaftic fluid), except when the body
is decompofed ; whereas this makes

~ only a confiderable part of the bulk
of bodies, and thus diminithes their
{pecifie gravity without fenfibly in-
creafing their abfolute weight; does
not, as I colle&ted from fome rough
trials, render lime water turbid; and
is fet at liberty, though not by a
4 mecha-
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mechanical divifion, yet by an ope-
ration fomewhat different from che-
- mical decompofition. It hath been
remarked by fome, that faline folu-
tions will not cryftallize without
much difficulty in an exhaufted re-
ceiver; perhaps becaufe the particles
of falt cannot attratt that principle
which fhould cement them toge-
ther, which at leaft. may be feen
efcaping from them when they be-
gin to be feparated. Mr. Boyle
obferved, that aquafortis, poured
upon a ftrong vegetable alcali, did
not cryftallize till it had been long
expofed to the air (though I fhould
rather attribute this failure to the
weaknefs of his aquafortis’ than to
the want of air, fince I have fre-
quently, by ufing the fuming {pirit
of nitre, obtained cryftals of an inch
in length almoft inflantancoufly);

VOL. V. F; and

.
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and feveral other phznomena might
be adduced refpecting the cryftalli-
zation of falts, which feem to indi-
cate the neceflity of admitting air as
a very efficacious inftrument in pro-
ducing that effet: but future expe-
rience may tend to elucidate this
matter. Having ufed great atten-
tion in making the experiments
from which the preceding table was
compofed;‘l thought I had a good
opportunity of deriving from it the
fpecific gravities of the falts which
are there mentioned. I accordingly
calculated the following table; in
the firt column of which are ex-
prefled the fpecific gravities as cal-
culated from the increafe of bulk
before folution ; in the fecond, after
the folution. :

Genuine Glauber’s falt 1,380 1,611
Cryftals of kelp - 1,414 1,467
; Volat.



Ly
Volat. falt ‘of fal am-

moniac “1,450 1,787
Sal ammoniac 1,450 1,487
Sugar refined, brown, 14

barley R oy TR

White fugar candy 1,567 1,611
Terra foliata tartari 1,567 1,933
Glauber’s ' falt  from b

Lymington * ° 1,657 2,000
Rochelle falt” 1,787 2,071
Alum™ © 1,757 2,071
Borax FER A
Greéen vitriol T 812 2,250
White vitriol 1,033 2,416
Nitre : . 1,953 2,766

Very “tranfparent Al
gem. fromNorthwich 2,143 3,411
Blue vit;’io‘l purified = 2,239 2,900

Pearl afh " 2,320 §,8co
Vitriolated tartar 2,636 5,272
Green vitriol calcined

to whitenefs 2,636 5,272

F 2 Dry
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Dry falt of tartar - 2,761 4,461
Bafket fea falt 3,052 3,866
Corrofive fublimate = 4,142 5,800
Mercury diftilled with
acid of vitriol, and
freed from its acid
by a ftrong fire 6,444

L

The numbers in the firflk column
correfpond very well, . upon  the
whole, with the fpecific gravities
which have been determined by
others hydroftatically; thus the fpe-
cific gravities of nitre, alum, white
and green vitriol, fal ammoniac, fal

,gemme, &c. are greater than what
are affigned to thefe bodies by fome
authors, and .lefs .than what have
been determined by others ; it feeins
as if the fpecific gravities of faline
bodies might, in a proper veflel, be
more accurately afcertained from the

obferved
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obferved increafe of the water’s bulk
than any other way. Upon the fup-
pofition that the efcape of the air is
the reafon of the water’s finking dur-
ing the folution, and that this air
contributes little to the weight of
the falts, though it may be abfo-
lutely neceflary to the exhibiting the
faline molecul undera vifible cryf-
talline appearance; the fecond co-
lumn ‘will denote the real fpecific
gravities of the falts as freed from
air.That this air is combined with
the falts, and doth "not fimply ad-
here to their furfaces; may appear
from hence, that the fpecific gravi-
ties, -as calculated from the increafe
of bulk’ obferved in the water before
folution, fufficiently correfpond with
thofe which philofophers have de-
termined * hydroftaticallyt nor in-
deedy upon ‘exhaufting-the air from

5 ETI the
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the falts, by .an_air pump, could I
obferve that.it was feparated, in lefs
quantity during folution.

-

EXPERIMENT VII

Since equal quantities of falt muft
contain equal quantities of air, it
might be expetted @ priori, if the
efcape of the air was the occafion
of the water’s finking, that equal
weights of falt would produce equal
augmentations of bulk, and unequal
weights augmentations proportion-
able to their weights; but, to be
aflured of this, I took a matrafs con-
taining about 30 ounces of water,
the tube being cylindrical for about
< inches in length. 'When the ma-
trals was filled to a proper mark, I
put into it 7 pennyweights of pow-
dered fal gem.: the water after the
folution had rifen through 17 tenths

of
2
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of an inch; by the addition of 14
pennyweights more, the water was
raifed through 51 divifions from the
firft mark, or twice 17 from where
it ftood after the folution of 7 penny-
weights. In the fame matrafs I tried
a fimilar experiment with nitre ; the
water was raifed through 10 divi-
fions, by 3 pennyweights of pow-
dered nitre; and-by 18 more, it
ftood aftér the folution at the 7oth
divifion from the firft mark, and
confequently rofe through fix times
the fpace, through which it had been
raifed by 3 pennyweights; From
thefe, and other experiments of the
fame kind, I am difpofed to believe
that equal portions of falt produce
equal augmentations in the bulk of
the water wherein they are diffolved;
at leaft, this holds true'when the falc -
diffolved bears but a fmall propor-

F 4 tion
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tion to what would be requifite to

faturate the water. But, in making
this experiment, . great care muft be
. taken to keep the falts of the fame
drynefs; I had once tried it with

three equal quantities of fea falt, and

arrived at a quite different conclu-

fion; the increafes of bulk occa-

fioned by the folution of the feveral

falts being feparately taken, as 13,

16, 17, but the falt being much

drier than the air in the laboratory,

had undoubtedly attracted the humi-

dity, and that portion had attracted

the moft which had been the longeft

in it, and which was laft diffolved. ’

Nor thould the temperature of the

water be negle€ed ; a fenfible error

may proceed from a minute change

in that, This experiment confirms
the firft, for, was any part of falt.
abforbed into the pores of the water, .
it
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it certainly ought to be expetted
that the elevation occafioned by the
folution of 3 pennyweights of mnitre
fhould be lefs than Zth of that occa-
fioned by 18 pennyweights, and yet
I found it to be accurately Ith upon
repeating the experiment with diftil-
led water. It confirms it too in
another view, 3 pennyweights or
+owth part of the weight of the wa-
ter, raifed it through one inch;
hence ., th part would have raifed
it through one tenth of an inch,
which any eye may diftinguith.

Dr. Lewis, for whofe great abili-
ties in chemiftry I have a very high
refped, in his little treatife upon
American potathes, is of opinion,
that the augmentation of the bulk
of water doth not proceed uniform-
ly, according to the quantity of falt
added; and he forms his conclufion

! from
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from obferving, that the lofles of
weight fuftained by the fame body
in different folutions, were not uni-
form, but continually diminifhed;
the loffes correfponding to feven
fucceflive equal quantities being as
24%. 24. 23%. 22. 22. 21. 20.
Upon confidering this matter in a
mathematical light, I am inclined
to draw a quite different conclufion ;
but I will firft mention fome expe-
riments which I had formerly made
with a different view, and which
agree very well'with Dr. Lewis’s.

EXPERIMENT VIIL

I had conceived that if, in a given
quantity of water, feveral quantities
of falt, increafing in any arithmetical
or geometrical progreflion, were
diffolved ; that the increments of
{pecific gravity would increafe in the,
fame
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{ame progreffion. - In order tofee
whether this conjecture could be efta-
blifhed by experiment, I diffolved
in, a_given quantity of water, dif-
ferent portions of fea falt, increafing
in the progrefiions exprefied in the
annexed tables, where the firft co-
lumn of -each denotes the propor-
tional quantities of falt in penny-
weights ; the 'fecond, the lofs of
weight of a given body in quarter
grains the third, the excefs of the
fpecific gravity of each folution,
above the fpecific gravity of water. .

Tas. 1. Tae.II. =~ Tas. IIL
263] ol [263] o 883 o
9 |273]10|| 5l269|-6 4 899 16
18 {283/19ll10{274{11 8 915 32
27 |292|29||15(280|17 12 930 47
36 |301/38(]20{285|22 16 945 | 62
45 [309/46/1251280/26 || 20 | 959 | 76
30|204|31 24 971 838
35[300(37 28 985 | 102
40/304/41 || 32 996 | 113
45309146 36 1009 | 126
50|312]49 40 1020 | 137
{ 551310153
The
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The difference of the numbers in
the third column of each table from
arithmetical progreflions, is obvious
at firlt view, the difference of the
two laft numbers of each being con-
fiderably lefs than the difference be-
tween the two firft: and the num-
bers 6. 11. 22. 41. correfponding
to the geometrical progreflion 5. 10.
20. 40. in the fecond table as well
as the numbers 16. 32. 62. 113 cor-
refponding to the geometrical pro-
greflion 4. 8. 16. 32, inthe third,
differ confiderably from geometrical
progreflions, whofe common ratio
is %.

In making thefe experiments there
are three obvious fources of error:
the heat may not remain conftant;
the additional weights of falt may
not be accurately equal; and the
weight of the given body may be

more
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more or lefs than what is exprefied
by any quantity lefs than % of a
grain; ' yet the differences of the
preceding numbers, from arithme-
tical or geometrical progreflions, are
too great to be explained {from any
or all of thefe fources taken toge-
ther. = We may obferve that the
lofles of weight, correfponding to
equal portions of falt, are, upon the
whole, diminithed; but it will not
follow from thence that the bulks
are not equally augmented. For,
fince the fpecific gravity of every
body is properly denoted by a frac~
tion, whofe numerator exprefles the
abfolute weight, and denominator
thc'macnitude of the body; let .
) ¢ < X
-:i;, q;:_j M;j:j W”:_z &c. be a fe-
ries of fraltions, whofe feveral nu-
merators exprefs the weights of a
given
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given quantity of water, as increafed
by the addition of equal portions
of any falt denoted by #, and whofe
denominators exprefs the bulks' of
‘the water after the folution of each
portion of falt, the increments of
bulk being denoted by 3, z, s ;' now
let us fuppofe that the lofles of
weight fuftained by the fame body,
that ' is, ‘the {pecific’ gravities; ‘in=
‘creafe uniformly, then will the above
feries of fradions increafe uniformly,
o =ath;

w+x

s _a+25;

]et—-—-zz,
wtw
L mAS
inveftigating the pr0portxon bc:tWeen
9, 2, §, which reprefent the augmen~
tations of bulk, it will appear that
Ytz v ad4-2b i 2a+k2h, o,.r' in a
gfcater ratio .than, that of 1 :2 and
that 2 :5::2¢4+64:34+65, 0rina
greater ratio than thatof 2: 3, in
which

=a+ 35 from  thefe equatlons
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which ratios they ought refpeétively
to have been, had the denominators
or the bulks of the fluid increafed
uniformly, when the fpecific gra-
vities or abfolute weights increafed
uniformly. = 'We fee from this, what
conclufion fhould have been form-
ed, had the increments of fpecific
gravity from equal portions of fale
been equal. @ Again; fuppofe that

w w+p w-t2p wt3p
= s el S &c. denote a
feries of frations, whofe numera~

tors, exprefling the weights -of a
given quantity of water as increafed
by the addition of falt, and whofe
denominators, exprefling the bulks,
both increafe uniformly, then will
the feveral differences between the
2d and 1ft, between the 3d and 2d,
37

1
mXmtq’ m+g><m+zq
g 1

m+2g xm+3q’ m-+3q xm+4g

and fo on, be as -

, &ec. whlch

fra&ions
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fradions being inverfely as their
denominators conftitute a decreafing
feries ; but the increments of fpe-
cific gravity from the addition of
equal portions of falt, are propor-
tionable to - thefe ‘frattions, and
therefore ought perpetually to de-
creafe, though we allowed the bulk
of the compound to be precifely
equal to the bulk of. the water and
falt taken togethet, thatis, though
we allowed the bulk of the water to
increafe uniformly according to the
quantity of falt added: now as it is
evident from 'Dr. ‘Lewis’s experi-
ments, and from each of the preced-
ing tables, that the increments of
fpecific gravity do decreafe upon the
whole, when the abfolute weights
increafe uniformly, we may venture
to conclude that the bulks increafe
uniformly alfo. I thought proper

io
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1o explain the foregoing principle
and to determine the ratio, becaufe
the matter feems to have been mif-
taken by many; however, it may
be eafily apprehended that the incre-
ments of fpecific gravity, from the
addition of equal quantities of falt
to a given weight of water, ought
perpetually to decreafe ; becaufe the
difference between the fpecific gra-
vities of the water and of the falt
perpetually decreafes, as the water
approaches to perfeé faturation. In
like manner, if to a given quantity
of water we add any nuinber of
equal quantities of oil of vitriol, or
any fluid mifcible with and heavier
than water; the increments of {pe-
cific gravity will perpetually de-
creafe, though they will never en-
tirely vanifh, becaufe there is a per-
petual approximation to the fpecific

VoL, V. G gravity
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gravity of the acid, which yet the
mixture can never acquire; and,
vice verfa, if to water we add a
lighter fluid, as fpirits of wine by
equal portions, the fpecific gravity
of the mixture will conftantly de-
creafe by unequal decrements; but
the decrements will never vanith,
becaufe the mixture muft ever re-
main fpecifically heavier than {pirit
of wine,

EXPERIMENT IX.

The quantities of various falts,
which may be diffolved in a given
quantity of water, have been afcer-
tained by Boerhaave, Eller, Spiel-
man, and others; their accounts dif-
fer fomewhat from: one another, as
might be expected from the dif-
ferent temperatures of the air, the
different ftate of their falts, the dif-

foran
ieren
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ferent times (a circumftance of no
fmall confideration in this matter)
which they allowed the water to
a& upon the falts before they
concluded it to be fully faturated,
and from fome other circumftances
which might perhaps with advan-
tage be taken into the account,
and a more accurate table compofed
than hath hitherto been publithed;
but as the differences would be fmall,
and might not tend to any new dif-
coveries, I could not perfuade my-
felf to be at the trouble of making
the requifite experiments. I thought
it would be a more ufeful under-
taking to determine the {pecific gra-
vities of faturated folutions of vari-
ous falts. In compofing the follow-
ing table, I ufed every poflible pre-
caution; the folutions were fully fa-
turated, by permitting the water to

G 2 red

,
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reft upon the falts for fome weeks,
and frequently fhaking the folutions
during the interval : I had fome rea-
fons for choofing this method rather
than the much fhorter one of dif-
folving the falts in hot water, and
letting the folutions cool, though
the event will be much the fame in
both ways; my balance was ex-
tremely fenfible, though I did not
ufe any weight lefs than a quarter
of a grain; the water in which the
falts were diffolved was not X of a
grain in 89o heavier than diftilled
water; the folutions were all of the
fame temperature, Fahrenheit’s ther-
mometer ftanding between 21 and
" 42° during the whole time of tak-
ing the fpecific gravities.

A Table exhibiting the fpecific
- gravities of water faturated. with
various
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various falts. Thermometer 4%
—42° barometer 30 inches.

Water in which the falts were

diffolved 1,000
Saturated with quicklime 1,001
Cryftals of tar 1,001
Arfenic | 1,005
Borax 1,010
Corrof. fublim. 1,037
Alum ' 1,033,
Genuine Glauber’s falt 1,052
Vitriolated tart. 1,054
Common falt _ 1,198
Arfen. nitre 1,184
Glau. falt Lyming. 298
Sal ammon. - 1,072
Vol. falt of fal am, 1,077
Cryftals of kelp 1,087
Nitre purified 1,095
Rochelle falt 1,114
Blue vitriol , 1,150

G 3 Green
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Green vitriol 1,157
Sal gemmza 1,170
Epfom falt Lym. 1,218
White vitriol 1,386
Pearl ath 1,534

By making other tables fimilar to
the preceding, when the thermo-
meter ftands at 62°, 82°% 102°, &c.
or when the heat increafes or de-
creafes in any known ratio; it is
extremely probable that the law, ac-
cording to which the diffolving power
of water varies with the variation of
its heat, might be inveftigated. I
have fome reafens for thinking that
though it increafes with the increafe
of heat, yet it doth not increafe in
the dire& fimple ratio of the heat s
but what the law is, or whether all
falts follow the fame law, I cannot,
from any experiments I have already

2 ' made,
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made, determine; -and I have no lei-
fure at prefent to profecute the in-
quiry. The conclufion will -be un-
avoidably liable to a fmall inaccu-
racy ; for whether the fpecific gra-
vities be inveftigated by weighing
the feveral fluids in a given veffel
filled to a given mark, or by weigh-
ing a given folid in each of them,
we fhall not thence obtain the
weights of equal bulks, fince the
containing veffel or the folid, from
the difference of the heats, have a
different capacity or a different bulk.
However, it is not apprehended that
this circumftance would fenfibly af-
fe& the conclufion, efpecially as it
is fubjet to calculation and might
be allowed for. It ought,. at the
fame time, to be obferved, that a
given bulk of the water with which
the fpecific gravities are compofed,

‘ G 4 s owill
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will have different weights when the
heats are different; and thefe dif-
ferences ought firft to be afcertained.

EXPERIMENT X.
‘Having thus determined the fpe-
cific gravities of faturated folutions
of feveral falts, in a given degree of
heat; my next inquiry was to find
the fpecific gravities of water im-
pregnated with a given quantity of
the feveral falts: I accordingly dif-
folved'in 168 pennyweights of wa-
ter, 14 pennyweights, or % of the
weight of the water of the eight fol-
lowing falts. The thermometer was

at 40° and barometer at 293.

A Table of the fpecific gravities of
“water impregnated with % of its
weight of !

Water 1,000
Sea falt 1,059
Blue
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. Blue vitriol” 1,052
Nitre 1,050
White vitriol =~ 1,045
Green vitriol | 1,043
Glan. fales Lym. 1,039
Glau. falts Genu. 1,029
Sal ammon. 1,026

I could not have made this table
much more extenfive, fince in the
4oth degree of the thermom. water
will not diffolve % of its weight of
alum, borax, vitriolated tartar, cor-
rofive fublimate, 'and a great many
other falts; however, as fuch a table
cannot fail of being ufeful in che-
mical, and perhaps medical re-
fearches, it would be worth while
to make it more general, either by
diffolving a lefs portion of falt, or
making ufe of a greater degree of
heat.

EXPE~
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EXPERIMENT X
To thefe tables I have fubjoined

another of a different nature, where-
in the fpecific gravities of water im-
pregnated with different quantities
of the fame falt from £ down to the
1024th part of the weight of the
water, ‘are determined. I cannot
accufe myfelf of carelefinefs in mak-
ing any of the experiments from
which the table is formed ; but part
“of it being made in a room where
the heat was about 5:°, and the
other in my laboratory, when it did
not exceed 46°, a certain inaccuracy,
though it will be a very {mall one,
and fcarce fenfible in the weight of
the fmall body which I ufed, will
attend it upon that account. The
falt was fea falt of the fineft kind,

and
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and extremely dry; many of the ex-
periments were repeated.

A Table of the fpecific gravity of
water impregnated with different
quantities of fea falt. Thermo-
meter between 46 and 55°

Water 1,000
Salt 3 1,206
=3 1,160

<4 1,121

I 1,107

3+ . 1,096

+ 1,087

> 1,074

Tz 1,059

+r - 1,050

5 1,048

e 1,045

P 1,040

T 1,032

r 1,029

¥
~
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= 1,027
=5 1,025
T 1,024
= 1,023
-5 1,020
75 o+ 1,019
Ly 1,015
£ 1,014
i 1,013
oz 1,012
r 1,009
i 1,007
+og 1,006
TiE 1,004
T F 1,004
T 1,003
Tor  1,0029
s 1,0023
s  1,0018
=T 1,0017
51z 1,0014
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=  1,0008

rezy  1,0006
From this table it will be eafy to
determine how much the fpecific
gravity of water is increafed by the
folution of a given quantity of falt,
and, wice verfa, if we know the fpe-
cific gravity of any folution of falt,
we may form a good conjecture of
the quantity of falt contained in it,
which obfervation may be of ready
ufe in eftimating the ftrength of
brine fprings, and of fea water,
taken up in different climates, or
upon different coafts in the fame
" climate. Thus, if a falt {pring, or
fea water, fhould weigh % more,
bulk for bulk, than common water;
we may conclude that it contains
+ of its weight of falt; if %, it
hath nearly _;8_; i Ko tats A iy
+5; and fo on: we may always find
limits
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limits near enough to form a con-
clufion from, though the exa¢t num-
ber denoting the weight in any par-
ticular cafe fhould not be met with
in the table.

After 1 had drawn up the pre-
ceding account of the experiments
which ¥ had made, I reteived the
~Berlin Memoirs for 1762, publifhed
laft year, in which there is a me-
moire entitled---Experiences fur Ie
poids du fel et la gravité fpécifique des
Jaumures faites et analyfées, par M.,
Lambert. -In this memoire, the very
ingenious- author hath made much
ufe of the principle, which I have
endeavoured to call in queftion in
the beginning of this paper; and
hath calculated the different quan-
tities of fea falt, which are abforbed
into the pores of water, when a
given quantity is diffolved in dif-

ferent
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‘ferent quantities of water. The ad- |
miffion of this principle hath drawn'
him into fome conclufions which
feem not quite confonant to true
philofophy ; as when he afferts that
the quantity which is abforbed into
the pores, is not proportional to the
number of the pores or the quantity
of water: for, if a given quantity of
water, fuppofe A, will abforb a given
quantity of any falt, fuppofe. g, I
can fee no poflible reafon why m A4
fhould not abforb ma: for ima-
gining m A4 to be divided into por-
tions refpectively equal to 4, and
equal quantities of falt to be dif-
folved in each of them; then, from
the fuppofition, each of them will
abforb #; and when they are. all
‘mixed ‘together, as no precipitation
will enfue, the fum, or m 4, muft
have abforbed-m 4. But I have no

inclina-
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- inclination to animadvert upon what
feems to be a fmall miftake of an
author, whofe various writings do
much honour to philofophy in ge-
neral, nor to involve myfelf in a dif~
pute with any one. The following
experiment may perhaps be thought
conclufive againft the dottrine of
falts bcir;g abforbed into the pores
of water: I took a large glafs re-
ceiveér, containing near fix gallons;
into its neck, by means of a hole
bored through a cork, I cemented
a fmall glafs tube; and having fll-
ed the whole up to the middle of
the tube with water, I dropped in
a piece of fea falt, weighing lefs
than one forty thoufandth part the
weight of the water: the' water in-
ftantly rofe in the tube, continued
finking during the folution, but at
laft remained as much elevated as it
would
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would have been had there been no
more water than what would have
been fufficient to diffolve it. In
making this experiment, the receiver
thould not be touched by the hand,
for its parts fuddenly expanding
themfelves occafion an inftantane-
ous finking of the water in the tube,
as I have frequently experienced,
and might thus induce a fufpicion
of the water’s not being elevated by
the addition of falt. I would not be
underftood from thefe experiments
to deny the porofity of water, fince
philofophers have thought that the
paffage of light through it, and other
ph®nomena indicate the exiftence of
vacuities in it; but I cannot believe,
however folution be carried on, that
the fmalleft quantity of falt can be
diffolved in the largeft quantity of
water, without increafing its magni-

VOL. V. H tude.
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tide. ‘The caufe of the water’s fink-
ing during folution doth not appear
to be fo certain; the efcape of air,
to which'all the appearances induced
me to refer it, and to which it may
perhaps ftill be owing, feems to be
liable to fome objetions, not only
from the experiments I have before
mentioned, but from the following.

EXPERIMENT XIL

" 1 took two matraffes of equal di-
‘menfions, one filled with common
water, the other with boiled water.
I poured into them equal quantities
of oil of vitriol; in the firlt there
feemed to be an univerfal precipita-
tion of air, as ‘it were, from every
- particie of the fluid, ‘which, by little
and little, formed itfelf into larger
bubbles, and, afcending through the

Jeck, efcaped; in the other, hardly
any
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any air could be obferved, the watet.
funk. during the folution of the acid.
very apparently; yet %th part of
the water’s weight of acid caufed
a fenfible elevation: fo that, what-
ever may be thought of the caufe
of the water’s finking during the fo=
lution of' a falt, the principle of. its
being, to a certain degree imbibed
into the pores of water feems in:no
cafe to be true, whether the falt be
in a concrete. or fluid form. This
fubje& may receive fome illuftra-
tion from: what is ebferved: in the
freezing of water; ice from common
water is always fpecifically lighter
than water, from its retaining in its
concrete form feveral - air-bubbles,
which enlarge its bulk without add»
ing, to its weight; -this: ice, when
put: inta a matrafs, after the:man-
ner in which -alk the: preceding. ex~

H 2 periment§
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periments - with falts were made,
would elevate the water moft upon
the firft immerfion: the water would
fink as the ice melted; equal por-
‘tions of ice would produce equal
elevations both before and after fo-
lution ; "the air would be feparated
in a form more or lefs vifible, ac-
cording to the circumftances in
which the experiment fhould be
tried; and not the fmalleft portion
of ice could be diffolved without
increafing the bulk of the whole.
Salts do not feem to differ much
from ice in the manner of their
formation, and as fimilar phzno-
mena attend their folution in wa-
ter, why may we not explain them
from the fame caufe? But if any
one fhould think differently, not-
withftanding the experiments which
havc been produced, I profefs my-

felf
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felf extremely ready to liften to any
reafoning founded upon experiment
which may tend to prove my opi-
nion to be erroneous; having no
partiality for any thing but truth,
nor being afthamed of ignorance or
miftake in any matter, refpecting the
comprehenfion or explication of even
the minuteft operation of nature:
g0 quidem hoc fum contentus, quod
licet quo quidque fiat ignorem, quid
Siat intelligo.
[This Effay has had a flattering
attention paid it by foreigners;
I know it has been tranflated
into the French, and I believe
it has been tranflated into the
German language.]

H 3 THE
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FAYHE following Effay was writ-
ten near twenty years ago; a

few copies of it were printed, but
not publithed, in 1771 it was ani-
madverted on by the late Doétor
Hawkefworth in the Gentleman’s
Magazine, by the authors of the
Journal Encyclopedique, and in
fome other periodical publications
about that time, There isa fpecu-
lation advanced in it relative to the
perceptivity of vegetables, which I
Would not be thought to maintain
H 4 with
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with “any pertinacity, yet 1 am
pleafed to fee that fo able a writer as
Dr. Percival has fupported the fame
fide of the queftion.*  Whether ve-
getables have or have not the faculty
of perception, is onc of the many
queftions which it is pleafant to dif-
cufs, but difficult to decide; the
arguments in favour of the affirma-
tive fide are fuch as rather invite
affent than extort convittion.

The opinion which I have endea-
voured to illuftrate, has not, I find,
that novelty to recommend or to
difgrace it, which, when I wrote the
Effay, I thought belonged to it; it
has” been incidentally adopted by
ancient and modern authorities of
great weight: [ will quote the
words of four diftinguifhed authors
to this purpofe.

* Manchefter Mem., Vol, II. page r14. -
Stobeus
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Stobeus acquaints us, that Plate
thought plants were living bodies,
endued with fenfation. His wordsare
—IAzrewy nou 102 QuTR spxlzux,a Cwer.
Qavigoy et amo T8  owhwerbur, xou
aTsTopaeg EXEY TS wAadES, etk Teus
emorywyeus anst, Ko Wy oPodpus
ovarxohasbot wou  ouchyrine, e O
neu Aoy, ® — Cardanus  exprefies
himfelf in the following terms: No-
biliores metallicis plantz _funt, atque in
bis quedam fenfus imago relucet.
Etenim et odiffe et amare plantas, et
membra habere funttionibus opportuna,
JSatis clarum effe puto. T—Rurfus que-
ritur, quare in mari quedam plante
Jentiant, in terra non? At boc inferius
exponetur.  Igitur forfan in craffo
acre aliquam plantam, que fenfum
babeat, et fimilem carni imperfelie,

* Stob, Ecl. Phyf. L. 1. p.87.
+ Cardan, de Subtil. L. iii. de Plantis, .
qualis
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gqualis of cochlearum et pifcine, non
© grit impoffibile.

The words of Rgy are very re-
markablc——Faculfas Jentiendi anima-=
libus tam propria cenferi folet,ut eorun-
dem differentia effentialis a philgfophis
ganﬁiﬁ_{atur. - Veram plante nonnulle
JE{chynomena veteribus dilles recen-
Zigribus vive, ¢t feafitive, ¢ minofz,
band obfeura fenfus indivia produnt.
He then mentions the moft remark-
able motions obfervable in fenfitive
plants, and alks, Quomoedobec fiant,
S fenfum omnen et motuin fpontaneum
iis denegemus mechanica aliqua ratione
explicare perdifficile ¢f2+

Laitly, the animal nature of ve-
getables is acknowledged as pro-
bable by Spallanzani, who is juitly
efteemed the greateft naturalift of

# Id. de Rer. vari. L. vi, c. 22.
4 Ray. Hift. Plan. Tom, I. L. 18,
' the
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the prefent age. Having remarked
that Haller was the firft who fhewed
that in birds the feetus exifts before
feecundation, and that he himielf
extended the difcovery to different
fpecies of amphibious animals, and
to fome forts of plants, he adds,
<¢ Hence we have a new and ftrik-
ing point of analogy between plants
and animals to be added to the
many others long known ; and hence-
the fufpicion that thefe two ‘tribes of
organized bodies compofe, perhaps,
‘but one immenfe family, receives

ftrong confirmation.” *
It would be difingenuous to con-
ceal the fentiments of thofe who
think that perception does not in

* Differt. on thé Nat. Hift. of Anim. and
Veget., by- Abbt Spallanzani. Engl. Tranf
Yol IL. p. 315.

5 any

-
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any degree belong to plants; I will
lay before the reader fome authori-
ties on this fide of the queftion,
that the weight of the argument, a4
verecundiam, may be equal on both
fides. .
" Sir Yobn Hill, in his Vegetable
Syftem, places the difference be-
tween vegetables and animals in a
{fyftem of nerves which belongs to
animals, but not to vegetables :
¢ Vegetables,” fays he, ¢ are placed
by nature in a middle ftate, between
the mineral and the animal claffes:
fuperior to the mineral in having
organized Dbodies, inferior to the
animal kinds in wanting a nervous
fyftem. They are capable of growth
but below fenfation. *
M. Gleditfch fays—Les plantes ap-
partiennent & la claffe des corps vivans

* Hill’s Veg. Syf. B. 1. P Ie ‘ d
ans
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dans la nature.  Elles ont leur firuc-
ture exaliement riguliere, tout comme
les animauxy avec lefquels ellés ont
beaucoup de reffemblance par rapport a »
leur génération.  Une “des principales
proprietés, celle que nous nommons lir-
ritabilité, leur eft pareillement commune ;
mais pour Dautre, favoir la fenfibilite,
elle demeurera toujours propre aux
animaux. *

The opinion of Haller is thus
exprefled—By irritability, M. de
Haller means, that property which
certain parts of living bodies poflefs,
of contralting when wounded, or
even when touched, independent of
the will of the animal that is fubje&
to the experiment, and without its
feeling any pain. A property which
plahts feem alfo to partake, and

* L’Acad. des Scien, Berlin, 1765. p. 52.

which



( rro )
whidi being diftin from fenfibility,
does.not depend on:the fame organs:
He endeavours to preve, that irri-
tability refides exclnfively in. the
mufcular fibres,. and fenfibility in the
nerves. * ‘

© # NMemoirs of Haller, l;y Fho: Henry, p: 72+

ESSAY
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ESSAY I

On the Subjes of Chemifiry, and ihei
general Divifion.

\ LL terreftrial exitencies may,
in one view or other, be con-
fidered as the fubjelts of Chemiftry s
they are ufually divided into three
diftiné claffes, called the three king-
doms of nature; the firft includes Mix
nerals, the fecondVegetables, the third
Animals. Natural hiftory, in an ex<
tended fenfe, comprehends the know-
fedge of -whatever relates to terref=
trial exittencies, exclufive of the
moral a&ions of man, which con«
ftitute the bafis of civil hiftory ; and
of the phyfical actions of bedies one
upon
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upon another, which are the founda-

tion of natural philofophy.
Mineralogy is that part of na-
tural hiftory which treats of what-
ever is found upen the furface, or
dog out of the bowels of the earth,
except animal and vegetable fub-
ftances: fome have excepted water
alfo, and denominated that branch
of fcience which explains the pro-
perties of water, Hydrology. And
indeed, many chemifts have thought
proper to confider water, as not ap-
pertaining to any of. the three king-
doms of nature; but it hath no bet-
ter right te be diftinguithed from a
folid, elaftic, diaphanous mineral,
than a melted metal hath to be dif-
tinguithed from the fame metal when
concreted into a folid ferm: in their
different ftates of fluidity and foli-
dity they will have different proper-
ties ;
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ties ; but fhould not, from fuch ac-
cidental changes as are effetted by
minute variations of heat, be refer- ;
red to different claffes: had water
been called melted ice, no one would
have fcrupled to confider it as be-
longing to the mineral kingdom.

‘The reducing quickfilver into a
folid, malleable metal, by a due de-
gree of cold, was an important dif-
covery in phyfics: we learn from
thence to confider all fluid bodies,
fuch as water, oils, fpirits, ethers,
and probably the air itfelf, as con-
vertible into folids without the -in-
troduction of any frigorific pasti-
cles, but fimply by a diminution of
heat; and all folid bodies, as con-
vertible into fluids, without fuffer~
ing any other change in their con-
ftitution, except what arifes from the
volatilization of fuch of their prin-

VOL, V. ] ciples,
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ciples, ‘as cannot {uftain-the degree
of heat-requifite to render the réft

fluid. 3
Mineralogy is principally em-
ployed in arranging fimilar bodies
under the fame, and diffimilar bo-
dies under different denominations.
It judges of fimilarity two ways;
-either from the fimilarity of the ex-
«ternal appearance, or from-the fimi-
Tarity of the internal conftitution.
The knowledge of the fimilarity of
-the internal conftitution of bodies is
-acquired, chiefly by regarding the
.changes produced in them by the
action of fire, or the action of men-
ftruums; that of the external ap-
.pearance by .regarding the colour,
e -configuration of the fuperficial parts,
confiftency, and weight. From the
knowledge of the conftituent parts
of -bodies is €erived their cecono-
mical
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mical application, their ufe in me-
dicine, agriculture, metallurgy, and
other arts: from the fimilarity of
the external appearance, is derived
a fufpicion concerning the identity
of the internal conftitution; a fuf~
picion, ferviceable in fuggefting
conje@ures to philofophic minds, re-
lative to the generation, tran{muta=-
tion, and deftruction of natural bo-
dies.

Moft mineralifts have contented
themfelves with clafling the various
{pecies of foflils according to their
moft obvious qualities, and have
thereby referred things very hetero-
geneous to the fame genus. In the
animal and vegetable kingdoms, the
external appearance is of effential
ufe in helping us to reduce them
into genera and fpecies: indeed,
when from a refemblance in one or

12 two
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two particular parts of a plant or an
animal; as from the figure of the
leaves, or the number of ftaminas;
from the fhape of the hoof, or the
number of teeth, we venture to ar-
range them under the fame general
-denomination, great confufion will
arife, if we fuppofe that general de-
nomination to infer a refemblance
more extenfive than the idea from
whence it was derived; nature often
admitting a fimilarity in fome parti-
culars, coexiftent with the greateft
diflimilarity in others: it is not pro-
bable however, that Linneus in claf-
fing the produions of nature ever
entertained fuch a fuppofition, and
he feems therefore to have been un-
«<andidly cenfured. But when the
whole - external appearance of a
plant, or: an animal, is taken into
confideration, it is far eafier to re<

b fer
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fer it to,a particular clafs, than fromr
a chemical inquiry into its internal
conftitution. In fa&, the internal
conftitution deperds, in a great mea< -
fure, upon the fame principle from
which the external figure is formed.
From the configuration of the vaf-
cular fyftem, through which nutri-
tion is conveyed to every part of a
plant or an animal, is derived the
external figure ; and from the fame X
configuration the internal properties
{feem to arife: for plants become |
acefcent or alcalefcent, {weet or bit- ?
ter, poifonous or falubrious, accord-
ing to their different natures, though
they be planted in the fame foil, and . |
fed with the fame food, that being }
changed and elaborated, by procefles
which we can neither underftand.
nor imitate, into different fluids by
the different organizations, and, I-

I3 had
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had almoft faid, digeftive powers of
different plants. The cafe is quite
otherwife with refpect to minerals,
the external appearances conveying
to us little real knowledge; they
may be the fame in different bodies,
or different in the fame body.

Sir Ifaac Newton has proved, that
the colours of natural bodies depend
upon the thicknefs and denfity of
the component parts, and confe-
quently that minute changes in ei-
ther of thefe qualities ‘will make
very confiderable changes in the co-
lour: this philofophy is confirmed
by, and ferves at the fame time to
explain, many appearances in che-
miftry. Cryftals of quickfilver in
aqua fortis, are white, yellow, or
red, according to the degree of heat
to which they have been expofed;
whillt on the other hand, the fame

3 quick-
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quickfilver corroded into a faline
mafs by oil of vitriol, remains per-
fe@ly white in all degrees of heat,
-but by the affufion of water is
changed at once into a vivid yellow,
which 1s of different fhades accord-
ing as the water is hot or cold, or
as the mafs hath been more or lefs
freed from its adhering acid by cal-
cination. Iron and lead, and moft
othermetals, undergo fimilarchanges
of colour from calcination and pre-
‘cipitdtion, . fo that nething feems
more uncertain than the claffing of
bodies from a refpet to their co-
lour. This uncertainty of colour,
according as the heat is vartous, is
much felt and complained of by
enamellers, and the makers of arti-
ficial gems.
“The configuration alfo of the fu-
perficial parts is a very uncertaip
14 charac-
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chara&eriftic of the fpecific nature of
2 mineral : metallurgifts are fenfible
of this; they are obliged in many
cafes to have recourfe to fire, before
they can pronounce concerning the
metal contained in an ore, whether
it be lead or filver, iron or antimony.
We have a notable inftance of this
uncertainty in what is called the ftel- -
lated regulus of antimony ; the cry-
ftallization on the furface refembling
the radiations of a flar, the fcales of
a fith, branches of trees, fibrille of
* feathers and other matters, according
to certain diverfities of circumftances
attending the procefs. 1 do not deny
but that a definite degree of liquidity
in the regulus and froria, a definite
quantity and quality of the froria,
and a proper precifion in fome other
matters, would ever-produce a defi-
nite arrangement of the fuperficial

parts;
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parts; but it is certain that a fmall
variation in any of thefe will make
a great change in the outward and
inward appearance of the regulus,
without affe@ting in any fenfible
manner its internal compofition.
‘Another inftance will thew the im-
perfeétion of this external method of
claflification {till more obvioufly: in
feveral portions of water let there be
diffolved nitre, fea falt, alum, borax,
fugar, faccharum faturni, corrofive
fublimate, &c. or any combinations
of thefe falts, the feveral folutions
will ftill be equally colourlefs and
tranfparent, and by a fufficient de-
gree of cold fuddenly applied would
be concreted. into folid bodies, not
to be diftinguithed from one another
by their colours, figures, confift-
encies, nor (fo the experiment might
be managed) fpecific gravities. ¢
By
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By thefe inftances from chemiftry,
we can apprehend how there may
be a perfect fimilarity in the external
appearances of bodies, when their
internal conftitutions are wholly dif-
ferent, and a diffimilarity, when they
are wholly the fame. The minerals
produced by nature are analogous
to thefe of art, and hence we may
infer the great confufion and obfcu-
rity which muft neceffarily attend a
natural Hiftory of Minerals, when
it is founded only on the external
appearance.

Senfible at laft of this imperfec-
tion, the compofers of fyflems of
mineralogy have availed themfelves
of the affifftance of chemiftry, and
have endeavoured to clafs minerals
according to their internal proper-
ties, This method is perfet in its
kind ; and in particular inftances

deferves
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deferves greater or lefs attentiom, .
according as the analyfis of mine-
rals is more or lefs complete: in
many cafes however it is too gene-
ral and abftraéted for commor ufe.
For inftance, all earths or ftones
which by a certain affignable degree
of heat, and with a certain quantity
of faline additions, are convertible
into glafs, may be called vitrifiable
earths; all earths or ftones which
in the fame degree of heat, and
with the fame quantity of faline
additians, or without them, are
not convertible into glafs, but into
quicklime, may be called calcare-
ous earths; and all earths or ftones
which under fimilar circumftances
remain unaltered in their properties,
may, with refpeé to the other two
kinds, be called refracery ecarths.
This is all we can learn from che-
miftry
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miftry relative to the comparative
natures of earths, when expofed to
a given degree of heat; and hence
fith-thells, chalk, limeftones, and
marbles would be included in the
fame clafs : but to anfwer the pur-
pofes of common life, it will be ne-
ceflary to make a more particular
divifion of them, which can only
be done after the generic idea hath
been eftablifhed, by contemplating
the external appearances; in which
view the colour or figure, or both
together, would be principally re~
fpected; as in fa&t we fee they are
in the diftinction of the Italian Zx-
tico's as Marmore Nero, Giallo, Rofo
di fan guifto; di Fiorenza, Pefino s
Alberino di Monte Gallicano, &c. all
of which are convertible into quick-
lime; but from their different colours,
fuperticial contextures, and capabi-

litigs
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dities of receiving different polifhes,
they have become of different va-
dues in a commercial light, and
therefore are not impreperly diftin-
guifhed in a fyftem of mineralogy.
In like ‘manner, though a chemical
examination by fire would probably
refer -diamonds, emeralds, rubies,
topazes, and other ftones generally
denominated precious, to the clafs
of flints; yet fince men have an-
nexed a fanciful value to thefe peb-
bles from their pellucidity, colour,
hardnefs, and ether external attri-
butes, it would be a great defe&t in
a mineral {yftem not to have them,

particularly fpecified and defcribed.
But to difcriminate common lime-
ftones, or common flints into diffe-
rent {pecies, from a minute variation
of the figure or the colour; to clafs
Ppyrites, or combinations of fulphur
and
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and iron, under the fpecific deno-
minations of fpherical, hemifpheri-
cal, pyramidal, cubical, &c.; to
divide, as is ufually done, the ores
of the fame metallic {ubftance into
a great variety of kinds, when an
affay will give no difference either
in the quantity or quality of the
metal contained in them, or of the
matter by which they are mineral-
ifed, feems to be a multiplicatio en-
tium preter neceffitatern, and tends
rather to obfcure and circumfcribe,
than to elucidate and extend our
knowledge of nature.

Upon the whole, the great out-
lines and general divifions of mine-
ral produttions may moft ufefully
be made from a chemical inveftiga-
tion of their conftituent parts, and
where it is expedient for commer-
cial purpofes to be more particular,

an
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«an -attention - to the external appear- '
ance will be proper for that end.
A mineralilt who confiders gypfeous
alabafters, plalter ftone, lamellated
-gypfums, rhomboidal felinites, fpa-
2uin  Bononienfe, and a great maay
other bodies as proper to be diftin-
.guithed - from one another, and who
iis able to alcribe any particular
body to its proper fpecies from con-
fidering its external appearance, is
poflefled of a particular kind and
degree of knowledge: He who be-
fides being acquainted with the ex-
‘ternal appearances, is able to prove
‘that all thefe different bodies are
compofed of a calcarcous earth,
united to the wvitriolic acid; and
thus make feveral fpecies of things
coalefce together, and unite, as it
were, under one:general conception,
hath a knowledge of thefe bodies
different

’
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different in kind, and fuperior in
degree. By this fort of knowledge
.the memory is much relieved, and
the mind, ever grafping after uni-
verfal truths, is gratified with the
acquifition of general ideas. Thefe
two very different kinds of know-
ledge belong to every part of mine-
ralogy, in different views each of
them is of indifpenfable ufe, and a
perfe& fyftem of mineralogy fhould
include them both.

If it be afked what are the difcri-
minative charaeriftics of minerals,
vegetables, and animals, as oppofed
to one another, I plainly anfwer that
I do not know any, either from na-
tural hiftory or chemiftry, which can
wholly be relied on.

Syftematic diftinétions, and f{peci-
fic divifions of things, are ufeful in
enlarging the comprehenfion of the

min_d H
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mind; by methodizing the objelts
they feem to extend the boundaries
of knowledge: but having no real
foundation in nature, they fhould not
be depended on tdo far; they often
perplex or impede the progrefs of a
curious inquirer. ~This prepofieffion
in favour of fy{tematic arrangements,
operates more forcibly upon us asthe
ideas to which it is ufvally annexed
become the more abftracted. The
ftrongeft analogies are overlooked,
the plaineft reafonings thought fal-
lacious, and decifive experiments in-
conclufive, when their tendency is
to {ubvert a diftin&ion, of which we
had wrongly fuppofed Nature her-
felf the author. Every one thinks
that he knows what an animal is,
and how it is contradiftinguithed
from 2 vegetable, and would be of-
fended at having his knowledge que-
TIIEN, Vs K ftioned
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ftioned thereupon. A dog or a
horfe, he is truly perfuaded, are be-
ings as clearly diftinguifhed from an
herb or a tree, as light is from dark-
nefs; yet as in thefe, fo in the pro-
duétions of nature, the tranfition
from one to the other is effected by
imperceptible gradations.

The loco-motive powers which
appertain to moft animals, whether
they proceed from the Cartefian me-
chanifm, or from {enfation, are fo
manifeft in quadrupeds, birds, fithes,
and infeéts, that in our firft and fu-
perficial inquiries into nature, we
are apt to confider the poffeflion or
want of thefe powers, as making a
decifive and effential difference be-
tween animal and vegetable bodies;
and it is not without a certain de-
atee of regret, as it were, that we
dnd ourfelves obliged to predicate

3 ant-
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animality concerning a great variety -
of beings, which are deftitute of
every power of progreflive motion.
If at the fame time we happen to
have entertained fome preconceived
opinions, no matter whence they
have been derived, concerning the
ufual fhapes of animals, (tho’ they
are far more different from one ano-
ther than fome of them are from
vegetables) our repugnancy to the
admitting a being of the outward
form of a fhrub, into the clafs of
animals, is much increafed. Hence
have proceeded moft of the objec-
tions which have been made to the
fine difcoveries of Peyffonel, Fuffien,
Ellis, and others, relative to the ani-
mal nature of corals, madrepores,
millepores, corallines, fpunges, and
a numerous tribe of bodies which

K3 the
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the very ingenious labours of Mar-
Jigli had formerly removed from the
mineral kingdom, where they had
been placed by Woodward  and
other Mineralifts, and allotted to
that of vegetables.

If rejeéting {pontaneous motion
and figure as very inadequate tefts
of animality, we adopt perception in
their fiead ; no doubt, he would be
cfteemed a vifionary in Philofophy
who fhould extend that faculty to
vegetables ; and yet there are feveral
chemical, phyfical, and metaphyfical
reafons which feem to render the
{fuppofition not altogether indefeni-
ble. :

“The greater the quantity of per-
ception exifting in the univerfal {y- °
ftem of creation, ‘the greater is the
quantity of happinefs produced ; and
the greater the quantity of happinefs -

pro-
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produced, the greater is the good-
nefs of the Deity in the eftimation
of beings with our capacities. The
latter part: of this propofition needs
no proof; and the former is liable
but to one objection, and that
grounded upon a falfe fuppofition.
If, ‘it may be urged; all the fpecies
of percipient beings be not accom-
modated with obje&s congruous to
their faculties of perception, and
productive of more pleafure than
pain to the whole fpecies taken col-
le&tively, then the animation of that
matter of which they confift is an
introduéion of evil, and no teft of
benevolence. This may be granted;
but in all the fpecies-of beings which
come within the obfervation of our
fenfes, the fuppofition -of their not
being furnithed . with obje&s fuited’
to their wellbeing is evidently not

o R true,
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true, and therefore ought, from ana-
logy, to be rejefted with reference
to fuch as by their magnitude, their
;ninut(:nefs, or their dulnefs of >pcr-

ception efcape our examination.
That animals fhould feed one
upon another, is a law of nature full
of wifdom and goodnefs, life and
happinefs being indefinitely multi-
plied thereby. For a given quantity
of what are called vegetables, annu-
ally produced upon a globe of a
given diameter, being fufficient but.
for the fupport of a given number
of herbaceous animals, whofe place
in the univerfe not admitting their
immortality, it hath been wifely
contrived that their bodies, which
from their ftruure muft perith,
fhould in ceafing to live, become
the inftruments of fupporting life -
in beings, which could not by any
: other
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other means have had an exiftence,
at leaft upon this globe ; and of the
other parts of the univerfe we know
nothing except from analogy, and
from that we muft conclude that the
o waw, be it finite or infinite, is as
full of life as this particular part
with which we are connected. Nay,
animated matter, containing, as it
were the concentrated vri‘jwi‘gl\of
many vegetables, ferves for the fup-
port “of life, and the confequent
communication of happinefs in a
far more ample manner than vege-
tables themfelves; animal fubftances.
inequal weights furnithing mere
nutriment than vegetable. It is by
Death, a feeming imperfe@ion in
his workmanthip, . that the Deity
preferves vegetable life, fupports
the animal kingdom, daily regulates
and renews the ceconomy of nature,

ok and
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and continues this wonderful fyftem
of things in full youth and vigour,
not interrupted by difeafe, nor en-
feebled by old age.

No objection therefore to the ani-
mality of vegetables can be brought
from any confiderations refpecting
their daily deftruétion ; for the de-
ftrution of animals by other ani-
mals, the bellum omnium in omnia, is
an univerfal law of nature, derived
from the faine benevolence to which
we attribute creation itfelf. If then
every part of the vegetable kingdom
hath a degree of perceptivity, how-
ever fmall, there will be a gain of
happinefs to the whole fyftem; the
aggregate may be of a value not to
be overlooked by him, to whom the
exiftence of all things is equally
poflible, and from whom all created

ex-
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exiftences are equally diftant in pera
feGtion.

Wherever there is a vafcular fy-
ftem, containing a moving nutritive
JSuccus, there is life; and wherever
there is life there may be, for ought
we can prove to the contrary, a
more or lefs acute perception, a
greater or lefs capacity for the re-
ception of happinefs: the quantity,
indeed, of which after we have de-
feended below a certain degree of
fenfibility, will (according to our
method of eftimating things, which
is ever partial and relative to our-
felves) be fmall in each individual;
yet is the exiftence of. it in the na-
ture of things paoffible, from the
analogy of nature probable: and
who can tell whether in a fyftem of
nature, confefledly contrived' for
the produétion of the greateft pof-

fible
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fible good, it may not alfo be ne-
ceflary ?
= It thould be well weighed by the
metaphyficians, whether they can
exclude vegetables from the poffef-
fion of the faculty of perception, by
any other than comparative argu-
ments; and whether the fame kind
of comparative reafoning will not
equally exclude from animality thofe
animals which are provided with the
feweft and the obtufeft fenfes, when
compared with fuch as are furnithed
with the moft and the acuteft. The
perception of a man (though it may
be doubted whether there are not fe-
veral animals which have all the fenfes
more acute) feems to be indefinitely
greater when compared with that of
corallines, fea-pens, and oyfters, than
the perception of thefe, which are
allowed to be animals, doth when

com-



( 139 )
compared with the figns of percep~
tion manifefted by a variety of what
are called vegetables. Spunges open
and thut their mamille, corals and
fea-pens protrude or draw back their
fuckers, thell-fith open or keep clofe
their fhells in fearch of food or
avoidance of injury; it is from thefe
and fimilar mufcular motions that
we judge the beings to which they

belong to have perception, that is,
to be animals. Now in the vegeta-
ble kingdom, we may obferve the
mufcular motions of many plants to
be, to the full, as definite and dif-
tinguifhable as thofe of the clafs of
animals juft mentioned. The plants’
called Heliotrope turn daily round
with the fun; by conftantly prefent-
ing their furfaces to that luminary,
they feem as defirous of abforbing
a nutriment from its rays, as a bed

of
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of mufcles doth from the water, by
opening their fhells upon the affiux
of the tide. The Flores Solares are
as' uniform in their opening and
fhutting as animals are in their
times of feeding and digefting;
fome in thefe motions do not ob-
. ferve the feafons of the year, but
expand and fhut up their flowers
-at the fame hour in all feafons;
others, like a variety of infects
which appear, or not, according to
the heat of the weather or climate,.
open later in the. day, or do not
open at all, when they are removed
from a fouthern to a more northern
latitude. Trefoil, woodforrel, moun-
tain ebony, wild fenna, the African
marigold, &c. are fo regular in fold-
ing up their leaves before rainy wea-
ther, that they feem to have a kind
of inftin& or forefight fimilar to that

of
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of ants; which however deferts mang
of them as foon as they have propa-
gated their kind, by fhedding their
pollen. Young trees, in a thick.
foreft, are found to incline them-
felves towards that part through
which the light penetrates, as plaﬁts
are obferved to do in a darkened
chamber towards a ftream of light
let in through an orifice, and as the
ears of corn do towards the fouth.
The roots of plants are known to
turn away with a kind of abhorrence
from whatever they meet with which
is hurtful to them, and to defert
their ordinary diretion, and to tend
with a kind of natural and irrefift- -
ible impulfe toward collections of
water placed within their reach::
many plants experience convulfions
of their famina upon being flightly
touched. Whatever can produce
any
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any effe€t upon an animal organ, as
the impact of external bodies, heat
and cold, the vapour of burning ful-
phur, of volatile alcali, want of air,
&c. are found to att alfo upon the
plants called fenfitive. But not to
infit upon any more inftances, the
mufcular motions of the Diones Muf-
cipula, lately brought into Europe
from America, feem far fuperior in
quicknefs to thofe of a variety of
animals, Now to refer the mufcular
motions of thell fith, and zoophytes,
to an internal principle of volition,
to make them indicative of the per-
ceptivity of the being; and to attri-
bute the more notable ones of ve-
getables, to certain mechanical di-
latations, and contractions of parts
occafioned by external impulfe, is
to err againft that rule of philo-
dophyzing which afligns the fame

caufes
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caufes for effe&ts of the fame kind.
"The motions in both cafes are
equally accommodated to the pre-
fervation of the being to which they:
belong, are equally diftinét and uni-,
form, and fhould be equally derived
from mechanifin, or equally admit-:
ted as criterions.of perception.

I am fenfible that thefe and other
fimilar motions of vegetables may
by fome be confidered as analogous:
to the automatic or involuntary mo-
tions of animals; but as it is not
yet determined amongft the Phyfio-
logifts, whether the motion of the:
heart, the periftaltic motion of the:
bowels, the contraions obfervable:
upon external impulfe in the mufcles
of animals deprived of their heads
and hearts, be attributable to an ir-
ritability unaccompanied with per~
ceptivity, or to an unealy fenfation,

- there
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there feems to be no reafon for en-
tering into fo obfcure a difquifition;
efpecially fince irritability, if ad-
mitted as the caufe of the motions
of vegetables, muft, a fortiori, be
admitted as the caufe of the lefs
exquifite and difcernible motions of
beings univerfally referred to the
animal kingdom.

Phyfical obfervations concermng
the generation, nutrition, organiza-
tion, life, health, ficknefs, and death
of plants, help us as little towards
the eftablithing a difcriminative cha-
ralteriftic between them and ani-
mals, as metaphyfical fpeculations
relative to the quantity of happinefs,
or degrees of perceptivity.

The eaftern practice of feecundat-
ing the female palm tree by fhaking
over it the duft of the male, which
Herodotus mentions in his account of

the
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the country about Balylon, and of
which Dr. Haffelquiff in the year -
1750 was an eye witnefs, was not
unknown to Arifletle and Pliny : but
the ancients feem not to have car-
ried the fexual fyftem beyond that
fingle inftance, which was of fo re-
markable a kind, that it was hardly
poflible for them to everlook it; at
prefent there are few botanifts in
Europe who' do net admit its uni-
verfality. It feems generally agreed,
that a communication ef fexes, in
order to produce their like, belongs
to vegetables-as well as to animals.
The difputes fubfilting among the
anatomifts, concerning the manner
in which conception is accomplifhed,
whether every animal be produced
ab ovo femslle, or a vermiculo in fe-
mine maris, are -exactly fimilar to
thofe amongft botanifls concerning
NOL. V. L the
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the manner in which the farina fz-
cundans contributes to the rendering
the feed prolific : but however thele
doubts may be determined, they af-
fect not the prefent inquiry, fince it
is allowed on all hands, that as the
eggs of oviparous animals, though
they arrive at their full magnitude,
are incapable of being vivified by
incubation, unlefs the female hath
had commerce with ‘the male: fo
the dates of female palm trees, and
the fruits of other plants, though
they ripen, and arrive at maturity,
will not grow unlefs they have been
foecundated by the polien of the
male. /

In like manner, notwithftanding
the diverfity of opinion which hath
long fubfifted, and in a matter fo
~ little capable of being enlightened

by experiment, probably ever will
fubfift,
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{ubfift, concerning the modus agendi
by which nature elaborates the nu-
tritive fluid, adminifters it to the
feetus in the womb, and produces
an extenfion of parts; yet fince a
placenta and an umbilical chord are
by all thought effential to the ef-
feting thefe ends; and fince the
cotyledons of plants, which include
the corculum or firft principle of the
future plant, with which they com-
municate by means of tubes branched
out into infinite ramifications, are
wholly analogous to the placenta and
umbilical chord of animals, we have
great reafon to fuppofe that the em-
bryo plant and the embryo animal
are nourifhed and dilated in their
dimenfions after the fame way. This
analogy might be extended and con-
firmed by obferving that the lobes,
within which the feecundated germ

L2 is
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is placed; are by putrefaction con-:
verted into a milky fluid, well
adapted as an aliment to the tender
ftate of the plant.

'Exfpiration and  infpiration,. a
kind of larynx and lungs, perfpira-
tion, imbibition, arteries, veins, lac-
teals, an organized body, and pro-
bably a circulating fluid appertain
to vegetables as well as to animals.
Life belongs alike to both king-
doms, and feems to depend upon
the fame principle in both: ftop the
motion of the fluids in an animal
limb by a ftrong ligature, the limb
mortifies beyond the ligature, and
drops off; a branch of a tree under
like circumftances, grows dry, and
rots away. Health and ficknefs are
only other terms for tendencies to
prolong or to abridge the period of
* life, and therefore muft belong to
=73 " both

»
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both vegetables and animals, as be-
ing both poffeffed of life. An eaft
wind, in our climate, by its lack of
moifture, is prejudicial to both;
both are fubje& to be froft-bitten,
and to' confequent mortifications;
both languith in exceflive heats;
both experience extravafations of
juices from’ repletion, and pinings
from inanition; but can fuffer am-
putation of limbs without being de-
prived of life, and in a fimilar man-
ner both form a e¢allus; both are
liable to contracting difcafes by in-
fection; both are ftrengthened by air
and motion : Alpine plants, and fuch
as arc expofed to frequent agitation
from winds, being far firmer and
longer lived than thofe which grow
in fhady groves, or hot houfes ; both
are incapable of aflimilating to their
proper fubftance all kinds of feed;

Ty for
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for fruits are found to tafte of the
foil, juft as the urine, and milk, and
fleth, and bones of animals, often
give indications of the particular
pabulum with which they have been
fed: both die of old age, from ex-
cefs of hunger or thirft, from external
injuries, from intemperature of wea-
ther, or poifoned food.

Seeds of various kinds retain their
vegetative powers for many years;
the vivification of the ova, from
which the infe@s occafioning the
fmut in corn, and the infuforia ani-
malcula obfervable in water after the
maceration of plants, probably pro-
ceed, may be efteemed a fimilar
phznomenon. It is not yet clearly
decided amongft naturalifts, whe-
ther the feeds of mufhrooms, of mu-
cors,. and of the whole clafs of Fungi,
bc not in a tepid, humid marriz,
: changed
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changed into vermicular animals,
which lofe in a little time their
power of {pontaneous motion, coa-
lefce together, and grow up into
thefe very fingular plants : the quick-
nefs of their increafe, and the irre-
fitible force with which the leaft
mouldinefs propagates itfelf, and de-
ftroys the texture of the bodies upon
which it fixes, feem to point to-
wards an animal nature. .

Different vegetables require dif-
ferent foils, as different animals do
different food for their fupport and
well being : aquatics pine away in
dry fandy grounds, and plants which
love rocks and barren f{ituations,
where they imbibe their chief nutri-
ment from the air, become difeafed
and putrid in rich bogs and {fwamps.

There are aquatic animals which
become immovable and lifelefs

L 4 when
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when the rivulets in which they fub~
fifted happen to be dried up, but
which recover their life and loco-
motive powers upen the defcent of
rain: in this circumftance they are
analogous to. the clafs of -moffes
among vegetables, which, though
they appear to be dried up, and
~ready to crumble into duft during
the heats of fummer, yet recover
their verdure and vegetable life in
winter, or upon being:put into a
humid foil. k
Trembley, Bonnet, and Spallanzas
have vaftly amplified our views of
_ nature; they have difcovered to us
divers {pecies of animals, which may
be cut into a variety of pieces with-
out lofing their animal life, cach
piece grewing up into a perfect ani-
mal of the fame kind: the multipli-
cation of vegetables by the planting
of
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of branches, fuckers, or joints of
roots is a fimilar effet. The re-
production of the legs of craw-fifh,
lobfters, crabs, of the horns and
heads of fnails, legs of lizards, of
the bony legs and tails of falaman-
ders, when by accident or defign
they have been deprived of them;
and the great difference in the time
of the reproduction, according to
the feafon of the year in which the
limb is loft, are wonders in the ani-
mal kingdom, but wholly analogous -
to the repullulation of trees after
lopping. :

All plants, except thofe of the
clafles - Monecia and Diecia, are
hermaphrodites ; that is, they have
the male and female organs of gene-
ration within the fame empalement.
Shell-fith, and fuch other animals as
refemble vegetables in not being

able
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able to move far in fearch of mates,
with which they might propagate
their kind, are hermaphrodites alfo:
Reaumur hath proved that vine fret-
ters do not want an union of fexes
for the multiplication of their kind.

From the conjunétion of animals
of different {pecies are produced
bybrides, which in many cafes can-
not propagate : botanifts have tried
the experiment, and by feecundating
female flowers with the male duft
of another fpecies, have produced
hybridous plants, of an intermediate
fhape, the feeds of which are barren
and effete. :

Trees fhed their leaves as birds
do their feathers, and hirfute ani-
mals their hair. At particular fea-
fons the juices of vegetables move
with fulnefs and vigour; at others
they are lefs plentiful, and feem to

ftagnate ;
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ftagnate ; and in this they refemble
. dormice, bats, frogs, and number-
lefs other animals of cold blood,
which lie torpid and deftitute of
every fign of life during the winter
time; the aion of the lungs and of
the heart being, if any, impercep-
tibly weak and languid.

Few, if any animals can exift
without a reciprocal fucceffion of
fleep and vigilance, and the younger
the animal, the greater is its pro-
-penfity to fleep: the fame alterna-
tives feem neceflary for the health of
feveral vegetables; a great variety
of plants fold up their leaves, and
feemingly compofe themfelves to
reft, in the night time, and this dif~
pofition for fleep is more remarkable
in young plants than in old ones;
nor does it, as might be fufpetted,
depend upon the influence of light

or
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or heat, fince plants in hot houfes,
where the heat is kept at the fame
degree, fold up their leaves at a
ftated time in the evening, and ex-
pand them in the morning, whether
the light be letin upon them or not.
It may deferve to be inquired, whe=
ther by a relaxation of fibres thefe
plants become fubjéé to a more co-
pious perfpiration during fleep than
in their ftate of vigiiance, as SanfZo-
rius hath proved to be the cafe in
animals. ‘

There is a great diverfity, but a
regular fucceflion in the times, in
which animals of different fpecies
feel the aftrum, by which they are
fimulated to the propagation of
their refpeétive kinds; an order
equally determined, is obfervable in
the times of accomplithing the fpon-
Jalia of plants, The periods of in=
, cubation
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cubation in oviparous, and of gefta~
tion in viviparous animals are not
more various in different {pecies,
nor probably more definite in_ the:
fame, vthan the periods requifite for
the germination and maturation of
different feeds. By the influence.
of heat and cold, abundance and
fcarcity of nourifhment, the feafons
of propagating may be fomewhat
accelerated or retarded in animals
as well as in vegetables: the effects
of a cold ungenial fpring are as re=
markable in the retardation of the
procreative intercourfes of birds and.
beafts, as in the ftoppage of the.
leafing of trees, or the flowering of
thrubs. In a word, there are fo
many circumftances in which the
anatomy and phyfiology of fome
plants agree with thofe of fome,

animals, that few, I believe, can,
: be
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be mentioned in which they difa-
gree.

When it is confidered that ani-
mals are either mediately or imme-
diately wholly nourifhed from ve-
getables, it might be expelted,
priori, that the produéts obtainable
by a chemical analyfis from the two
kingdoms fhould be different rather
in quantity than quality, and that
we could not from thence difcover
any criteria by which they might be
diftinguifhed from one another: this
obfervation is confirmed by experi-
ment. Animals, it is true, in ge-
neral yield a greater proportion of
a volatile alkaline, than of an acid
falt by diftillation; vegetables on
the contrary abound in acid, and
yield not any volatile alkali, unlefs
with the laft degree of heat, or when
they have undergone putrefattion:

in
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in faying this, I am aware that
differ from the opinion commonly
received. Muftard feed, water cref«
fes, horfe radifh, and other plants
of the fetradynamia clafs are gene-
rally faid to contain a volatile alkali
already formed, and to yield it with
the heat of boiling water; frem
none of thefe however could I ever
obtain by that heat a phlegm
which would give a precipitation
with, corrofive fublimate, the moft
indubitable teft of a fluid’s contain-
ing even the minuteft portion of’
volatile alkali; the pungent fmell
feems to have been miftaken here,
as Sir ‘Jobn Pringle hath well ob-
ferved the fetor to have been in
the putrefation of many animal
fubftances, as proceeding from a
volatile alkali; and which may,
perhaps, be with greater truth attri-

3 buted
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buted to a volatile oil, a fmali por-’
tion of which is fometimes procura-
ble from pepperwort, by the heat
of boiling water impregnated with
fea falt. However, as fome ani-
mals, and fome. parts of moft ani-
mals yield a portion of acid, and
as moft vegetables, by a ftrong fire
in clofe veflels, or when converted
into foot, afford a volatile alkali,
alfogethér fimilar to that obtained
from animal fubftances, we cannot
from thefe circumitances eftablith
any diftin¢tive mark between the
two kingdoms.

With refpet to Minerals indeed,
chemifts think that they have found
out an infallible and univerfal cri-
terion, by which they may be dif-
tinguithed from every animal or ve-
getable fubftance. All bodies from
which we can obtain an oil by dif-

tillation,
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tillation, or otherwife,” are fuppofed
to belong to fuch [ubftances as have
enjoyed an organic life; no mineral,
it is faid," containing any: this is a
fenfible diftin&ion, and yet it is not
perhaps in extreme cafes wholly to
be relied upon. When a vegetable
or animal is diftilled in clofe veffels,
the ftronger the fire is, 'the more oil
is obtained ; what firft pafles into
the recipient is more clear and lim-
pid than what comes over towards
the end of the operation: it may:
be prefumed, however, that what
remains adherent to the coal in the
retort, and which no violence of fire
can feparate, is not effentially diffe-
rent from the laft portions which
are diftilled ; yet this, be it fixed oil
or phlogifton, is no wife different
from what enters into the compofi-
tion of metallic fubftances, and of

VOL. V. M mi-
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minerals, perhaps, of all kinds.
Zinc burns with a flameé refembling
that of charcoal; lead and tin burn
like rotten wood; iron and other
metals may be burnt to athes in the
open air, but like charcoal cannot
be decompofed in clofe veflels;
fpirits of wine burn like fulphur,
charcoal and wmetallic fubftances
without producing any -foot; yet
from {pirits of wine an o6il may be’
obtained : Why fhould the phlogif-
ton of metals be thought of a ndture
wholly different from the oil which
fo obftinately adhetes to charcoal,
or from that which feems to etter
into the compofition of vinous fpi-
rits ?
' Naturalifts, 45 well as chemifts,
Kave perhdps tdo precipitately em-
braced the opinion, that ininerals
may be certainly and readily diftin-
guifhed
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guifhed from the other two king-
doms. A vafcular fyftem, a nutris
tive fuccus, and a power of pro=
ducing its like, conftitute the ab-
ftra& idea both of a vegetable and
an animal, as contradiftinguifhed
from a mineral: this idea is clear
and definite in itfelf ; but to deter-
mine how far the coexiftence of thefe
qualities is in the nature of things
neceflary, or where any of them
ceafes to exift, is a queltion of valt
difficulty when applied to patticular
cafes. Stones dug out of quarries,
ores out of mines, in general, mis
nerals feparated from their matrices,
are like the dead branches or limbs
of vegetables or animals, incapable
of receiving incteafe, excépt from
an external incruftation; but whe«
ther the matrices themfelves increafle,
or that being in fome cafes granted,

M 2 whether
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whether they receive their augmen-
tation from an external appofition,
or an internal aflimilation and ex-
tenfion of parts, cannot readily be
decided either way. In the Cretan
labyrinth it hath been obferved,
that the names of travellers, which
have been cut in the rock in former
ages, are now in alto relievo, and
that the older the dates are, the
greater 1s the protuberance, refem-
bling the callus formed by incifions
in trees. In the mines of Chrem-
nitz in Hungary, which have been’
wrought for above one thoufand
years, the ancient roads which had
been cut through the rocks are left
to grow up; and it is remarked,
that they approach one another in.
a horizontal, and not in a perpen-.
dicular diretion ; the fame phzno-
menon may be obferved in the mar-

1 ble
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ble quarries in Jzaly, as is mentioned
.by Baglivy in his Treatife upon the
Vegetation of Stones: but whether
thefe, and many fimilar appearances
are to be attributed .to the prefiure
of the fuperincumbent ftrata, or to
a-kind of vegetable growth, is a
doubtful point. Rock cryftals, ame-
thyfls, and various precious ftones
have been thought by De Boot and
others to grow like mufhrooms;
certain it is, that they often contain
in them feveral heterogeneous parti-
cles; a circumftance which proves
them to have been once in a fluid
ftate, and induces a fufpicion that
in their formation fhey may refem-
ble the gums and refins extravafated
from various fpecies of vegetables.
The vegetation of ftones hath been
admitted by many, and fome have
contended that minerals, as well as

M 3 ; ani-
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animals and vegetables, fpring froms
feed, the greateft rock being no-
thing but the expanfion of the parts
iof a minute grain of fand.

“"Salts diffolved in water confitt of
indefinitely fimall molecul.e, which, as
far' as microfcopes can inform us,
are fimilar in figure to the large cry-
“ftals which become vifible to the
naked eye, and which are formed,
as it were, from the expanfion of
one particle : it will be eafily under-
-ftood, how conformable this mineral
‘cryftallization is to the ‘opinion of
thofe, who attribute the growth of
animals and vegetables to the acere-
tion ‘of -organic ‘particles of the fame
kind. The concentrick crufts of
which falaflites confift, are not ei-
ther in’ their appearance, ‘or their
formation, :perhaps, unlike the cir-
cles annually produced by the:ftag-

3 : nation

LS
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- nation of the fap in the boll and
branches of trees.  The native gold
:and filver tufts, which appear to
burft through the hardeft rocks, and
which from their great refemblance
to trees, have been called by fome
arborefcent, feem to indicate a kind

of vegetation in their formation.
Suppofing, however, that we pay
no attention to any of thefe circum-
ftances, yet cannot we form any
judgment concerning the internal
ftate of the earth. The greateft
depths to which Miners have pene-
trated even in mountainous coun-
tries, which may be confidered as
excrefcencies from the true furface
of the earth, or the level of the fea,
have fcarcely ever equalled one fix-
teen thoufandth part of its diameter;
a diftance altogether infufficient for
the forming any probable conjecture
M 4 about
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" about the inward conftitution of the
globe. The firata of ftones, and
veins of minérals, which are met
with upon the furface, can give us
+as little information concerning the
internal ftru&ure of the earth from
which thefe are probably derived,
as the contemplation of the fcales
of a fifh, the feathers of a bird, or
the Epidermis of a man, would con-
cerning the bones and muicles, the
veins and arteries, the circulation of
the blood, and the feveral fecretions.
of an animal body. Many minerals
feem in their formation to have been
antecedent, others fubfequent to the
univerfal deluge ; a great part of the
matter conftituting the outward fhell
of the earth, the only part which we
can examine, hath been fubfervient
to vegetable or animal life. All the
Strata of limeftones, chalks, marbles,
all
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all gypfums, fpars, alabafters, &ec.
are confeffedly of animal origim.
The jftrata of pit-coal, and of all bi-
tuminous foffils, of fome fpecies of
flates, whatever may be thought of
argillaceous ftrata in general, the
-mould every where covering the
furface of the earth, and -other
fubftances, are fuppofed, probably
enough, to have arifen from the
deftruction of vegetables; fo that I
know not whether it would be a
very extravagant conjeCture which
fhould fuppofe that all matter is,
or hath been organized, enlivened,
animated.

Hence may it appear probable,
with reverence yet, and confcious
ignorance be it fpoken, that the Owe,
Eternal, Incomprebenfible God hath
eftablithed an uninterrupted concate-
nation in all his works, which he
3 hath
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hath fubmitted to our view. Dif-
ferentindividualshath hemingled to-
gether into the fame fpecies; different
fpecies into the fame genus ; different
‘genera into the fame kingdom ; and
different kipgdoms he hath diftin-
guifhed, perhaps, but by lines of di-
.vifion too minute for our obferva-
tion, This ftrong analogy by which
men and minerals, and all interme-~
diate exiftencies are bound together
in a common chain, and thenge, it
would feem, naturally fubjefted to a
common fate, may appear humiliat-
ing to fuch as have been wont to
entertain high notions of the phy-
(,ﬁ'ca,l dignity of human nature: but

it cannot offend nor difquiet thofe,

who feel within themfelves faculties
.agency, and who from thence be-
come capable at leaft of retribution,
thieal , of
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of punifhment, or reward in another
ftate.

In the number of our fenfes, and
in the modifications of the intel-
le&tual faculties which fpring there-
from, we have a great refemblance
to many animals which inhabit this
planet as well as we. The genus to
which man belongs includes a great
many fubordinate jfpecies ; or, to
fpeak in a manner more conform-
able to nature, and more confonant
to the account we have of its origin,
the human fpecies, from the diver-
{ities of climate and of food, from
<hanges introduced by difeafe, and
continued, perhaps, by propagation,
-and from other caufes which are
unkpown to us, hath'been branched
out ‘into a great many varieties :
thefe, however, are as much diftin-
guifhed in fhape and intelle&t from

one
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one another, as they are from ani-
mals which have fprung from a dif=
ferent ftock. Anatomifts, wbhether
they confider the brain as an infiru-
mental, or an efficient caufe of intelli-
gence, are agreed in acknowledging_
a great refemblance between the
contents of the human cranium and
thofe of quadrupeds; and Putius
hath proved, contrary to the opi-
nion embraced by Plizy, and com~
monly received, that we have not
that medullary fubftance in a greater
proportion than other animals. Nar
are we characterized by a circum-
ftance generally efteemed effentially
neceflary to the fupport of the hu-
man feetus, and exclufively apper-
taining to our {pecies: nations are
mentioned to whom it doth not be-
long, and whatever degree of credit
may be given to that narration, it

is
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is-certain that a great many fpecies
of animals have been difcovered-
to which it doth. Notwithftanding'
this analogy by which we are to be
claffed with the reft of the animals.
around us, yet hath it pleafed Him
who called forth from nothing both
us and them, and thankful we ought
to be for the preference, to place us
at the top of the fcale, to make us,
as it were, the firft term of a feries,
defcending indefinitely by imper-
ceptible gradations, to particularize
that clafs of animals to which we’
belong, by rendering it capable Qf
forming a moral charaler. This
capability, it is true, is various ac-
cording to the opportunities of, and
capacities for receiving inftruction
in different fpecies, and in different
individuals of the fame fpecies: the.
Orang-outang of the woods of Java,

; the.
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the apron-bellied Caffre of the Cape¥,
the woolly-headed Negro of Africa,
the beardlefs Savage of America,
the dwarfith Inhabitant of the Frigid
Zone, thé¢ moon-éyed Albino, and
the enlightened European, are as
différent from one another in this
circumftance as in outward form:
yet wherever it exifts even in the
fmalleft degree, there arifeth a pro-

portionable

% Since the writing of this Effay it has
been difcovered by Profeflfor Sparmana, that,
the epithet here applied to the Caffres, on the
authority of former Voyagers, is not juft;
and it is now alfo believed, on good authority,
that the Savages of America would refemble
Buropeans in having beards, if they did not
pluck out the hairs by the roots as foon as
they begin to appear. If the reader withes
to fee an account of the principal varieties of -
the human race, he may confult #an Berchen’s
Tablean, publithed in the Memoires de Lau~
fante, 1783,
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portionable imputability of condudt,
a kind of title to the natural or co-
venanted good, a reafonable fubjec-
tion to the natural or pofitive evil,
whick God hath annexed as fanc=
tions to the laws which he hath
thought fit to prefcribe for the re-

gulation of the moral conduét of
~mankind.
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ESSAY IV,

Some Remarks on the Eﬁﬂ: of the
Gold in February, 1771.

N the 1oth of February, 1971,
about an hour after fun rifing,
I obferved at Cambridge a degree
of cold which is wvery unufual in
England, though common enough
in more northern climates. Fabren-
beit’s thermometer, made by Dollond,
as well in the open air, as when co-
vered with fhow, ftood as low as 6°
above o. The Qam, by ho theansa
rapid wiver, remained wnfrozens at
“the fides indced there was a tittle ice,
and fome finall-flakes floating in the
VoL, V., N middle
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Kiwes:)
‘middle. This is no very uncom-
mon phznomenon. The Se¢ine was
not frozen at Paris in 1709, though
the cold eentinued /for two.days one
degree greater than in the prefent
cafe. Various reafons have been
produced, in ordet” 'to account’ for
this feé¢ming deviation ffom the ufual
courfe of nature. It hath been ge-
nerally believed, that the {lrong cur-
rent in the Seine impeded the con-

-gelation: motion-will certainly hin=

der the. parts .of fluid bodies from
acquiring a regular arrangement;
but i1t may be: doubted whether it
will wholly ptevent their coalefcence;
in‘any cafe where the degree of heat
is lefs than whdt would keep them
fluid - if they were: quielcent. . We
have frequent inftances;in:chemiftry;
of faturated folutions of. falts rez
maining perfe&tly fluid whilft at reft;
TR SR W % .o and
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arnd, of. forming tthk coagulums_
upon the leaft motlon.‘_ Melted me:,
tals, glafs, refins, &ec. appear to con-
tinue fluid for a lonoer time, after
bemg taken from the ﬁre, by have
mg their parts moved than if they
are left at reft ; becaufe the fuperh-
cxes whlch 1s expoied to the air is
conﬁantly changl ,. and the whole
mafs becomes umformly cold and
ﬁxed at once, as {oon as it has partcd
with the heat neceﬁ"ary for its fuﬁon.
The moft rapld rivers would proba-
bly experience a ﬁmllar change, did
the cold in the. atmofphere contmuc’:
long enoucrh to be commumcated t6
the whole .body of the water: for
upon taking the thermometer out of
the {now, Wthh laid upon the bank
of' the nver, and 1mmerﬁng it mto
the .Water, it fuddcnly rofe 26", and
ﬂood at:32°% 0r: lngher ; fo that the

3 N 2 ’ air

a
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air l\x}ag 'v'ery conﬁderably coldeF than
the water : hor is thls at all t6 be

on&ered ‘at, when we cdnﬁder tha‘t_
grea't ’dcgrecs of cold “ay be Tuds
denly produccd in the atmofphere
by caufes whlc'ﬁ do not lmmealateiy
operate upon other bodxes. Thus
fhe mHu'S; of colder air from the
northern ﬁamudes, or the defcent of

that whch aIways remams exceed-
mgly Cold in the upper parts of the
auﬁofphere in ‘the fame latitude,

"may i a few hours wholly change

the air of a particular diftri& : or, if
from any pccuhar circumftance the

‘axr fhould become unufually dry,

and confequently difpofed to diffolve
ﬁmch water, a great decree of cold
mlght bc almolft mﬁantaneouﬂy pro-
ﬂuced but ‘which ¢ould 't not be com-
mumcated to other’ bOdIES, in'a little
‘hme, ‘by fo rare a*ﬂurd as the air.
2 - During
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During the f?rcmennoncd dc%rcc
of cold, a thlck vapour was feen
rifin f'rom the furface, and gnarkmg
as it were the courfe of the river, If
we attribute the elevatlon of tlns
vapour to the attra&lon of the alr,
rather than to the comparauvc
warmth of the water (for water Ju&
beginning to freeze i is obferved not
to lofe of its weight by cvaporatxon
#n wvacuo), the great cold may be
thought perhaps” to have procecded
from the folution of water in air
which was then carrying on; for the
earth was glutted with humidity, and
the air was become dry, having been
freed from its water by an almoft in-
ceffant precipitation for three days,
under the form of fnow or fleet. I%:
is very remarkable, that the extreme
- cold of January 1 3 1709, came on

at Parzs, Wlth a crentlc fouth wind,
“® 3 and



G 5 Y
d was dxmlmfhed-}when the wmd
changed to the north thxs is ar-
.counted for by M. de la Hire, frorn
thc Wmds havmo pafled over thc
mountams of vaergne to the fouth
of Pam, then : covered thh fnow,
and by Mr. Homberg, from the re~
ﬁux of that; air, which had been
ﬁowmc for. fome time, from the
north. 1. do not fee from what phis
lofophlcal principle_ it can be fup-
pofed, that the fame air in its regrefs
from a fouthem latitude Ihould be
colder than in its progrefs from a
northern, and.as to.the other opi
nion, the phnomenon-of the cald’s
increafing upon the wind’s changmo-
from north to fouth, hath- been taken
notlce of in other places, where there
was no fnow to refer it to. May it
not deferve to.be confidered, Whether
the fudden folution of large quan-
sy tities

1

uo)

~;
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+ stities ‘of "aqueous- vapours,” brought
dfrom’ the 'fouth -into-a.dry northern
«air; 'be not-a:caufe’ adequate to. the
seffe@ produced? “The folubility. of
swater. in -air: is s diftinétly : men-
:tioned by Dr: Halley; in-the: Philef,
.Tranf.:N°® 1925 and in-the 6th Vol.
:of the Frenih Encyclopedie, publifhed
zin-1756; and more: fully. and. inge-
~mioufly " treated of by Dr. Hamilton
1in 1765 ¢ the cold’ atténding‘ the fo-
flution is a phanomendn fimilar to
that attending many othér. chemical
=folutions, ‘and ‘is /in- 4 -lefs _degrcc
" fenfibly felt by every-one who>goes
.into a room newly  wathed, or fireet
=1n the fummer-time lately watéred.

. Upon taking the thermometer out
wof ‘the river, its -bulb; was quickly
.covered witha thin' cruft of ice,

- which defended it-fo much from the

:cold {ubfifting 'in;.the: atmofphere,
BI90 N 4 that
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t’ﬁaz it did not fink two degrees in
ten minutes ; whereas, when it was
wiped dry after immerfion in water,
it funk above 20° in a lefs fpace of
time: this circumftance fhews that
jce doth not tranfmit cold, and is
explained by the experiments of M.
Richmann, who hath eftablifhed it as
a principle, that metallic fubftances
are far more quickly affected in their
dimenfions by the tranfitions from
heat to cold, and the contrary, than
any other bodies yet known.

Being defirous of obferving the
effet of this extraordinary degree of
cold upon varioys faline folutions,
I haftened to my elaboratory, where
I happened to have a great many
Jolutions of falts corked up in quart
bottles; the bottles were not all full,
but the folutions were perfettly fa-
turated ; the ftate in which I found

them
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them is exprefled in the following
table.

Frozen wholly

Alum

Cream of tartar
Arfenic

Corrof, fublimate
Borax

Nitre

Frozen ncarly

Green visriol’

Blue witrigk

Rochelle falt

Glanber’s falt genuine

White vitriol, a few glacial fpicula

Wholly flmd

Sea falt

Sal gemmz

Sal ammoniac
Volatile
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& Yolatile alkaline fale "
Fixt alkali per deliq.

Epfom falts
Glauber’s falts

©
:\.qu.i,

« ~
e ndadl

%

} Lymin; gton

Thefe experiments” acrrEe upon the
whole very well with thofe of Pro-
- feffor Braunius, rélated iri’ the Peter/-
burgh Commentaries for 1763 :" for,
though his faturated folutions “of
Epfom falts, -and of fixt alkali, had
begun to freeze in a lefs degree of
cold, yet it is probable  that:This
Epfom falts might have been: dif-
ferent from thofe manufa&ured at
Lymington, and-the folution of his
fixt :alkali .not < {6 ‘well faturated/as
that which is made per deliquium,
During the - fame- froft, I endea-
youred to find out the powers, by
which different falts, when. they are
diffolved in water, . zefift .congela-
n¥ N  ton,

EEr |
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ion. Wxth thiis view % dxﬁ'olved
equal wexghts of falts, equally dry,
m equal’ quantmes “of water) and
expofed “the folutxons, ) when they
were" arrived ‘at the faene degree of
heat, in veffels of equal dnd ﬁmllar
figures' to the fame freezmg atmo:
fphere; “and’ accurately marking the
- times in which they began to freeze,
1 found them obferving the follow-=
ing order: firft alum, then Rochelle
falt, green vitriol, fugar reﬁned
white vitriol, vitriolated tartar, Glau-
ber’s falr, mmeral fixe alkah, mtre,
blue vitriol, volatile alkah, fal am=
momac, laft of all, fea falt. Thefe
expernnents were repeated once or
twice with fome attentlon, yet I
would not be thought to propofe the
order in whlch I have arranged ‘the
feveral falts, as wholly to be rehed
on:. It were to be’ witied, that &
s St fufficient
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......

were accurately made uporx thls (ub~
‘}c& fome general truths relagive to
metallic earths, and a,lkalmc neutral
{glgs* would Prg_bab,ly be thgmed
therefrom, which, howeyer unim-
portant in themfelves, might_ferve,
upon fome occaﬁ0n or other, as con-
ne&mg links, to extend the chain of
our ideas. By this comparxfon of
cqual quantlt;es of different falts dif-
(olved in equal quantities of water,
we mlght be enabled to fpeak w1th
as much precifion, congerning the
Powers by which they refift congela-
tion, as we do copgerning thof; by
which they refift putrefa&;on 1
thought too cupous a rcmark ;o pb-
ferve, that the ocean is impregnated
with that fpec;es of falt which refifts
econgelatlon with thc grcatcﬁ power,
and
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aid ih fuch a quannty as tends not
tb preferve entire, but to accelerate
the diffolution of the numberlefs anis
mals which afe daily dying in ir.
Beccher, it hath beéen afferted, was
acquainted wich this property of com-
fvon falt 3 ‘but he féems only to fpeak
of it as 'a far lefs efficacious anti-
feptic than fugar; “at leaft, the ho-
nour of afcertaining the propoértion
in ‘which it 2&5 4s a feptic Undoubt-
edly belongs to Sir Yobn Pringle;’
for Beccher, in'his Phyfica Subterva-
sweas Tib. 1. Jel2. V. ¢ap. 1. where he
is fpeaking of ‘this ‘matter, fays,
s " Quod nimlus falis ufus corpus pu-
“ ‘trefcere facint, ficut ‘madicas ‘@ pu-

5 jredine prefervat.”’
To'atable exhibiting ‘the relative
powers 'of neutral falts in refifting
congelation, “another might ‘be ufe-
‘fully added, denoting the powers‘of
all ‘the known acids and alkalis
when
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when-diluted to a given denfity ; ras.
alfo of . yinous fpmts, from hlghly
;Fﬁlﬁed_ fplrxts of wine. to ‘water im=
pregnated .with ‘the minuteft quan-,
tity of fpirit. . Not but that it -may
be.conjectured a priori, that in this
laft cafe the feﬁﬁ,ancc to. congelation
would be directly as the quantity of
fpmt contamed in given quantities
of water, . I made an experiment of
thls kind thh fea falt ;.- 1n equal
quantmes of . water were dlﬁ'olved
quantmes of fea ﬁlt, mcreaﬁno in
the arxthmeucal proorreﬁ’ion, 0; . 5,
10,15, 20, &ec. ; the times in whlch
the folutxons began to frceze, reck;
omng from, the time in which fimple
water began, increafed accurately in
the fame progreflion : hence it »rilay
be inferred, that, in falt of the fam;:
kmd the~reﬁﬁance to congelatlon is
~in the dlrcé't ﬁmple proportion of the
quantity
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quantity of falt diffolved; this con-
clufion cannot be extended to falts
of different kinds, fince water fa-
turated with fea falt is more diffi-
cultly congealed than when faturated
with various other falts, which it
diffolves in greater quantities.

ESSAY
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B3 X Ve

Account of an Experiment made with
a Thermometer, whofe Buld was
painted black, and expofed to the
direét Rays of the Sun,

URING the hot weather,
which we had in the latter

end of June and the beginning of
July, 1775, I made an experiment
at Cambridge, which I then thought
-no more of, but which an accident
hath brought to my mind again;
and I now venture to relate an ac-
count of it, in hopes that fome phi-
lofophical friend will take the trouble
of profecuting it. I expofed the bulb
of an excellent thermometer to the
direct rays of the fun, when the fky
was perfeétly free from clouds: the
VOL¢ V4 o mercury
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mercury rofe to 108° of Fabrenbeit’s
fcale, and continued ftationary. A
fancy ftruck me, to give the bulb a
black covering ; this was eafily ef-
fected by a camel’s hair pencil and
Indian ink ; the mercury funk a few
degrees during the application of
the cbating, and the evaporation of
the water ; but prefently after rofe to
118° or 10° in confequence of the
black coat with which I had cavered
that part of the bulb which was ex-
pofed to the fun. If the bulbs of .
feveral correfponding thermometers
were painted of different colours,
and expofed at the fame time to the
fun, for a given period, fome con-
jectures, refpeting the difpofition of
the feveral primary colours for re-
ceiving and retaining heat, might be
formed, which could not fail of be-
ing, in fome degree, interefting.

BYFAY



( 195 ) :

TRACT VL

Plan of Chemical Leftures, 1771s

INTRODUCTIO N.

} ISTORY of chemiftry, and
of alchemy.

Of the elements of chemiftry com-
monly received—Earth, air, fire,
water. P

Conjeétures concerning the mu-
tual convertibility of chemical ele-
ments. K

Of the folidity, fluidity, fixity,
and volatility of bodies in different
degrees of heat. J

Conjeftures concerning the forma-
tion and nature of the atmofphere.

) ' Calcina-
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Calcination, fublimation, evapoe
ration, diftillation per afcenfum, per
retortam, per, defcenfum, explained
and exemplified.

Of the different degrees of heat
required for the condu&ing of dif-
ferent operations: the terms venter
equinus, balneum maris vel marie, bal-
neuin vaporis, capella vacuay balneum
cinerum, arene, limature ferri, ex-
plained.

The heat of boiling homogene-
ous fluids in open veflels, thewn to
be incapable of increafe from an in-
creafe of fire,

The heat of boiling homogeneous
fluids fhewn to be greater or lefs,
within certain limits, in proportion
to the augmentation. or diminution
of the preffure of the atmofphere, or
other elaftic fluid upon their furface.

A fluid contained in a vefiel ex-

pofed
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pofed to the a&ion of boiling water
for any length of time, does not ac-
quire the heat of boiling water with-
out it come in immediate contalt
with it. 4

-The heat of boiling oil afcertained,
and the ufe of a Jalneum olei il-
luftrated. .

The ftruture and ufe of fimple,
reverberatory, melting, cupelling and
other furnaces explained.

The nature of the inflammable
principle, pabulum ignis, or phlo-
gifton, inquired into from the phe-
nomena attending the combuftion of
vegetable oil, animal fat, vineus
fpirits, charcoal, and metallic fub-
ftances. :

The earth obtained from the com-.
buftion of the phlogifton of metallic
fubltances converted into its pri-
mary metallic appearance by the

o 3 addi-
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addition of phlogifton; exemplified
in the reduion of the flowers of
zine by charcoal, and of minium by
charcoal, by animal fat, and by iron
filings.---The identity of phlogifton
inferred from the preceding experi-
ments.

Definition, and general divifion of
faline fubftances into acid, alkaline,
and neutral falts.

Acid falts diftinguithed commonly
from alkaline and neutral falts by
their tafte; by effervefcing with cal-
careous earths; and by changing the
blue colour of fyrup of violets, and
other blue vegetable infufions into
a red.

Alkaline falts diftinguifhed from
neutral falts by tafte ; by effervefcing
with acids; and by changing the
blue colour of fyrup of violets into
a green, :

A neutral
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A neutral falt made from a mix~
ture of an acid and an alkali,---The
term faturation explained.

The vegetable fixed alkali ex
tracted from the afhes of charcoal by
folution and filtration ; and from tar-
tarby combuftion---Pearl-afh---Pot-
afh---Salt of tartar.

Salt of tartar rendered liquid by
expofure to the air, improperly in
that ftate called oil of tartar per
deliquinm.

Quantity of water attracted from
the air by a given quantity of falt of
tartar, in a given time, eftimated
by experiment.

The mineral fixed alkali extracted
from the afhes of the plant kali,.
jointed glafs-wort, marfh famphire,
or Jfalicornia of Linneus, and from
fea tangle, &c. by folution and fil-

0 4 tration,
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tration, and its difference from the
vegetable fixed alkali thewn.

Volatile and fixed alkalis diftin-
guifhed from each other by the fmell,
and by the different colours produced
in mixing them with a folution of
corrofive fublimate. --- Uncertainty
of this criterion remarked.

OF MINERALS.
Of the Pyrites and green Vitriol.

Natural hiftory of the pyrites.

Sulphureo - ferrugineous pyritae
from the chalk pits of Cherry-hinton
analyfed by diftillation---Sulphur--~
Ferrugineous refiduum : method of
affaying any particular {pecies of the
pyrites for fulphur.

Analyfis of fulphur by combuftion
--- Phlogifton --- Volatile fulphure-
ous acid: method of obtaining the

acid
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acid of fulphur at Batterfea, and in
other places.  ~

Iron-pyrite defulphurated by roaft-

ing.
~ Green vitriol extracted from the
defulphurated iron-pyritz by elixa-
tion and cryftallization: method of
affaying any particular fpecies. of the
pyrites for green vitriol. \

Iron-filings, fulphur, and water
kneaded together: Intumefcence---
Incalefcence---Incenfion of the mix-
ture. ‘

Conjectures concerning the origin
of {ubterraneous fires and volcanos
founded upon the preceding experi-
ment.

" Green vitriol extralted from the
refiduum of the preceding experi-
ment.

Of the weathering, or fpontaneous
decompofition and fimultanecus vi-
triolization, of the pyrites.

0 4 Various
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Various {pecies of the pyrites ex=
hibited in a vitriolizing ftate,

" Green vitriol extracted from vie
triolized pyrite.

Account of the principal green
vitriol works in Great Britain.

Native green vitriol---German---
Englifh.

Method of purifying green vitriol
from copper, and of difcovering whe-
ther it contains copper.

Green vitriol calcined to a white,
yellow, and red colour.

Calcined green vitriol analyfed by
ditillation --- vitriolic acid---ferru.
gineous r¢fiduum or colcothar.

Of the vitriolic Acid and its Combi-
ngfion with Water, with fixed,.
“and with volatile alkaline Salts.

The vitriolic acid of the preced-
ing procefs concentrated, or rectified
B : by
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by diftillation: Weak acid, com=
monly called fpirit of vitriol---Re=~
fiduum, ftrong acid, improperly
called oil of wvitriol.

Degree of heat arifing from the
mixture of. oil of vitriol and water-
obferved by a thermometer: pro-
portions  producing a maximum- -of
heat afcertained by experiment.

Quantity of  water attradted from
the air by a'given quantity of oil of
vitriol, in a given time, eftimated
by experiment : ufe of oil of vitriol
as an hygrometer.

Specific gravity: of oil of vitriok
determined. ,

Equal bulks of oil of vitriol and
water mixed together: fpecific gra-
vity of the mixture not equal to the
. mean fpeéiﬁc gravity of the two
fluids,

Dr, Hook’s experiment, concern=

ing
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ing the penetration of dimenfions in
the mixture of oil of vitriol and wa-
ter, confidered.

Vitriolic acid not abforbed into
the pores of water, as Mu/ffehenbroek
and others have fuppofed.

Acid of vitriol combined with the
fixed alkaline falt of tartar---Zarta-
rus vitriolatus made afier Tachenius’s
manner---General properties of vi:
triolated tartar.

Sir Ifaac Newton’s theory con-
cerning chemical attraltion ftated
and explained---Geoffroy’s, Gellert’s,
and other tables of affinity ex-
plained.

Acid of vitriol combined with
the fixed alkaline falt of kelp---
Glauber’s fal mirabilis---General pro-
perties of Glauber’s falt.

Acid of vitriol combined with
volatiie alkali---Sal ammeniacus fe-

cretus



( 205 )
eretus  Glauberi ; general properties
of this falt.

Of the Combination of the vitriolic
Acid with Earths.

Acid of vitriol combined with
earth of Jfal catharticus amarus---
Hiftory of Epfom falts.

Acid of vitriol combined with ar-
gillaceous earths--- Alum.

Natural hiftory of aluminous ores.

Schiftus aluminofus crude, and cal-

cined, from Yorkfhire and Lanca-
fhire.

Account of the principal alum
works in England.

Method of affaying aluminous
minerz.

Alum calcined---Alumen ufium.

Alumen uftum diffolved in water
and cryftallized.

Analyfis
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Analyfis of alum by diftillation---
Vitriolic acid---Refiduum,

Analyfis of alum by precipitation
with fixed alkaline falt of tartar---
Vitriolated tartar---Earth of alum,

Account of the experiments of
Marggrof and Macquer upon the
earth of alum.

Nature of argillaceous earths:--
Conjettures concerning the identity
of argillaceous and vitrifiable earths.

Acid of vitriol combined with
vitrifiable earth.

Acid of vitriol combined with
calcareous earth.

Natural hiftory of plafter-ftone,
alabafter, gypfum, felenites.

Specimens of plafter-ftone from
Montmartre near Paris, from Coru-
wall, Derbyfbire, Weflmoreland, &c.

Specimens of thomboidal felenites
from Shotover Hill in Oxfordfbire, of .

: riated
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ftriated gypfum from Derbybire, of
gypfam pbq/p/oorgfcem from Bononia,
&ec.

Gypfeous earth analyfed by boil-
ing it with falt of tartar --Vitriolated
‘tartar and calcareous earth obtained
therefrom.

Hiftory of the difcovery of the
Bononian  phofphorss — Experiments
therewith.

Artificial ‘Bononian phofphorus
made from calcined oyfter fhells and
flowers of fulphur after Mr. Canton’s
method --- Account of his experi-
ments therewith.

Of the Combination of the vitriolic Acid
with Phlogifton, szrzts of Wine,
and Oils.

Acid of vitriol combined with
phlogifton—Sulphur.

\

Natural
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Natural hiftory of fulphur.

Sulpbur nativum, pellucidum et
opacum, from Solfatara near Naples.

Sitlpbur nativam  pulverulentum
aquis efflorefcens, from the baths of
Aix-la-Chapelle.

Account of the different methods
of preparing crude fulphur in Ger-
many, Saxony, &c. .

Sulphur purified by fublimation
—Flowers of fulphur—Sulphur flag.

Sulphur cryftallized.

Spirit of fulphur per campanam—
Various ways of obtaining it.

Acid of vitriol changed into a
volatile fulphureous acid, by the
addition of phlogifton in a ftate of
diflipation. A

Volatile fulphureous acid com-
bined with the fixed alkaline falt of
tartar---Stabl’s fulphureous falt.

Sulphureous falt of Stahl changed
into
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1ato vitriolated tartar by fimple ex-
pofure to the air, or by the addition
of oil of wvitriol. £

Sulphur united with fixed alkalmc
_ falc by fufion---Hepar fulpburis.

Hepar fulphuris changed into.vi-
triolated tartar by the diffipation of
the phlogilton--- Analyfis of fulphur.

" Vitriolated tartar changed into
hepar fulphuris by the addition of
phlogifton---Synthefis of fulphur.

The proportion of the conftituent
parts of fulphur deduced from the
two preceding experiments.of Stahl,

Hepar fulphuris digefted in rec-
tified fpirits of wine---Tinftura ful-
phuris.

* Sulphur rendered foluble in water,
by boiling it with fixed alkaline /ix-
ivia, or with lime-water.

-. Sulphur precipitated from . the
preceding folutions by weak fpirits

VOL. V. ¢ S
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of vitriol—Lac _fulpburis—Sulpbur
pracipitatum.

Sulphur united with volatile al-
kaline fpirits by diftilling it with fal
ammoniac and lime—~Tinffura ful-
phuris volatilis.

Adtion of water and acids P
fulphur examined.

Remarks upon M. le Comte de
Lauragais’ Method of uniting Sul-
phur with Spirits of Wine.
~ Sulphur diffolved in oil of tur-

pentine----Baljamum fulpburis terebin-
thinatum.

Sulphurdifiolved in oil of olives.. -
Balfamum fulphuris fimplex.

Hiftory of the Difcovery of Hom-
berg’s pyrophorus.

Various pyrophori made from
alum, Glauber’s falt, &c. calcined
in conjunction with matters con-
taining phlogifton,

4 Qil
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il of vitriol mixed with re&ified
dpirits of wine.-...Phzznomena attend-
ang the commixtion--The mixture
diftilled---7Ether of Frodenius----Sul-

‘mortuum,

Specific gravity of ther deter-
mined.

Cold produced by the evapora-

*Of alkaline falts, &c.

Application of this principle of
producing -cold by evaporation, to
the cooling -of ligquors, -&c. in hot
“climates.

Phznomena attending the com-
‘buftion of ‘mther. g

Mifeibility of ‘ather with water,
in certain proportions, proved.

The charaleriftics of =thgr, as

’ P2 dif-
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diftinguithed from fpirits of wine,
and from effential oils.-
« Oil of vittiol mixed with oil'of
turpentine..Artificial refin refulting
therefrom: Proportions of the in-
‘gredients  which, cazteris paribus,
produce the moft folid refin.
The preceding artificial refin dif-
tilled --- Sulphureous acid -« Oil ----

Of Nitre.

: Account of the different methods
of making nitre in the Eaft-Indies,
and in Europe. ¢ ‘
Of the medium quantity of nitre
annually imported into Great Bri-
tain from the Eaft-Indies, and ex-
ported to various parts of Europe.
Cride nitre extracted from nitrous
earths,

“ e

Crude
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Crude Eaft-India nitre: pur1ﬁe¢_
from fea falt, and calcareous earth,

Nitre from America. ~'

Account of the attempts to make
nitre in England.

Analyfis of' the mother water of
nitre.

Hiftory of the medicinal apphca-
tion of magnefia alba.

Nitre analyzed by diftilling it with
calcined vitriol---Acid of nitre or
agua fortis--Refiduum, ‘

Refiduum of the preceding pro-
cefs analyzed--Vitriolated tartar-...
Ferrugineous earth.

Acid of nitre procured by diftil-
ling nitre with fand, clay, alum, &c.

Fuming acid of nitre procured
by diftilling nitre with oil of vitriol
----- -Refiduum examined.

Fuming acid of nitre purified by

P 3 dif-
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diftilling it with nitre. Teft of the
purity of acid of nitre.

Fuming acid of nitré mixed with:
water--~Change of colour obferved:

----- Degree of heat afeeftained.
Fuming acid of nitre mixed with.
fnow, and with powdered ice..~-De- -

gree of cold afcertained.

Fuming acid of nitre mixed with:
the cryftals of kelp-.~Degree of heat
obferved.

Diluted acid of nitre mixed with:

obferved.

Fuming zcid of nitre fimple, and
combined with oil of vitriol mixed
with various oils--«Inflammation pro~
duced theréby---;-Reﬁdu-a.

Enumeration of the vatious oils
which have been obferved to take
fire, to effervefce without taking
fire, and which neither effervefce or

; take
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take fire, when mixed with the fum-
ing acid of nitre.
- Acid of nitre dulcified with rec-
tified fpirits of wine, by diftillation
and digeftion.

Nitrous wther made by fponta-
neous diftillation, and by digeftion.

Nitre alkalized by fufion.

Nitre alkalized by charcoal-..
Clyfus of nitre.

Volatile alkali in a concrete form
feparated from the clyffus of nitre,

Nitre detonated with tartar in
various proportions----White flux.....
Black flux, !

Nitre deflagrated with fulphur—
Sal polychreftus—Sal pranelle.

Pulvis fulminans made from nitre,
falt of tartar and fulphur-... Explo-
fion of pulvis fulminans.

Hiftory of the invention of gun=
powder,

P 4 Gun~
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Gunpowder made from nitre, ful-
phur, and charcoal-~-Account of the:
different proportions of the ingre-
dients ufed in different cbuntries,’
and in different works in England.
---Beft proportions afcertained.

Method of extracting nitre from.
damaged gunpowder at Woolwich,
&c. - 85

Gunpowder decompofed ---- The
three conftituent parts exhibited fe-
parate---Method of. deteéting frauds
ufed in the compofition of ounpow-
der explained.

Acid of nitre combined with cal-
careous eartli---Calcareous nitre---
Phofphorus Balduini. ’

Acid. of nitre combined with ar-
gillaceous earth--- Aluminous nitre.

Acid of nitre combined with the
vegetable fixed alkali---Regenerated
nitre.

Acd



il ¢ 217 )

Acid of nitre combined with the
mineral fixed alkali---Quadrangular
or cubic.nitre.

Acid of nitre combined with vo-
latile alkali---Nitrous fal ammoniac.

Of the ufe of nitre in agricul-
ture.

The ufe of {now in fertlllzmg the
ground, fhewn not to depend upon

the nitre it is generally fuppofed to
contain._

Of Sea Salt.

Natural hiftory of fea falt---Sa/
mavinys, fontanus, foffilis. )

Hiftory of the difcovery of foffil
falc in England,

Account of the method of prepar~
ing fea falt in different parts of the
world, ; Y

Of the different antifeptic powers

of
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of fea falt according to the different
procefles by which it is prepared.

Of the bittern of fea falt.

. Of the method by which Epfom
falts, commeon Glauber’s falts, and
magnefia, are extratted from the
bittern of fea falt at Lymington,
and other places.

Method of dlﬁmgm{hmg the ge-
nuine fal mirabilis Glauberi from
the counterfeit of the thops.

Analyfis of fea water, attempted.

Comte Marfigli’s artificial fea wa-
ter. .
. M. de Francheville's opinion, con-
cerning the faltnefs of the fea, exa-
mined.

Mr. Boyle’s opinion, concerning
the uniform faltnefs of the fea at
different depths, examined.

Account of various attempts to.
edulcorate fea water.

Oof
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- Of Mr. Irving’s late attempt.

Of the tefts of the purity of dif-
tilled fea water. '

Of the phofphoric quality of fea
water in particular places, and at
particular times in the fame place.

Mr. Cantor’s éxperimeénts con-
cerning the caufe of the luminouf-
nefs of fea water.

. Account of other opinions. con-
cerning the fame fubje&.

Sea falt diffolved and cryftallized.

Decrepitation and fufion of fea
falt.

Sea falt analyzed by diftilling it
with acid of vitriol after Glauber’s
manner --- Fuming fpirit of falt---
Refiduum.

The refiduum of the preceding
procefs analyzed, and the fixed alka-
line bafis of fea falt obtained there-

from after Marggraf’s method.
: Glauber’s
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Glauber’s fuming fpirit of falt pu-
rified by diftilling it with fea fale.

Sea falt diftilled with vitriol, clay,
&c.---Acid of fea falt---Refidua.

Acid of fea falt feparated from its
alkaline bafis by acid of nitre.

Acid of fea falt combined with
calcareous earth--—Pboﬂ’borus Hom-
bergi.

Acid of fea falt combined Wlth'
argillaceous earth---Muriatic alum. :

Acid of fea falt combined with
carth of Jal catharticus amarus.

Acid of fea falt combined with
fixed alkali of tartar.--Sal Sfebrifugus
Sylvii.

Acid of fea falt combined with
alkali of kelp---Sea falt regenerated.
© Acid of fea falt combined with
volatile alkah---Amﬁcml fal ammo-
niac,

: -Acid
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Acid of fea fale dulcified by diftil-
Tation with fpirits: of wine.

Marine xther made after the Mar-
quis de Courtanvaux’s manner.

Aqua regia made by mixing toge-
ther acid of fea falt and acid of nitre,

Aqua regia made by diffolving fea
falt or fal ammoniac in acid of. nitre
~--Its difference from the preceding
aqua regia, remarked.

Of fea falt as a condiment, and
-2s'a manure.

of Sal _Anihwniac. 3
Natural hiftory of fal ammoniac.

Method of* making fal ammomac

in Egypt.
Method of making fal ammoniac
in Europe. ‘ oy
Sal ammoniacus gleéq/‘us from Solfa-
terra. ; i

Sal
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Sal ammoniac purified by fubli-
mation.

Sal ammoniac purified by cryftal-
lization.

Sal ammoniac difloived in fpirits
of wine.

Sal ammoniac deflagrated with
nitre.

Sal ammoniac analyfed by ditil-
ling it with the acid of vitriol, and
-of nitre---Marine acid--~Refidua.

Sal ammoniac analyfed by diftil-
ling it with fixed alkali---Volatile
alkali---Refiduum.

The volatile alkaline {pirit of fal
ammoniac procured by diftilling it
with quicklime---Cauftic {pirit of
fal ammoniac.

The refiduum of the procefs-exa-
sined---Oleam calcis.

Volatile alkaline falt fpirit pro-

cured
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cured by diftilling fal ammoniac
with chalk---Mild {pirit.

Cauftic {pirit of fal ammoniac
mixed with acids, with fpirits of
wine, lime-water, calcareous nitre,
&c,

Mild fpirit of fal ammoniac mixed
with acids, with fpirits of wine, lime-
water, calcareous nitre, &c.

Eau de luce made.

Degree of cold, produced during
the folution of fal ammoniac in wa-
ter, obferved by a thermometer.

Equal quantities of water of dif-
ferent temperatures faturated with
fal ammoniac, and the degrees of
cold feverally produced during the
faturation, remarked.

Of the greatelt poflible degree of
cold which can be produced in water
by the folution of {al ammoniac,

of
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'Of the ufe of fal ammoniac in va-
rious arts, .

Of Borax.

Natural hiftory of #ncal, or crude
borax.

Borax vitrified.

. Glafs of borax diffolved in water,
and cryftallized.

Sal fedativus Hombergi feparated
from borax by the acids of vitriol,
nitre, fea falt, and vinegar, and pro-
cured by fublimation and cryftalliza-
tion.

The refidua examined, and the
‘mineral fixed alkali feparated there-
from. :
Borax regenerated bv combm ng
together fal fedative and mineral
alkali, 7 ¢,

Sal fedative diffolved .in fpmts of

wine,
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‘wine, the green colour of the flame
obferved,,

Of copper fuppofed to be con-
tained in borax.

Account of the attempts to make
artificial borax in England.

Of the mechanic ufes of borax. -

‘Of Mineral Earths, crude and calcined.

" Diftillation .of filiceous, calcare-
ous, argillaceous, and gypfeous
earths.

Account of the experiments lately
made at Paris by M. Darcet, and
others, concerning the infufibility
and volatility of diamonds in a great
degree of heat.

Vitrification of a mixture 8f earths,
feparately unvitrifiable in a given de-
gree of heat.

Glals made from a 'mixture of al-
kaline falts and powdered flints. ¥

VOL. V. £ - * _Hiltery
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Hiftory of the invention of glafs.

Of the method of making and
polithing plate glafs in France, &c.

Siliceous earths rendered foluble
in water by means of alkalis-~-Li-
quor filicam. - :

Of European and Afiatic porce-
lain, and their fpecific difference,,

Account of the methods of mak-
ingethe white and yellow Stafford- -
thire ware.

Calcareous earths converted into
lime by calcination.

Calcareousgearths converted into
lime by folution and precipitation.

I.ime converted into calcareous
carth.

Dr. Black’s theory of lime ex-
plained.

The quantity of fixed air con-
tained in alkalis, and, calcarebus
earths, and feparable by folution,

eftimated
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eftrmated by the Honourable Hen.
Cavendifbis ,

The lofs of weight fuftained by
:calcareous earths during calcination
eftimated by experiment, and fhewn
to correfpond with the quantity of
fixed air, feparated therefrom by
folution.

Of the folubility of lime in water.

“Of the pellicle of lime-water, and
of the excefs of its weight above the
weight of the lime diffolved.

Is the fmalleft quantity of lime
wholly foluble in the dargeft quan-
tity’ of water, without undergoing a
frefh calcination? .

‘Of marle.

Of the ufe of lime, mzt-le, &c. in
agriculture.

*

Of Arfenic.

Natural hiftory of white pyrites,
Q2 orpiment,
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orpiment, realgar, cobalt ores, and
other mineral fubftances affording
arfenic. - :

Method of procuring arfenic in
Saxony, called from its powdery ap-
pearance, farina arfenicalis.

Farina arfenicalis puriﬁed; and
changed into white cryftalline arfe-
nic, by being  mixed - with pot-afh
and fublimed.

Farma arfenicalis mixed with the
fulphur of fulphureous pyrites, and
changed into yellow or red cryftal-
Jine arfenic by fublimation.

Arfenic diﬁ'olved in oil of olives,
in eilof turpentine, in a folution of
fixed alkali, in re&ified fpirits of wine,
in aqua fortis, in acid of fea falt, in
aqua regia, im oil of vitriol, in vine-
gar, and in water.

Arfenic and nitre diftilled toge-
ther---Acid of nitre---Refiduum.

Macguer’s
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Macquer’s neutral arfenical fale
extratted from the refiduum.

Nitre and arfenic fufed together
in open veflels---Fume---R:fiduum
called nitre fixed by arfenic.

Arfenic combined with phlogifton,
and fublimed into a metallic appear-

ance, commonly called regulus of
arfenic.

1

OF METALLIC SUBSTANCES 1IN
4
GENERALL:

Of Mercary in a fluid State.

Natural hiftory of mercury and
‘of cinnabar.

Mercury extracted from earths or
ftones with which it .is mixed, by
fimple lotion, and by difhillation
without addition.

Mercury extracted from minerals,

Q3 n
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in which it is mineralized, by-diftil-
lation with addition.

- Method of affaying mercurial mi*k
nerals, and of difcovering whether
any particular mineral contains mer-
cury.

Methods of purifying mercury.

Mercury changed into a black
powder by long continued tritura-
tion.

Mercury changed into a red pow-
der by calcination---Mercurius cal-
cinatus-=-Mercurins pracipitatus per
Je. :
Mercury boiled with water.
Mercury revivified, from the pow-
ders obtained by trituration, and
calcination, by fimple diftillation.

Account of Boerbaave’s experi-
ments relative to the unchangeable-
nefs of mercury, by the procefles of
digeftion, and diftillation.

I Account
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Account of Profeflfor Braunius’s
experiments, relative to the conver-
fion of mercury into a folid malle-
able metal, at Peterfburgh, by an ar-
tificial cold refulting from the folu-
tion of fnow in the fuming fpirit of
nitre.

Of the degree of heat of boiling
mercury, and of the limits within
which mercury may be ufed as a
thermometer.

Mercury triturated with turpen-
tine, with lard, with fugar, &c.---
Mercurial pla{’ter's, ointments, pills.

Mercury diffolved in acid of nitre
---The folution diluted with diftilled
water, aqua mercurialis,

The folution of mercury in acid
of nitre cryftallized.

The fame infpiffated---Calx nser-
curii.

The infpiffated mafs, or cryftal-

U4 lized
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lized falt, calcined to a red colour--~
Mercurius precipitatus ruber.

+Mercurius pracipitatus ruber dul-
cified by fpirit of wine---Mercurius
corallinus-—Arcanum corallinum.

Mercury precipitated from its fo-
lution in acid of nitre by copper.

Mercury corroded into a-.faline:
mafs by oil of vitriol.

The preceding faline mafs partly
diffolved, principally changed into
an infipid, indtffoluble, yellow pow-
der, by frequent ablution in warm
water---Mercurius emeticus flavus---
Mercurii pracipitatum flavam---Tur--
pethum minerale.

Mercury precipitated, from the
wathings of turpeth mineral, by al-
kalis.

Wathings of turpeth mineral in-
fpiffated, and deliquiated---Oleum
mercyrii.

4

Mercury
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Mercury united by fublimation
w1th the acid of fea falt; corrofive
fublimate made from a mixture of
unwathed turpeth mineral and fea
falr, i

Corrofive fublimate made from
cryftals of mercury in the nitrous
acid and fea falt.

Corrofive fublimate made from
crude mercury, nitre, calcined vi-
triol, and fea falt.

Corrofive fublimate rendered mild
and infipid, by trituration with a fuf-
ficient quantity of crude mercury
and fubfequent fublimations---Mer-
curius dulcis fublimatus---Calomelas---
Aquila alba---Panacea mercurialis---
Draco mitigatus, &c.

Specific gravities of corrofive fub-
limate and calomel, determined.

Corrofive fublimate diffolved in
water, and cryftallized.

Corrofive
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© Corrofive fublimate diffolved in
fpirits of wine.

Mercury precipitated from a fo-
lution of corrofive fublimate in wa-
ter by fixed alkalis---Mercurius pre-
cipitatus fufcus, by volatile alkali---
Mercurius  praecipitatus  dulcis, by
lime water---Aqua phagedenica.

Mercury precipitated from its fo-
lution in acid of nitre by the acid of
fea falt, or by any neutral falt con-
taining the acid of fea falt---Mercu-
rius precipitatus albus.

Mercury precipitated from its fo-

lution in acid of nitre by the acid of
vitriol, or any neutral falt containing
the acid of vitriol---Turpeth mi-
neral.
* - Mercury diffolved in the vegetable
acids, native, and fermented,':and in
fixed, and volatile alkalis, after
Marggraf’s method.

>
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Account of M. le Comte de »
Garaye’s tincture of mercury in {pi-
rits of wine.

Mercury united with fulphur by
trituration, and by fufion---Zthiogps
mineral.

A mixture of fulphur and mer-
cury {ublimed---Factitious cinnabar.

Faltitious cinnabar levigated---
Vermillion. :

Method of difcovering whether
vermillion be adulterated with red
lead.

Mercury revivified by diftilling
cinnabar with iron-filings.

Mercury united with volatile tinc-
ture of fulphur, and with hepar ful-
phuris.

OF SEMIMETALS.
Of Antimony, and Regulus of Antimony.

Natural hiftory of antimony, and

other ores of regulus of antimony.
Crude
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' Crude antimony feparated from
carthy and ftony impurities by eli-
quation, or diftillation per defcenfum

—Morfuli reffaurantes Kunckelii.

Crude antimony digefted with
aqua regia, folution of the metallic,
and feparation of the fulphureous
pltt effefted thereby.

Crude antimony calcined to an
afh-coloured calx.

" Calcined antimony vitrified.

Glafs of antimony digefted with
aqua regia, fulphur fometimes fe-
parated thereby --- Differences ob- ,
fervable in the fufibility, colour,
pellucidity, and folubility of glafs of
antimony in wines, and other men-
ftruums, according to the different
degrees of calcination ufed in’ pre-
paring ir.

Regu’u; of antlmony prepared, by -
fufing the calx, or glafs of antimony

-with
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with charcoal, foap, or other phlo®
giftic matters.

Regulus of antimony prepared, by
fufing crude antimony with iron,
with lead, with copper, &c.

Regulus of antimony prepared, by
fufing crude antimony with tartar
and nitre. "

Chief mechanic ufes of regulus of
antimony noticed. ;

Regulus of antimony volatilized
by a ftrong fire---Flowers of regulus
of antimony.

Method of reducing flowers of
regulus of antimony ™

Action of acids upon regulus of |
antimony, examined.

Regulus of antimony combined
with the marine acid by diftilling”
antimony and corrofive f{ublimate
together--~-Caufticum antimoniale, or
butter of antimony. e
“Regulus

«
5
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Regulus of antimony precipitated
from the marine acid, by diluting
butter of gntimony with water---Pu/-
“vis algaroth--- Mercurius vite.

Regulus of antimony precipitated
from the water ufed in the preceding
procefs, commonly called fpiritus
vitrioli philofopbicus by an alkali.

Bezoard mineral prepared, by re-
peated abftrattions -of the acid of
nitre from butter "of antimony---
Spiritus bezoardicus.

Antimony and nitre mixed toge-
ther in the progortion of 2 to 1, and
deflagrated---Crocus antimonii mitior.

Antimony and nitre mixed toge-
ther in equal. parts, and deflagrated
o--Crocus antimonii---Hepar antimonii,
edulcorated---Crocus metallorum.,

Antimony and nitre mixed toge-
ther in the proportion of 1 to 2, de-
flagrated and edulcorated---Emeticum

mite antimonii,
Antimony
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Antimony and nitre mixed toge-
ther in the proportion of 1 to 3, defla-
grated and edulcorated---Calx antimo-
nii---Antimonium diaphoreticum dulce.

Different chemical properties of
the preceding, and other fimilar com-
binations of nitre and antimony, ex-
plained; general account of their
medical powers deduced therefrom.

Wafhings of diaphoreétic antimony
confidered --- Materia perlata, or
Boerbaave’s fulphur fixatum fibii pre-
cipitated therefrom.

Regulus of antimony reduced to
calx, fimilar to diaphoretic antimony,
by deflagration with nitre, called
ceruffe of antimony.

Antimony combinéd with fixed
alkali by boiling them together--=*
---Kermes mineraldpontancoufly pre-
cipitated from the folution.

Tinétura antimonii made by alcef’c-
ing hepar antimonii in {pirits of wine.

Vinum
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Vinum antimoniale five emeticum,
made by digefting crocus antimonii,
or glafs of antimony in mountain
wine. '

 Tartarus emeticus made by boiling
glafs, or crocus of antimony .with
~ cream of tartar, _ s

Tartarus emeticus made, after Mac-
quer’s manher, by combining pulvis
algaroth and cream of tartar,

Of thé medical virtues of antimo-
nial preparations in general, and the
caufe of the variable and uncertain
effe@s of parucular preparations €x-
plained.

"Of z;zﬁe and Regulus of Cobalt.

- Method b? makmg zaffre’- in
Saxony.
- The zaffre of the fhops™ diffolved
in all the mineral acids.
-The difference of the -colour of
the-
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“the folution of zaffre in weak and
ftrong acid of fea falt obferved.

The tawny colour of zaffre dif-
{olved in weak fpirit of falt, changed
into a green by heating the folution.

Zaffre changed into a blue glafs
by vitrification, called fmalt. -

Method of preparing from the

blue glafs of zaffre, an impalpable
powder, called in that ftate szure,
enanel blue, powder blue.
- Of lapis lazuli, and the pigment
called #ltramarine blue prepared there-
from, and its difference from the
azure prepared from zaffre.

Regulus of cobalt procured from
zafire or finalts, when melted in
conjun&mn with matters contain-
ing phlogifton.

General properties of regulus of
cobalt enumerated.

VOL. V. R Account
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"Account ‘of "the manufalturing of
fmalts in England.

‘Orpimént ‘and quicklime digefted
together with ‘water---Liguor ‘vini
probatorius.

Ufe of the preceding liquor in
detelting adulterations ‘of wine 'by
Sfaccharum Satirni, thewn from the
different colours of the precipitates
attending its mixture with genuine
and adulterated wine.

Experimients with the aforefaid
liquor as a fympathetic ink.

Of Nickel.

Nickel not foluble in acid of vi-
triol, ‘with dificulty in acid "of fea
falt, ‘readily by ‘acid of nitre into a
green colour.

Nickel precipitated from acid of
nitre by a fixed atkali into a greenith
powder.

3 Nickel
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Nickel compared ‘with regulus of
cobalt.
Experimentswith fympathetxc mks
from folutions of nickel and cobalt.

Of Bifmuth.

Natural hiftory of bifmuth.

Bifmuth fublimed into yellowifh
flowers by a ftrong fire.

Bifmuth changed into -an-ath-co-
loured powder by calcination.

Calx of Bifmuth vitrified.

Vitrified calx of ‘bifmuth reduced
by the addition of -phlogifton.

Bifmuth diffolved in acid of nitre.

Solution of bifmuth in acid of
nitre cryftallized.

Bifmuth precipitated from the fo-
lution in acid of nitre by the affufion
of water --- Magiftery of bifimdith---
“Blanc de fard.
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