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KV. E xperfmen!s on the Produlion of Depblogifiicated Air from
IV ater with various Subflances. In a Letter from Sir Benjamin
‘Thompfon, Knt. F.R.S to Sir Jofeph Banks, Bart. P. R. §,

Read Feb. 15, 1787,

DEAR SI1R, Munich, Sept. 1, 1486,

ARIOUS opinions having been entertained with refpe@ to
the origin of the dephlogifticated air, produced by expo=
fing healthy vegetables in water to the altion of the fun’s rays,
:according to the method of Dr. INGEN-HOUSZ; and not being
myfelf thoroughly fatisfied with any of the theories propofed,
I made the following experiments, with a view to throwing
fome new light upon that fubje&.
Having found that raw filk poffefles a power of attra&ing
:and feparating air from water in great abundance, when expofed
n it to the alion of light, it occurred to me to examine the
‘properties of this air, and to confider more attentively the cir-
-cumftances attending its prodution, thinking that this might
poffibly lead to fome further difcoveries, relative to the pro-
-duion of the air yielded by water under other circumftances :
and though my fuccefs in thefe inquiries has not been equal to
my withes, yet, asin the courfe of my refearches I have dif-
covered fome facts which I take to be new, and as I have con-
firmed others, already known, by a variety of new experis
ments,
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Sir BenyAMIN T'HoMPsoN’s Experiments, &c. 85
ments, I flatter myfelf that you will not think an account of
my labours upon this fubject altogether uninterefting.

Before T enter upon the detail of my experiments it will be
neceffary to premife, that I fhall in general confine myfelf
merely to the falts as they appear, without applying them to
the confirmation or refutation of the theories of others, and
without entering into any {peculative enquiries relative to their
remote caufes; and in deferibing the different appearances I
thall make ufe of the moft familiar terms.  Thus, in fpeaking
of theair produced upon expofing raw filk in water to the altion
of Light, I fhall fometimes mention 1t as being yielded by the
filk ; and I thall fometimes fpeak of the air furnithed by ex-
pofing water, ‘which has previoufly turned green, in the fun’s
rays, as being immediately produced by the water, thoughitis
probable, that the green mafter alts a very important part in
the produdtion of this air in the one cafe and in the other. But
how it a&sis not well afcertained ; and I had in general much
rather confine myfelf to a fimple, and even an unlearned, de-
{cription of fadls, than by endeavouring to give more precife
definitions, at firft, to involve myfelf in all the difficulties
- which would attend accounting for phznomena, whofe caufes
are but very imperfectly known. ' |

You will, therefore, not be {urprifed, if you thould fome-
times find me {peaking of appearances in the fame manner as
a perfon would mention them who faw them for the firft time,
and who did not know that others had difcovered them before,
and how they had endeavoured to account for them. I fhall
take care that the facts fhall be faithfully defcribed, and I flat-
ter myfelf you will not think them the lefs interefling on
account of their being unadorned —But I haften to give you
an account of my experiments,

Lxpe-
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Esperiment N° 1,

My firlt obje& was to colleét a fufficient quantity of the air
{eparated from water by itk to determine its goodnefs by the
teft of nitrous air; and to this end, having filled with clear
tpring water a globe of thin, white, and very tranfparent
glafs; 4% inches in diameter, with a cylindrical neck 2 of an
inch in diameter, and about 12 inches long, 1 introduced into
it 20 grains of raw filk, which had been previoufly wathed in
water, in order to free it of air; and inverting the globe under wa-~
ter, and placing its neck in a glafs jar, containing a quantity of
the fame water with which the globe was filled, T expofed it
" in my window to the aftion of the fun’s rays, and prepared
myf{elf to examine the progrefs of the generation or produ&tien
of the air.

The globe had not been expofed ten minutes to the action of
the {un’s rays, when 1 difcovered an infinite number of ex-
- ceedingly {mall air-bubbles, which began to make their ap-

“pearance upon the furface of the filk; and thefe bubbles con-
tinuing to increafe in number, and in fize, at the end of about
two hours the filk, appearing to be intirely covered with them,
rofe to the upper part of the globe.

Thefe bubbles going on to increafe in fize, and running into
‘cach other, at length began to detach themfelves from the filk,
and to form a colleftion of air at the upper part of the globe;
but the meafure of my eudiometer being rather large, it was
not till after the globe had been expofed in the fun near four
days, that a fufficient quantity of air was colleted to make the
experiment with nitrous air, in order to afcertain its goodnefs by
that teft.

2 Having



on the Produétion of Dephlogifiicated Air. 8y

Having at length colle@ted a fufficient quantity of this air
for that purpofe, I carefully removed it from the globe, and
mixing with 1 meafure of it 3 meafures of nitrousair, they were
reduced to 1,24 meafures; which fhews, ghat it was actually
dephlogifiicated air, and that of a confiderable degree of purity.

Common air, tried at the {ame time, 1 meafure of it with
1 meafure of nitrous air were reduced to 1,08 meafure.

Having again expofed the globe with the fame water and filk
in my window, where the fun fhone the -greateft part of the
day, at the end of three days I had colletted 33i cubic inches
of air, which, proved with nitrous air, gave 1a+3z=1,18;
that is to fay, 1 meafure of this air, added to 3 meafures of
nitrous air, were reduced to 1,18 meafure.

A fmall wax taper, which had been juft blown out, a {fmall
part only of the wick mmammg red-hot, upon being plunged
into a phial filled with this air, immediately took fire, and
burnt with a very bright and enlarged flame. ,

The water in the globe appeared to have loft fomething of its
tranfparency, and had changed its colour to a very faint
greenith caft, having at the fame time acquired the odour or
~ fragrance proper to raw filk.

This experiment I repeated feveral times with freth water
(retaining the fame filk) and always with nearly the fame re-
fult, with this dlffelence, however, that when the fun fhone
very bright, the quantity of air produced was not only greater,
but its quality likewife was much fuperior to that yiclded when
the fun’s rays were more feeble, or when they were frequently
“intercepted by flying clouds. ‘The air, however, was lways
not only much better than common air, but better than the air
in general produced by the frefh leaves of plants expofed in

water to the fun’s rays in the experiments of Dr. INGEN-
HOUSZ 3
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nousz; and under the circumftances the moft favourable, it
was fo good that 1 meafure of it required 4 meafures of nitrous
air to faturate it, and 3,65 meafures of the two airs were de-
ftroyed; or, proved with nitrous air it gave 1a+ 47=i,35,
which, T believe, 1s better than any air that has yet been
produced in the experiments with vegetables.

The method 1 have here adopted of ufing algebraic cha-
ralters in noting the refult of the experiments made to deter-
mine the goodnefs of air, though not ftriétly mathematical, is
very convenient; and for that reafon, Ifhall continue to make
ufe of it. a4 reprefents the air which 1s proved ; # nitrous air 3
‘and the numbers which are joined to thefe letters thew the
quantities, or the number of meafures, of the different airs
made ufe of in the experiment. The other number, which
ftands alone, or without any letter attached to it, on the other
fide of the equation, thows the volume, or the number of
meafures and parts of a meafure to which the two airs are
reduced after they are mixed. I fhall fometimes add a fourth
number, thewing the quantity of the two airs deftroyed, as this
more immediately thews the goodnefs of the air which is
proved. o | '

"Thus, in the experiment laft mentioned, 1 meafure of the
air proved, mixed with 4 meafures of nitrousair, were reduced
to 1,35 meafure, confequently 3,65 meafures of the two airs
were deftroyed ; foritis 1+4+4=§~1,35=3,65, and the refult
of this trial I thould write thus, 124 47=1,35, or 3,65.

Or, for flill greater convenience in pra&ice, as this laft num-
ber 3,65, or 3.%% {hews more immediately the goodnefs of the
air in queftion, as I have juft obferved, by fuppofing with Dr.
INncexn-HOUszZ the meafure of the eudiometer to be divided
into 100 equal parts, it will be 100+ 4con= 135, and 363,

exprefling
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exprefling the volume of the two airs deftroyed, will become a
whole number.

But, inftead of writing 1004 + 4007 =133, &c. I fhall con-
tinue to write 12 444 =1,35, and fhall exprefs the laft number
(3,65) as a whole number notwithftanding ; and I fhall {fome-
times (following the example of Dr. INGEN-HOUsZ) write this
number only, in noting the goodne(s of any airin queftion.

I would juft obferve, with refpect to the procefs of proving
the goodnefs of any kind of air, by the teft of nitrous air,
that T mix the two airs in a phial, about 1 inch in diameter and
4 inches long, putting the air to be proved into the phial firft,
and then introducing the nitrous air, one meafure after ano-
ther, till the volume of the two airs after the diminution has
taken place, amounts to more than oze meafure, and is lefs
than fews meafures.

Immediately after the introduftion of each meafure of ni-
trous air, I give the phial a couple of fhakes; after which I
fuffer it to ftand at reft, while I prepare another meafure of
nitrous air, which commonly takes up about 20 feconds.

The meafure of the eudiometer being filled with air, I {uffer it
to remain quiet under water 1§ feconds, or while I can leifurely
count 30, in order that the air may have time to acquire the
temperature of the water in the trough, and that the water in
the meafure may have time to run down from the fides of the
glafs tube; and in fthutting the flider I take care to bring it to
be exaltly even with the furface of the water in the trough.
Similar precautions are likewife made ufe of in meafuring the
volume of the two airs in the tube of the eudiometer, after
they have been mixed and diminithed in the phial.

In order that I may know when I have added nitrous air
enough to the air in the phial, {o that the volume of the two

" Vor. LXXVIL N ‘ airs
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airs may amount to 1 meafure, and may not be greater than z
meafures, there are two marks upon the phial, made with the
point of a diamond, the one thewing 1 meafure of my eudio-
meter, the other thewing 2 meafures.

The tube of my eudiometer is half an inch in diameter in-
ternally, and 1 meafure occupies 3% inches in length upon it,
and the meafure itfelf is made of a picce of the fame tube.
‘Both the one and the other are ground with fine emery on the
infide, in order to take off the polith of the glafs, and by that
means facilitate the running down of the water, which might
otherwife hang in drops upon the infi de of the tube upon the
introduétion of air.

The nitrous air was always freth made, and of the fame
materials, vsz. fine copper wire diflolved in fmoking {pirits of
nitre, diluted with 5 times its volume of water; and all po{ﬁé
ble attention was paid to every other circumftance that could
contribute to the accuracy of the experiments.

I have thought it neceffary to mention thefe particulars on
account of the great difference in the apparent goodnefs of any
kind of air proved by the teft of nitrous air, which arifes from
the difference of the circumftances under which the experi-
ments are made. |

But to return to my experiments upon the air produced upon
expofing filk in water to thealion of the fun’s rays.

Experiment N° 2.

Finding that the quantity and the quality of the air produced
depended, in a great meafure, upon the intenfity of the light
by which the water and the filk were illuminated, I was defi-
rous of {eeing whether by depriving them intirely of all light,
they would not at the fame time be deprived of the power of

furnithing
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furnithing air. ‘To afcertain this fa&t, I took a globe A, fimi-
lar to that made ufe of in the foregoing experiment, and having
filled it with frefh {pring water, I introduced into it 30 grains
of raw filk, and placing it with its cylindrical neck inverted
in a jar filled with the fame water, I covered the whole with a
large inverted earthen veflel, and expofed 1t, {ocovered up, for
feveral days in my window, by the fide of another globe B,
containing a like quantity of water and filk, which I left
naked, and confequently expofed to the diret rays of the fun.

The refult of this experiment was, that the water and filk
in the globe expofed to the fun’s rays furnithed air in great
abundance, as in the experiment before-mentioned ; while that
in the globe covered up in darknefs, produced only a few
very inconfiderable air-bubbles, which remained attached to the

filk.

Experiment N° 3.

T'o fee if heat would not facilitate the production of air in
the globe theltered from the light, I now removed it from the
window, and placed it near a German ftove, where 1 kept it
warmed to about go° of FAHRENHEIT’s thermometer for more
than 24 hours; but this was all to no purpofe. The air pro-
duced was fo exceedingly fmall in quantity, that it could neither
be proved, nor meafured, there being only a few detached air-
bubbles, which had colleted themfelves near the top of the
globe. ,

The medium heat of the water in the globe expofed in the
fun’s rays, at the time when it furnithed air in the greateit
abundance, was about ¢o° FaurESHE:T. It was fometimes
as high as 96°; but air was frequently produced in confiderable
quantities when the heat did not exceed 63° and 70°.

N 2 Expe-
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Experiment N° 4.

Finding by the laft experiment (N° 3.) that heat alone,
without light, was not {ufficient to enable filk in water to pro-
duce air, I was defirous of feeing the effeét of light, without
heat, upon them, ‘To this end, T took the globe B, with its
contents, and plunging it into a mixture of ice and water
brought it to the temperature of about 50° F. and taking
it out of this mixture, and expofing it immediately in the
fun’s rays (which were very piercing at the time) I enter-
tained it in this temperature above two hours by the occafional-
application of cloths, wet i ice water, to the lower part of
the globe.

Notwithftanding this degree of cold, a confiderable quantity
of air was produced ; though it was not furnithed in fo great
abundance as when the globe was fuffered to become hot in the
{un’s rays.

Having thus afcertained the great effect of the fun’s rays in
the production of the air furnithed upon expofing filk in water to
their influence, my next attempt was to determine, whether
this arofe from any peculiar quality in the fun’s light; or whe-
ther other light would not produce the fame effe®. With a
view to afcertaining this point, which I conceived to be of
very great importance, I made the following interefting expe-
riment.

Experiment N° s.

Having removed all the air from the globe B, and having
fupplied its place with a quantity of freth water, fo as to ren-
der it quite full, ¥ replaced it inverted in its jar, and removing
it into a dark room, furrounded it with 6 lamps with refleGors,

and
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and 6 wax-candles, placed at different diftances from 3 to 6
inches from it, and {o difpofed as to throw the greateft quan-
tity of light poffible upon the filk in the water, taking care at
the fame time that the water {hould not acquire a greater heat
than that of about go®F.

Things had not remained in this fituation above 1o minutes, .
when I plainly difcovered the air-bubbles beginning to make
their appearance upon the {urface of the filk; and at the end.
of 6 hours, there was colleCted at the upper part of the globe-
a quantity of air fufficient to make a proof of its goodnefs with
nitrous air; and, upon.trial, I had the pleafure to find, that it
was depblogifiicated, and of. fuch a degree of purity, that .
meafure of it with 3 meafures of nitrous air occupied no more
than 1,68 meafure.

I afterwards expofed, to the fame light, in fmall inverted
glafs jars, filled with water, a freth-gathered healthy leaf of
the peach tree, anda ftem of the pea plant with 3 leaves upon.
it ;. and both thefe vegetables-furnithed air in the fame manner-
as they are known to furnith it when expofed, under fimilar
circumitances, to the a%ion of the fun’s direct rays, but in lefs:
quantities, which I attribute to:the gre’lter 1ntenﬁty of ‘the"
fun’s light above that of my lamps.

The experiment with the filk and. water I repeated feveral
times, always with nearly the fame refult. The quantity of
air furnithed was fometimes a little greater, and fometimes a lit=
tle lefs; but.it wasalways in much greater abundance than-that
furnifhed by an equal quantity of water and filk expofed to the
{ame heat, but excluded from the light; and I have reafon to
think, it was of a much fuperior quality, though the quantity
of that produced in the dark was too . {fmall .to be {ubmitted to
any. proof.

X Thefe.
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Thefe experiments appear to me to be of fo much impor-
“tance, that T could wifh they might be repeated, and varied,
in fuch a manner as thoroughly to eftablith the fa&s relative to
the fubjeé in queftion. For my part, I would moft readily
-undertake the inveftigation of the matter ; but being employed
in another purfuit (the continuation of my Experiments upon
‘Heat), and, befides this, much of my time being taken up by
‘the duties of my military employment, I have not leifure, at
prefent, for fuch an undertaking.

Perhaps it may be proved by future experiment, that the
‘matter of light is a conftituent part of what is called pure or
-deplilogifticated air; if {fo, may we not venture to conclude
-with M. ScHEELE, that the /ght, as. well as the heat, pro-
duced by flame, and in general all burning bodies, arifes foley
from the decompofition of this air, and not from the phlo-
gifton or inflammable principle of the body which is burnt ?
There are many phznomena which would feem to juftify this
‘opinion.

But to proceed n the account of my experiments.—The
operation of inverting the globes under water, and placing
them in the jars, and of difplacing and replacing them upon
removing the air produced, being attended with fome incon-
veniences, I had recourfe to another method of difpofing of
the apparatus, much more fimple and more convenient. The
globes being filled were laid upon a fmall piece of deal board,
with their necks inclined at an angle of about 20° above the
plane of the horizon, and fupported in this pofition by a per-
pendicular fork of wood, fixed to the end of the board, as
reprefented by the figure. (See Tab.VI.) The part of the board,
upon which the under part of the globe repofed, was hollowed a
little, to prevent the globe from rolling; or, what I found

mere
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more fafe and convenient, a {mall ring, or hoop, of {oft. wood,
was nailed down upon the board in that part.

By this arrangement the jars were {pared, and the end of
the neck of the globe being eafy to be come at, by introducing
a wire, or, what I commonly made ufe of in preference, a
“{mall glafs tube, into the globe, the air hanging attached to the
filk can at all times be feparated from.it ;. which 1s often necef-
fary, in order to determine with greater precifion the quantity
of air furnithed in any given time.

The air produced naturally rifes to that part of the globe

which is uppermoft, where it collets in a body, driving out an
- equal volume of water; which, to prevent its running about,
may be colleCted, by placing a proper veflel under the mouth,
or end of the neck of the globe, to receive it.

The method of removing the air from the globe is too well
known to require a defcription. I would however obferve,
that in doing it care thould be taken, that the water in which
the globe is immerfed be quite clean, and of the fame kind with
that 1 the globe, otherwife that which enters the globe, to.
replace the air removed, might derange the experiment. ,

Having provided myfelf with a number of globes. of dif-
ferent fizes, all fitted with boards or ftands to fupport them,
ia the manner above defcribed, I proceeded in the courfe of my.
experiments as. follows. ‘

Finding that raw filk, expofed in water to the aGtion of
light, caufes the water to yield pure air in {o great abundance,
I was defirous of finding out whether this arofe from any pecu-
liar quality pofleffed by the filk ; or whether other bodies might
not be made to produce the fame effect: to this end, having
provided 6 globes, each about 44 inches in diameter, and:
having filled them with frefh fpring-water, I introduced into

them
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them “the following fubftances, and expofed them all, at the
{ame time, to the ation of the fun’s rays.
In the globe N° 1.1 put 15 grains of fheep’s wool,
N° 2. 15 grains of Eider down,
N° 3. — 15 grains of the fine fur of a Ruf-
fian hare,
N°.4. —— 15 grains.of cotton wool,
N° 5. —— 15 grains -of lint, or the ravelings
of fine linen, :
N° 6., ——— 15 grains of human hair; thefe
{fubftances being all well wathed, and being thoroughly freed
of air, by being wet before they were put into the globes.
The refults.of thefe experiments were as follows, '

Experiment N° 6.

The globe N° 1. which contained the fheep’s wool, -did not
;begin to furnith air in any confiderable quantity till the third
day of its being expofed to the ation -of the fun’s rays; and
feveral days of cloudy weather intervening, I did not remove
‘the air till the eighth day, when I «colle€ed 13 cubic inch,
which, proved with nitrous air, gave 14+ 37=1,28, or 272
-degrees.

The wool at no time furnithed ‘more than one-third part of
‘the air, which an equal quantity of filk would have furnithed
wunder the fame circumftances.

The water was very faintly tinged of agreenith hue.

Experiment N° #.

The water in the globe N° 2. with the Eider down, began
almoft immediately to furnith air, and continued to yield it
-during the whole time of the experiment, nearly in as large

quantities
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quantities as the water with filk had done in the former expe-
riments, and nearly of the fame quality. 1% cubic inches of
this air, furnithed the cighth day from the beginning of the
eiperiment, or the third of funfhine, proved with nitrous air
gave 1a+3n=1,34, or 266 degrees of purity.

The water was faintly tinged of a greenifh, yellowith caft,
and the Eider down, when examined attentively, appeared to
be covered with a greenifh flime.

Experiment N° 8.

The globe N° 3. with the hare’s fur (which was white) fur-
nifhed more air than the theep’s wool, but not fo much as the
Eider down. After four days of funfhine, I colleGted 2 cubic
inches of this air, which, proved with nitrous air, gave
1a+ 31n=1,44, or 250,

The water had acquired a very faint yellowith hue' but it
did not appear to have loft much of its tranfparency, or to be
difpofed to depofit any {ediment.

The air produced in this experiment made its appearance in a
different manner from that furnithed in thofe preceding it, the
air-bubbles which appeared upon the furface of the fur being
at confiderable diftances from each other, and growing to an
uncommon fize before they detached themfelves to rife to the
{urface of the water.

Experiment N° g.

The globe N° 4. with cotton wool furnifhed a confiderable
quantity of air which appeared to be better than that furnifhed
by any of the five other globes. Proved with nitrous air, it
turned out 12+ 37=1,07, or 293 ; and, what was particular,
the water did not appear to have altered its colour in the leaft,
or to have loft any thing of its tranfparency.

Vor. LXXVII. 0 Expe-
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Experiment N° 10,

The globe N° 5. with ravelings of linen, was very tardy iw
furnifhing air, and produced but a {mall quantity ; at the end
of a fortnight, however, I collefted about 2 cubic inches, which,
proved with nitrousair, gave 14+ 37=1,51, Or 249.

- The air appeared to have very little difpofition to fix itfelf to
the furface of this fubftance. It was very feldom that there
were air-bubbles enough attralted to it to caufe it to rife to the
furface of the water, and the few bubbles which occafionally
made their appearance very foon difappeared wpon the diminu-
tion of the light and heat of the fun. In fhort, it appeared,
that there is but a very feeble attraction between this {ubftance
and the particles of air, at leaft when they are diffolved in
water. Whether this arifes from the fuperior affinity of the
fubftance to water, or not, I will not pretend to decide; but it
appears to be probable, as there is {o ftrong an attradtion be-
tween water and linen, or flax, which is apparent from the
avidity with which a piece of dry linen drinks up that fluid,
and becomes wet, even to a confiderable diftance, when one
end of it only is placed in it.

You will recolle€ that I here confider the feparation of the
air from water as a fimple operation; and that I do not take
into the account the purification, or rather the generation, of
this air.  Though there is great reafon to conclude, that thefe
two operations are very nearly conneted ; yet, to fimplify my
inquiries, I fhall, in the firft place, confider the appearances as
they prefented themfelves to my fenfes. It will be eafy after-
wards to draw any conclufions from the refults of the experi-
ments, which a careful examination and comparifon of the
various phznomena will juftify.

Expe-
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Experz'mmt N° 11,

The globe N° 6. with human hair, furnifhed ftill lefs air than
that with ravelings of linen in the laft mentioned experiment ;
but, notwithftanding the fmallnefs of the quantity, it was con-
fiderably fuperior in quality to atmofpheric air, for, proved with
nitrous air, it gave 1@+ 27 =1,45, or 15§; whereas common
air, proved at the time, gave 1¢+4 12=1,08, or 92.

Experiment N° 12,

To afcertain the relative goodnefs of the air furnithed by the
water in thefe experiments, and of that produced by expofing
frefh healthy vegetables in water to the attion of the fun’s light,
according to the method of Dr. INGEN-HOUsZ, I colleGted a
{mall quantity of air from a ftem of a pea plant, which had
four healthy leaves upon it, and found it to be much inferior to
that furnithed in the experiments with filk, and the various
other fubftances I made ufe of. Proved with nitrous air, it gave
124 2n=1,05, or 19%.

An intire plant of houfewort, of a moderate fize, expofed
in 12 ounces of water 7 hours, to the ation of the fun’s rays,
at a time when the weather was remarkably fine, and very hot,
furnifhed about 2 of a cubic inch of air, which was fo much
worfe than common air, that 1 meafure of it, with 1 meafure
of nitrous air, occupied 1,36 meafures; or it was 14+ 1=

1,36, or 64. But I lay no kind of ftrefs upon the refult of
this experiment, as it is more than probable, that the badnefs of
the air arofe from the roots of the plants; for from the leaves
alone I have frequently fince obtained air, which appeared to
be confiderably better than common'air.

02 From
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From the leaves of the peach-tree 1 obtained an air which,
proved with nitrous air, gave 1¢+27=1,32, or 168 ; but I
did not think it neceflfary to multiply thefe experiments, par-
ticularly as Dr. INgeN-Housz and Mr. SENNEBIER have given
us the refults of fo many of theirs upon the fame fubjet, of
the accuracy of which there is no room left to doubt. I {hall
therefore content myfelf with referring to the refults of their
experlments

With a view to determmmg, with greater plecmon the quan-
tity and the quality of the air produced by a given quantity of
water and filk, expofed for a given time to the aftion of the
fun’s rays, I made the following experiment.

Experiment N° 13.

A globe of fine, clear, white glafs, about 8%, inches in
diameter, and containing 296 cubic inches, being filled with
frefh {pring water and 30 grains of raw filk, was expofed in my
window three days, viz. the 12th, 13th, and 14th of May laft,
thefe days being for the moft part cold and cloudy, with fhort
mtervals of funfhine. Air produced 9} cubic inches; quality
1a+43n=1,61, or239. : \ |

May 15. This air being removed, and its place fupplied
with freth water, the globe expofed in the fun this day from
nine o’clock in the morning till five o’clock in the afternoon, the
weather being very fine, yielded 8 25 cubic inches of air,
which, proved with nitrous air, gave 14+ 4n=1,74, or 326.
The heat of the water in the globe, during the experiment, was
from 70° to g8° F. The water had now loft confiderably of
its tranfparency, and had affumed a light greenith hue.

May 16. The air furnifhed yefterday being removed, the
globe furnifhed this day, duritg fix hours of funfhine, 9 cubic

3 inches

fOO
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inches of air, which, proved with nitrous a1r, gave 1a+ 4n=
1,44, or 356.

May 17. The globe furnithed this day, during 3% hours of
:(‘unfhine‘, 6 cubic inches of air, of a very eminent quality;’
for, proved with nitrous air, it gave 1a+4m=1,35, or
365.

May 18. This day cold and cloudy; nct more than 1%
hours funthine; air produced % of a cubic inch; quality
14+ 47=1,50, or 344.

May 19. The globe appearing now to be quite exhaufted of
air, thewing no figns of furnithing any additional quantity,
though expofed to the action of a very bright fun, I removed
the globe from the window, and placed it by the fide of a
German ftove, where it was kept warm to 100° F. from 10 -
o'clock in the morning till 5 o’clock in the afternoon, By this
means I obtained % of a cubic inch of air, which, proved
with nitrous air, gave 14+ 47=1,74, or 326.

Not being able to obtain any more air from the globe, Inow
put an end to the experiment.

The quantities and qualities of the airs furnithed upon the
~different days were as follows : |

Quantity.. Quality..

Upon the 12th, 13th, and 14th of May 9f cubicinches 144 37=1,61, or 239
1sth - = 8%%5 = = lat4n=1,74, or 326

16th -~ ~9 = =~ 1a+4n=1,44, or 350

17th - -6 - = I1a+4n=1,35, or 305

18th - - % = = 1z44n2=1,50, or 344

gth = = & = = 1a44n=1,74, or 326

‘Total quantity - 3355 Mean qualityra 4 4n=1,84, or 316

B ——

Asin this experiment the air furnifhed each day was removed
at nig 1t, and the place it occupied in the globe fupplied with
freth
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freth water, I was defirous of fé:eing what variation it would
occafion in the refult of the experiment, if, inftead of remov-
ing the air from time to time, I fuffered it to remain in the
globe till the end of the experiment: to thisend I made

Esperiment N° 14

In which the globe being filled with frefh water, and the
filk ufed in the laft experiment (being firlt well wafhed), the
‘whole was expofed four days to the action of the fun’s rays,
the weather being remarkably fine, and very hot. Upon re-
moving the air produced, I found it amounted to 30.% cubic
inches; and its quality, proved with nitrous air, was 14+ 37
=1,02, or 298,

I thould have continued the experiment for fome days longer,
as the globe did not appear to be exhaufted; but the quantity
of air already collected in the globe was fo great that it became
very difficult to remove it, without running the rifk of lofing
a part of it, or of letting the air of the atmofphere enter the
globe, either of which would of courfe have {poiled the expe-
riment. For fafety therefore, and that I might not by an acci-
«dent lofe the trouble I had already had with it, I put an end
to the experiment at the end of the fourth day. |

The water had loft of its tranfparency, and had acquired a
greenith caft, as in the laft experiment; and in both thefe
experiments J obferved, that a confiderable quantity of whitith
yellowith earth was precipitated by the water, which, falling to
the bottom of the globe, attached itfelf to the glafs in {uch a
manner that it was with difficulty that it could be removed.
Thefe were general appearances, and took place in all cafes, in
a greater or lefs degree, where a confiderable quantity of pure

air was feparated from water by the influence of light.
4 ' Expe-
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Experiment N° 13,

The filk made ufe of in the laft experiment having been
frequently ufed in the foregoing experiments, I was defirous of
fecing the effe& of making ufe of frefh filk; and alfo of vary-
ing the proportion between the quantity of filk, the quantity
of water, and the fize of the globe; accordingly, at 6 o’clock
P.M. upon the 13th of June, I filled a {mall globe, about 3
inches in diameter, or (to afcertain its fize more exactly) which
contained juft zo cubic inches, with freth {pring water, and
17 grains of raw filk, wound in a fingle thread, which had
never been put into water, or otherwife ufed, fince it came out
of the hands of the filk-winder.

At the end of four days, viz. the 14th, 15th, 16th, and
17th of June, this globe had only furnithed § of a cubic inch
of air, which, proved with nitrous air, gave 14+ 12=1,32,
or 68 ; confequently was much worfe than common air.

Upon the 18th, it began to produce good air, and during fix
hours of {funfhine it furnithed 1,5% cubic inches, which,
proved with nitrousair, gave 12+ 3n=1 ,15, or 285,

The two following days (viz. the 19th and 20th of ]une)
it furnithed 1,27 cubic inch of air, which, proved with ni-
trous air, gave m+ 3n=1,37, Of 2633 after which it totally
ceafed to yield air, though expofed for feveral days in the fun’s
rays.

Total quantity of air produced 2.%7; cubic inches; mean:
quality 14+ 37=1,46, orz54.

By this experiment it appears, that raw filk, when ufed for
the firft time, does not immediately difpofe the water to yield -
pure air; on the contrary, that it phlogifticates the air yielded

by -
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by water to a very confiderable degree ; and this I afterwards
found to be the cafe with feveral other fubftances.

Though the quality, at a medium, of the air furnifhed in
this experiment was not quite {o good as that furnithed in the
two experiments laft mentioned (vrz. N° 13. and N° 14.), yet
its quantity, in proportion to the quantity of water made ufe
of, was greater than in either of them: it amounted to fome-
thing more than one-eighth of the volume of the water.

Of all the fubftances I had hitherto made ufe of in thefe
experiments, raw filk had furnithed the greateft quantity of
pure air; or, to exprefs myfelf more properly, had caufed the
water to furnifh the greateft quantity ; but it appeared to me
very probable, that {fome other body might be found, that
poffefled this property in a ftill greater degree than filk. T'urn-
ing this matter in my mind, it occurred to me, to make the
experiment with the filky, or rather cotton-like, fubftance
produced by a certain fpecies of the Poplar-tree, Populus
migra, very common in this country, and which, 1 believe,
grows in England. I recolie¢ted that examining it fome time
before, with a different view (that of feeing if it might not be
made ufe of with advantage, as a fubftitute for Eider down),
and endeavouring to render it very dry, by expofing it in a
china plate over a chafing-dith of hot embers, when it had
acquired a certain degree of heat fmall parcels of it quitted the
plate of thetr own accord, and mounted up to the top of the
room.

This convinced me of the time not only of its extreme
finenefs, but alfo of the ftrong attraltion which f{ubfifts be-
tween it and the particles of air; and it now occurred to me,
that thefe qualities not only render it peculiarly proper as a
{ubftitute of Eider down, for confining heat, but likewife are

properties
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propex‘tles of all others the moft neceflary to its fupplymg the
splace of {ilk in the prodution of air, by expofing it in water
to the altien of the fun’s rays. I therefore loft no time in
‘making the following experiments.

Experiment N° 16.

The great globe {contents 296 cubic inches) being filled
with frefh {pring water, and 120 grains of poplar cotton,
upon the evening of the gth of June, and being the next day,
‘the 1oth of June, expofed to the fun about four hours, upon
the morning of the rith the air produced was removed, and
dts quantity was found to be 1} cubic inch. Its quality was
very bad, viz. 1a+11=1,65, or g5 degrees only better than
thoroughly phlogifticated air.

Upon the 11th, 12th, and 13th, 1 cubic inch of air only
was produced, and this appeared to be as bad as pofiible; for,
sproved with nitrous air, it gave 14+ 1#2=2, or o, ’

Upon the 14th a few air-bubbles only were furnithed; but,
notwithftanding thefe unfavourable appearances, I ftill conti-
nued the experiment, and my patience was amply rewarded ;
for the next day, the 15th, the fun being very powerful, and
the weather very hot, the water changing fuddenly to a greenith
colour, began all at once to give good air in great abundance.
In the courfe of the day 10,%% cubic inches were produced,
which, proved with nitrous air, gave 144 37=1,43, or 257.

June 16th, a very warm clear day. The globe expofed in
the fun, from 8 o’clock in the morning till 5 o’clock in the
afternoon, furnithed 14.%% cubic inches of air, which, proved

with nitrous air, gave 14+ 37= 1,34, or 266.

Vor. LXXVIL P June
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June 17th, cloudy, with intervals of funthine, The globe
with about 4 hours fun gave 7.,%% cubicinches of air, of a very
eminent quality, v/s, 14+ 41= 1,40, or 360.

"T'he water having by degrees loft its tranfparency, and have
ing acquired a deep green colour, it bxoke up this day, and de-
pofited a green {cdiment ; after which it recovered its tranfpa-
rency, and became almoft colourlefs. It continued, notwith-
ftanding, to furnith air in confiderable quantities.

Tune 18th, being expofed in the fun’s rays frem 8 o’clock
m the morning till 2 o’clock m the afteraoon (when the hea-
vens became overcafl), the globe yielded 6,275 cubic inches of
air, which, proved with nitrous air, gave Ia-474=1,44,
or 350.

June the rgth and zoth. Thefe two days the globe furnithed
no more than 3,'?; cubic inches of air, which, proved with
nitrous air, gave 12+ 371,06, or 294 ; after which it ceafed
totally to furnifh air, and the colour of the water changed to a
dead yellowith caft, and the cotton aflumed the fame hue.

The following are the quantities and qualities of the different
parcels of air furnifhed in the courfe of this experiment.

Quantity. Quality,
Upon the 10th of June 1} cubicinches 12+ 12=1,65, or 35
11th, 12th, and 13th - I - -  Iag$in=2, or 0
¥4th . o - -
15th = = 107%% - la+3n=1,43, Or 257
16th - 145y - ta+ 3n=1,34, or 266
17th B 78 - 1a+ 4n=1,40, or 360.
18th - 6 - Ya-+4n=1,44, or 356
xgth and 20th o= 3565 - Ia-+3n=1,06, or.294
Total quantity 44% Mean quality 1a-37=1,23, or 277
e

This
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This experiment was repeated, and with nearly the fame
refult; the total quantity of air produced being 41§ cubic
inches, and its quality, at a medium, 144 32=1,20, or 274.

To afcertain the relative finenefs of this poplar cotton, and
the thread of raw filk as {pun by the worm, in order to make
an eftimate of the f{urface of the former, 1 examined them
both at the fame time under an excellent microfcope, when
the diameter of the cotton, that is to {ay, of a fingle thread or
fibre of it, appeared to be not more than half as great as the
diameter of the filk, confequently its diameter was not more
than .. part of an inch; for I have fhewn, in a former
letter, that the diameter of a thread of filk, as fpun by the
worm, is only 2. of an inch.

The {pecific gravity of the cotton I found to be very nearly
equal to that of water, confequently it is to that of filk as
1000 to 1734; its furface, therefore, is to the furface of an
equal weight of raw filk in the compound proportion of 2 to 1,
and of 1734 to 1000 ; that is to fay, as 3468 to 1000.

Now, as the furface of 30 grains of raw f{ilk amounts to
476 {quare inches, the furface of 30 grains of poplar cotton
muft amount to 1651 fquare inches, which gives 55 fquare
inches of furface for each grain in weight; confequently the
furface of the cotton made ufe of in the foregoing experiment
(N° 16.) did not amount to lefs than 6600 {quare inches (for
120 grains, the weight of the cotton, multiplied by 53, gives
6600) ; an enormous furface indeed for a body, whofe Jo/id
contents did not amount to quite half a cubic inch.

From hence it appears evidently, that the quantities of air
furnithed by water, in the experiments with raw flk, and with
poplar cotton, were neither in proportion to the quantities of
thefe fubftances made ufe of, nor to the quantities of their

P2 ' {urfaces.
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furfaces. It appears likewife, from the two laft experiments;
that the air which 1s furnithed in the beginning of the experis
ment, or when the water is firft expofed’ to the action of the
{un’s rays, is ncither ¥o good, ner in fo great abundance, as.
afterwards, at a more advanced period ; andthat it totally ceafes.
to be produced after a certain time.

"T'o afcertain, with greater precifion, the qualities of the air
furnithed at different periods of the experiment, or rather the
period when the water begins to give good air; and alfo to.
determine the relative quantities and qualities of the airs pro-
duced in the experiments with. raw filk,- and in thofe with.
poplar cotton, I mads the following experiments.

Experiment N° 17.

A globe, about 4% inches in diameter, containing juft 46.
cubic inches, being filled in the evening with freth {pring wa-
ter, and 30 grains of raw filk which had been previoufly-
wathed theroughly to free it of air and the remains of former
experiments, and being expofed the next day in my window,.
the weather being cold and cloudy, with not more than 1 hour
of funfhine, 3 of a cubic inch of air was produced, which,.
proved with nitrous air, gave 14+ 27:=1,86, or 114.

The two following days, the weather being clear and mode-
rately warm, 3% cubic inches of air were produced, which,
proved with nitrous air, gave 144 37=1,14, or 296.

Experiment N° 18.

The globe having been again filled with freth fpring
water, and the fame filk which had ferved in the laft experi-
ment, after 2 nights, and 1 day of about 4 hours fum, it had
farnithed 15 cubic inch of air, whofe quality was 14+ 27=
1,13, OF 197, \ '

' The
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The two following days, the weather being very fine, it
furnithed 3:% cubic inches of air, which, proved with nitrous-
air, gave 1a-+47=1,53, Or 342.

Experiment N° 19,

"The globe being again filled with frefh water, and the fame
filk well wathed, and being expofed 2 days in the fun, it gave
2.% cubic inches of air, which, . proved with nitrous air, gave
ta+3n=1,67, or 233.

Experiment IN° 2.6s:
A like globe, with freth water, and an equal quantity of
poplar cotton which had been ufed in former experiments,
being expofed at the fame time, gave 2.%% cubic.inches of air,

1 00Q

whofe quality was 14+ 37=1,20, or 280

Esxperiment N° 21,
A {mall globe, contents 20.cubic inches, with 17 grains of
raw filk, expofed at the fame time, gave.1 cubic inch of air,
which turned out14+37=1,37, or 263,

Experiment N° 22.

A large globe, containing 296 cubic inches, being filled
with frefh water and a {mall quantity of conferva rivularis,
and expofed at the fame time with the three globes above-men-
tioned, gave 1} cubic inch of air, which, proved with ni-
trous air, gave 14+ 27 =1,76, or 124.

The water in this experiment was changed to a brown co-
lour, owing, as I conceived, tothe too great heat the conferva
acquired in the fun.

Thefe experiments were made between-the 2d and the sth
of July.

Expee
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Experiment N° 2.3,

“Surprifed at the fmallnefs of the quantity, and the inferior
-quality, of the.air produced in the laft experiment, I wasin-
‘duced to repeat it; .accordingly, the globe being again filled
with water, and a quantity of freth conferva rivularis (a {mall
handful), .and ‘being expofed to the ation of the.fun’s rays
.during 3 fine days, 13,%* cubic inches of air were produced,
~which, proved with nitrous air, gave 14+ 37=1,54, or 240.

At the end of the experiment the water appeared to be very
‘faintly tinged of a greenith caft. -

The two following expeuments were made upon the zoth
-and 21t of Auguft.

‘Experiment N° 24.

A globe, about 43 inches in diameter (contents 46 cubic
“inches) being filied ‘with frefh {pring water, and 30 grains of
vaw {ilk which had been ufed in many preceding experiments,
‘and being expofed to the action of the fun’s rays two days, in
~all about 8 hours of funthine, the weather being cloudy great
part of the time, 1,%5 cubic inch of air was produced,
which, proved with nitrous air, gave 1a+372=1,96, or
204

‘Experiment N° 25,

At the fame time an equal globe, containing frefh {pring
~water, and about 15 grains of poplar cotton (which had like-
-wife been ufed in former experiments) produced 1.%% cubic
inch of air, which, proved with nitrous air, gave 14+ 3n=]
1,49, or 260, '

The
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The water in both thefe experiments had acquired a faint
greenifh caft; but the colour of that with the cotton was
rather the deepeft. ~

Upon examining this water under a microfcope, I found it
contained a great number of anmimalcules, exceedingly {mall,
and of nearly a round figure. That with the filk contained
the fame kind of animalcules likewife, but not in. fo. great,
abundance. 1 never failed to find them in.every cafe in' which:
the water ufed in an experiment had acquired a. greenith huesj:
and from their prefence alone, I think it more than probable,,
that the colour of the water, m the firf} inflance, arofe in all
cafes. I have {pent a great deal of time in obferving them,
and have made many experiments upon their produ&ion ;. but
as I have not yet been able to fatisfy my own mind, with
refpe@ to the part they a& in the operation of purifying the aip
in water, I fhall not add to the length of this letter by giving
an account of my enquiries and obfervations refpeGting them.

I was yet by no means fatisfied with refpet to the part
which the filk and other bodies, expofed in water ixi‘the fore~
going experlments, afted in the punfymg or dephlogifticating-
of the air produced.

Dr. PrizsTLEY has long fince difcovered, that many animal
and vegetable fubftances putrefying, or rather diflolving, in
water, in the fun, caufe the water to yield large quantities of
dephlogifticated air; but I could hardly conceive, that the
fmall quantity of filk which was ufed in my experiments, and:
which had been conftantly in water for more than three
months, and had fo often been wathed, and even boiled i
water, thould yet retain a power of communicating any thing
to the large quantities of freth water in which it was fuccef=

fively placed ; at leaft any thing in {ufficient quantities to impreg-=
nate
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nate thefe bodics of water, and to caufe them to yield the great
abundance of air which they produced.

It wag 45l more difficult to account for the purification of
the air in the experiments with wool and fur, and human hair;
efpecially,.as in-fome of ‘thefe. experiments the water had not
fenfibly changed eclour, nor-did it appear to have loft any
thing of its tranfparency. :lItistrue, in thefe cafes, the quan-
tities of air-preduced. were very {mall; but yet its guality was
better than. that -of common air, and confiderably fuperior to
that of the air exifting in the water, previous to its being ex-
pofcd' to the action of the fun’slight. ~In fhort, it was dephlo-
gifticated in the experiment ; but the .manmer in which this
-was.done is very difficult toafcertain,

With a view to throwing fome new light-upon:this intricate
fubje&, I made the following experiments.

“Experiment N° 26,

- Concluding: that if filk and other bodies,  ufed 1in the fore-
going experiments, actually did not contribute any thing, con-
fidered as chymical {ubftances, in the protefs of the produ&ion
of pure air: yielded by .water; but if; on the contrary, they
adted -merely as a mechanical aid in «the feparation of the air
from the .water, by affording:a convenient {urface for the air
to attach itfelf tos. in this scafe, any otner body, having a
large {urface, . and. attraing air in water, might be made ufe of
inftead of . filk,inthe - experiment, and pure air would be
furnithed, though.the body fo made ufe of fhould be totally
incapable of. communicating any thing whatever to the water.

‘Toafcertain this fad, wathing the great globe (containing

296 cubic “inches) perfe@ly clean, and filling it with freth

fpring, water,. I introduced-into it a quantity of the fine flexible
e thread



on the Production of Dephlogifticated Air. 113
thread of glafs, commonly called fpun glafs, fuch asis ufed for
making brufthes for cleaning jewels, and for making a kind of
artificial feather frequently fold by the Jew pedlars. This
fpun glafs is no other than common glafs drawn out, when
hot, into an exceeding fine thread; which thread, in confe-
‘quence of its extreme finenefs, retains its flexibility after it
has grown cold.

I made choice of this fubftance not only on account of its
great {urface, but alfo on account of the ftrong attradtion which
is known to {ubfift between glafs and air, and the impoffibili
of its communicating any thing to the water.

The refult of the experiment was, that the globe being ex-
pofed in the fun, air-bubbles began almoft immediately to make
their appearance upon the furface of the fpun glafs, and in 4
hours 2% of a cubic inch of air was collected, which,
proved with nitrous air, gave 1a+4-1z=1,12, or 83; after
which, not a fingle air-bubble more was produced, though the
globe was expofed a whole weck in the window, during which
time there were feveral very warm, fine, funfhiny days.

This experiment thews evidently, that {fomething more is
wanting to the prodution of pure air by water, expofedin the
{un, than merely a furface to which the air diffolved in the
water can attach itfelf, in order to its making its efcape.

The air furnithed in this experiment was doubtlefs merely

“that with which the water ifluing from the earth was over~
charged, and which would have made its efcape from the
water, had the water, inftead of being expofed with the {pun
glafs in the fun, been fimply left for fome time expofed to the
free air of the atmofphere.

It appears, that this air, naturally exifting in {pring water,
inftead of being dephlogifticated, is fomething worfe than

Vor. LXXVII, Q common
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common air; and this agrees with the obfervations of Drs
PriesTLEY, and feems to juflify his opinion with refpedt to
the caufe of the fertility of lands wathed by waters iffuing from
the earth. .

If the above experiment fhews that fomething is wanted to
be mixed with water, in order to enable it to yield pure air,
when expofed to the attion of the fun’s light, the following’
thew, that this fomething, whatever it may be, is frequently to-
be found in the water itfelf, in its natural fate.

Experiment N° 277.

- A large jar of clear white glafs, containing 455 cubic inches, .
being wafhed very clean, was filled with freth f{pring water,.
and inverted in a glafs bafon of the fame, and placed in the-
middle of the garden of the Ele¢or’s Palace, where it was
left expofed to the weather 28 days. |

‘At the fame time another like jar was filled with water,
taken from a pond in the garden, in which many aq'uatic‘
plants were growing, and was expofed in the fame place, and-:
during the fame period. This water had a very faint greenith
caft. The pond from which it was taken is fed by a large river-
(the Ifar), which runs by the town.

The {econd day after thefe waters had been expofed in the fun;
I obferved, that a fmall quantity of air had collefted itfelf at-
- the upper part of each of the jars. '

The third, fourth, and fifth days, the pond water furnithed"
air in pretty large quantities; and it went on to yield it without
intermiffion, when the fun fhone upon it, till the fourteenth -
day, when it feemed to be nearly exhaufted. I continued the -
experiment, however, till the twenty-eighth day, though during

the-
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the laft fortnight the quantity of air in the jar did not appear to
be fenfibly increafed.

The fplmg water, during the firft five or fix days, furnithed
very little air; and it was not till the fourteenth day that it
began to yield it in any confiderable quantities. From this
time it went on to furnifh it, though Bt very flowly, till
about the twenty-fecond day, when it ceafed, appearing to be
quite exhaufted.

Upon the twenty-eighth day I removed the airs from the jars,
when I found their quantities and qualitics to be as follows :

Quantity. Quality:
Air furnifhed by the fpring water 14 cubic inches  1a4-22=1,62, or 138
by the pond water 313 - ta+31=1,48, or 252

- Neither the cclour of the fpring water, nor that of the
pond water, appeared to be fenfibly changed; but both the one
and the other of thefe waters had depofited a confiderable quan-
tity of earth, which was found adhering to the furfaces of the
glafs bafons in which the jars were inverted.

As thefe bafons were rather deep, and as they were very
thick in glafs, and confequently not very tranfparent, their
bottoms, where the fediment of the water was colleted, were,
in a great meafure, obfcured or deprived of the dire& rays of
the fun. Sufpefting that this circumftance might have had
fome effe@, fo as to have hindered the water from furnifhing fo
much air as otherwife it might have yielded, to fatisfy myfelf
refpeting this matter I repeated the experiment, difpofing
the apparatus in {fuch a manner, that the fediment of the water,
which attached itfelf to the bottom of the veflel in which the
jar was mverted, had the advantage of being perfettly illu=
minated. ‘

Q2 Expe-



116 Sir BENJAMIN T'HOMPSON’s Experiments

Experiment N° 28,

In a large cylindrical jar, of very fine tranfparent glafs, 1o
inches in diameter, and 12 inches high, filled with fpring
water, I inverted a conical glafs jar, 9% inches in diameter at
the bottom, and containing 344 cubic inches, filled with the
fame water ; and expefed the whole 21 days, in a window
fronting the fouth. |

The quantity of air produced amounted to 4o cubic inches ;.
and its quality, proved by the teft of nitrous air, gave 14+ 3%
=1,87, or 212, |

The water in this experiment furnifhed very little air till the
feventh day ; butafter that time, having afflumed a faint greenith
caft, and a fine greenith flimy fediment (the green matter of
Dr. PriesTiLEY) beginning to be formed upon the bottom of
the jar, it began to yield air in abundance, and continued to
furnifh it in pretty large quantities tili about the eighteenth
day, when it appeared to be exhaufted. '

Why the water fhould turn green in this experiment, and
not in the laft, I know not; unlefs it was in confequence of
the large furface of water inthe cylindrical jar, which was ex-
pofed to the air in this experiment; or in confequence of the
tun’s thining dire@ly upon the bottom of the veflel where the
fediment was formed.

In the former experiment the bafon in which the jar was.
inverted was but juft big enough to admit the jar; andas the jar
was cylindrical, the furface of the water expofed to the atmo-
fphere, in the bafon, was but very fmall; and the bafon being
very thick, and formed of glafs which, though of the white
kind, was of an inferior quality, and very imperfectly tran{pa-
tent, as I have already obferved, the bottom of the bafon,

7 where.
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where the fediment was formed, was but very imperfe&ly
illuminated.

I intended to have repeated thefe experiments with variations,
and to have made feveral others which I had proje&ed, and which
I thought might have thrown fome further light upon this won-
derful procefs of the production of the pure air yielded by waters
but a feries of unfavourable weather putting a ftop to my enqui-
ries, and my time having been much taken up fince with other
avocations, Ihave hitherto been prevented from putting my de-~
figns in execution ; and the feafon proper for thefe experiments
1s now fo far advanced, that I do not think it will be in my
power to recommence them till the next year. In the mean
time, to fulfil my promife to you, I fend you this account of
the progrefs I have already made in thefe refearches; and,
when I fhall find leifure to purfue the matter further, I fhall
ot fail to acquaint you with the refult of my enquiries.

I have the honour to be, &c.

PO STSCRTIUPT

SINCE writing the above, an interval of fine weather, and'
a moment of leifure, have given me an opportunity of making;
a few more experiments, of which I have thought it right to
give you a {hort account.

And [ muft begin by acquainting you, that having never
been thoroughly fatisfied with refpe& to the origin of the de-
phlogifticated air produced upon expofing freth vegetables in:
water to the altion of the {fun’s rays, according to the method
of Dr. INGEN-HOUSZ, my doubts, with refpe to the opinion
generally entertained of its being elaborated in the veflels of the:

plant;,
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plant, inftead of being removed, were rather confirmed by the
refult of the experiments of which I have given an account in
the foregoing letter ; and however difpofed I was to adopt the
Deautiful theory of the purification of the atmofphere by the
vegetable kingdom, I was not willing to admit a fa& which
has been brought in {upport ef it, till it {hould appear to me
to have been defno’lfhatcd by the moft decifive experiments.

That the frefh leaves of certain vegetables, expofed in water
to the action of the {fun’s rays, caufe a certain quantity of
pure air to be produced, 1s a fa& which has been put beyond
all doubt; but it does not appear to me to be by any means {o-
clearly proved, that this air is ¢ elaborated in the plant by the
¢ poivers of vegetation ;37— phlogifticated or fixed air being
¢¢ firft abforbed or imbibed by the plant as food, andthe dephlo-~
«¢ gifticated air being rejefted as an excrement:” for, befides
that many other fubftances, and in which no elaboration, or
circulation, can poffibly be fufpefted to take place, caufe the
water in which they are expofed to the action of light to yield
dephlogifticated air as well as plants, and even in much greater
quantities, and of a more eminent quality, the circumiftances
of the leaves of a vegetable, which, accuftomed to grow in air,
are feparated from its ftem, and confined in water, are fo un-
natural, that I cannot conceive, that they can perform the
fame funions in fuch different fituations.

Among many fatts which have been brought in fupport of
the received opinion of the elaborarion of the air in the veflels
of the plantsin the experiments in queftion, there is one upon
which great ftrefs has been laid, which, I think, ‘requires fur-
ther examination.

The frefh healthy leaves of vegetables, feparated from the
plant, and expofed in water to the altion of the fun’s rays,

5 appear,
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appear, by all the experiments which have hitherto been made,
to furnith aic only for a fhort time; after a day or two, the
leaves changing colour, ceafe to yield air: and this has been
conceived to arile from th'e powers of vegetation being de-
ftroyed ; or, in other words, the death of the plant; and from
- hence it has been inferred, with {fome degree of plaufibility,
not only that the leaves aftually retained their vegetative powers
for fome time after they were feparated from their flock, but
that it was in confequence of the exertion of thefe powers,
that the air, yielded in the experiment, was produced.

But I have found, that though the leaves, expofed in water!
“to the adtion of light, a&ually do ceafe to furnifh air, after a
certain time, yet that they regain this power after a thort in-
terval, when they furnith {or rather caufe the water to furnith)
more and better air than at firft, which can hardly be accounted:
for upon the fuppofition that the air 1s elaborated in the veflels:
- of the plant. |

Egperiment N° 24,

A globe, containing 46 cubic inches, filled with freth {pring
water and two peach leaves, was expofed in the window to the
a&ion of the fun’s rays, 1o days fucceflively (the weather
being in general fine), when the following appearances took
place. ‘ '

The 1ft and 2d day, a certain quantity of air was produced,
about as much as in former like experiments. The 3d day very
little was produced ; and the 4th day none at all, the globe toal!
appearance being quite exhaufted.  Continuing the experiment,
however, upon the sth day, the water having acquired a faint
greenith hue, air was again produced pretty plentifully,- making
its appearance upon the furface of the leaves in the form of air=

bubblesy
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bubbles, as at the beginning of the experiment 3 at the end of the
6th day the air was removed, and it was found to amount to
A of acubic inch, its quality being 232 degrees, or 14+ 37
S =1,68.

Upon the 7th day .% of a cubic inch of air was produced of
267 degrees, or 144 37=1,03; and

During the 8th, ¢gth, and roth days, 13 cubic inch of
air, of 3oy degrees (or 1a44n=1,93), was furnithed; after
which an end was put to the experiment. |

Total quantity of air produced 3.%% cubic inches; mean
=quality 291 degrees, or 14+ 37=1,09.

Finding that leaves which were dead, or in which all the
powers of vegetation were evidently deftroyed, continued not-
withftanding to feparate air from water, and that in fo great
abundance, I was defirous of feeing the effe&t of expofing freth
healthy leaves in water which I knew to be previoufly faturated
with, and difpofed to yield dephlogifticated air. I conceived,
that if the plants expofed in water aftually imbibed fixed or
phlogifticated air as food, and, after digefting it, * difcharged
«¢ the dephlogifticated air as an excrement;” in that cafe, as
there is no inftance of any plant, or animal, being able to
nourifh itfelf with its own excrement, the leaves expofed in
water faturated with dephlogifticated air, inftead of imbibing
and elaborating it, would immediately die.

The experiments which T made to afcertain this fa&, and
which, without any comment, I thall fubmit to your confi-
- deration, were as follows,

Experiment N° 30,

Having provided a quantity of water, which, by being ex-
poled with a few green leaves in the fun, had acquired a
greenifh eaft, and which I found was difpofed to yield dephlo-

gifticated
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giﬁicated air in great abundance, I filled a globe, containing
46 cubic inches, with this water, and putting to it two
healthy peach leaves, expofed the globe in the fun upon the
7th of September, from 11 o’clock in the morning till 2 o’clock
in the afternoon (3 hours), when .7; of a cubic inch of air was
produced, which, proved with nitrous air, gave 1a+ 3n= ,52,
or 248 degrees.

A like globe, with freth {pring water and two peach leaves,
expofed at the fame time, furnithed only X of a cubic inch of
air, which, on account of the {mallnefs of its quantity, I did
not {ubmit to the teft of nitrous air.

Experiment N° 31.

September 8. Very fine clear weather, but rather cold for
the feafon. Three equal globes, A, B, and C, containing each
46 cubic inches, were filled as follows, and expofed in the fun
from ¢ o’clock in the morning till half an hour paft 4 in
the afternoon, when they were found to have produced air
as under mentioned.

The globe A, filled with water, which, by being previoufly
expofed in the {un for feveral days, with potatoes cut in thin
flices, had turned green, furnithed -2 of a cubic inch of air
of 299 degrees, or ra+ 3z=r1,01. N. B. This water, before
it was put into the globe, was ftrained through two thicknefles
of very fine Irith linen.

The globe B, filled with the fame green potatoe water
(ftrained as before) to which were added four middling-fized
peach leaves, furnithed 2% cubic inches of air of 320 degrees,
or 1a+ 47 =1,80. |

The globe C, filled with frefh {pring water, with four peach
leaves, furnithed ;%% of a cubic inch of air of 151 degrees, or
which, proved with nitrous air, gave 14+ 27=1,49.

Vor. LXXVIIL R To
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To afcertain the quantities and qualities of the airs remain-
ing in the different waters ufed in this experiment, putting the
globes feparately over a chafing-dith of live coals, and making
the water boil, taking care to hold the globe in fuch an in-
clined pofition as that the air {feparated from the water might
be colleted in the upper part of the globe, the airs produced
were as follows.

Quantity, Quality.
By the green water in the globe A, o5 of a cubic inch = 280 degrees
By the green water in the globe B, To5 - - 241
By the {pring water in the globe C, e - - 68

The waters in thefe experiments were made to boil but for a
moment ; otherwife, it is probable, more air might have been
{eparated from them,

Finding that frefh leaves, expofed to the aGtion of the fun’s
rays, in water which had already turned green, caufed pure air
to be feparated from the water in {o great abundance, I repeated
the experiment, only, inftead of leaves, 1 now made ufe of a
fmall quantity. of conferva rivularis; when 1 had nearly the
{ame refult as with the leaves.

" To afcertain the relative quantities and qualities of the airs
yielded by the green water, when expofed with freth leaves,
and when expofed with raw filk; and alfo to afcertain, at the
fame time, how long leaves, expofed in green water, retain
their power of {eparating air from it, I made,

Experiment N° 32.
‘T'wo equal globes, A and B (containing 46 cubic inches),
the former (A) filled with green potatoe water, ftrained through
linen, and four peach leaves; the latter (B) filled with the

{ame potatoe water, firained in like manner, and 17 grains of
4 raw
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raw filkk, were expofed from Sunday noon, September 1oth,
till Monday evening, the weather being cold, with many flying
clouds, inall about 6 or % hours fun.

The airs produced were as follows.

Quantity. © Quality.
By the globe A, with green water and 4 peach leaves 2% cubicinches 292 deg.
By the globe B, with green waterand 17 grs,ofraw filk 25 - = 307

Another globe (C), filled with green water alone, was expofed
at the {fame time; but it was broken by an accident before the
experiment was completed.

The two globes (A and B) with their contents, being again
expofed from Tuefday noon till Thurfday evening, yielded air
as follows.

Quantity, Quality.
The globe A, with the peach leaves 415 cubic inches 344 degrees
The globe B, with raw filk - 4Ps - - 350 ‘

N. B. The weather on Tuefday and Wednefday was cold,
with very little {funthine; but Thur{day was a very fine warm
day, when the greateft part of the air was produced. This
air was removed and proved on Friday morning the 15th Sep-
tember.

Perhaps all the appearances above defcribed might be fatif-
faGorily accounted for, by fuppofing the air produced in the
different experiments to have been generated in the mafs of
water by the green matter ; and that the leaves, the filk, &c.
did no more than afiff it in making its efcape, by affording it a
convenient furface to which it could attach itfelf, in order to
its colleGting itfelf together, and taking upon itfelf its elaftic
form.

R 2 The
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The phzenomena might likewife be accounted for by fup-
pofing the greon matter to be a vegetable fubftance, agreeable to
the hypothefis of Dr. PriEsTLEY, and that attaching itfclf to
the furfaces of the bodies expofed in the water, as a plant is
attached to its foil, it grows; and, in confequence of the
exertion of its vegetative powers, the air yielded in the experi-
ment is produced. 4

I thould moft readily have adopted this opinion, had not a
moft careful and attentive examination of the green water,
under a moft excellent microfcope, at the time when it ap-
peared to be moft difpofed to yicld pure air in abundance, con-
vinced me, that, az that period, it contains nothing that can
potlibly be fuppofed to be of a vegetable nature. 'The colour-
ing matter of the water is evidently of an animal nature,
being nothing more than the affemblage of an infinite number
of very {mall, a&tive, oval-formed animalcules, without any
thing refembling fremella, or that kind of green matter, or
water mofs, which forms upon the bottom and fides of the
veflel when this water is fuffered to remain in it for a confi-
derable time, and into which Dr. INcEN-HOUsZ fuppofes the
animalcules above-mentioned to be a&tually transformed.

But having finifhed the account of my exi)eriments, I fhall
finifh my letter, not daring to venture conjectures upon a fub-
je& fo intricate in itfelf, and which is yet {o new, and upon
which the ableft philofophers of the age feem to be fo much
divided in opinion.

TS
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