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VUL An Account of a new Eudiometer,,
By Mr. Cavendith, F. R. S,

Read Janvary 16, 1 783.

wR. PRIESTLEY’s difcovery of the method of deter=
i J ‘mining the degree of phlogiftication of air by means
of nitrous air, hasoccafioned many inftruments to be contrived
for the more certain and commodious performance of this ex-
periment ; but that invented: by the Abbé FoNT ANA is by much
the moft accurate of any hitherto publithed. ‘There are many
ingenious contrivances in his apparatus for. obyiating the {maller
errors which this experiment is liable to 3 but the great im-
provement confifts in this, that as the tube is long and narrow,
and the orifice of the funnel not much lefs than.the bore of
the tube, and the meafure is made {o as to deliver its contents
very quick, the air rifes flowly. up the tube in. one continued
column ; fo that there is. time to take the tube off the funnel,
and to fhake it before the airs come quite in eontacty by: which
means the diminution is.much greater and much more certain.
than it would~otherwife be. ~For inftance, if equal meafures
of  nitrous and-common air ate mixed in this manner, the bulk
of the mixture will, in. general, be about one meafure ;

whereas, if the airs are fufféred to remain in contaét about
one-fourth. of a.minute before they are fhaken, the bulk of
the mixture will be hardly lefs than one meafure and two-
tenths, and will be very different according -as it is fuffered to
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remain a little more or a little lefs time before it is fhaken. In
like manner, if through any fault in the apparatus, the air
rifes in bubbles, as in that cafe it is almoft impoffible to thake
the tube foon enough, the diminution is lefs than it ought
to be. _
Another great advantage in this manner of mixing is, that
thereby the mixture receives. its full diminution in the fhort
time during which it is fhaken, and is not fenfibly altered in
bulk after that; whereas, if the airs are fuffered -to remain
fome time in conta& before they are thaken, they will continue
diminifhing for many hours. |
The reafon of the abovementioned differences feems to be,
that in the Abbé FoNTANA’s method the water is thaken brifkly
-up and down in the tube while the airs are rmxmg, whereby
each {mall portion of the nitrous air muft be in conta® with
water, either at the inftant it mixes with the common air, or
at leaft immediately after; and it fhould feem, that when the
airs are in contalt with water during the mixing, the diminu~
tion is much greater and more certain than when there is no
water ready to abforb the nitrous acid produced by the mix-
ture. ‘This induced me to try whether the diminution would
not be ftill more certain and regular if one of the two kinds of
air was added flowly to the other in fimall bubbles, while the
vefiel containing the latter was kept continually fhaking. 1
was not difappointed in my expedations, as, 1 think, this me«
thod is really more accurate than the Abbé FONTANA'S and,
moreover, in the courfe of my expeumeuts I had occafion to
obferve a circumftance which is neceffary to be attended to by
" thofe who would examine the purity of air with exadtnefs by
any kind of eudiometer, befides fome others which tend very
P2 much
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much to.explain many of the phenomena attending the mix-
ture of common and nitrous air.

'The apparatus. T ufe is as follows. A (fig. 1.) is a cylin-
drical glafs veficl, with brafs caps at top and bottom ; to the
upper cap is fitted a brafs cock B; the bottom cap 1s open, but
is made to fit clofe into the brafs fecket Dd, and 1s fixed in it
in the fame manner as a bayonet is-on a mufquet. The focket

D4 has a {fmall hole E in its bottom, and is faftened to the
board of. my tub by the bent brafs FfG, in fuch manner that
4, the top of the ¢ock, is about half an inch under water;
confequently if the veflel A is placed in its focket, with any
quantity of air in it, and the cock is theﬁ,opened, the air will
run out by the cock, but will. do fo very flowly, as it can
efcape no fafter than the water can enter by the {mall hole E

~ to fupply its place..

cfides. this. veflel, Fhave three glafs bottles like M (fig. 2.}

each. with a flat brafs cap at bottom to make it ftand fteady,
and'a ring at top to fufpend it by, and alfo fome meafures of
different fizes fuch as B (fig. 3.); thefe are of glafs with a flag

brafs cap-at bottom and a wooden. handle.  In. ufing them they
are filled with the air wanted to be meafured, and then fct
upon the brafs kneb C fitted upon the board.of. my tub below
the furface of the water, which drives out feme of. the air,
and leaves only the proper quantity. This meafure is eafies
made, and' more expeditious in ufing, tlran . the Abbé ron-

TANA’s, and, Lbelieve, is equally accurate; but if it was not

it-would:not fignify, as I determine the - exact quantity of .aig
ufed by weight.

There are two different methods of pmceedi:h-g..whicjh I have
ufed ; the firft is to.add the refpirable air {flowly to the nitrous ;
and the other, toadd the nitrous air in.the fame manner to the

refpirable,
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refpirable. Tlie firlt is what I have commonly ufed, and
which T fhall firft defcribe. In this method a proper quantity
of nitrous air is put into one of the bottles M, by means of
one of the meafures above defcribed, and a proper quantity of
refpirable is let into the veffel A, by firft filling it with this air,
and then fetting it on the kneb C, as was done by the mea-
fure. The veflel A is then fixed in the focket, and the bottle
M placed with its mouth over the cock. Then on.opening the
cock, the air in the veffel A runs flowly in {mall bubbles into
the bottle M, which is kept thaking all the time by moving it
backwards . and forwards . horizentally. while the mouth ftilt
rematns over the cock, .

Notwithftanding, the - precautions ufed” by the; Abbé ron-
TANA in meafuring the quantity of air ufed, I have fometimes
found that method liable to very confiderable errors, owing to
more water fticking to the fides of the meafure and tube at
one time than at another: for this reafon I determine the
quantities of air ufed” and the diminution, by weighing the
veflels containing it under water in this manner. From one
end of a balance, placed {fo as to hang over the tub -of: water,
is {ufpended a forked wire, to each end of which fork'is fixed a
fine copper wire; and in trymg the experiment the veflel A,
with the refpirable air in-it, is firft"weighed, by fufpendmg 1t
from one of thefe copper wires, in fuch manner as to remain
intirely under waters  The bottle M, with the proper quantity
of nitrous air in it, is then hung on in the fame manner to the
other wire, and the welght of both together found.: The air
is then let out of the veflel A into the bottle M, and the
weight of both veflels together found again, by which the
diminution of bulk which they fuffer on mixing is. known.
Laftly, the bottle M .is taken off, and the veflel A weighéd

again
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again by itfelf, which gives the quantity of refpirable air ufed.
It is needlefs to determine the quantity. of nitrous air by
weight ; becaufe, as the quantity ufed is always fufficient to
produce the full diminution, a fmall difference in the quantity
makes no fenfible difference in the diminution *. In this man-
ner of determining the quantities by weight, care fhould. be
taken to proportion- the lengths of the copper wires in fuch
manner that the furface of the water in A and M fhall be on

* Mr. pE sAussure ‘alfo determines the quantity of air which he ufes by
weight ; but does it by weighing the veflels containing it in air. This method is
{liable to fome inaccuracy, as the air in the veflel is apt to be comprefled by put-
ting. in the ftopper; though, I believe, that, if care is taken to pufh in the
ftopper flowly, the error arifing from thence is but fmall. It is alfo lefs éxpedi-
‘tious than weighing them under water, as fome time is neceflarily loft in
wiping the wet off the veflels ;. but, on the other hand, it requires lefs apparatus,
which makes it fitter for a portable apparatus as Mr. pE sAvussurE’s was, If any
.gentleman is defirous of adapting this method of determining the quantities to the
.above deferibed manner of mixing the airs, nothing more is required than to
have glafs ftoppers fitted to the vefiel A and to the bottle M.

1t is needlefs to mention, that in both thefe methods no fenfible error can arife
from any difference in the fpecific gravity of the air; for the thing found by
weighing the veflel is the difference of weight of the included air and of an equal
- bulk of water, which, as no air is lefs than oo times lighter than water, is very
nearly .equal to the weight of a quantity of water, equal in bulk to the included
air,

1t muft he obferved, that a-common balance is not convenient for weighing the
veflels of air under water, without fome addition to it; for the lower the veffel
of air finks under the water, the more the air is comprefled, which makes the
weflel heavier, and thereby .caufes that end of the beam to preponderate. This
:makes it neceffary either to have the index placed below the beam, asin many
affay balances; or by fome other means to remove the center of gravity of the
beam fo much below the center of fufpenfion as to make the balance vibrate, not-
withftanding the tendency which the compreffibility of tbe air in the veffels has to

xevent it, '

the
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the fame level when both havé the ufual quantity of air in
them, as otherwife fome errors will arife from the air being
more comprefled in one than in the other. This precaution.
indeed does not intirely take away the error, as the level of the
water in M is not the fame after the airs are mixed as it was
before ; but in veflels of the fame fize as mine, the error arifing
from thence can never amount to the gooth part of the whole,
which is not worth regarding; and indeed if it were much
greater, it would be of very little confequence, as-it would be
always the fame in trying the fame kind of air.

There are feveral contrivances which I'ufe, in order to dimi-
‘nifh the trouble of weighing the weflels; but I omit them, as
the defcription would take up too much room..

The veffel A:holds 282 grains of water, and is-the quantity
which I'thall dlfhngulfh by the name of one meafure. 1 have
three bottles for mixing the airs in, with a meafure B for the
nitrous air adapted to each.. The firft bottle holds three mea-
fures, and the correfponding meafure 1% ;. the fecond bottle
holds fix, and the correfponding meafure 2% ; and the third
bottle holds 1z, and:the correfponding meafure 5. The firlt
bottle and: meafure is ufed in trying common air; or air not
better than that ;- the two other in trying dephlogifticated .air.
The quantity of- refpirable air ufed, as was faid before, is
always the fame, namely, one meafure; confequently, in.
trying common-air I ufe 1} meafures of nitrous air to one of
common ; and intrying very pure dephlogifticated air I ufe five
meafures of, nitrous air.to one of the dephlogifticated. 1 be-
lieve there is no-air fo-much.dephlogifticated as .to require a
greater proportion of nitrcus than that. The way by which 1
judge whether the quantity of nitrous air ufed is {fufficient, is
by the bulk. of the two.airs when mixed; for if that is ‘not

lets
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lefs than one meafure, that is, than the refpirable air alone, it
is a fign that the quantity of nitrous air is {ufficient, or that it
is {ufficient to produce the full diminution, unlefs it is very
dmpure.

Though the quantity of refpirable air ufed will be always
nearly the fame, as being put in by meafure; yet it will com-.
monly be not exaély fo, for which reafon the obferved dimi-
nution will commonly require fome correfion : for example,
fuppofe that the obferved diminution was 2.3 3 meafures, and
that the quantity of refpirable air was found to be .985 of a
meafure ; then the obferved diminution muft be increafed by
s of the whole or .035, in order to have the true dimi-
nution, or that which would have been preduced if the refpi-
rable air ufed had been exactly one meafure ; confequently, the
strue diminution is 2.388

The method of weighing, defcribed in p. 109. is that which I
ufe in trying air much different in purity from common air ;
but in trying common air, I ufe a thorter method, namely, I
do not weigh the veflel A at all, but only weigh the bottle M
-with the nitrous air in it; then mix the airs, and again weigh
ithe fame bottle with the mixture in it, and find the increafe of
weight. ‘This, added to one meafure, is very nearly the true
.diminution, whether the quantity of common air ufed was a
little more-or a little lefs than one meafure. The reafon of
thig is, that as the diminution produced on mixing common
and nitrousair is only a little greater than the bulk of the com-
mon air, the bulk of the mixture will be very nearly the fame,
whether the bulk of the common air is a little greater or a little
lefs than one meafure: for example, let us firft fuppofe, that
the quantity of common air ufed is exatly one meafure, and

that the diminution ‘of bulk on mixing is 1.08 of a meafure,
then
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then muft the increafe of weight of the bottle M, on adding
the common air, be .08 of a meafure. Let us now f{uppofe,
that the quantity of common air ufed is 1.02 of a meafure,
then will the diminution, on adding the common air, be

g 1.02 .
1.08 x - or 1.1016 of a meafure, and confequently the in-
1.00

creafe of weight of the bottle M will be 1.1016 ~ 1.02 or
0816 of a meafure, which is very nearly the fame as if the
common air ufed had been exallly one meafure.

In the fecond method of proceeding, or that in which the
nitrous air is added to the refpirable, I ufe always the fame
bottle, namely, that which holds three meafures, and ufe al-
ways one meafure of refpirable air; and in trying common
air ufe the fame veffel A as in the firft method; but for de»
phlogifticated air I ufe one that holds 33 meafures.

In trying the experiment I firft weigh the bottle M without
any air in it, and then weigh 1t again with the refpirable air
in it, which gives the quantity of refpirable air ufed. I next
put the nitrous air into the veflel A, and weigh that and the
bottle M together, and then having mixed the airs, weigh them
again, which gives the diminution.

From what has been juft {aid, it appears, that in this me-
thod of proceeding I ufe a lefs quantity of nitrous airin trying
the fame kind of refpirable air than in the former; the reafon
of which is, that the fame quantity of nitrous air goes further
in phlogifticating a given quantity of refpirable air in this than
in the former method, as will be thewn further on.

In both thefe methods I exprefs the teft of the air by the
diminution which they fuffer in mixing; for example, if the
diminution on mixing them is two meafures and ;%% I call
its teft 2.353, and {o on.

Vor. LXXIII. Q In
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In the firft method of proceeding 1 found, that the diminus=-
tion was {carce fen(ibly lefs when I ufed one meafure of nit.ous
air than when I ufed a much greater quantity; fo that one
meafure 1s {ufficient to produce the full diminution. I chufe,
however, toufe 1§, for fear the nitrous air may be impure;
Zths of a meafure of nitrous air produced about 3%, and 3ths
of a meafure about Zths of the full diminution.

I found alfo, that there was no fenfible difference in the
diminution whether the orifice by which the air pafled out of
the veflel | A into the bottle M was only _* th of an inch in
diameter,. or whether it was Jth of an inch ;. that is, whether
the air efcaped in {maller or larger bubbles. The diminution
was rather lefs when the bottle was fhook gently than when
brifkly ; but the difference between fhaking it very gently and:

as brifkly as.I could'was not more than % dth of a mealure.

But if it was not thaken at all the diminution was remarkably
lefs, being at firfk only ,9.; in about 3’, indeed, it increafed to
93, and after being fhaken for about a- minute it increafed ta
»99 ;. whereas, when the bottle was fhaken gently, the dimi-
nution was 1,08 at firft mixing, and’ did not increafe - fenfibly.
after that time. The difference proceeding from the difference
of time which the air took up in paffing into-the bottle was-
rather greater ;. namely, in fome trials, when. it took up 8o/
in paffing, the dimjnution was. .,dths greater than when it
took up only 22”7, andabout ;2 dths greater than when it took
up 45" ; in fome other trials, however, the difference was lefs.
It appears, therefore, that the difference arifing from the dif-
ference of time which the air takes up in pafling into the bottle
is confiderable 5. but, as with the fame hole in the plate D4 it
will take up always nearly the fame time, and as it is eafy ad-

jufting the fize of the hole, fo as to make it take up nearly the
time
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time we defire, the error proceeding from thence is but {mall.
The time which it took up in pafling in my experiments was
ufually about 50/

The difference proceeding from the difference of fize of
the bottle, and the nature of the water made ufe of is greater ;
for when I ufe the fmall bottle which holds three meafures,
and fill it with diftilled water, the ufual diminution in trying
common air is 1.08 ; whereas, if I fill the bottle with water from
my tub, the diminution is ufually about .05 lefs. * If I ufe the
bottle which holds twelve meafures, filled with diftilled water,
the diminution is about 1.153; and if I ufe the fame bottle,
filled with water from my tub, about r1.08.

The reafon of this difference is, that water has a power of
abforbing a {mall quantity of nitrous air; and the more de-
phlogifticated the water is, the more of this air it can abforb.
If the water 1s of fuch a nature al{o as to froth -or form bub-
bles on letting in the common air, the diminution is remarkably
lefs than in other water.

"The following table contains the diminution produced in
trying common air in the bottle containing three meafures, with
{feveral different kinds of water, and alfo the diminution which
the fame quantity of nitrous air f{uffered by being only fhook
in the fame bottle, without the addition of any common air,
tried by {topping the mouth of the bottle with my finger, and
thaking it brifkly for one minute, and afterwards for one minute
more.

Q2 Dirmi-
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Diminution Diminution on fhaking ni-
in trying trous air for
common air. { one minure [two minutes.

1.0g9 118 122  |Diftilled water.,
1.049 .083 088  |Water from tub.
1.036 .0go 098  [Pump water.
) :{ Dittilled water, in which a few dreps of liver.
1.052 "090 ’ 999 { of fulphur were kept for a few days.

by keeping it with about % of its bulk of ni-
trous air for twodays, and frequently fhaking-
‘Uit

]l ok J Water fouled by oak fhavings, N. B. it:
897 082 085 | frothied very much,

[ Diftilled water impregnated with nitrous air,.

1.043% 052 056

In general, the diminution was nearly as great with rain.
water as diftilled water ;. but fometimes I have found rain
water froth a good deal, and then the diminution ‘was not.
much greater than by the water fouled with oak fhavings.

"Fhis difference in the diminution, according to the nature of
the water, is a very great inconvenience, and. feems to be the
chief cau’e of uncertainty in trying the purity of air; but it is.
by no means peculiar to:this: me“thod, as I have found as great
a difference in FoNTANA’s method, according as I have filled.
the tube with different waters*. But it thews plainly, how:
little all the experiments which have hitherto been made for.
determining the variations in the purity of the atmofphere can.
be relied on, as I do not know that any one before has been.
attentive to the nature of the water-he has ufed, and the dif-
ference proceeding from the difference of waters is much greater.

than any 1 have yet found in the purity of air.
* I do not find that it makes much: difference in ronTAaNA’s method whether

the water is difpofed to froth or not; but the advantage which it has in that
refpe& over this method is not of much confequence, as it is eafy finding water

which will not froth.
The
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The beft way I know of obviating this inconvenience is to
be careful always to ufe the fame kind of water : that which I
always ufe is diftilled, as being moft certain to be always alike,
I thould have ufed rain water, as being eafier procured, if it had
not been that this water is {ometimes apt to froth, which I have
never known diftilled water do.

As 1 found that the power with which the diftilled water I
ufed abforbed nitrous air was greater at {fome times than others,
which muft neceffarily make an error in the obfervation, I was
in hopes that, by obferving the quantity of nitrous air which
the water abforbed in the fame manner as in the preceding ex-
periment, together with the heat of the water, as that alfo
feems to affeét the experiment, one might be able to corret
the obferved tet, and thereby obviate the error which would
otherwife arife from any little difference in the nature of the
water employed. With this view I made the following expe~
riment. |

I purged fome diftilled water of its air by boiling, and kept-
one part of it for a week in a bottle along with fome dephlo--
gifticated' air, and thook it frequently; the other part was
treated in the fame manner with phiogifticated air. At the
end of this time I found, by a mean of three different trials,
that the teft of common air tried with the firft of thefe waters
was 1.139, the diminution which nitrous air {uffered by being
fliook 2’ in it n the ufual manner was 285, The teft of the
fame air tried with the laft of thefe waters was only 1.054, and
the diminution of nitrous aironly .ogo, the heat of the water
in the tub and of the diftilled waters being 45° I then raifed
both the water of the tub and the diftilled waters to the heat
of 67°, and found that the teft of the fame air; tiied’ by the
firft water,, was then 1.100, and by the latter 1.044; and that

' the
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the diminution of nitrous air was .235 by the firft water, and
.089 by the latter.

It fhould feem from hence, as if the obferved teft ought to
‘be corretted by {ubtraGting * ths of the diminution which ni-
trous air fuffers by being fhaken in the water, and adding .coz
for every 3° of heat above o, as the foregoing trials will agree
very well together, if they are corre&ed by this rule, and bet-
ter than if correCted by any different rule, as will appear by
the following table.

Diminution Corre&tion for )
Heat. | of nitrous Obfe&ved Diminu- Corre&ted
air. telt, tion, Heat, teft.
Former water {45 285 I.139 114 1030 1.055
0y 235 1.100 | .094 045 1.051
Latter water { 45 -090 1.054 '036 030 1.048
67 J 089 1.044 .036 045 1.053

Though in all probability this correftion will diminifh the
error proceeding from a difference in the nature of the diftilled
water employed, yet I have reafon to think, that it will by no
means entirely take it away; for which reafon I do not in ge-
neral make ufe of it. In almoft all the trials, indeed, in
which I have applied the correftion, it has come out very nearly
the fame ; which feems to thew, that there was no other dif-
ference in the abforbing power of the diftilled water I em-
ployed, than what proceeded from its difference of heat. The
above experiment, however, thews plainly, that diftilled water
is capable of a very great difference in this refpe&t independent
of its heat.

In the {fecond method of proceeding, or that in which the
nitrous air is added to the refpirable, I found nearly the fame

difference
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différence in the diminution, according as the bottle was thaken
brifkly or gently, as in the former method : I found alfo nearly
the fame diffc 2uce, or perhaps rather lefs, according to the
nature of the water employed, only it feemed to be of not
‘much conftquence whether the water frothed or not ; but there
feemed to be much lefs difference in the diminution, according
to the time which the air took up in pafling into the bottle.-
The ufual diminution on trying common air with different
quantities of nitrous air, when: diftilled’ water  was employed,,

was as follows ;-

Common afr.l‘Ni'trous air. | Diminution. .

.6 74
; K} .88
) 1. .89

105 Nele ¥

It appears, therefore, that .%ths-of a meafure of nitrous:is-
fufficient to produce very nearly the full diminution. I chufe,.
however, always to ufe one meafure. It appears alfo, that the
diminution is always much lefs in this method than when the-
common air is added to the nitrous; as in that method it was:
before faid, that the ufual diminution was 1.08.. The reafon.
of this is,, that when nitrous and common air are mixed toge-l
ther, the nitrous air is robbed of part of its phlogifton, and is
thereby turned into phlogifticated nitrous acid, and is abforbed
by the water in that ftate, and' befides that, the common air is
phlogifticated, and thereby diminifhed : fo that the whole dimi-
nution on mixing is equal to the bulk of nitrous air, which is
turned into acid, added to the diminution which the common
air fuffers by being phlogifticated.. Now it appears,. that when.

a {mall quantity of nitrous. air. comes in contact with a large.
5 quantityy
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-quantity of common air, it is more completely deprived of its
phlogifton, and is abferbed by the water 1n a more dephlogifti-
cated ftate than when a‘{mall quantity of common air comes in
-conta&t with a large quantity of nitrous; confequently, in the
fecond method, where {mall portions of nitrous air come in
conta& ‘with a large quantity of common air, the nitrous air
1s more deprived of its philogifton, and therefore a lefs quantity
of it is required to phlogifticate ‘the common air than in the
{irft method, ‘wheredmall portions of common air come incon-
-ta& with a large quantity of nitrous air; fo that a lefs quan-
tity of the nitrous air is abforbed in the {fecond method than in
the firft.  As to the common air, as it is completely phlogifti-
«cated in both methods, it moft likely fuffers an eqml diminu-
tion in both.

A clear proof that a lefs quantity of nitrous is required to
phlogifticate a given quantity of common air in the fecond
method than in the firft, is, that if common air is mixed with
a quantity of nitrous air not fufficient to completely phlogiiti-
cate it, the mixture will be more phlogifticated if the nitrous
air is added flowly to the common, as in the fecond method,
than if the common air is added to the nitrous; and if the ni-
trous air is added flowly to the common, without being in con-

ta& with water, the mixture will be found to be ftill more
phlogxﬁxcated than in the fecond method, where the two airs
are in contact with water at the time of mixing.

The following table contains the refult of the experiments T
thave made on this fubjet.

Firft
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Nitrous air added” flowly

Firft method, Second method, to common without being
in contact with water,

Nitrous |Bulk of | Nitrous|Bulk of | . Nitrous|Bulk of
Teft. . o | Teft, .
air. |mixture ar.  fmixture air. |mixture
635 | .849 | .137
716 | 856 | .2 :
1;4_ 9~E5 5?; .430 | 867 | .352 836 | .337
' .280 | .930 | .599

The two-firft fets of experiments were- not tried with the
apparatus above defcribed, as that held too fmall a quantity,
but with another upon the fame principle. ‘The laft fet was
tried by the apparatus reprefented in fig. 4. where A is a bottle
contammg nitrous air, inverted into the tub of water DE; B
is a bottle with a bent glafs tube C fitted to its mouth. This
bottle is filled with common air, without any water, and is
firft flightly warmed by the hand ; the end of the glafs tube is
then put into the bottle of nitrous air, as in the ﬁgme confe-
quently, as the bottle B cools, a little nitrous air runs into it,
which, by the common air in it, is deprived of its elaﬁ1c1ty,
fo that more nitrous air runs in to fupply its place. By this
means the nitrous air is added flowly to the common without
coming in contalt with water, till the whole of the nitrous air
has run out of the bottle A into B; then, indeed, the water
runs through the glafs tube into B, to fupply the vacancy formed
by the diminution of the common air.

It appears from the foregoing table, that a quantity of ni-
trous air, ufed in the firft method, does not phlogifticate com-
mon air more than three-fourths of that quantity ufed in the
fecond way does, and not fo much as half that quantity ufed
in the third way: fo that we may fafely conclude, that it is
this circumftance of the nitrous air going further in phlogifti-

Vor. LXXIII. R cating
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cating common air in fome circumftances than others, whickh
is the caufe that the diminution in trying the purity of air by
the nitrous teft is fo much greater in fome methods of mixing
them than in others.

From what was faid in p. 119. it thould feem as if the fe-
cond method was more exa& than the firft, as the error pro-
ceeding from the air employing more or lefs time in paffing
into the bottle was found to be lefs, and that proceeding froma
difference in the water, and from the bottle being fhaken more
or lefs ftrongly was not greater.- I, however, have found, that
the trials of the fame air on the fame day have commonly dif-
fered more when made in this manner than in the firft; for
which reafon, and becaufe in trying common air the firft me-
thod takes up the leaft time, I have commonly ufed that.

It thould be obferved, that in trying dephlogifticated. air by
the firft method it is convenient to ufe different bottles, accord-
ing to the different purity of the air; and the fame air will
appear purer, if tried by a larger bottle than by a {maller. For
example, if its teft, tried by the large bottle, comes out 2.54,
it will appear not more than 2.44, if tried by the middle bot-
tle; and, in like manner, if its teft by the middle bottle comes
out 1.11, it will appear to be about 1.c8, if tried by the leaft
bottle; for this reafon it is right always to fet down which
bottle it is tried by. '

I think T may confidently aflert, that either of the above
methods are confiderably more accurate than FoNTANA’s, {up-
pofing the experiment to be made exaétly in his manner, that
is, determining the quantities by meafure. But, in order to
judge which method of mixing the airs is moft exaét, it was ne-
ceflary to determine the quantities in his method alfo by weight,

as otherwife it would be uncertain whether my method of
mixing
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mixing the airs is really better than his, or whether the -appa-
rent greater exa&nefs proceeds only from the fuperiority of
weighing above meafuring : for this reafon I made fome expe-
riments in which common and nitrous air were mixed in his
manner, except that I ufed only one meafure of each, as Dr.
INGEN-Housz did, and that the nitrous air was put up firft,
the true diminution being determined by weight, by firft weigh-
ing the tube under water with the nitrous air in it, and
then adding the common air, and weighing the tube again
under water. It was unneceeflary, for the reafons given in
p. 110, and 112. to determine the quantity of either the ni-
trous or common air by weight. My reafon for this variation
was, that it afforded a much eafier method of determining the
‘quantities by weight, was lefs trouble, and, Ibelieve, muft be
at leaft as exa&t : for I have always found, that the experiments
made with the Abbé FoNTANA’s apparatus, in which I ufed
only one meafure of each air, agreed better together than thofe
in which I ufed two of common, and added the nitrous air by
one ata time; and 1 imagine it can be of no fignification whe-
ther the nitrous or common air is put in firft, asI cannot per-
ceive the diminution to be fenfibly greater in one of thofe ways
than the other*.

* Ttis not extraordinary, that in this method the diminution is juft the fame
whether the common or nitrous air is put up firft, notwithftanding that in mine
it is very different; fince in this method the two airs mix in the fame manner
whichever is put up firft: whereas in mine, the manner in which they mix
is very different in thofe two cafes; as in one, fmall portions of common air
come in conta& with large portions of the nitrous; and in the other, {mall por-
tions of nitrous air come in contaét with large portions of common air,

R 2 From
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From the refult of thefe experiments I am perfuaded, that
my method of mixing the airs is really rather more accurate
than FONTANA’s, as in trying the fame bottle of air fix or
feven times in my method the different trials would not often
differ more than .. .dth part, and very feldom more than
+1.dth; whereas in his there would commonly be a difference
of ,2.dth, and frequently near twice that quantity, though I
“endeavoured to be as regular as I could in my manner of trying
the experiment. My method alfo certainly requires lefs dex-
terity in the operator than his.

It is of much importance towards forming a right judgement
‘of the degree of accuracy to be expeéted in the nitrous teft, to
know how much it 1s affected by a difference in the nitrous air
employed. Now it muft be obferved, that nitrous. air may
differ in two refpeéts; firft, it may vary in purity, that is,
in being more or lefs mixed with phlogifticated or other air ;
and, fecondly, it is pofiible, that out of two parcels equally
pure one may contain more phlogifton than the other. If it
differs in the fecond refpect, it will evidently caufe an error in
the teft, in whatever proportion it is mixed with the refpirable
“air; but if it differs only in the firft refpe&, it will hardly
caufe any fenfible error, unlefs it is more than ufually impure,
provided care is taken to ufe {fuch a quantity as is fufficient to
produce the full diminution. This has been obferved by the
Abbé FONTANA, and agrees with my own experiments; for
the teft of common air tried in my ufual method, with fome
nitrous air which had been debafed by the mixture of common
air, came out only 18 thoufandths lefs than when tried with
air of the beft quality, though this air was fo much debafed
that the diminution, on mixing two parts of this with five of

common, was one-fixth part lefs than when good nitrous air
was
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was employed ; which fhews, that the error proceeding from
the difference of purity of the nitrous air is much lefs when it
is ufed in the full quantity than in a {fmaller proportion ; and
alfo thews, that if it is ufed in the full quantity it can hardly
caufe any fenfible error, unlefs it i1s more impure than ufual.
One does not eafily fee, indeed, why it thould caufe any error ;
for no reafon appears why the mixture of phlogifticated or
other air, not abforbable by water, and not affetted by refpi-
rable air, thould prevent the nitrous air from diminithing and
being diminithed by the refpirable air in juft the fame manner
that it would otherwife be. It muft be obferved, however,
that if the nitrous air is mixed with fixed air, it will caufe an
error, as part of the fixed air will be abforbed by the water
while the teft is trying; for which reafon care thould be taken
that the nitrous air thould not be much mixed with this {fub-
ftance, which it will hardly be, unlefs either the metal it is
procured from is covered with ruft; or unlefs the water in
which it is received contains much calcareous earth fufpended
by fixed air, as in that cafe, if any of the nitrous acid comes
over with the air, it will diffolve the calcareous earth, and

feparate fome fixed air. _ |
In order to fee whether it is poffible for nitrous air to differ
in the fecond refpe&, I procured fome from quickfilver, cop-
per, brafs, and iron, and obferved the teft of the fame parcel
of common air with them, on the fame day, making four trials
with each, when the difference between the tefts tried with the
three firft kinds of air was not greater than might proceed
from the error of the experiment ; but thofe tried with the air
from iron were ,i: ths greater than the reft. I then took .
the teft of fome more common air with them in the fame man-
ner, only ufing four parts of common to one of nitrous air,
when
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when the tefts tried with the air from iron came out fmaller
than the reft by not lefs than 22%ths. It thould feem, there-
fore, from thefe experiments, that the nitrous air procured
from iron, befides being much more impure than the others,
differs from them alfo in the fecond refpeét; that is, that the
pure nitrous air in it contains rather lefs phlogifton than that
in the others: whence it happens, that a greater quantity is
neceflary to phlogifticate a given portion of common air, and
confequently that the diminution 1s greater when a fufficient
quantity of it is ufed, though with a lefs proportion the dimi-
nution is much lefs than with other nitrous air, on account of
its greater impurity. As for the air procured from the three
other fubftances, I cannot be {ure that there is any difference
between them. The nitrous air T always ufe is made from
copper, as it is procured with lefs trouble than from quick-
filver, and I have no reafon to think it more likely to vary in
its quality.

During the laft half of the year 1781, I tried the air of
near 6o different days, in order to find whether it was fenfibly
more phlogifticated at one time than another; but found no
difference that I could be fure of, though the wind and wea-
ther on thofe days were very various; fome of them being
very fair and clear, others very wet, and others very foggy.

My way was to fill bottles with glafs ftoppers every now and
then with air from without doors, and preferve them ftopped
and inverted into water, till I had got feven or eight, and then
take their teft ; and whenever I obferved their teft, I filled two
bottles, one of which was tried that day, and the other was kept
till the text time of trying, in order to fee how nearly the teft of
the fame air, tried on different days, would agree. The expe-

riment was always made with diftilled water, and care was
i always
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always taken to obferve the diminution which nitrous air fuf--
fered by being fhaken in the water, as mentioned in p. 115.
'T'he heat of the water in the tub alfo was commonly fet down..
Moft of the bottles were tried only in the firft method ; but
fome of them were alfo tried by the fecond, and’ by the method:
juft defcribed in the manner of FONTANA.

The refult was, that the teft of the different bottles tried on:
the fame day never differed more than .orz, and in general not
more than half that quantity. The teft, indeed, of thofe
tried on different days differed rather more ; for taking a mean-
between the tefts of the bottles tried on the fame day, there
- were two of thofe means which differed .025 from each other 3
but, except thofe two, there were none which differed more
than'.or3. Though this difference is but fmall, yet as each of-
thefe means is the mean of feven or eight trials,. it is greater
than can be expe&ed to proceed from the ufual errors of the:
experiment. ‘This difference alfo is not much diminithed by
correcting the obfervations on account of the heat and abforb-
ing power of the water, according totherulein p. 118. 'This
might incline one to think, that the parcels of air examined
on fome of thofe days of trial were really more dephlogifti-
cated than the reft; but yet, I believe, that they were not:
for whenever there was any confiderable difference betweer. the
means of two fucceflive days of trial, there was nearly the
{fame difference between the tefts of the two bottles of the
very fame air tried on thofe two days. Ior example, the
mean of the trials on July 7. was .016 lefs than that of thofe:
on the 15th of the fame month; but then the teft of the air
caught and tried on the 7th was equally lefs than that of the
air of the fame day tried on the 15th; which fhews, that this.
difference between the means of thofe two days was not owing

te.
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to the parcels of air tried on the former day being really more
dephiogifticated than -thofe -tried on the latter, but only to.
{fome unperceived difference in the manner of trying the expe-
riment ; or elie to fome unknown difference in the nature of
the water or nitrous air employed. A circumftance which
feems to thew that it was owing to the firft of thefe two caufes
is, that it frequently happened, that on thofe days in which
the tefts taken in the firft method came out greater than ufual,
thofe taken in FoNTANA’s manner, or in- the {fecond method,
did not do fo; the trials, however, made in thefe two methods
were too few to determine any thing with certainty. On the
whole there is great reafon to think, that the air was in reality
not fenfibly more dephlogifticated on any one of the fixty days
on which I tried it than the reft. |

‘The higheft tet I ever obferved was 1.100, the loweft 1.068,
the mean 1.082.

I would by all means recommend it to thofe who defire to
compare the air of different places and feafons, to fill bottles
with the air of thofe places, and to try them at the fame time
and place, rather than to try them at the time they were filled,
as all the errors to which this experiment is liable, as well
thofe which proceed from {mall differences in the manner of
trying the experiment, as thofe which proceed from a difference
in the nature of the water and nitrous air, will commonly be
much. lefs when the different parcels of air are tried at the-
fame time and place than at different ones ; provided only, that
air can be kept in this manner a fufficient time without being
injured, which I believe it may, if the bottles are pretty large,
and care is taken that they, as well as the water ufed in filling
them with air, are perfeétly clean. I have tried air kept in the

abovementioned manner for upwards of three-quarters of a
year
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yeatr in bottles holding about a pint, which I have no teafon to
think was at all injured; but then I have tried fome kept not
more than one-third part of that time which feemed to have
been a little impaired, though I do not know what it could be
owing to, unlefs it was that the bottles were {maller, namely,
holding lefs than one-fourth of a pint, and that in all of them,
except two, which were fmaller than the reft, the ftopper which,
however, fitted in very tight, was tied down by a piece of
bladder. |

1 made fome experiments alfo to try whether the air was fen-
fibly more dephlogifticated at one time of the day than another,
but could not find any difference. I alfo made feveral trials with
a'view to examine whether there was any difference between the
air of London and the country, by filling bottles with air on the
{ame day, and nearly at the fame hour, at Marlborough-ftreet
and at Kenfington. The refult was, that fometimes the air of
T.ondon appeared rather the pureft, and fometimes that of Ken-
fington ; but the difference was never more than might pro-
ceed from the error of the experiment; and by taking a mean
of all, there did notappear to be any difference between them.
"The number of days compared was 20, and a great part of them
taken in winter, when there are a greater number of fires, and on
days when there was very little wind to blow away the fmoke.

It is very much to be withed, that thofe gentlemen who
make experiments on factitious airs, and have occafion to afcer-
tain their purity by the nitrous teft, would reduce their obfer~
vations to one common {cale, as the different inftruments em-
ployed for that purpofe differ fo much, that at prefent it is
almoft impoflible to compare the obfervations .of one perfon
with thofe of another. This may be done, as there {feems to
be fo very little difference in the purity of common air at dif-

Vor. LXXIII. S ferent
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ferent times and places, by affuthing common air and perfeltly
phlogifticated air as fixed points. Thus, if the teft of any air
is found to be the fame as that of a mixture of equal parts of
common and phlogifticated air, I would fay, that it was half
as good as common air; or, forfhortnefs, Iwould fay, that its
ftandard was § : and, in general, if its teft was the {fame as that
of a mixture of one pait of common air and x of phlogifticated

air, I would fay,thatitsﬁandard'wasl—;—_;.’ In like manner, if

one part of this air would bear being mixed with x of phlo-
gifticated air, in order to make its teft the fame as that of
common air, I would fay, that it was 1 +x times as good as
‘common air, or that its ftandard was 1 43 confequently, if
common air, as Mr. sCHEELE and LA VOISIER fuppofe, con=-
fifts of a mixture of dephloglﬁlcated and phlogifticated air, the
ftandard of any air is in proportion to the quantity of pure de-
phlogifticated air in it. In order to find what teft on the
Eudiometer anfwers to different ftandards below that of com-
mon air, all which is wanted is to mix common and perfectly
Ehlogif’ricated air in different proportions, and to take the teft of
thofe mixtures; but in ftandards above that of common air, it
1s neceflary to.procure fome good dephlogifticated air, and to -
find its-ftandard by trying what proportion of phlogifticated
air it muft be mixed with, in order to have the fame teft as
common air, and then to mix this  dephlogifticated. air with
different proportions.of phlogifticated air, and find the teft of
thofe mixtures *..

On

* The rule for computing-the (tandrd of any mixture of déphlogifticated and
phlogifticated air is as follows. Suppofe that the teft of a mixture of D parts of
dephlogifticated air with P of phlogifticated air is the fame as that of common

ail‘,.
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On this principle I found the ftandard anfwering to different

tefts'on both my Eudiometers, -and alfo on FoNTANA’s, to be
as follows :

o | |Teft by Teft by ronTANA abridged.

dard Teft by firft method. | fecond ' : "} Total
SRR method 2 3 4 liminu.
4.8 |5+02 - - 3.62 173 44 .13 | 1.02 | 3.98
361 '13.72 - 1 2.90 75| 49 {100 | - | 3.

2,55 bylargebottle} 187 | 76| w6 | 192 |- =] 2.08

2.39 { 2.45 by middle bottle

[11.11 by middle bottle ; : '
1:00 1 11.08 by leaft bottle } 89 | 100~ ~}= ~f= -]100
‘s 81 - - 69 123 |~ = |- =|=- =1 7

.5 .57 - = st 145 = == == =] .55

25 | .32 - - 31 166 |- == —-|=- =] .32

.0 .07 - - ©8 J1g4 |~ -1 = == =} .06

, Teft by ronTaNA’s method,

Standard. : Total
R 2 3 | 4.1 s ‘ 6 ' 7 Lo,
48 Yr14s | 143 | rar | 48 .46; 21 | 1.18 | .82
3.61 .75 | 1.46 | 117 | .89 | 1.16 | 2.13 1 = -] 5.87
2.39 196 | 1.50 | 1.25 | 206 |~ = = - - -] 3.04
1. 181 | 212 | 302 |- = = = - —~ - —11.88

75 1.82 | 2,54 |'= = = = = = = = = —1146

.5 1.8 | 294 |- = = = = = - - - ~] 106

W25 242 | 339 = = = = = = = - — =1 61

© J29r == - = - = = = = - — -] .09

"The phlogifticated air ufed in thefe experiments was procured
by means of liver of fulphur.

air, then is the ftandard of the dephlogifticated air P—E—-P. Let now 3 parts of
this dephlogifticated air be mixed with ¢ parts of phlogifticated air, the ftandard
D;l)- P % ﬂ% %

S 2 The

of the mixture will be
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The trials, called FoNTANA abridged,‘Were made in the
Abbé FoNTANA’s-manner, except that only one meafure of re-
{pirable air was ufed, the nitrous air being added by one mea-~
fure at a time as ufual. The column marked 1 at top is the
bulk of the mlxtule afterone meafure of nitrous air was added ;
that marked 2, its bulk after two meafures were added, and
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fo.on.

It muft be obferved, that in thefe experiments a confiderable
diminution took place in taking the teft of the unmixed phlo-
gifticated air, or that whofe ftandard is marked o in the tables
but,. notwithftanding this, the air, as far as 1 could perceive,
was pei‘fé&ly phlogifticated, the diminution being caufed merely
by the abforbtion of the nitrous air by the water. What thews
this to be the cafe is, that if common:and' nitrous aix are mixed
in {uch proportions as that the nitrous thould be predominant,
fo as to be confiderably diminifhed by the mixture of common
2ir,. this mixture will produce as great a diminution with ni-
trous air as the phlogifticated air ufed in. thefe experiments ;
and if plain nitrous air is added to nitrous air,. the diminution
is ftill greater. This fhews, that a confiderable diminution is
produced by mixing perfe@tly phlogifticated air with nitrous air,
and alfo that air may be perfeétly phlogifticated by liver of
fulphur.

Thefe experiments alfo thew the neceflity of ufing fuch a
quantity of nitrous air as is fufficient to produce the full dimi-
nution, in order‘to form a proper eftimate of the goodnefs of
air; for if the quantity of nitrous air is much lefs than that,
the air you try willappear very httle better than air of a much
inferior quality. For exqmple, if in taking the teft of very:
good dephlogifticated air, only an equal bulk. of nitrous. air is

ufed,
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ufed, it will appear very little better than a mixture of equal
parts of this andfphl'ogiﬁicated air ;, and if twice that quantity
of nitrous air is ufed, it will appear very little better than a
mixture of three parts of this air with one of phlogifticated..
Another great advantage of u{mg the full quantity of nitrous.
air is, that thereby the error arifing. from any difference in its.
purity is very much diminifhed.

" Perfe&ly phlogifticated air may be conveniently procured by-
putting fome folution of liver of fulphur into a bottle of air
well ftopped, and fhaking it frequently till' the air is no longer:
diminithed, which, unlefs it is- fhaken very frequently, will
take up fome days. Care muft be taken, however, to,
loofen the ftopper now and’then, {6 as to let in air to {upply
the place of the diminithéd'air. In order to know when the
air is as much diminifthed as it can be; the beft way is, when
the air is {uppofed’ to be-nearly phlogifticated, to place the bottle
with its mouth under water, ftill keeping it ftopped, and to:
loofen the ftopper now and' then,. while under water, {0 as to
let in water to fupply the place of the diminifhed air, - by
which means the alteration of weight of the bottle fhews whe-
ther the air 1s diminifhed or not. If the folution of liver of
fulphur is made by boiling together fixed alkali, lime, and
flowers of fulphur, which is the moft convenient way of pro-
curing it, the air phlogifticated by it will be perfe@ly free from:
fixed air: whether it will be foif the liver of fulphur is made.
without lime, I am not fure.

A il more convenient way, however, of procuring phlo--
glf’ucqted air is\by a ‘miixture of iron: filinigs and fulphm ; and,.
“as far as I can perceive, the air procured this way is as com-

pletely phlogifticated.as that prepared-by liver. of fulphur.
Where
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Where the i lmpurltles mixed with theair have any confidera-
ble fmell, our fenfe of fmelling may be able to difcover them,
though the quantity is vaftly too fmall to phlogifticate the air
in fuch a degree as to be perceived by the nitrous teft, even
though thofe impurities impart their phlogifton to the air very
freely. For inftance, the great and inftantaneous pewer of
mnitrous air in phlogifticating common air is well known ; ‘and
yet ten ounce meafures of nitrous air, mixed with the air of a
room upwards of twelve feet each way, is fufficient to-commus-
nicate a ftrong fmell to it, though its effett in phlogifticating
the air muft be utterly infenfible to the niceft Eudiometer; for
that quantity of nitrous air is not more than the 140000th part
.of the air of the room, and therefore can hardly alter its teft
by more than . Q”O _ or rsoth pagt,  Liver of fulphur alfo
phloglﬁwates the air very freely, and yet the air of a room
-will acquire a very ﬁrong fmell from a quantity of it vaftly
too fmall to phlogifticate it in any {fenfible degree. In like
manner it is certain, that putrifyinrr animal and vegetable fub-
ftances, paint mixed with oil, and flowers, have a great tendency
to phlogifticate the air; and yet it has been found, that the
air of an houfe of office, of a frefth pamted room, and of a
room in which fuch a number of flowers were kept as to be
very difagreeable to many perfons, was not fenfibly more phlo-
gifticated than common air. There is no reafon to {uppofe .
from thefe inftances, either that thefe fubftances have not.
much tendency to phlogifticate the air, or that nitrous air is
not a true teft of its phlogiftication, as both thefe points have
been fufficiently proved by experiment; it only fhews, that
our fenfe of ﬁnelling can, in many cafes, perceive infinitely

dmaller alterations in the purity of the air than can be per-
3 ceived
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ceived by the nitrous teft, and that in moft rooms the air is {o
frequently changed, that a confiderablé ‘quantity of phlogifti--
cating materials may be kept-in»them without fenfibly impair-
ing the air. But it muft be obferved, that the nitrous teft
thews the degree of phlogiftication of air, and that only;
whereas our fenfe of {melling cannot be confidered as any teft
of its phlogiftication, as there are many ways of phlogifti-
cating' air without imparting much ﬁqe}l to it; and, I believe,
there are. many ftrong {melling fubftances which do not fenfibly.
phlogifticate it. . |
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