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XVIL On the Converfion of a Mixture of dephiogifiicated and
phlogifiicated Air into nitrous Acid, by.the eleiric Spark. By
Henry Cavendith, Efg. I'. R, S. and 4. §.

Read April 17, 1788.

N Volume LXXV. of the Philofophical Tranfa&tions, p.

372. I related an experiment, which fhewed, that by
paffing repeated elettric fparks through a mixture of atmo-
{pheric and dephlogifticated air, confined in a bent glafs tube
by columns of foap-lees and quickfilver, the air was converted
into nitrous acid, which united to the foap-legs and formed
nitre. But as this experiment has fince been tried by fome per-
fons of diftinguifhed ability in fuch purfuits without fuccefs,
I thought it right to take fome meafures to authenticate the
truth of it. For this purpofe, I requefted Mr. GirLrin, Clerk
of the Royal Society, to repeat the experiment, and defired
fome of the Gentlemen moft converfant with thefe {ubjets to
be prefent at putting the materials together, and at the exa-
mination of the produce.

"T'his laborious experiment Mr. GiLPIN was {fo good as to

undertake. It was performed in the fame manner, and with
the fame apparatus, which was ufed in my own experiments,
and which is defcribed in the beginning of the above-men-
tioned Paper, and is accompanied with a drawing. The
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262 Mr. CAVENDIsH’S Experiments on the

method ufed for introducing air into the bent tube, was
that defcribed in the laft paragraph of p. 373. in that
Paper, by means of the apparatus reprefented in fig. 3. or
the refervoir, as I fhall call it. The foap-lees, like thofe
of my own experiments, were prepared from falt of tartar,
and were of fuch ftrength as to yield ;% of their weight
of nitre when faturated with nitrous acid. The dephlo-
gifticated air was prepared from . turbith mineral, and feemed
by the nitrous teft to contain about % part of phlogifticated
air.

On December 6, 1787, in the prefence of Sir Joserm
Banks, Dr. Bracpen, Dr. Dorrruss, Dr. Forpyce, Dr.
J. Hu~xTER, and Mr. Macte, the materials were put toge-
ther.  The quantity of foap-lees, introduced into the bent
tube, was 180 meafures, each of which contained one grain
of quickfilver; and, as the bore of the tube was rather more
than one-third of an inch in diameter, it formed a column of
five or fix-tenths of an inch in length, which, by the intro-
du&ion of the air, was divided into two parts, one refting on
the quickfilver in one leg of the tube, and the other on that in
the other leg. The dephlogifticated air was mixed with one-
third part of its bulk of atmofpheric air of the room in a fepa-
rate jar, and the refervoir was filled with the mixture; and
from thence Mr. GirrIN, as occafion required, forced air into
the bent tube, to fupply the place of that abforbed by means
of the eleCtric fpark.

From what has been faid, it appears, that the mixture em-~
ployed contained a lefs proportion of common air than that
ufed in either of my experiments. ‘This made it neceflary for
Mr. GrzriN now and then to introduce fome common air by

4 - means
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Formation of nitrous Acid. 263

means of the bent tube reprefented in fig. 3. of the above-
mentioned Paper, whenever from the flownefs of the abforp-
tion he thought there was too fmall a proportion of phlogifti-
cated air in the tube.

My reafon for this manner of proceeding was, that as my
firft experiment;feemed to fhew, that the dephlogifticated air
ought to be in a rather greater proportion to the phlogifticated
than the latter did, I was fomewhat uncertain as to the pro-
per quantities, and doubted whether 1 could proportion them
in fuch manner as that it fhould not be neceflary, during the
courfe of the experiment, to add either dephlogifticated or
common air. 1 therefore mixed the airs in fuch proportion,
that I was fure there could be no occafion to add the former;
fince it was much eafier, as well as more unexceptionable, to
add common air than dephlogifticated air.

On December 24, as the air in the refervoir was almoft all
ufed, this apparatus was again filled in the prefence of moft of
the above-mentioned Gentlemen, with a mixture of the fame
dephlogifticated air and common air, in the {fame proportions
as before; and the fame thing was repeated on January 19. -

On January 23, the bent tube was, by accident, raifed out
of one of the glafles of mercury into which it was inverted,
by which it was filled with air, and agood deal of the foap-lees '
were loft; there, however, was enough remaining for exami-
nation. '

On January 28, and 29, the produce of this experiment
was examined in the prefence of Sir Joserr Banks, Dr.
Bracpen; Dr. Dorrruss, Dr. Forpyce, Dr. HrBERDEN,
Dr. J. HuxtER, Mr. Macig, and Dr. WaTson. It appeared
that 9290 meafures of the mixed air had been forced into the

bent
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bent tube from the refervoir®.  Befides this, Mr. GiLpiN had
at different times introduced 872 meafures of ‘common air,
which makes in all 10162 of air, confifting of 6968 of de-
phlogifticated air, and 3194 of common air. But as there
were goo meafures of air remaining in the tube when the
accident happened, the quantity abforbed was only 9262 ; but
this is a much greater quantity that what frof my own expe-
riments feemed neceffary for this quantity of foap-lees.

‘The foap-lees were poured into a fmall glafs cup, and the
tube wathed with a little diftilled water, in order that as little
.as pbﬁ’ible might be loft.  As they were by this means confi-
«derably diluted, they were ewpor‘tted to drynefs; but it was
difficult to eftimate the quantity of the faline reﬁduum, as it
was mixed with a few particles of mercury. :

Some vitriolic acid, dropped on a little of thxs reﬁduum,’
yielded a {mell of nitrous acid, the fame as. when dropped on
nitre phlogifticated by expofure to the fire in a covered cruci-
ble; but it was thought lefs ftrong. The remainder was dif~
folved in a {fmall quantity of diftilled water, and the followxng
experiments were tried with the folution, ~

It did not at all difcolour paper tinged with the juice of blue
flowers. | :

It left a naufeous tafte in the mouth like folutions of mer-
~cury, and moft other metallic fubftances.

Paper dipped into it, and dried, burnt with fome appearance of
-deﬁagratxon, but not fo frongly or uniformly as when dipped
in a folution of nitre. The marks of deflagration, however,
were ftronger than when the Paper was dipped into a folution

* The method of afcertaining the quantity of air forced in was by weighing
the refervoir, as mentioned in the above-mentioned Paper, p. 374+ : ¢
O



Formation of mitrous A.id. 265
of mercury in {pirit of nitre, but not fo {trong as when equal
parts of this folution and folution of nitre were ufed.

A folution of fixed vegetable-alkali, dropped mto {fome of it
diluted, produced a {flight reddith-brown precipitate, which
afterwards aflumed a greenith colour.

A bit of bright copper being dipped into it, acquired an
evident whitith colour, though not fo white as when dipped
into the folution of mercury in {pirit of nitre.

From thefe experiments it appears, that the migture of the two
airs was actually converted into nitrous acid, enly the experi-
ment was continued too long, fo that the quantity of air abforbed
was greater than in my experiments, and the acid produced
was fufficient, not only to faturate the foap-lees, but alfo to
diffolve fome of the mercury. The truth of the latter part is
proved by the metallic tafte of the refiduum, its not difcolour-
ing the blue paper, the precipitate formed by the addition of fixed
alkali, and the white colour given to the copper ; and the nitrous:
fumes produced by the addition of oil of vitriol, as well as the
manner in which paper impregnated with the refiduum burnt,
thew as plainly, that the acid produced’ was of the nitrous
kind. It is remarkable, however, that during this experi-
ment there were no figns which fhewed when the foap-lees
became faturated. The only time when the diminution proceeded
much {lower than ufual was on January 4. It then feemed
to go on very {lowly ; but as the air abforbed at that time was,
only 4330 mealures, which is much lefs than what feems re<
quifite to faturate the alkali, and as the diminution imme-
diately went on again upon adding more common air, it feems
not likely, that the foap-lees were faturated at that time.

On January 10, Mr. Grvein obferved a fmall quantity of
whitifh fediment on the furface of the mercury; which feems

to
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to thew, that the foap-lees 'were then faturated, and that the
" acid was beginning to corrodé the mercury. The quantity of
air abforbed was alfo 6840 meafures, which is about as much
as I expected would be required. However, as I was perfuaded,
from the event of my own experiments, that the diminution
would either intirely ceafe, or go on very flowly, as foon as
the foap-lees were faturated; and as I was unwilling to ftop
the experiments before that happened I thought it beft to con=
tinue the ele&nﬁcanon.

On the fame morning Mr. GiLrix found, that about 120
meafures of the air in the bent tube had been fpontaneouﬂy‘
abforbed during the night, the quantity therein being fo much
lefs than it was the preceding evening, though the eleérical
machine had not been worked, or any thing done to it during
the intermediate time, The reafon of this in all probability
is, that as the acid was then corroding the mercury, the foap=
lees became impregnated with nitrous air, which, during the
night, united to the dephlogifticated air, and caufed the dimi-
nution. ~

Though in reality the event of this experiment was fuch as
to eftablith the truth of my pofition, that the mixture of de-
phlogifticated and phlogifticated air is converted by the eleétric
fpark into nitrous acid, as fully as if the experiment had been
{topped in proper time; ‘yet, as the event was in fome mea-
fure different from that of my own éxperiments, and might

- afford room for cavil, I was defirous of having it repeated;
and as Mr. GiLpIN was fo obliging as to undertake it again,
“the materials were, on February 11. put together for a frefh
experiment, in the prefence of moft of the above-mentioned Gen-

~ tlemen. The foap-lees employed were the fame as before, but
18 3 meafures were now introduced. The dephlogiftcated air was
different,
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different, the former parcel bemng all ufed. It was prepared,
like the former, from turbith mineral, but was rather purer,
as it feemed to contain only .= of phlogifticated air. The
proportion in which it was mixed with common air was that of
22 to ro; {fo that a greater proportion of common air was
now ufed, in confequence of which it was not neceflary for
Mr. Girrin to introduce common air {o often.

On February 29, the refervoir was again filled with air of
the fame kind, in prefence of fome of the fame Gentlemen.
As it was found by the laft experiment that we muflt not de-
pend on the faturation of the foap-lees being made known by
any alteration in the rate of diminution, the procefs was
ftopped as foon as the air abforbed was fuch as from my own
experiments I judged fufficient to neutralize the foap-lees.
This was effeCted on the 13th of March. The air remaining
in the tube, when Mr. Grrein left off working, was 600
meafures ; but at the time the produce was examined, it was
reduced to about 120, fo much having been abforbed without
the help of any ele&rification, which is a ftill more remarka-
ble inftance of fpontancous abforption than what occurred in -
the former experiment. A few days after the experiment be-
gan, a black film twas formed in one of the legs, which, I
fuppofez muft have been a mercurial ethiops; but whether
owing to fome fmall degree of foulnefs in the mercury or tube,
or toany other caufe, I cannot tell. ‘This foulnefs feemed not
to increafe; but on March 10, when the air abforbed was
about 5200, a whitifh fediment began to appear on the furface
of the mercury.

On March 19, the produce was examined in the prefence of
Dr. Bracpen, Dr. Dorrruss, Dr. Forpyce, Dr. Heper-
pEN, Dr. J. HuntER, Mr. Macig, and Dy. WaTsoN.

Vor. LXXVIII, Qo The
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"The mixed air forced into the bent tube from the refervoir was
6650 meafures, befides which Mr. Girein had at different
times introduced 630 of common air, which makes in all
7280, containing 4570 of dephlogifticated, and 2710 of com-
mon air.

The f{oap-lees were evaporated to drynefs as before. The
refiduum weighed two grains, but there were two or three glo-
bules of mercury mixed with it, which might very likely weigh
half a grain. This béing diffolved in a fmall quantity of water,
the following experiments were made with it.

It did not at all difcolour paper tinged with blue flowers.

Slips of paper were dipped into it, and dried; and, by way
of comparifon, other {lips of paper were dipped into a folu-
tion both of common nitre and phlogifticated nitre, and alfo
dried. The former burnt in the fame manner, and with as
firong marks of deflagration, as the latter.

It had a ftrong tafte of nitre, but left alfo a flight metallic
tafte on the tongue. :

It did not give any white colour to a piece of clean copper
put into it.

In order to fee whether the whitith fediment, which was-
‘before faid to be formed in the bent tube, contained any mer=
cury; the remainder of this folution was diluted with fome
more diftilled water, and’ {uffered to ftand till the white fedi-
ment had fubfided. The clear liquor being then poured off,
the remainder, containing the fediment, which feemed to
amount only to a very fmall quantity, was put on a piece
of bright copper, and dried upon it;, a piece of clean gold was
then laid over it, and both were expofed to heat. Both metals.
acquired' a:whitith colour, efpecially the gold, but which was
very. indeterminate,

5 In.
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In order to difcover how nice a teft of alcalinity the paper
tinged with blue flowers was, a faturated folution of com-
mon nitre was mixed with 35 of its bulk of the foap-lees;
and this mixture was found to turn the paper evidently green ;
{o that, as the folution of nitre contains about twice as much
alkali as the foap-lees, it appears, that if the refiduum had
wanted only %, part of being faturated, it would have difco-
loured the pape:.

From the foregoing trials it appears, that the mixture of
dephlogifticated and common air in this experiment was aGually
converted into nitrous acid, and was fufficient not only to fa-
turate the foap-lees, but alfo to diffolve fome of the mercury.
The quantity diffolved, however, was very fmall, and not fuf-
ficient to diminifh fenfibly the deflagrating quality of the ni-
tre; fo that the proof of the air being converted into ni-
trous acid was as evident as if no mercury had been diffolved.

In this experiment, as well as the former, no indication of
the foap-lees becoming faturated was afforded by any ceffation
in the diminution of the air; whereas, in my experiments, it
was very manifeft. 1 do not know what this difference thould
be owing to, except to Mr. GILPIN's giving much ftronger
ele@trical fparks than I did. In his experiments the metallic
knob which received the fpark, and conveyed it to the bent -
tube, was ufually placed at about 2} inches from the con-
ducor, fo that the {park jumped through 2% inches of air, in
paffing from the condutor to the knob, befides from 11 to 2%
inches of air in the tube; whereas in my experiments, I be-
lieve, the knob was never placed at the diftance of more than
1} inch from the conductor, and the quantity of air in the
tube was much lefs; but the conduor and elefrical machine
were the fame.

Oo2 Except
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Except this, the only difference I know in the manner of
condu&ting the experiment is, firft, that Mr. GiLein ufually
continued working the machine for half an hour at a time,
“whereas I feldom worked it more than ten minutes; and, fe-
condly, that in Mr. GiLPIN’s Experiments the common air in
the refervoir bore a lefs proportion to the dephlogifticated air
~ than in mine; in confequence of which it was neceflary for
him frequently to introduce common air. On this account,
the proportion of the two airs in the bent tube would be confi-
derably different at “different times; but on the whole, the
common air abforbed bore a greater proportion to the dephlo--
gifticated than in mine.

Though the whole quantlty of air abforbed in thefe ex~
periments is known with confiderable precifion, yet it is
impoffible to determine, with any accuracy, how much of
each kind was abforbed, on account of our uncertainty
about the nature of the air which remained at the end of
the experiment. But if in the laft experiment we fuppofe
that the air abforbed {pontaneoufly between the 1s5th and.
19th of March was intirely dephlogifticated, and that what
remained at ‘the end of that time was of .the purity of com-
mon air, it will appear, that 4ogo of dephlogifticated and
2588 of common air, which is equivalent to- 4480 of pure
dephlogifticated air and 2198 of phlogifticated air, were ab-
forbed at the time the ele@rification was ftopped,. and confe-
quently the dephlogifticated air is 32% of the phlogifticated
air; whereas in. my firft experiment it feemed to be 133, and
in my laft 232,

But the quantity of acid produced, and confequently, I fup-
pofe,. the faturation of the foap-lées, depends only on the quan~
tity of phlogifticated air abforbed ;. and the effe& of the greatet,
or lefs quantity of dephlogifticated air is only to make the

nitre
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nitre produced more or lefs phlogifticated. Now, in this expe~
riment, the bulk of the phlogifticated air was 12.% that of
the foap-lees. In my firft experiment it was 112, and in my
laft 1025,

. As many perfons feem to have {uppofed that the diminution
of the air in thefe experiments is much quicker than it really
15, though I do not know any thing in my Paper which thould
Iead to fuppofe that it was not very flow, it:may be proper to
fay fomething on this head. As the quicknefs of the diminu=
tion depends fo much on the power.of the eletrical .machine,
I can eniy.{peak as to what happens-with the machine ufed in
thefe experiments, This was one of Mr. NAIRNE’s  patent
machines, the cylinder of which is. 12§ inches long, and 7
in_diameter,. A condultor. of g feet long, and.6 inches in
diameter, was adapted to it, and the ball which received.the
fpark was placed at two or three inches. from another . ball,
fixed to the end of. the condu&or.. Now, when the machine
worked well, Mr. Girein fuppofes he got about. two or three
hundred f] parks a minute, . and the diminution of -the air during
the half. hour which he continued working . at a time, varied
in gencral from 42 to 120.meafures, but was ufually greateft

~when there. was moft air in the tube, .provided the quantity
was not fo great as to prevent the {park from paffing readily.

The only. perfons I know of, who have endeavoured to re-
peat this experiment, are, M. Van Maruwm, affifted by M,
Paers VAN Troorswyk; M. LAVOISIER, in conjunction
with M. HassenrraTZ; and M. MoNGE.. I am not acquainted
with the method which the three latter Gentlemen employed,
and am at a lofs to conceive what could prevent fuch able phi-
lofophers from fucceedlng, except want of patience. But M.
VAN MaRrvM, in his Premiere Continuation des Expériences,

Saites.
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faites par le moyen de la Machine électrigue Teylerienne, p. 182. has

defcribed the method employed by him and M. Van TrooTs-
wvyk., They ufed a glafs tube, the upper end of which was
fopped by cork, through which an iron wire was pafled, and fe-
cured by cement, and the lower end was immerfed into mercury ;
1o that the ele@ric {park pafled from the ron wire to the foap-
lees. After {o much of a mixture of five parts of dephlogifti-
cated and three of common air as was equal to twenty-one
times the bulk of the foap-lees * was abforbed, {fome paper was
moiftened with the alkali, which by its burning appeared to
contain nitre, but fhewed that the alkali was not near fatu-
rated. ‘The experiment was then continued with the fame
foap-lees till more of the air, equal to fifty-fix times the bulk
of the foap-lees, was abforbed, which is near double the quan-
tity required to faturate them; but yet the diminution went
on as faft as ever. It was then tried, by the burning of paper
dipped into them, how nearly they were faturated ; but they
{till feemed far from being fo.

The circumftance of ufing the iron wire appears evidently
objectionable, on account of the danger of the iron wire being
calcined by the electric fpark, and abforbing the dephlogifti-
cated air; and when I firft read the account, I thought this
the moft probable caufe of the difference in the refult of our
experiments; but I am now inclined to think that the cafe
was otherwife. From the manner in which M. VAN Marum
exprefles himfelf, it feems that the only circumftance, from
which they concluded that the alkali was not faturated, was
the imperfe& marks of deflagration, that the paper dipped into
it exhibited in burning; which, as we have feen, might pro-
ceed as well from fome of the mercury having been diffolved

“# This:is rather more than half of that requifite to faturate the foap-lees.
as
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as from the alkali not being faturated. T am much inclined to
think, therefore, that, fo far from the foap-lees not having
been faturated, the quantity of acid produced was in- reality
much more than fufficient for this purpofe,. and.had diffolved
a good deal of the mercury; for the quantity of air abforbed:
favours this opinion, and the phxnomena agree well: with. Mr..
Grirpin’s firft experiment, in which. this. was- certainly the
cafe; whereas, 1f the diminution had proceeded chiefly from
the dephlogifticated air being abforbed: by the iron,. the tube
towards the end of the experiment would have been filled
chiefly with phlegifticated air, which would have made the
diminution proceed much flower than before; but we are told,
that it went on as faft as ever. It is moft likely,. therefore,
that the apparent difagreement between their experiment and
mine proceeded only from their having continued the procefs
too long, and from their not having properly. examined the
produce.

M. Van MaruwM then proceeds to fay: ¢ Surpris- dé- cette:
s¢ différence-de réfultat j’envoyai une defcription exalte de nos
¢¢ expériences a M.CAVENDIsH, le priant en méme tems de m’in-
s¢ ftruire s’ik: pourroit trouver la caufe de cette différence; et
¢¢ comme la feule différence eflentielle, par laquelle notre expé-
¢ rience différoit de celle de M. CaveNDIsH, confiftoit en ce que
¢ nous avons employé de air pur produit du précipité rouge ou-
¢ du.minium, au lieu de 'air pur produit de la poudre noire
s¢ formée par Pagitation du mercure avec le plomb, dont M.
¢ CaAvENDISH. ne donne pas la maniere de le produire ¥, je le

¢ pria;

* The ufing the iron wire formed a material difference in our manner of
condudting the experiment, and one which may, perhaps, have had great

influence on the refulty but I do not fee how the ufing fome other kind of:
dephlo--
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¢ priai de me communiquer de quelle maniere il étoit venu a
¢ cet air, parceque je defirois de répéter Iexpérience avec ce
¢ méme air: mais comme il ne m’a fourni aucune élucidation
¢ fur la caufe vraifemblable de la différence du refultat de nos
¢ expériences, et qu’il ne lui a pas plu de me communiquer {a
¢¢ maniere de produire I'air pur qu’il avoit employé pour fes ex-
¢ périences, m’écrivant, qu'il s’étoit propofé d’en parler dansun
¢¢.¢crit public, la longueur ennuyante de ces expériences nous
¢¢ 3 fait prendre la refolution de différer leur continuation, pour
¢ obtenir une parfaite faturation de la leflive, jufqu’a ce que M.
¢«¢'CAVENDIsH ait publié fa maniere de produire I'air pur, dont il
s¢ ’eft {ervi, nous contentant pour le prefent d’avoir vu, que
s¢ Punion du principe d’air pur et de la mofette produit de I’acide
¢ nitreux, {uivant la découverte de M. CaAvENDISH.”

As 1 thould be forry to be thought to have refufed any ne-
ceflary information to a Gentleman who was defirous to repeat
one of my experiments, and who by his fituation was able to
do it with lefs trouble than any one elfe, T hope the Society
will indulge me in adding a copy of my anfwer, that they
may judge whether this is in any degree a fair reprefentation
of it.

¢ 1T0 M. VAN MARUM.

“S 1R,
¢¢ T received the honour of your letter, in which you inform
s¢ me of your ill fuccefs in trying my experiment on-the con-

dephlogifticated air, inftead of that prepared from Dr. PriestrEY’s black pow-
der, can in the leaft degree form an eflential difference, as in the fame para-
graph in which I mention my having ufed this kind of air in my firft experi-
ment, ‘I fay, that in my- fecond experiment I ufed air prepared from turbith
hineral,

¢ verfion
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« verfion of air into nitrous acid by the eleétric fpark, It is
¢ very difficult to guefs why an experiment does not fucceed,
¢¢ unlefs one is prefent and fees it tried ; but if you intend to
¢ repeat the experiment, your beft way will be to try it with
¢¢ the fame kind of apparatus that I defcribed in that Paper.
¢ If you dofo, and obferve the precautions there mentioned, I
« flatter myfelf you will find it fucceed. The apparatus you
¢ ufed feems objeGtionable, on account of the danger of the
¢ iron being corroded by abforbing the dephlogifticated air.”

¢ As to the dephlogifticated air procured from the black
¢ powder formed by agitating mercury mixed with lead, as
¢ it was foreign to the {ubje& of the Paper, and as I propofed
¢ to fpeak of it in another place, I did not defcribe my me-
¢ thod of procuring it. As far as I can perceive, the fuccefs
¢¢ depends intirely on carcfully avoiding every thing by which
¢¢ the powder can abforb fixed air, or become mixed with par-
¢ ticles of an animal or vegetable nature, or any other inflam-
« mable matter : for which reafon care thould be taken not to
¢ change the air in the bottle in which the mercury is fhaken,
¢ by breathing into it, as Dr. Prigstiey did, or even by
¢ blowing into it with a ‘bellows, as thereby fome of the duft
¢ from the bellows may be bfown into it. The method which
¢ [ ufed to change the air was, to fuck it out by means of an
« air-pump, through a tube which entered into the bottle,
¢ and did not fill up the mouth fo clofe but what air could
¢« enter in from without, to fupply the place of that drawn
¢¢ out through the tube.

«]am, &c.”

 With regard to the main experiment, it was not in my power
to give him further information than I did; as I pointed out
Vor, LXXVIIL Pp the
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the only circumftance to which, at that time, I could attri«
bute the difference in our refults. And with regard to the
manner of preparing the dephlogifticated air from the black
powder, I have mentioned all the particulars in which my
manuner of proceceding differed from Dr. Priestrzy’s, and
have alfo explained on what I imagine the fuccefs intirely de-
pends; fo that, I believe, no one at all converfant in this kind.
of experiments will think that I did not communicate to him
my method of procuring that air.
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