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INTRODUCTION,

CET——

IN confequence of the difcovery of the ref-
pirability and extraordinary effeéts of nitrous
oxide, or the dephlogifticated nitrous gas of
Dr. Prieftley, made in April 1799, in a manncr
to be particularly defcribed hereafter, * T was
induced to carry on the following inveftigation
concerning its/compoﬁtion, properties, combi-

nations, and mode of operation on living beings.

In the courfe of this inveftigation, I have met
with many difficulties ; fome arifing from the
novel and obfcure nature of the fubje&, and

* A fhort accaunt of this difcovery has been given in De
Beddoes'’s Notice of fome Obfervations made at the Pneu-
matic loftitution, and in Mr. Njcholfon’s Phil. Journal for
May and December 1799,
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others from a want of coincidence in the obfer-

-vations of different experimentalifis on the
properties and mode of produ@ion of the gas.

By extending my refearches to the different
fubflances conne&ed with nitrous oxide; nitrous

acid, nitrous gas and ammoniac ; and by mul-

tiplying the comparifons of fa&s, I have fuc-

ceeded in removing the greater number of
thofe difficulties, and have been enabled to give
a tolerably clear biftory of the combinations of
. oxygene and nitrogene.

By empioying both analyfis and fynthefis -
whenever thefe methods were equally applica-
ble, and comparing experiments made under
different circumftances, I have endeavoured to
. guard againft foﬁrces of error; but I cannot
flatter myfelf. that I have altogether avoided
them.  The phyfical fciences are almoft
wholly dependant on the minute obfervation
and comparifon of properties of things not imn-
mediately obvious to the fenfes: and from the
difficulty of difcovering every poflible mode of.
cxamination, and from the modification of per»
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ceptions by the flate of feeling, it appears nearly-
impoffible that all the relations. of a feries of

phznomena can be difcovered by a fingleinvefti-

gation, particularly when thefe relations are

complicated, and many of the agents unknown.

Fortunately for the aive and progreflive na-

ture of the human mind, even experimental
refearch is only a method of approximation to .
truth. -

In the arrangement of fadls, I have been
guided as much as poffible by obvious and
fimple analogies only.- Hence I have feldom
entered into theoretical difcufligns, particularly
concerning light, heat, and other agents, which
arec known only by ifolated effets.
~ Early experience has taught me the folly
of hafty generalifation. We are ignore‘mt of the,
laws of corpufcular motion ; and an immenfe
mafs of minute obfervations concerning the more
eomplicated chemical changes muft be colletted,
probably before we thali be able to afcertain
even whether we are capable of difcovering them.

Chemiftry in its prefent ftate, is fimply a partial
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hiftlory of phxnomena, confifting of many
feries more or lefs extenfive of accurately con-
nefted fadts,

With the moft important of thefe feries, the
arrangement of the combinations of oxygene or
the anfiphlogiftic theory difcovered by Lavoi-
fier, the chemical details in this work arc
capable of beirig conneéted.

In the prefent ftate of fcience, it will be
unneceflary to enter into difcuffions concern-
ing the importance of inveftigations relating
to the properties of phyfiological agents, and
the changes effated in them during their ope-
ration. By means of fych inveftigations, we
arrive nearer towards that point from which we
thall be able to view what is within the reath
of difcovery, and what muft for ever remain
unknown to us, in the phznomena of organic -

 life. They are of immediate utility, by enabling
us to extend our analogies fo as to inveftigate
the properties of untried fubftances, with greater
accuracy and probability of fuccefs.
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‘The firft Refearch in this work chiefly relates
to the produion of nitrous oxide and the ana-
Iyfis of nitrous gas and nitrous acid. In this
there is little that can be properly called mine ;.

-and if by repdating the experiments of other
chemifts, T have fometimes been able to make
more minute obfervations concerning phano-
mena, and to draw different conclufions, it is
wholly owing to the ufe I have made of the
inftruments of inveﬁigatioB difcovered by the
illuftrious fathers of chemical philofopby,* and
fo fuccefsfully applied by them to the difcovery.
of truth.. o

In the fecond Refearch the combinations and
compofition of nitrous oxide are inveftigated,
and an account given of its decompofition by
moft of the combuftible bodies.

The third Refearch contains obfervations on
the a&ion of nitrous oxide upon animals, and

* Cavendith, Prieftley, Black, Lavoifier, Scheele, Kire
wan, Guyton, Berthollet, 8:c,
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an inveftigation of the changes effe@ed in it
by refpiration.

*In the fourth Refearch .the hiftory of the
refpirability and extraordinary effeéts of nitrous
oxide is given, with details of experiments
on its powers made by different individuals. -

I cannot clofe this introduélion, withoﬁt
acknowledging my obligations ‘to Dr. Beddoes.
In the conception of many of the following
experiments, I have been aided by his conver-
fation and advice. They were executed in an
Inftitution which “owes its exiftence to his
benevolent and philofophic exertions.

Dowry-Square, Hotwells, Briftol.
June 252k, 1800,
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‘RESEARCH 1.
INTO THE PRODUCTION AND ANALYSIS

NITROUS OXIDE, ’

' AND o .
THE AERIFORM FLUIDS RELATED TO IT.

DIVISION 1.

EXPERIMENTS and OBSERVATIONS on the com-
position of NITRIC ACID, and on its combinatigns
with WATER and N1TROUS GAs.

1. "THOUGH fince the commencement
of Pneumatic Chemiftry, no fubftance has begn
more the fubje ‘of experiment than - Nitrous
Acid; yet ftill the greateft uncertainty exifts
with regard to the quantities of the principles
entering into its compofition.

In comparing the experiments of the illus-
trious Cavendifh on the fynthefis of nitrous
acid, with thofe of Lavoifier on the decompo-
pofition of nitre by charcoal, we find a much

greater difference in the reﬁilt; than can be
‘ A
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accounted for by fuppofing the acid formed,
* and that decompofed, -of different degrees of
oxygenation. , '
~ Inthe moft aceurate experiment of Cavendifh,
when the nitrous acid appeared to be in a flate
of deoxygenation, 1 of nitrogene combined with
about 2,346 of oxygene.® In anearlier experi-
ment, when the acid was probably fully
oxygenated, the nitrogene employed was to
the oxygene nearly as 1 to 2,92 "
Lavoifier, from his experiments on the de-
compofition of nitré, and combination of ni-
-trous -gas and oxygene, concludes, that the
‘perfe&tly oxygenated, or what he calls nitric
aeid, is compefed of mearly 1 nitrogene, ‘with
'8;0 of oxygene ; and the acid in the Jaft flate
~of deoxygenation, or nitrous d¢id, of dbout'3
oxygene with 1 nitrogene.}

# Phil, Tranf. v. 78, p. 270.  +Phil. Tranfv-?!o,y 381,

t:Elem, Kerr's Tranf, page 76, and 216 and ‘Mem. des
“Sav. Etrang. tom.: 7, page 629.
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Great as the difference is between the efti-
mations of thefe philofophers, we find differ-
enges ftill greaterin the accountsafthe quantities
of nitrous gas neceflary to faturate a given quan-
tity of oxygene, as laid down by very accurate
experimentalifts. On the one hand, Prieftley
found 1 of oxygene condenfed by 2 ef nitrous
gas, and Layoifier by 1 % On the other,
Ingenhougz, Scherer, and De la Metherig
fiate the quantity neceflary to be fiom 3 to 5.*
Hunholt, whe. has lately iovefligated Eudi-
ometry with great inggr;uity; confiders the mean
guantify of nitroys ges neceflary to faturate 3
of exygerne, as about-2,55.4¢ :

II. To reconcile thefe different refults is
#mpoffible, and the immediate conge@ion of
the fubject with the predution of nitrous
oxide, as well as its general importance, ebliged
me to fearch for means of accarately deter-

4 Ingenhouz furles Vegetanx, pag. 205. De la Métherie.
Eflai far differéns Airs, pag. 252.

+ Annales de Chimie, tome 28, p. 166,
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mining -the eotipofition of nitrous acid in its
different degrees of oxygenation. |
* The firft defideratum was to afcertain the
nature and compofition-of a fluid acid, which
by being deprived of, or combined with nitrous
gas, might become a ftandard of comparifon
for all other acids. - :

< To obtain this acid'I fhould have preferred
the immediate combination of oxygene and
nitrogene over water by the eleétric fpark, had
it been poffible to obtain in this way by a com.-
mon apparatus fufficient for extenfive examina-
tion ; but on carefully perufing. the laborious
experiments of Cavendifh, I gave up all thoughts
of attempting it.

* My firft experiments were made on the

_decompofition of nitre, formed from a known

quantity of pale nitrous acid of known fpecific
gravity, by phofpherus, tin, and charcoal : but
in thofe procefles, unafcertainable quantities of
nitrous acid, with excefs of nitrous gas, always
efcaped undecompounded, and from the non-
coincidence of refults, where different quanti-
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ties of combufiible fubftances were employed,
I had reafons for believing that water was
generally decompofed.

~Before thefe experiments were attempted, T had
analized nitrous gas and nitrous oxide, in a man-
ner to be particularly defcribed hereafter; fo
that a knowledge of the quantities of nitrous
gas and oxygene entering into the compofition
of any acid, enabled me to determine the pro-
portions of nitrogene and oxygene it centained.’
In confequence of which I attempted to' com-
bine together oxygene and nitrous gas, ‘in fuch.
a manner as to abforb the nitrous acid formed
by water, in an apparatus by which the quanti-
ties of the gafes employed, and the increafe of
weight of the water, might be afcertained ; but
this procefs likewife failed. It was impoffible
to procure the gafes perfeitly free from nitro--
gene, and during their combination, this nitro-
gene made to pafs into a pneumatic ‘apparatus
communicating with a veffel containing the
water carried over with it, much nitrous acid

vapor, of different compofition. from- the acid
abforbed.
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After many unfuccefiful trials, Dr. Prieftley’s”
experiments on nitrous vapor * induced me
té'fuppofe that oxygene and nitrous gas, made
to combine out of the conta® of bodies having
affiaity for oxygene, would remasin perma-
nently aériform, and on throwing them fepa-
" rately iato an exhaufted glafs balloon, I found
that this was a®ually the cafe ; increafe of tem-
persture was produced, and orange colored
nitrous acid gas formed, which after re-
maining for many days in the globe, at a tem-
perature below 56°, did not in the flighteft
degree condenfe. '

This faét afforded me the means not only of
forming a ftandard acid, but likewife of afcer-
taining the fpecific gravity of nitrous acid in
its agriform ftate.

_ III. Previous to the experiment, for the pur-
pofe of corre&ing incidental errors, I was in-
duced to afcertain the fpecific gravity of the

* Experiments and Obfervations, Vol. iii. laft edition,
pege 105, &c. .
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gafes employed, particularly as I was unac-
gusinted with any. procefs by which the
weight of mitrous gas had heen accurately
determined. Mr. Kirwan’s eftimation, which
is generally adepted, being founded .upon the
epmparifon of the lofs of weight of a falution
of copper in dilute nitrous acid, thh the quans
tity of gas produced.*

The infiraments that [ made ufe of for con-
taining and meafuring my gafes, were two mers
curial airholders graduated to the cubic inch of
Everard, and furnithed with fop cocks.-

* When copper is diffolved in dilute nitrous acid, certain
quantities of mitrogone are generally produced, likewife the
pitrous gas carrics off in folution fome nitrons acid,

+ This airholder, confidered as a pneumatic infirument,
is of greater irnportance, and capable of a more extenfive
application than any other. It was inyented by Mr. W,
CrayrIsLD, and in its form is analogous te Mr. Warwrs
hydraulic bellows, confifting of 3 glafa bell playing under
the preflure of the atmofphere, in a fpace between two cy-
linders filled with mercury. A particular account of it will

be given in the appendix.
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They were weighed in a glafs globe, of the

capacity of 108 cubic inches, which with the
fmall glafs ftop-cock affixed to it, was equal,
when filled with atmofpheric ‘_air, to 1755
grains. - The balance that I employed, when
loaded with a pound, turned with lefs than ome
eighth of a grain.-
! Into a mercurial airholder, of the capacity
of 200 cubic inches, 160 cubic inches of ni-
trous gas were thrown from a folution of mer-
cury in nitrous acid.

70 meafures of this were agitated for fome
minutes in a folution of fulphate of jron,* till -
the diminution was complete. The nitrogene
remaining hardly filled a meafure; and.if we
fuppofe with Humbolt <} that a very fmall por-
“tion of it wag abforbed with the nitrous gas, the
whole quantity it contained may be eftjimated
at 0,0142, or -

75 cubic mcbes received from the axrholder

* This abforption will be hereafter particularly treated of,
+ Annales de Chimie. Tome xviii. page 139.
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into an exhaufted balloon, increafed it in weight
25,5 grains ; thermometer. being 56°, . and:
barometer 30,9. And allowing for :the fmall
_ quantity of nitrogene in the gds; 100 cubic

inches of it will weigh 34.3 grains. C

One hundred and thirty cubic inches of
oxygene were pfocured from oxide of manfan-
efe and fulphuric acid, by heat, and repei‘vecl: in -
another mercurial airholder.. .

10 meafures of it, mingled. with 26 of the

“mitrous gas, gave, after the refiduum was ex-
pofed to folutiom of fulphate of iron, rather
mare than one meafure... Hence we:may con-
clude that it contained about 0,1.nitrogene.

60 cubic inches of it weighed.20,75 grains ;
and accounting for the nitrogene contained in
thefe, 100 grains of pure oxygene will weigh
35,00 grains. '

Atmofpherical air was decompofed by nitrous
gas in excefs; -and the refiduum wathed with
folution of fulphate of iron till the Nitrogene
remained pure; 87 cubic inches of it weighed
26,5 grains, thermometer being 48°, barometer
30,1 ; 100 will confequently weigh 30,45.
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' g0 cubic inches .of the ait of: the laborsteory
not. deprived of ' its carbomic acid, weighed*
48,75 grains ; thermometer 53, barometer 30 4
100 cubic inches will confequently weigh 31;0.%.
16 meafures of ' this air, with 16. nitrous gas,
of known compofition, diminithed to '1g.
Hence it contained about .,26 oxygene.§

In comparing my refults with thofe of Lavoifier
and Kirwan, the eftimation of the weights of ni-
trogene and oxygene is very little different, the
correétions fot temperature and preffure being
made, from that of thofe celebrated philofophers,
The firft makes oxygene to weigh +4 34,21, and
nitrogene 30,064 per cent ; ‘and the laft, oxy-
gene 34, T and nitrogene 30,5, '

# A table of the fpecific gravities of thefe gafes, and
other gafes, hereafter to be mentioned, reduced to a
barometrical and thermometrical ftandard, will be given
in the appendix. C

§ 40 meafures, expofed to folution of potath, gave an
abforption of not quite a quarter of a meafure : hence it
contained an inconfiderable quantity of carbonic acid.

I + Traité Elementaire.

+ Effai furle phlogiﬁique, page 30.
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The fpecific gravity of nitrous gas, according
to Kirwan, is to that of common air as 1194 to
1000. Hence it hould weighabout 37 grains per
cent. This difference fream my eftimation is not
nesrly fo great as I expected to have found it.§

IV.# The thermometer in the laboratory
ftanding at 55°, and the barometer at 30,1, I now
proceeded to my experiment. The oxygene that
I employed was of the fame compofition as that
which I had prcviouﬁy weighed. The nitrous
gas contained ,0166 nitrogene.

For the purpofe of combining the gafes, a
glafs balloan was procured, of the capacity of
148 cubic inches, with a glafs ftop-cock
adapted to it, baving its upper orifice tubulated
and graduated for the purpofe of contai'ning
and meafuring a fluid. - The whole weight of

this globe and its appendages, when filled with
‘common air, was 2006,5 grains.

§ The diminution of the fpecific gravity of the gas from

the quantity of nitrogene evolved in his experiment, proba-

_bly deftroyed, in fome meafure, the fourre of error from
tllc nitrous acid carried ov 5.

* Experiment I.



 m
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The communication was now made between
the globe and the mercurial ‘airholder con-
taining oxygene. = 64 cubic inches were flowly
prefled in, when the outfide of the globe
became warmer, and the color on the infide
changed to a very dark orange. As it
cooléd, 6 cubic inches more flowly entered ;
but no new increafe of temperature, or change
of color took place.

The globe being now completely cold, was
ftopped, removed, and weighed ; it had gained
24,5 grains, from whence it appéars that 0,4
grains of common air contained in the ftop-
cocks, had entered with the oxygene.*

To abforb the nitrous acid gas, 41 grains of
water were introduced by the tube of the ftop-
cock, which though clofed as rapidly as poffi-
ble, muft have fuffered nearly ,5 grains of air to

* Tjudged it expedient always to afcertain the quantity
of air in the ftop-cocks by weight, as it was impoffible to
join them fo as to have always an equal capacity. The
upper tubes of the two flop-cocks not joined, contained
nearly an inch and half,
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enter at the fame time, asthe increafe of weight
. was 41,5 grains, The dark orange ‘of
the globe diminifhed rapidly; it became warm
at the bottom; and moift on the fides. Aftera
few minutes the color had almoft wholly difap-
peared.

To afcertain the quantity of aériform fluid
abforbed, the globe was again attached to the
mercurial air apparatus, containing 140 cubic
inches of common air. When the ‘communi-
-cation was made, 51 cubic inches rufhed in,
and it gained in weight 16,5 grains.

A quantity of fluid equal to 54 grains was
“now taken out of the globe. On examination
it proved to be flightly tinged with green, and
occupied a fpace equal to that filled by 41,5
grains of water. Its fpecific gravity was con-
fequently 1,301.

To afcertain if any unabforbed aériform ni-
trous acid remained in the globe, 13 grains of

folution of ammonia were introduced in the

fame manner as the water, and after fome mi-

nutes, when the white vapor had condenfed,

S
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the communication was again made with the
mercnrial airholder containjing cemman air.
A mioute quantity, entered, which could pat
be eftimated at more than three fourths of an
inch, -and the globe was increafed in weight
‘mbaut 13,25 grains.* \

Common air was now thrown into the globc ‘
till the refidual gafes of the experiment were
judged to be difplaced; it weighed 2100,5
.graing, that is, 40 grains more than. it had
'weighed when filled with commwon air before
Ahe: expenment aF

# That is, by the folution of ammonia, and air.

.4 The following is an account of the increafe and dimi-
uu]txon of weight of the globe, as it was noted in the jour-
na

Globe filled with common air - gr. 2066,5
After exhaunftion - - 2034,5
After introdution of mtrous gas, 82
cubic inches 206425
Afier the.accidental admz.ﬂion of com-
mon air - - 2087,25
Aﬂer the admiffion of pxygene - 2001,75
=~ 41 grains of water ~ 2133,25
———  ——a 51 cubic inches of air 2149,75

Taken out 54 grains of folution - 209575
Introduoed 13 grams of ammomacal
“folution - - . 21009,28

Adter-introduttion of common dir -~ 2100,&



Digitized by GOOg[G



(17)

27,6 grains, equal to about 80,5 cubic inthes }
and the oxygene is 40,56 — 27,6 — to 12,96
grains, or 36,9 cubic inches. ,

V. There could exift in this experiment
no circumftance connefted with inaccu-
racy, except the impoffibility of véry mi-
nutely  determining the quantities of com-
mon air which entered with the gafes from
the flop-cocks. ~ But if errors have arifen from .
this fource, they muft be very inconfiderable ;
as will appear from a calculation of the fpecific
gravity of the nitrous acid gas, founded om
- the volume of the gafes that entered the

globe. ' _
The air that remained in the globe

after exhaultion was 15 grains=x17"cub._in. :

The nitrous gas introduced was 82

Common air - - - 13
Oxygene - - - - 70

Common air - - - 1

* Decimals are.omitted, becaufe the excefs of the twe
firt numbers is exa@lly corre®ed by the deficiency of the ¢
laft. .

B

-
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Whole quantity of air thrown into
the globe 213
From which fubtra& its capacity 148

e

The remainder is 65

And this remainder taken from 80,5 nitrous
‘gas + 30,9 oxygene, leaves 52,4 cubic inches,
which is'the fpace occupied by the nitrous acid
gas, and which differs from 53,95 only by 1,55
cubic inches.

I ought to have obferved, that before this
conclufive experiment, two fimilar ones had
" been made. In comparing the refults of one
of them, performed with the affiftance of my
ﬁ'lend Mr. JosEPH PRIESTLEY, Dr. PriEst-
LEY’S e!deﬁ fon, and chiefly detailed by him
in the journal, I find a coincidence greater than
could be even well expeted, where the pro-
cefles are fo complex. According to that
experiment, 41,5 grains of nitrous acid gas
fill a fpace equal to 53 cubic inches, and
are compofed of ncarly 29 nitrous gas, and
12,5 oxygene,
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We may then conclude, Firft, that 100
cubic inches of nitrous acid, fuch as exifts in
the * aériform fiate faturated with oxygene, at
temperature 55°, and atmofpheric preflure 30,1
weigh 75,1.7 grains.

Secondly, that 100 grains of it are compofed
of 68,00 nitrous gas, and 31,04 oxygene. Or
affaming what will be hereafter proved, that
100 parts of nitrous' gas confift of 55,95 oxy~
gene, and 44,05 nitrogene, of 29,9 nitrogene,
and 70,1 oxygene ; or taking away decimals,
of 30 of the one to 70 of the other.r

Thirdly, that 100 grains of pale green
folution of nitrous acid in water, of fpecific
gravity 1,301, is compofed of 50,62 water,
and 49,38 acid of the above compofition.

VI. Having thus afcertained the compofition
‘of a ftandard acid, my next obje& was to ob-
tain it in a more condenfed ftate, as it was

- otherwife impoffible to faturate it to its full

* As is evident from the fuperabundant quantity of
exygene thrown into the giobe.
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extent with nitrous gas. But this I could effec
in no other way than by comparing mixtures
of known quantities of water, and acids of dif-
ferent fpeciﬂc gravities and colors, with the
acid of 1,301. ’ ‘

For the purpofe of combining my acids with
water, I made ufe of acylinder about 8 inches
long, and ,3 inches in diameter, accux:atel'y
graduated to grain meafures, 'and furnithed with

a very tight ftopper.
~ The concentrated acid was firft flowly poured
into it, and the water gradually added till the
required fpecific gravity was produced ;¥ the
cylinder being clofed and agitated after each
addition, fo as to produce combination without
any liberation of elaftic fluid.

After making a number of experiments with

* The weight of the acid poured into the cylinder being
known, its fpecific gravity was known from the fpace it
occupied in the phial. The weight of water being likewife
known, the fpecific gravity of the folution, when the com-
mon temperature was produced, was given by the con-
* denfation. ’
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acids of different colors in this advantageous
way, I at length found that go grains of a deep
yellow acid, of fpecific gravity 1,5, became,
when mingled at 40° with 77,5 grains of water,
of fpecific gravity 1,302, and of a light green
tinge, as nearly as poffible refembling that of

*  the ftandard acid.

Suppofing, then, that thefe acids contain
nearly the fame relative proportions of oxygene
and nitrogene, 100 grains of the deep yellow
acid of 1,5, ave compofed of 91,9 .gr;fms true
nitrous acid,¥ and 8,1 grains of water.

To éfcertéi_n the difference between the com-
pofition of this acid, and that of the pale, or nitric
acid, of the fame fpecific gravity, I inferted 150
grains of it into a {fmall cylindrical mattrafs of the
capacity of ,5 cubic inches, accurately graduated

to_grain meafures, and conneted by a curved

+ That is, fuch as it exifts in the aériform ftate at 550.
From the ftrong affinity of nitrous acid for water, we may
fuppofe that this acid gas contains a larger proportion of it
than the other gafes. :
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tube with the water apparatus. After heat had
been applied to the bottomn of the. mattrafs for
a few minutes, the color of the fluid gradually
«changed to a deep red, Whi]ﬁ the globules of gas
formed at the bottom of the acid, were almoft
wholly abforbed in paffing - through “it. In a
thort time deep red vapour began to fill the
tube, and being condenfed by the water in the
apparatus, was converted into a bright green
fluid, at the fame time that minute globules of
gas were given out. - As the heat applied be-
came more intenfe, a very fingular pheenomenon
prefented itfelf; the condenfed vapor, increafed
in quantity, at length filled the curvature of the
tube, and when expelled, formed itfelf .into
dark green fpherules, which funk to the bottom
of the water, refted for 2 moment, and then
refolved themfelves into nitrous gas.®

When the acid was become completely pale,
it was fuffered to cool, and weighed. It had
lofk near 15 grains, and was of fpecific gravity

* This appearance will be explained hereafter. | '
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1,401. 2 cubic inches and quarter of nitrous
gas only were colleGed.

From this experiment evidently no conclu-
fions could be drawn, as the nitrous gas had
carried over with it much nitrous acid (in the
form of what Dr. Prieftley calls nitrous vapor)
and was partially diflolved with it in the water.

To afcertain, then, the difference betweea
the pale and yellow acids, I was obliged to
make ufe of {ynthefis, compared with analyfis,
carried on in a different mode, by means of the
following apparatus.

VII. To tbe ftop-cock of the upper cylinder of
" the mercurial airholder, a capillary tube was
adapted, bent fo as to be capable of introduétion
into‘an orifice in the ftopper of a graduated phial
fimilar to -that employed for mingling acids
 with water, and fufficiently long to reach the
bottom. With another orifice in the flopper

of the phial was conne@ed a fimilar tube cur-

+ This phznomenon will be particularly explained
hereafter. '
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ved, for the purpofe of containing a fluid, and
of increafed diameter at-the extremity.*

50 cubic inches of pure nitrous gas - were
thrown into the mercurial apparatus. The
graduated phial, containing Q0 grains of
nitric acid, of fpecific gravity 1,5, was
‘placed on the top of the airholding cylinder,
and made to communicate .with it by means of
‘the ftop-cock and firft tube. Into the fecond
tube a fmall quantity of folution of potéfh was
placed. When all the junétures were carefully
cemented, by prefling oo the air-holder, the ni-
trous gas was ﬂowl/y pafled into the phial, and
abforbed by the nitrous acid it contained; whilft
_ the fmall quantities of nitrogene evolved, flowly
drove forward the folution in the curved tube ;
from the height of which, as.compared with that
of the mercury in the condufting tube, the

preflure on the air in the cylinder was known.

* The outline only of this apparatus is given here, as far
as was neceflary to make the experiment intelligible; a
detailed account of it, and of its general application, will
be given in the appendix. '

+ That is, from nitrous acid and mercury,
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In f:roportion as the nitrous gas was abforbed,
the phial became warm, and the acid changed
color; it firft became firaw-colored, then
pale yellow, and when about 7% cubic inches
had been combined with it, bright yellow. It
had gained in weight nearly 8 grains, and was
become of fpecific gravity 1,496.

This experiment afforded me an approxima-
tion to the real difference between nitric and
yellow nitrous acid ; and learning from it that
nitric acid was diminifhed in fpecific gravity
by combination with nitrous gas, I procured a
pale acid of fpecific gravity 1,504.% After this
acid had been combined in the fame manner
as before, with about 8 cubic inches of nitrous
gas,y it became nearly of fpecific gravity 1,5,
and had gained in weight about 3 grains.

* A pale acid of 1.52, by being converted into yellow
"cid, became nearly of fpecific gravity 15,1.

~ § It is inpoffible to afcertain the quantity of gas abforbed
to more than a quarter of a cubic inch, as the firft portions
of nitrous gas thrown into the graduated cylinder are com-
bined with the oxygene of the common air in it, to form
pitrous acid, and hence the {li ght excefs of weight.
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; Aﬁ'um’ing the accuracy of this experiment as

a foundation for _c'alc'u}atiqn, I endeavotuired in
the fame mannef to afcertain the differences in
the compofition ‘of the orange-colored acids,
and the acids containing ftil ]arger proportrons
of nitrous gas.

03 grains of the bright yellow acid of 1,5
became, when 6 cubic inches of gas had been
paffed through it, orange colored and fuming,
whilft the undiffolved gas increafed in quantity
fo much as to render it impoffible to confine it
by the folution of potath. When ¢ cubic
inches had paffed through, it became dark
orange. It had gained in weight 2,75 grains,
and was become of fpecific gravity 1,48 nearly.
Hence it was evident that much nitrous gas had
pafied through it undiffolved. 25 cubic inches
more of nitrous gas were now flowly fent through
it: it firk became of a light olive, then of a.
dark olive, then of a muddy green, then of a '
bright green, and laftly of a blue green. After
its affumption of fhis color, the gas appeared to
pafs through it unaltgred, and large giobulqs
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of fluid, of -a darker gréen than the reft,

remsined at the bottom of thie cylinder, and

when agitated, did not combine with it. The
increafe -of weight was only 1 grain, and the
acid was of fpecific gravity 1,474 nearly. '

In this experiment it was evident that the
unabforbed nitrous gas had carried over with it
a confiderable quantity of nitrous acid. I en-

_deavoured to corredt the errors refulting from
this circumftance, by conne&ing the curved
tube firft with a fmall water apparatus, and |
afterwards with a mercurial apparatus; but
when the water apparatus was ufed, the greater
part of the unabforbed gas was diffolved with
the nitrous acid it held in folution, by the water;
and when mercury was employed, the nitrous
acid that came over was decompofed, and the

. quantity of nitrous gas evolved, in confequence

increafed. ' '

- As it was poffible that a fmall dcficiency of
weight might arife from the red vapor given
out during the procefles of weighing and
examining the acid in the laft experiment,
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orange, and when 18 pale. It had loft 31
grains, and when completely cool, was of fpeci-
fic gravity 1,502  nearly. The water in the
apparatus was tinged of a light blue; from
whence we may conclude that fome of the
_ nitrous gas was abforbed by it with the nitrous
acid : but it will be hercafter proved that the
orange colored acid is the moft nitrated
acid capable of combining undecompounded
with water, and that the color it commu-
nicates to a large quantity of water, is light
blue. - Ifthen we take 6,1 grains, -the quantity
of gas colle@ed, from 31 thelofs, the remainder
is 24,9, which reafoning from the fynthetical ex-
periment, may be fappefed to contain nearly
3 cubic inches of nitrous gas. Confequently,
04,25 grains of dark green acid, of fpecific
gravity 1,475, are compofed of nearly 21 cubic
inches, or 7,2 grains of nitrous gas, and 87,05
grains of pale nitrous acid, of 1,504.

VIII. Comparing the different fynthetical and
analytical experiments,” we may conclude with
tolerable accuracy, that 92,75 grains of bright
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yellow, or ftandard acid of 1,5, are compofed
of Q,75 grains of nitrous gas, and 9O gfains of
nitric acid of 1,504; but 92,75 grains of ftandard
acid contain 85,23 grains of nitrous acid, com-
poied of about 27,28 of oxygene, and 58,
nitrous gas: now from 58, take 2,75, and the
remainder 55,25, is the quantity of nitrous gas
contained in QO grains of nitric acid of
1,504; confequently, 100 grains of it are
compofed of 8,45 water, and 91,55 true acid,
containing 61,32 nitrous gas, and 30,23 oxy-
gene; or 27,01 nitrogene, and 64,54 oxygene :
and the nitrogene in nitric acid, is to the oxy-
gene as 1 to 2,389.

IX. My ingenious friend, Mr. JamEes
TromsoN, has communicated to me fome
obfervations relating to the compofition of
nitrous acid (that is, the orange-colored acid),
from which he draws a conclufion which is, in
my opinion, countenanced by all the fa&ts we
are in pofleflion of, namely, ¢ that it ought
“not to be confidered as a diftinct and lefs
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¢¢ oxygenated flate of acid, but fimply-as nitric
« or pale acid, hélding in folution, that is,
¢ loofely combined with, nitrous gas.”'*

Tt is impoffibleto call any fubflance a fimpléacid
that is incapable of entering undecompoutided
ifito combination with the alkalies, &c; bat it
will appear hereafter that the falts called in the

* In a letter to ne, dated O&. 28, 1799, after giving an
account of fome experiments on the phlogiftication of
nitric acid by heat and light, he fays, < It was from an
« attentive examination of the manner in which the nitric
¢ acid was phlogifticated in thefé experiments, that I was
¢ confirmed in the fufpicion T had long before entertained,
< of the real difference between the nizrous and nitric acids.
« It is not enough to thew that in the nitrous acid, (that is,
“ the nitric Holding nitrous gas in folution), the proportiou
¢ of oxygene in the whole compound is lefs than that enter-
¢ ing into the compofition of the nitric acid, and that it is
« thereforé lefs oxygenated. By tlie fame mode of rezfoning
 we might prove that water, by abforbing carbonic atid
“ gas, became lefs oxygenated, which is abfurd. Shonid
‘¢ ahy one attempt to prove (which will be nieceflary to fub-
* Rantiate the genetally received do@rinc) that the oxygene
“ of the nitrous gas combines with the oxygene of the acid,
*“ and thenitrogene, itilike manner, fo that the refultingacid,
« when hitrous gas is abforbed by nitric acid, is a bimary
¢ colnbination of oxygene and mitrogene, he would fiadit
¥ fomewhat more difficult than he at firft ithagitled ; it ap-

«¢ pears to me impoffible. It is much mor¢ confonant with
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new noinenclaturc nitrites, cannot' be dire@ly
formed. _If, indeed, it could be ‘ proved,
that the heat produced by the combina-

tien of nitrous acid with falifiable bafes, was .

the only caufe of the partial decompofition of
it, and that when this procefs was effe@ed in
fuch a way as to prevent increafe of temperature,
no nitrous gas was liberated, the common

“ experiment to fuppofe that nitrous acid is nothing mare
‘ than pitric acid holding nitrous gas in folution, which
“ might in conformity to the principles of the French
“ nomenclature, becalled nitrate of nitrogene. Thedifficulty,
¢ and in fome cafes the impoffibility, of forming nitrites,
¢ arifes from the weak affinity which nitrous gas has for
« nitric acid, compared with that of other fubftances; and
« the decompofition of nitrous acid) that is, nitrate of
“ nitrogene) by an alkaline or metallic fubftance, is perfe&ly
“ analogous to the decompofition of any other nitrate, the
“ nitrous gas being difplaced by the fuperior affinity of the
¢ alkali for the acid. ,

“ Agreeable to this theory, the falts denominated
“ nitrites are in falt triple falts, or ternary combinations of
“ nitric acid, nitrous gas, and falifiable bafes.”

This theory .is perfe&tly new to me. Other Chemifis
to whom I lrave mentioned it, have likewife confidered it
asnew. Yet in a fubfequent letter Mr. Thomfon mentions
that he had been told of the belief of a fimilar opinion
among the French Chemifts,

v \
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theory might have fome foundation ; but thoigh
dilute pblogifticated nitrous acid combines
* with alkaline folutions without decompofition,
yet no excefs of nitrous gas is found in the
folid falt : it is either difengaged in proportion
as the water is evaporated, or it abforbs oxy-
gene from the atmofphere, and becomes nitric
acid.

\ . f -

In proportion as the nitrous acids con-

tain more nitrous gas, fo in proportion do they
more readily give it out. - From . the blue
green acid it is liberated flowly "at the tempera-
ture of 50° and from the green likewife on
agitation. The orange-coloured apd yellow
acids do not require a heat above 200° to free
them of their nitrous gas; and all the

* In fome expenmems made on the nitrites of [;otaﬁn
and of ammomac, "before I was wel acquainted with
the oompof ition of nitric acid, I found thata light olive-
colored acid of 1,28, was capable of being faturated by
weak folutions "of potath and ammoniac, without lofing
any nitrous gas ; but after the evaporation of the neutralifed

folution, at very low. temperatures, the falts in all their.

properties refembled nizraves.

Pay
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clored deids; when expofed fo the atmofphere,
abforh oxygéne; 4nd become by dégtees pale:
I the niffous vapour, i. e. fach as s
&1fengaged durmg the denitration of the
dblored acids, was capable of combining with
the alkalies, it 'might be fuppofed a diftin&¥

acid, and calléd nitrous acid ; and the acids ' .

of different colors might be confidered ﬁmply
as “comipounds of this acid with nittic dcid ;
but it appears to be nothmg more than a folu-
tiott of nitric acid in nitrous gas, incapable of
cohdenfution, undecompounded, and when
décompounded and condenifed, conftitating
the dark green acid, which is immifcible with
water,} and uncombinable with the alkalies.$
It feems therefore reafonable, till we are in
pofieffion of new lights on the fubje&, to con-
fider; with,Mr. Thomfon, the dcoxygeaned or
nitrous acids fimply as folutious of nitrous gas

+ As is evident from the curious appearance of the dark
gteen fpherules, repulﬁve both to'witer, and light grecn
acid.

3 That is, undecompounded.
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in nitric acid, and as analogous to the folutions
of nitrous gas in the fulphuric and marine
- acids, &c. and the falts called nitrites, ternary
combinations, fimilar to the triple compounds
compofed of fulphuric acid, metallic oxides,
_ and nitrous gas.* ‘ |

- Suppofing the truth of thefe principles ac-
cording to the logic of the French nomencla-
tare, there is no acid to which the term nitrous
acid ought to be applied; but as it has been
ufed to fignify the acids holding in folation
nitrous gas, it is perhaps better ftill to apply it
to thofe fubftances, than to invent for them
new names. A nomenclature, accurately ex-
prefling their conRituent parts, would be too
complex, and like all other nomenclatures
founded upon theory, liable to-perpetual alter-
ations. Their compofition is known from their
fpecific gravity and their colors; hence it is
better to denote it by thofe phyfical proper-
ties: thus orange nitrous acid, of fpecific

gravity 1,480, will fignify a folution of nitrous

# The exiftence of thefe bedies will be hereafter proved.
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TABLE L '

Containing Approxzimations to the quantities of NITRIC.
ACID, NITROUS GAS, and WATER in NITROUS
ACIDS, of different colors and specific gravities.

100 Parts Specific gra.] NitricAcid| Water|Nitrous gas.
Sol. Nitric Acid 1,504 91,55 | 8,45 | ——
:Ydlowh_litrouox 1,502 o| 993 8,3 1,2
Bright Yellow [of] 1,500 |3] ss,04 |80 { 2,06
Dark Orarige 1,480 °° § 86,84 176 | 5,56
Light Olivg b4 1,479 86,00 7,55 6,45
Dark Olive $ 1408 854 |75 | 71
Bright Green$ 1,478 - 54,6 7,44 | 7,76
Blue Green® 1,475 ° 84,6 754 8,00

AY
* The blue green acid is ‘not komogeneal in its compofition, it is
compofed of the blue green fpherules and the bright green acid.
Thhe blue green fpherules are of greater fpecific gravity than the dark
green acid, probably becaufe they contain listle of no water.

$ The compofition of the acids thus marked, is given from cal-
¢ulatipns.



* Nitrous gas contains 44,05 Nitrogene, and 55,05
Oxygene, as bas been faid before
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of fpecific ‘gravity 1,351, It had gained in
weight but 3 grains; and when the nitrous gas
was driven from it by heat into a water appa-
ratus, but 7 cubic inches were collected.*

From the diminution of fpecific gravnty of
nitric acid by combination with nitrous gas,
and from the fmaller attraéhon of nitric
acid' for nitrous gas, in proporhon as it is
diluted, it is probable that the nitrated acids, in
their combmatnons with water, 'do not contrad
fo much as nitric acids of the fame fpecific
gravities, The affinities refulting from the
fmall attra@ion of nitrous gas for water, and
its greafer attrattion for nitric acid, muft be
fiach as to lefien the affinity of nitric- acnd and
water for each othér.

Hence it would require an infinite nu}ribéi' :
of experiments to afcertain the real quantities of
acid, nitrous gas, and water, contained in the

* A great portion of it, of courfe, diffolved in the water
with the nitrous acid carried over.

+ Their changes of volume, correfponding to changes
of temperature, moft probably, are likewife different.
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different diluted nitrous acids; and after thefe
quantities were determined, they would proba-
bly have no important cenne&ion with the
chemical arrangement. As yet, our inftru-
ments of experiment are not fufficiently exa&t
to afford us the means of afcertaining the
ratio in- which the attra&ion of nitric acid*
for water diminifhes in jts progrefs towards
faturation. ‘ A ‘ . .

The eftimations in the following table, of the
real quantities of nitric acid in folutions of dif-
ferent fpecific gravities, were dcduccd"erm
experiments made in the manner defcribed 1n
feftion VI, except that the phial employed was
longer, narrower, and graduated to half grains,
The tcmperatuare, at the time of combinatian,
was from 40° to 46°, |

S

* Probably in the ratio of the fquare of the énantity of -

wéter united to it.
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TABLE III.
. Of the Quantities of Frue NITRIC ACID in sobutions
. of different SPECIFIC GRAVITIES.

{200 Parts Nitric

Acid of fpécfic True Acid* Water
. gravity N
1,5040 Qu55 | 845
11,4475 80,39 19,61
- 1,4285 .g 71,65 | 2835
13906 |§| 6296 37,04
1,3551 56,88 ‘| 43,12
1,3186 52,03 ' | 4797
1,3042 49,04 50,95 '
1,2831 46,03 53;97
1,200 45,27 54,73

e e ——————— i
Vo
T
’

* The quantities of Oxygene and-Nitrog_cnc in any folu-

tion, may be thus found —— Let A = the true acid,
X the oxygene, and Y the nitrogene,
" Then 238 A A
= =———andY = ——

29 239

i
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XII. The blue green fpherules mentioned in
fe@ion V. produced by the condenfation of
nitrous vapor, and by the combination of nitric
acid with nitrous gas, may be confidered as
faturated folutions of nitrous gas in nitric acid.
The combinations of nitric acid and nit{ous
gas contammg a larger proportnon of nitrous
gas, are incapdble of ex1ﬁmg in the fluid fiate
at common temperatures; and, as appears
from the firft experiment, an increafe of volame
take place during their formhation. They confe-
quently ohght'to be looked upon as folutions
of nitric acid in nitrous gas, identical with the
nitrous vapor of Prieftley.

From the refearches of this great difcovérer,
we learn that nitrous vapor is decompofable, both
by water and mercury, Hence it is almoft im-
poffible accurately to afcertain its compofition.
In one of his experiments,§ when more than

130 grains of ftrong nitrous acid were expofed

1 Experiments and Obfervations ; laft edition, vol. 1,
page 384. ‘
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for \two'. da;ys to .nearly 247 cubic inches of
nitrous gas, over water: about balf of the
acid was diffolved, and depofited with the gas
~ in, the water,§

XIIL In comparing the refults of my fun-
damental experiment on the compofition of
nitrous acid, with,thofe of Cavendilh, the great
coincidence between them gave me very high
fatisfaclion, as affording - additional proofs of
accuragy. [f the acid formed in the laft expe.
riment of this illu@rious philofopher be fuppofed
analogous to the light green agid formed in my
firft experiment; our eftimations will be almoft
" identical. .

Lavoifier’s aceount of the campofition of the
pitric and njtrous acids, has been generally
adopted, According to his eftimation, thefe
fubftances contain a much larger quantity of
oxygene than I have affigned to them.

. ’

§ Nitrous gas, holding in folution nitrous acid, is more
readily abforbed by water than when in its pure form,
from being prefented to it in a more condenfed ftate in the
green acid, formed by the conta&t of water and nitrous

vapor.
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The fundamental experimentsof this great phi-
lofopher were made at an early” period of pneu-
matic chemiftry,* on the deobmipofition of nitre

" by charcoal ; and he confidered the nitrogene
evolved, and the-oxygene of the earbonic acid
produced in this -precess, “ds the component
parts of the nitric acid contained in- the nitre. *

I have before mentioned the liberation of
nitrous acid, in the decompofition of nitre by
combuftible bodies ; and I had reafons for faf~
pe&ing that this circumftance was not the only
fource of inaccuracy.

That my fafpicions were well founded; wilt
appear from the following experiments :

EXPERIMENT 4. I introduced into a
firong glafs tube, 3 inches long, and nearly ,3
wide, a mixture of 10 grains of pulverifed,
well burnt charcoal, and 60 grains of nitre, It
was fired by means of touch-paper, and the
tube inftantly plunged under a jar filled with _

# Mem. des Savans Etrangers, v. xi. 226, Vide Kirwan
fur le phlogiftique pag. 110.

4
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dty mercury. A quantity of gas,’élouded with
denfe white vapor was colle@ed.” When this
vapor was precipitated, fo that the furface of
the mefcury could be feen, ‘it appeared white, I
as if aGed on by nitrous acid. On introducing-
a little oxygene into the jar, copious red fumes
appeared. S '

EXP. 5. A fimilar mixtare was fired*
under the jar, the top of the mercury being
covered with a fmall quantity of red cabbage
juice, rendered green by an alkali. This juice,
examined when the vapor was precipitated, was
become red, and on introducing to it a little
carbonate of '-‘po‘tafh, a flight effervefcence took’
place. ‘

“EXP. ¢. Five grains of charcoal, and 20
of nitre, were now fired in the fame manner as
before, the m¢rcury being covered with a ftratum
of water. After the precipitation of the vapor‘

* In this experiment, as well as in the laft, fome of the
mixture was thrown into the jar undecompounded.
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en the intreduction of oxygene, no red fumes
were perceived. S

EXP. 4. 30 grains of nitre, 5 of charcoal,
and five of filicious earth,® were now mingled
and fired. The gas received under mercury
was compofed of 18 carbonic acid, and nearly
12 nitrogene.+ A little muriatic acid was
poured on the refiduum in the tube; a flight
effervefcence took place.

EXP. ¢. The top of the mercury in the jar
was now covered with a little diluted muriatic
acid, and a finall glafs tube filled with a mixture
of 3 grains of charcoal, and 20 nitre. After
the deflagration, the tube itfelf with the refi-
duum it contained,” were thrown into the jar.
The carbonic acid was quickly detached from
them by the muriatic acid, and the whole quan-

* To detach the potath from the carbonic acid.

+ This nitrogene contained a little nitrous gas, as it gave
red fumes when expofed to the air. The free nitrous acid
was decompofed by the mercury, as it was not covered
with water. ' '
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tity of gas generated in the procefs, obtained ;-
it meafured 15 cubic inches.

4 cubic inches of it expofed to folution. of.
potafh, diminithed to 1 1:-0; 7 of the remainder,.
with 8 of oxygene, gave only 12. ‘

EXP. f. 60 grains of nitre, and g of char-.
coal were fired, the top of the mercury in the
jar being covered with water. After the defla-
gration, the tube that had contained them was
intrgduced, and the carbonic acid contained by
the earbonate of potafh, difengaged by muriatic_
acid. . 30 meafures of the. gafes cvolved were
expofed to cauftic potath; 20 exally were .,
abforbed, the 10 remaining, with. 10 of oxy-
gene, diminithed to 17.. :

EXP. g. A mixture of nitre and charcoal
.were deflagrated over a little water in the mer-
curial jar : after the precipitation of the vapor,
the water was abforbed by filtrating paper.
This filtrating paper, heated in a folution of
potath, gave a faint fmell of ammoniac.

EXP. 5. Water impregnated with the
vapor produced in the deflagration, was heated
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with quicklime, and prefented feparately te
t! . perfons accuftomed to chemical odors.
Two of them inftantly recognifed the ammo-
niacal fmell, the other could not afcertain it
Paper reddened with cabbage juice was quickly
turned green by the vapor.

Thefe exp-:imentsarefufficienttothew that the
decompofition of nitre by charcoal is a very com-
plex procefs, and that the intenfe degree of heat
produced may effet changes in the fubfances
employed, which we ar¢ unable to eftimate.

The produds, inftead of being fimply car-
bonic acid, and nitrogene, are carbenic acid,
nitrogene, nitrous acid, probably ammonia,
and fometimes nitrous gas. The nitrous acid
is difengaged from the bafe by the intenfe heat.
Concerning the formation of the ammonia, it
is ufelefs to reafon till we bave obtained un-
equivocal tefiimonies of its exiftence ; it may
be produced either by the decompofition of
the water contained in the nitre, by the com-
bination of its oxygene with the charcoal, and
of its nafcent hydrogene with the nitrogene of
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the nitricacid ; or from fome unknown decomis
pofition of the potafh. |

As neither Lavoifier nor Berthollet found
Titrous gas prd_duced in the decompofition of
nitre by charcoal,; when a water apparatus was
employed ; and as it was not uniformly cvolvcd
in my experiments, the moft probable fuppo-
fition is, that it-arifes from the decompofition
of a portion of the free nitrous acid intenfely
heated, by the mercury.

. In: none of my experiments was the whole of
the nitre and charcoal decompofed, fome of it
ivas uniformly thfown ‘with the gafes into the
mercurial apparatus. The nitrogene evolved,
as far as I could afcertain by the common tefts,
‘was mingled with no .inﬂammablq.gés.

- If wé confider experil_nenf f as accurate, with
regard to therelative quantities of carbonic acid
and nitrogene pxodqcéd, they are to each other
nearly as 20 to 8; that is, allowing 2 for the
nitrous: gas, and confequently, reafoning in the
fame manner as Lavoifier, concerning the com-

pofition of nitric acid, it fhould bé compofed
D
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of ¥ Hitrogetic'th' 3,38 oxygeitt. 'But though
the quantity of oxygent in this eftimatien is
* Fif fhort of that given in Iiis, yet fill it is’ too
iriuch. ‘From whatever foutce the errors atife,
whethver from the “evolation of phlogifticated
nitrous acid, or the decompofitien of water, or
the produ@ion of nitrons gas, they all tend to
increafe the proportion of the'carbonic acid to
the nitrogene. ~ -

I am unacquainted with any experiment from
which accurate opinions concerning the differ-
ent rélative proportions of oxygéneand nitrogene
in‘the nitric and nitrous a¢ids could be deduced.
Lavoifier’s calculation is founded on his funda-
mental expetiment, and on the combination of
nitrous gasand oxygene. - o
" Dr. Prieflley’s experiment mentioned in
feQion 12, on the abforption of nitrous gas by
fiitrous acid, from which Kirwan* deduces the

‘compofition of the differently  colored nitrous
“acids, was made. over water, by whieh, as is

* Eﬁ‘ay on plflbgiﬁon.
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evident from & minute examination of the falsy,
the grcater pottion of the nitrous gasscmployed
was abforbed. *

- XIV. The apinions heretofore adopted
refpe®ing the quantities of real or true acid
in folutions of nitrous acid of different fpecific:
gravities, have. been founded on experiments
made on the nitro:neutral falts, -the moft acoti«

- ' 4 Dr. Pricftley fays;, « Having filled a phial contaiaing

* exaly the qnantity of four pennyweights of water, with
* flreng, pale, yellow fpirit of nitre, with its mouth qulte

# clofe to the top of a large receiver flanding in water, ¥
* earefully drew: put almoft il the comman air, and thefx
** filled it with nitrous air ; and as this was abforbed, I kept
* putting in more and more, tll ity lefs than two days it
* had completely abforbed 130 ounce meafares, Prefeatly
“* after this procefs began; the furface of the acid affumed
“ a deep orange eolor, and when 20 or 30 ounce meafuren
“ of air were abforbed, it bécame green at the top : thig
“ green defcended lower and lower, till it reached-the
“ bottom of the phial. Towards the end of the procefs,
“¢ the evaporatian’ was perceived-to be very great, and when
* I took it out, the quantity was found to have diminifhed
“* to one half. Alfo it had become, by means of this pro-
¢ cefs, and the engotaﬁon togetber, excoeding weak, and
* was rather blue than green.”

Experiments and Qbfarvations, vol. 3, p. 384. Laft edition,
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raad> of> which cire: thofe of Kirwan; Bergman, -
dnd - Weenzek; - The- great. difference Jnnthe
refults of thefe celebrated met, : pfovn& the
difficulty of the inveftigation and ithe exiftence
dof fources of erroi* . ‘Kirwan .deduces the,
compofitionof the folutions. of.: tiitrons agid;in:
whter, from-an experiment op,the-fatmation of
nitrated; foda: * Ip-this 'experiment;: 36,05 graing:
of foda were faturated by 145 grains of nitrous
acid, of. fpecifiq gravity 1;2754 -By- a. teft
e!tperiment hie found the quantltyof falt formed™
tp bc. 85,142 gnuus,f Hencc he concludes,
that 100 parts of nitrous acid, ofﬁaoonﬁc granty
i 5543, /contam 73,54 of tbe ﬁrongeﬁ: or
~ moft concentrated.acid.. PR
Suppoﬁng his eftitnatien perfeéﬂy’ true, 100
pnrts of the aeuform acid of 55°.would be com~
pofed of 74, 54 of 'his real acid, and' 25, 46
water. In examinping, however, one of his. later

D See Mr. Keir's excellent obfervahm on’ thu fubje&z ,
Chem. Di&. Art. Acid. .

+ Irith Tr)‘nfa&xons, vol. 4, p. 84,

,
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ekﬁ&iments,’ wé THilt find reafons for' conclu-
aYﬁg, that the acid in nitrated foda cannot con-
tdin much lefs water than the agriforfn acid. A
folatlon of carbonated fods, contiiding 125
grains of real alkali; 'was faturated” by '306,2
frains of nitrous acrd, of fpecificigravity 1,416,
_%Fhe evaporation was carriedon in atémperature
not exceeding 120% and the refiduum expofed
to abeat of 4009 for fix Eours, at'the end of
which * time'it ' weighed 508 grains. “Nbw ac-
* édrditig to my efimatidn; 306 grains-of nitric
adid, of 1,416, ‘Mould contain 215 true acid ;
siid we can bardly” fuppofe, Bist that durmg the
evaporation and confequent long cxpoﬁn‘e to
Heat, fome of the ‘mtratcd {'oda was ‘loft wnth
theiwaters Tt LR

- Bérgaan eftimated the quantity of water in
this falt at 25, ‘and the acid at 43 per cent i bt
his real acid “was ‘fi6f fo concentrated as Kir-
wiii's, confequéitly’ the ' hitric" acid in nitra-
téd ifotta thould . Sbitain more water thah my
frue acid. _ . '

KA oo g e
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- Wenzel, from an experiment on the compoy,
fition of nitrated foda, concludes that it con~
tains 37,48 of alkali, and 62,52 of nitrous acid ;
aad 1000 of this acid, from Kirwan’s calcula-
tion, contain 813,06 of his real acid; confe-
quently, 100 parts of my a€riform acid thould
contain 93,28 of Wenzel's acid, and 6,72, of
water,

1 faturated wnth pota(h 54 gyains of folntxon
of nitric acid, of fpecific.gravity 1,301. Evapo-
rated at about 212°, it produced 66 grains of
pitre, This nitre expofed to s bigher texi:pgra-
ture, and kept in fufion for fome time, was
veduced to 60 grains.

Now. from the table, . 54 of 1,301, fhould
contam 26,5 of true acid. But according to
Kirwan’s eftimation, 100 parts of dry nitre
contain 44* of his real acid, with 4 water;
confequently 60 fhould coptain 26,4.

Again, 90 grains of acid, of fpecific grayity
1,504, faturated with potath, and treated in

* Additional Obferyations, page 7Q
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the fame manner, gave 173 grains of dry nitre.
Confequently, 100 parts of it fhould eontain
47,3 grains of true acid.
Now Lavdiﬁer+ allows about 51 of dry
acid to 100 grains of nitre, and Wenzel 52.

From Berthollet’s} experiments, 100 grains
of nitre, in their decompofition by heat, give
out nearly 49 grains of ga§.§ ‘

Hence it appears that the aériform acid, that .
is, the true acid of my table, contains rather
lefs water- than the acid fuppofed to exift'in

nitre.

+ Elements, pag. 103, Kerr's Tranflation.
1 Mem. Acad. 1787.

§ As'well as oxygene and nitrogene, Mr. Watt’s experi-
ments prove that much phlogiflicated nitrous acid is pra-
duced.




DIVISION 1L

EXPERIMENTS and OBSERVATIONS on the com-
position of AMMONIAC and on its combinations with
WATER and NITRIC ACID. -

I, Analysis of AMMONIAC or VOLATILE ALKALL

THE formation and decompofition of volatile
alkali in many procefles, was obferved by Prief-
ley, Scheele, Bergman, Kirwan, and Higgins ;
but to Berthollet we owe the difcovery of its
conftituent parts, and their proportions to each
o‘tber. Thefe proportions this excellent philo-
fopher deduced from an experiment on the
_decompofition of agriform ammoniac by the
ele€tric fpark :* a procefs in which no apparent
fource of error exifts. |

* Journal de Phyfique. 1786. Tom. 2, pag. 176,

L, 'J!,'. Al’_’
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Since, However, his' effififationis b8ve been
made, the proporﬁuns of oxygtiie.and hydvod
geneg in ‘Watér ' have been miors‘accirately de-
termined. This circumfladce; as well as the
* conviion of the impoffibility 8f ¥o minutely
fcrutinizing fad, fandamental f&’a great mafs
of reafoning; induced me t&' take ‘the’ follow-
!ngexpcnments“"‘ S A SR .

* A porcelain tube was provided, open at both
ends, and’ well glazed ‘infide and ‘ontfide, "its
diameter being abohit ,5 iriches. - To one end
of this, a glafs tnbe was affixed, ‘ Gurved for the
purpofe of comnunicating with the water appa-
ratus. With the other end ‘a glafs- retort was
accurately .conneted, éonthitiingé mixture of
. perfe@ly cauftic ﬂackcd hme, and munate of'
emmoniac. - - e

'The water in the apparatus for receiving the
gafes had heen previoufly boiled, to expel the
air it might contam, and dunng the expenmcnt
Wwas yet warm, Y

When the tube had hccn: reddened in a fur-
mace adapted to the purpofe, the flame of a
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{pirit lamp was applied to the hoftom afihe
retort, A, great quantity .of gas was colleted
in the water apparatus ; of this the. firft port.iom
were rejeed, angd, the laft traqp{erred to the
mercurial tgough.,. .

A {mall , quantity cxam.mt:@a dxd notatal}
d;muu{h with nitreus gas, and b_um,twitbg
lambent white flame, in conta@ with,commpop
O T R S
.2} of this igas, equal ta 110 grain meafures,
mere fired with 2, equal to.80,.0f oxygene, in
a detonating tube, by the gledric {park, They
were reduced to 2§, or gp,.... Qn,ithdq’gigq
to the remainder a folution;of froptien, it be-
came flightly clouded gn.the top, and an
" abforption of fome grain meaflares took place, -

It was evident, then, that in this cxpé_\_:imcnt,‘
charcoal * had been fomehow- prefent in :the

* Though the: tube had never been ufed, and was appa-
rently clean and dry on the infide, it muft have contained
fomething in the form of duft, capable of furnithing ext.hcr
hydro-carbonate, ot charcoal. -
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tube; which being diffolved by the nafcent
hydrogene, had rendered it flightly carbonated,
and in confequence made the refults incon-
clufive. '

A tube of thick green glafs carefully made
clean, was now employed, inclofed in the por-
celain tube.  Every other precaution was taken
to prevent the exiftence of fources of error, and
the experiment conduted as before.

140 grain meafures of the gas produced,
fired with 120 of oxygene, Ieft, in two experi-
ments, nearly 110. Solution of ftrontian placed
in contaé with the refiduum, did not become
clouded, and no abforption was perceived.

Now 150 meafures of gas were deftroyed,
and if we take Lavoifier’s and Meufnier’s efti-
mation of the compofition of water, and fuppofe
the weight of oxygene to be 35 grains, and that
of hydrogene 2,6' the hundred cubic inches; the
oxygene employed will be to the hydrogene as
243 to 576. Put x for the oxygene, and y for
the bydrogene. '
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'I:hen x'-l-j = 150
x i y::243 576

243 y

x ot -
576

819 y = 86400 .

. Y=108 §=45
And 140 — 105 =35
Confequently, the nitrogene in ammoniac is
to the bydrogene as 35 : 105 in volume : and
13,3 grains of ammoniac are compofed of 10,6
nitrogene, (fuppofing that 100 cubic inches
wcigh 30,45 érains) and 2,7 .hydrogene.
“According, to Berthollet, the weight of the
nitrogene in ammoniac is to that of the hydro-
gene as 121 to 29.* The difference between
this eftimation and mine is fo fmall 3s to be
almoft unworthy of notice, and arifes moft pro-

_bablx from the flight difference between the

accounts of. Lavoifier and Monge, of the com-
pofition of water, and the different weights
affigned to the gafes employed.

* Journal de Phyfique, 1786, t.2, 177.
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We may then conclude, that 100 grains of
ammoniac are compofed of about 80-nitrogeney
@nd 20 hydrogene. ,

The decompofition of ammoniac.by heat, ad
well as by the ele@ric fpark, was firft difcoveredl
by Prieftley.  In an experiment{ when a€riform
animoniac was fent through a heated tube froma|

| a cauftic folution of ammoniac in water, this
Rreat difcoverer obferved that an mﬂammabld
gas was produced, though in no great quan-’
tity, and that a fluid blackened by matter, pro-
bably ca"rbonaceo,us,' likewife came over. ‘

In my experiments the whole of the ammo-
niac appcared to be decompofed ; the quantity
of gas generated was immentfe, and not clouded,
as is ufually the cafe with -gafes generated at
high temperatures. It is poffible, that the larger
quantity of water carried over in his experi-

. ment, by its ftrong attraction. for ammoniac in
the aériform ftate, might have, in fome mea-
fure, retarded the decompofition. It is how-

* Phil. Tranf. vol. 79, page 204.
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ever, more probable to fuppofe, thét a fiffure
<xifted in the earthen tube he employed,
throngh which a certain quantity of gas efcaped,
#nd coaly matter entered.

Prieﬁiey found that the metallic oxides
,‘when firongly heated, decompofed ammoniac,
*the metal being revivified and water and nitro-

zgene produced.* The eftimations of the com- 4

bpo'fitié{rl of ammoniac that may be deduced from
"his experiments on the oxide of lead, differ very
Tittle from thofe already detailed.

\ ‘<

<

1L Specific gravity of Ammoﬁiq::. |

From the great folubility of ammoniac in

-water, it is difficult to ‘afcertain its fpecific
’ gravity in the fame manner as that of a gas
combinable to no great extent with that fluid.
It is impoflible to prevent the exiftence of a

Vol. 2, page 398.
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fmall quantity of folution of ‘ammonisc inithe
mercurial airholder, ¥ or apparatus containing
the gas; and dwing the diminution of the
preflure of the atiiofphere on this folution,§ 4
tertain quantity of gas is liberated from it, awd
hence a foarce of error. :

To afcertam, then, the wevght of ammomiac, -
I employed an apparatus fimilar to that ufed
for the abforption :of nitrous g'as by nitric
acid. '

" 50 cubic inches of gas were colte&ed in the
mercarial airholdet, from the decompofition of

muriate of ammoniac by lime; thermometer
* being 58¢, and barometer 20,6.

100 grains of “diluted fulphuric acid were
introduagd "into ‘the finall graduated cylinder,
which after being oarefully weighed, was made
N ‘1- Ammoniac getierated at a temperatare above that of-

theatmolpherr, always depofits atnmoniacal folution during
its redution to the common temperature.

S
o

{ By the introdu®ion of aériform ammoniac iato the
¥xhaufted globe.
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ta sommunicste. with the sirholder, the cutved
tube -comtaining a fmall quantity of water.
The gas was_flowly paffed inte the flaid, and
the -glohules - wholly - abforbed - hefore. -they
reached the'top ; much increafe.of temperature
being confequent.. When the abforption was
compleat,: the phial. was mcrcafeq i weigbt
exadtly g grains. - .

: This. experiment * was repented th;ee times.
The difference of weight, which was probably
conne&ed  with -alterations of temperature,and
preflure, . never. amonnted.to more than one
" fixth of a grain. ce

We may then conclude, that at tcmperature '

$8°, and atmefpheric preffure 29,6, 100 cubic
inches of ammoniac;weigh 18 grains.
. According to Kirwan, 100 cubi¢, inches-of
alkaline air * weigh 18,16 grains; barometer
30,, thermometer 61. The difference between
thefe eftimations, the corrections for: tcmpera-
ture and preflure being made, is triffing.

* Additional Obfervations, page 107. "
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M1 Of the quantities of true Ammoniat in
Agueons Ammoniacal Solutions, of different fpe-

cific gravities.

. To afcertain the quantities of ammoniac, tuch
as exifts in the aériform ftate, faturated with
moifture, in folutions of different fpecific gra-
vities, T employed the apparatus for abforption
fo often mentioned. Thermometer being 52°,
the mercurial airholder was filled with ammo-
niacal gas, and the graduated phial, containing
50 grains of pure water, connefted with it.
During the abforption of the gas, the phial
became warm. When about 30 cubic inches °
had been paffed ‘through, it was fuffered to
cool, and weighed : it had gained 5,25 grains,
and the fluid filled a fpaée cqual to that occupied
by 57* grains of water.

* It is neceffary in thefe experiments, that the greateft-
care be obferved in the introduétion and extra&ion of the
capillary tube. If it is introduced dry, there will be a
fource of error from the moifture adhering to it when
taken out. 1 therefore always wetted it before its intro-

du&ion, and took care that no more fluid adhered to it

after the experiment, than before.
. E
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- Confequently, 100 grains of folution of am-
meniac in water of fpecific gravity ,00684 con-
tain 9,502 grains of ammoniac.

The apparatus being adjufted as before, 50

grains of pure water were now perfeQly fatu-

rated with ammoniac. They gained in weight
17 grains, and when perfedly cool, filled a
fpace equal to 74 of water Confequently 100
grains of aqueous ammonial folution of fpecific
gravity ,0054 contain 25,37 grains of ammo-
niac. o

The two folutions were mingled together ;
but no alteration of temperaturc took place.
Confequently the refulting fpecific gravity
might have been found by calculation.

On mingling a large quantity of cauftic folu-
tion of ammoniac with 2 of its weight of water, of
exadtly the fame temperature, no alteration of it
wag perceptible by a fenfible thermometer.—
Hence the two experiments* being affumed as

‘e

* Previous to thofe experiments, I had made a number
of others on the combination of ammoniac with water.~
My ‘defign was, to afcertain the diminution of fpecific



(67)

data, the intermediate eftimations in the fol-
lowing table, were found by-calculation.

gravity for every three grains of ammoniac abforbed ; but
this I found impoffible. The capillary tube, when taken
out of the phial, always carried with it a minute portion
of the folution, which partially evaporated before it could
be again introduced ; and thus the fources of error increafed
*in proportion to the number of examinations.
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TABLE IV.
+ Of approximations to the quanlities of AMMONIAC,

such as exists in the aériform state, saturated with
waler at 520,in AQUEOUS AMMONIACAL SOLU-
TIONS of different specific gravities.

Spc:i(ij‘i?: gra. Ammoniac Water.
0054 25.37 74,63
19166 . 22,07 77,08
9255 19,54 80,46
0326 17,52 82,48
0385 5,88 84,12
0435 || 1453 85,47
0476 g 13,46 86,54
0513 © 12,40 87,60
0545 11,56 8,44
9573 10,82 89,18

597 10,17 89,83
9619 9,60 90,40
0684 9,50 90,5
9639 9,09 90,91
9713

717 92,83

* As yet no mode has been difcovered for obtaining gafes
in a ftate of abfolute drynefs; confequently we are igno-
rant of the different quantities of water they hold in folu-..
tion at different temperatures. As far as we are acquainted
with the combinations of ammoniac, there is no ftate ine
which it exifts fo free from moifture, as when aériform,
at low temperatures.
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- That no confiderable fource of error exifted
in the two experiments, is evident from ‘the
“trifling difference between the eftimations of
the quantities of real ammoniac, in the folu-
tion of ,0084, as found in the firft experiment,
and as given by calculation from the laft.

The quantity of ammoniac in a folution of
fpecific gravity oot in the table, may be thus
determined—Find the difference between the
two fpecific gravities neareft to it in the table;
&, and the differencc between their .quantit}es
of alkali, 4 ; likewife the difference between
thegiven fpecific gravity and that neareft to it, ¢.

b e

then d:5% . ¢ : x» and y = —
‘ a

Which, added to the quantity of the lower
fpecific gravity, is the alkali fought. |
The differences in fpecific gravity of the
folutions of ammoniac at temperatures between
40° and 65° * are fo trifling as to be hardly
* The expanfion from increafe of temperature is proba-

bly great in proportion to the quantity of ammoniac in
the folution,
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afcertainable, by our imperfe& inftruments, and
confequently are unworthy of netice.

It is poffible at very low temperatures to ob-
tain ammoniacal folutions of lefs fpecific gravity
than ,9, but they are incapable of being kept for
any length of time under the common preffure
of the atmofphere. -

IV. Combinations of Ammonisc with Nitrig
Aeid.  Compofition of Nitrate of Ammoniac, &a.

200 gr:lins of ammoniacal folution, of fpeci~
fic gravity ,0056, were faturated by 385,5
grains of nitric acid, of fpecific gravity 1,306.
The combination was effeed in a long phial,
~ .the nitrous acid added very flowly, and the
phial clofed after every addition, to prevent any
evaporation in confequence of the great increafe
of temperature.f+ The fpecific gravity of the
,folufion,' when reduced to the common tem-

perature, was 1,15. Evaporatcd at a heat of

i \

+ From the combination.
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212%% it gave 254 grains of falt of ‘fibrous
cryftalization. This falt was diffolved in 331
grains of water ; the fpecific gravity of the
folution was 1,148 nearly.

‘Hence it was evident that fome of the falt
had been loft during the evaporation.

To find the quantity loft, fibrous nitrate of
ammoniac was diflolved in {mall quantities in
the folution, the fpecific gravity of which was
examined after every addition of 3 grains.
When 16 grains had been added to it, it became
of 1,15. o

Confequently, the folation compofed of 200
grains of ammoniacal, and of 385,5 of nitric

acid folution, contained 262 grains of falt of

fibrous cryﬁalizétion, and of this falt 8 grains
were loft during the evaporation.

But the alkali in 200 grains of ammoniacal
folution of ,0056 = 50,5 grains. And the
true nitric acid in 385,5 grains of folution of
11,306 == 190 grains.

3 fﬁad before 'proved that at this temperature the falt
neither decompofec{ nor fublimed.
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Then 262 — 240,5 == 21,5, the quantity of
water. ' :

And 262 grains of fibrous cryftalized nitrate
of ammoniac, contain 190 grains true acid,
50,5 ammoniac, and 21,5 water. . And 100
parts contain 72,5 acid, 19,3 ammoniac, and
.8,2 water.. .

In proportion as the temperature employed
for the evaporation of nitro-ammoniacal folu+
tions, is above or below 2129, fo in proportion
does the falt produced contain more or lefs
water than the fibrous nitrate. But whatever
may have been the temperature of evaporation,
the acid and alkali appear always to be in the
fame, proportions to each other, .

. Of the falts containing different quantities of
water, two varieties muft be particularly noticed,
The prifmatic nitrate.of ammoniac, produced at
the common temperatures of the atmofphere, and
containing its full quantity of water of cryftali-
fation ; and the compaét nitrate of ammoniac,
* either amorphous, or compofed of delicately

- peedled cryfials, formed at 300°, and containing
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but little more water than exifts in nitric acid
and ammoniac.

To difcover the compofition of the prifmatic
nitrate of ammoniac, 200 grains of fibrous falt
were diflolved-in the fmalleft poffible quantity
of water, and' evaporated in a-temperature not
exceeding. 70°. The greater part of the falt
was compofed of perfectly formed tetrahzedral
prifms, terminated by tetraheedral pyramids.
It had gained in weight about 8,5 grains.

- Confequently 100 grains of prifmatic nitrate
- of ammoniac .may be fuﬁpofcd to contain 69,5
acid, 18,4 ammoniac, and 12,1 water,

To afcertain the compofition of the compa&
nitrate of ammoniac, I expofed in a .deep por-
celain cup, . 400 grains of the fibrous falt, in a
temperature below 300°. It quickly became
fluid, and flowly gave out its water without any
cbullition, or liberation of gas. ~When it was
become perfeétly dry, it had loft 33 grains.
1 fufpe@ed, that in this experiment fome of the
falt ‘had been carried off with the water; to
determine this, I introduced into a finall g]afs’
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retort, 460 grains of fibrous falt ; it was kept
at a heat below 320°, in.communication with
a mercurial apparatus, in a regulated air-fur-
nace, till it was perfeflly dry: it had loft
23 grains. No gas, .except the common air of
the retort came over, and the fluid colleGed
had but a faint tafte of nitrate of ammoniac.

Though in " this experiment I had removed -
all the fluid retained in the neck of the
retort, ftill a few drops remained in thehead,
and on the fides, which I could not obtain,' It
was.of importance tq, me to be accurately ac-
quainted with the compofition of the compat
falt, and for that reafon I compared thefe ana-

_ Iptical experiments with a fynthetical one. -

T faturated 200 grains of folution of ammo-
niac, of ,0056 with acid, alcertained the fppe-
cific gravity of the folution, evaporated.it at
212°, and fufed and dried it at about 300°—
260°. It gave 246 grains of falt; and & fola-
tion made of the fame fpecific gravity ag that
evaporated, indicated a lofs of 9 grains. Con-
fequently; 255 grains of this falt contain 50.5
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grains alkali, 190 grains acid, and 14,5 grains
water. _ _

“We may then conclude, that 109 parts of
compad nitrate of ammoniac contain 74,5 acid,
19,8 alkali; and 5,7 water.

V. Decompofition of Carbonate of Ammoniae
by. Nitric Aeid. .~ ' ,

In my firfk experiments on, the production of
pitrate of ammoniac, I endeavoured to afcertain
its. compofition by . decomponndihg carbon-
ate of ammoniac by nitrio acid ; and in making
for this purpofe, the analyfis of carbonate of
ammoniac, I difcovered that there exifted many
varieties of this falt, containing very different

" proportions of carbonic acid, alkali, and water ;

the carbonic acid and water being fuperabun-
dant in it, in proportion as th® temperature of
its formation was low, and the alkali in pro-
portion as it was high: and not only thata
different falt was formed at every different tem-
perature, but likewife that the difference in
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them was {o great, that the carbonate of ammo-
niac formed at 300° contained more than 50
per cent alkali, whilft that produced at 60° con-
tained only 20.%

I found 210 grains of carbonate of ammo-
niac, which from comparifon with other falts
previoufly analifed, I fufpeéed to contain about
20 or 21 per cent alkali, faturated by 200

‘grains of nitric acid of 1,504. But though

the carbonate was diffolved in- much water,
fiill, from the fmell of the carbonic acid gene-
rated, 1 fufpeét that a finall portion of the
nitric acid was diflolved, and carried off by
it. The folution, evaporated at about 200°,
and afterwards expofed to a temperature below
300°, gave 232 grains of compa& falt. But

‘reafoning - from the quantity of acid+in 200

grains of nitric acid of 1,504, it ought to have
given 245, Confequently 13 weré loft by

* A particular account of the experiments from which
thefe falts were deduced, was printed in September, and
will appear in the firft volume of the Refearches.
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evaporation ; and this lofs agrees. with that in
the other experiments.

V. Decampofition of Sulphate of Ammoniac by
Nitre. . T
As a chcap made of obtaining 1 mtrate of am-
momac, Dr. BEppoEs propofed to decompofe
uitre by fulphate of ammoniac, which is a well
known article of commerce. From fynthefis
of fulphate of ammoniac, compared wrth analy-
fis . made in Auguft 1799,* I concluded that
100 grains of prifmatic falt were compofed of
about 18 grains ammoniac, 14 acid, and 38.
-water ; and fuppoﬁn;g 100 grains of nitre to
contain 50 acid, 100 grains of fulphate of
ammoniac will require for their decompofition
134 grains of nitre, and form ¢0,9 grams of
compadt nitrate of ammoniac, '

- * And which will be publithed, with an account of its
© perfe@t  decompofition at a high temperature, in the
Befearches.
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To afcertain if the fulphate of potafk ‘and
nitrate of ammoniac could be eafily feparated, ¥
added to a heated faturated folution of fulphate
of ammoniac, pulverifed nitre, till the decom~
poﬁt'ion was complete. After this decompofi.
tion, the folution contained a flight excefs of
fulphuric acid, which was combined with lime,
and the whole fet to evaporate at a temperature
below 250°.  As foon as the fulphate of potath
began to cryftalife, the folution was fuffered to
cool, and then poured off from the cryftalifed
falt, which appeared to contain no- nitrate of
ammoniac. After a'fecond evaporation and
cryftalifation, almoft the whole of the fulphate
appeared to be depofited, and the folution of
nitrate of ammoniac was obtained nearly pure =
it was evaporated at 212°, and gave fibrous

cryftals.
VI. Non-exiftence of Ammoniacal Nitrites.
I attempted in different modes to combine

nitrous acids with ammoniac, fo as to form the
falts which have been fuppofed to exift, and
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called  mtrites of ammoniac ; but without firc-
cefs. A

1 firft decompofed a folution of carbonate of.
ammaniac by dilute olive colored acid; but in
this procefs, though no heat was generated,
yet all the nitrous gas appeared to be liberated

with the carbonic acid.* I then combined a

fmall quantity of nitrous gas, with a folution

of nitrate of ammoniac. But after cvaporating

this folution at 70°—80°, I could not dete&
the exiftence of nitrous gas in the folid falt;
it was given out during the evaporation and

cryftalifation, and formed into nitrous acid by "

the oxygene of the atmofphere. I likewife
heated nitrate of ammoniac to different degrees,
and partially decompofed it, to afcertain if in
any cafe the acid was phlogifticated by heat:
but in no experiment could I detcé the exiftence

* When nitrous gas exifts in neutro-faline folutions,
they are always colored more or lefs intenfely, from yellow

to olive, in proportion to the guantity combined with

them., o :
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of nitrous acid in the heated falt, when it had. ‘
Been previoufly perfectly neutralifed.

When nitrate of ammoniac, indeed, with
excefs of nitric acid, is expofed to heat, the
fuperabundant nitric acid becomes phlogifti-
cated, and is then liberated from the falt, whneh
remains neptral.*

- We may therefore conclude that nitrous gas
has little or no affinity for folid nitrate of am-
moniac, and that no fubftance exifts to which

- the name nitrite of ammoniac can with propriety
be applied.

VIL.  Of the fources of error in Analyfis. .

To compare my fynthefis of nitrate of ammo-
niac with analyfis, I endeavoured to feparate
the ammoniac,and nitric acid from each other,
without decompofition. But in going through
the analytical procef's', I foon difcovered that

» Hence a nitrate of ammoniac ‘with excefs of acid,
when expofed to heat, firft becomes yellow, and then
white,
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it was impoffible to make it accurate, without -
many collateral laborious experiments on the
quantities of ammoniac foluble in water at
different temperatures. '

At a temperature above 212°, I decompofcd
by cauftic flacked lime, 50 grains of compa& ni-
trate of ammoniac in a retort communicating
with the mercurial airholder, the moifture in
which had been previoufly faturated with ammo-
niac. 22 cubic inches of gas were collected at
38,0, and from the lofs of weight of the retort, it
appeared that 13 grains ‘of folution of ammo-
niac in water, had been depofited by the gas,

Now evidently, this folution muft have con-
tained much more alkali in proportion to.its
water than that of 55°, otherwife the quantity
of ammoniac in 50 grains of falt would hardly
equal 8 grains.* .

. LY

* The accounts given by different chemifts of the com- -
pofition of nitrate of ammoniac, are extremely difcordant ;
they have been chiefly deduced from decompofitions of car-
bonate of ammoniac (the varicties of which have been

F
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VIII. Of the lofs of Solutions of Nitrate of

Ammoniac during evaporation.

The moft concentrated folution of nitrate of
ammoniac _chpéble of exifling at 60°, is of fpéci-
fic 'gravity 1,304, and contains 33 water, and
67 fibrous falt, per cent. When this folution
is evaporated at temperatures between 60° and
100, the falt is increafed in weight by the
addition of water of cryflalifation, and no por-
tion of it is loft. '

During the evaporation of folutions of fpecific
gravity 1,146 and 1,15, at temperatures below |
120°, I have never detefed any lofs of falt.
When the temperature of evaporation is 2120,
the lofs is generally from 3 to 4 grains per
cent ; and when from 230° to the ftandard of
their ebullition, from 4 to 6 grains.

A

heretofore unknown) by nitrous acids of unknown degrees
of nitration. Hence they are particularly erroneous with
regard to the alkaline part. 'Wenzel fuppofes it to be 32
per cent, and Kirwan 24. .A4ddit, Obferv. pag. 120,

L4
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Fn- proportion as folutions are more diluted,
their lofs in evaporation at equal temperatures
is greater.
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DIVISION III.

Decomposition of NITRATE of AMMONIAC : prepa-
ration of RESPIRABLE NITROUS OXIDE } its
ANALYSIS. o

I. Of the beat required for tbe decomposition of
NITRATE of AMMONIAC.

THE decompofition of nitrate. of ammoniac
has been fuppofed by Cornette* to take place
at temperatures below 212°, and its fublimation
at 234°,

Kirwan, from the non-coincidence’'in the
accounts of its compofition, has imagined that
it is partially decompofable, even by a heat of
80°. ¢

"To afcertain the changes effected by increafe
of temperature in this falt, a glafs retort was pro-
vided, tubulated for the purpofe of introducing

* Mem. Par. 1783. See Irith Tranf, vol. 4.
+ Addit. Ob{, pag. 120.
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the bulb of a thermometer.  After it had been
made to communicate with the mercurial air-
holder, and placed in a furnace, the beat of
which could be eafily regulated, the thermo-
meter was introduced, and the retort filled with
the falt, and carefully Juted; fo that the ap-
pearances produced by different temperatures
could be accurately obferved, and the produds
evolved obtained, '

From a number of experiments made in this
manner on different falts, the following con-
¢lufions. were drawn. : o

1ft. Compa, or dry nitrate of ammoniac,
undergoes little or no change at temperatures
below 260°.

adly. At temperatures between 275° and
3000, it flowly fublimes, without decompofition,
or without becoming fluid. |

3dly. At 320° it becomes fluid, decom-
pofes, and ftill flowly fublimes; it neither
affuming, or continuing in, the fluid ftate, with-
out decoxhpoﬁtion. ‘
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;lthiy. At temperatures between 340° and
480°, it décompofes rapidly.
5thly. The prifmatic and fibrous nitrates of
ammoniac become fluid at 'te'mperatures.be'low
' 300°% and undergo ebullition at temperatures
between 360° and 400°, withéut decompofition.
6thly. They are capable of being heated to
430° with’oﬁt—"‘dccompoﬁtion, or fublimation,
till a certain quantity of their water is évipo-
rated. ' 2 . '
7thly. At temperatures above 450° they
| undergo decompoﬁfiqn," without previoufly
lofing their water of cfyﬁalifation.

1. Decompofition of Nitrate of Ammoniac ;-
production of refpirable Mtro_u.g. Ouide ; its pro-:

‘pertie:f

200 grains of compact nitrate of ammoniac
were introduced into a glafs retort, and decom-
pofed flowly by the heat of a fpirit lamp. The
firft portions of the gas that came over were
rejefted, and the lat received in jars containing
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aercury. No luminous sppearance was per-
geived in the retort during the procefs, and
almoft the whole of the falt was refolved inte
fluid and gas. The fluid had a faint acid tafte,
and contained fome undecompounded nitrate.
The gas colletted exhibited the following pro-
perties.—

@. A candle burat in it with a brifliant
flame, and crackling noife. Before its extimc-
tion, the white inner flame became farrounded
with an exterior blue one. :

5. Phofphorus intreduced into it in & flate
of inflammation, buint with infinitely greater
vividnefs then before.

c. Bulphur introduced into it when burning
with a feeble blue flame, was fnfiantly éxtin-
guithed ; but when in a ftaté of a&ive inflam-
mation (that is, forming fulphuric acid) it
.-burnt with a beautiful and vivid rofe-colored
flame. ) ' .

'd. Inflamed charcoal, deprived of hydro-
gene, introduced into it, burnt with much
greatet vividnefs than in the atmofphere. |
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“¢. 'To fome fine twifted iron wire a fmall
piece of cork was affixed : this was inflamed,
and the whole introduced into a jar of the air.
The iron burned with great vividoefs, and threw
out bright fparks as in oxygene.'

* f. 80 meafures of it expofed to water pre-
vioufly boiled, was rapidly abforbed ; when the
diminution was complete, rather more than a
meafure remhained. |

g. Pure water faturated with it, gave it out

again on cbullition, and the gas thus produced

« retained all its former properties.

. b. It was abforbed by red cabbage juice ;
but no alteration of color took place.

i, Its tafte was diftinQly fweet, and.its odor
flight, but agreeable. - .
. j- It underwent no diminution when min- .
gled with oxygene or nitrous gas.

Such were the obvious properties of the
Nirrous Oxipe, or the gas produced by the
decompofition of nitrate of \ammoniac in a tem-
perature not exceeding 440°.  Other proper-
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ties of it will be bereafter demonftrated, and its
affinities fully inveftigated.

1L, Of the gas remasuing after the abforption of
Nitrous Oxide by Water.

In expofing nitrous oxide at different times
to rain or fpring water, and water that had
been lately boiled, I found that the gas re-
maining after the abforption was always leaft
-when boiled water was employed, though from
the mode of produ®ion of the nitrous oxide, I
had reafon to believe that its compofition was
generally the fame.

This circumftance induced me to fuppofe
that fome of the refiduum might be gas pre- ’
vioufly contained in the water, and liberated
from it in confequence of the ﬁrbnger affipity
of that fluid for nitrous oxide. But the greater
part of it, I conje@ured to confift of nitrogene
produced in confequence of a complete decom-
pofition of part of the acid, by the bydrogene.
It wag in endeavoring to afcertain the relative
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purity of nitrous oxide -produced at different’
periods of the procefs of the - decompofition of
nitrate of ammoniac, that I difcevered the true
reafon of the appearance of refidual gas.

I decompofed fome pure nitrate of ammoniac
ina fmallvglafs retort ; and after fuffering the
firft portions‘to efcape with the common air, I
caught the remainder in tlirec feparate vefieks
ftanding in the fame trough, filled with water
that had been long boiled, and which at the
" time of the experiment was fo warm that I could
fcarcely bear my hands init. The different
quantitics colle@ed gave the fame intenfe bril-
liancy to the flame of a taper. '

26 meafures of each of them were feparately
inferted into 3 graduated cylinders, of nearly
the fame capacity, over the fanre boiled water.
As the water cooled, the gas was abforbed by
agitation. When the diminution was com-
plete, the refiduum in each cylinder filled,
as nearly as poffible, the fame fpace ; about
two thirds of a meafure.

To cach of the refiduums I added two mea-
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-fures of nitrous gas; they gave copious red
vapor, -and after the. condenfation filled a fpace
rather lefs than two-meafures. -

Hence the refideal gas ocontained more
oxygene than cormimon air. ' '

. 'Inow introduced 26 meafures of gas from.
oneiof the veflels into a cylinder filled with
unboiled fpring water of the ame kind.* After

‘thie abforption was complete, near two meafures

remained. Thefe added to two meafures of
niffous air, diminithed to 2,5 nearly.

Thefe experiments induced me to helieve
that the refidual gas was not produced in the
decompofition of nitrate of ammoniac, but that

'it was wholly liberated from the water.

To afcertain this point with precifion, I
diftifled a fmall quantity of the fame kind of
water, which had been neal;'an hour in ebul-
lition, into a graduwated cylinder containing
mercury. To this I introduced about one third

* Two meafures of air difpelled . from this water by
boiling, mingled with 2 of nitrous gas, diminithed to 24
neardy. -
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of its bulk, i. e. 12 meafures of nitrous oxide,
which had been carefully. generated in the mer-
curial apparatds., After the abforption, a fmall
globule of gas only remained, which could
hardly have equalled one fourth of a meafure.
. On admitting to this globule a minute quantity
of nitrous gas, an evident diminutijon took place.
Though this experiment proved that in pro-
portion as the water was free from air, the refi-
duum was lefs, and though there was no reafon
to fuppofc that the ebullition and diftillation
had freed the water from the whole of the air
it bad held in folution, ftill I confidered a
decifive experiment wanting to determine whe-
ther nitrous oxide was the only gas produced in .
the flow decompofition of nitrate of ammoniac,
or whether a minute qu‘antity of oxygene was
not likewife evolved. ’
I received the middle part of the produé of
a decompofition of nitrate of ammoniac, under
a cylinder filled with dry mercury, and intro-
duced to it fome ftrong folutien of ammoniac.
“After the white cloud produced by the combi-
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nation of the ammoniacal vapor with the nitric
acid fufpended in the nitrous oxide, had been
completely precipitated, I introduced a fmall
quantity of nitrous gas. No white vapor was
produced.

Now if any gas combinable with nitrous gas
had exifted in the cylinder, the quantity of
nitrous acid produced, however fmall, would’
have been rendered perceptible by the ammo-
niacal fumes; for when a minute globule of
‘common air ‘was admitted into the cylinder,
white-clouds were inftantly perceptible.

It feems therefore reafonable to conclude,

1. That the refidual gas of nitrous oxide, is
air previoufly contained in the water, (which
" in no cafe can be perfeétly freed from it by
ebullition), and liberated by the fironger attrac-
tion of that fluid for nitrous oxide.

2. That nitrate of ammoniac, at temperatures
below 440°, is decompounded into pure nitrous
oxide, and fluid.

3. That in afcertaining the purity of nitrous
oxide from its abforption by water, correlions

ought to be made for the quantity of gas dif-
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pelled from the water. This quantity in com-
mon walter diftilled under mercury being about
> ; in water fimply boiled, and ufed when hot,

1 . . 1
about 3 ; and in common fpring water, 1-..

V. Specific gravity of Nitrous Oxide.

To underfland accurately the changes taking
place during the decompofition of nitrate of
ammoniac, we muft be acquainted with the
fpecific gravity and compofition of nitrous
oxide. |

90 cubic inches of it, containing. about %
common air, introduced from the mercurial
airholder into an exhaunfted globe, increafed it
in weight 44,75 grains; thermometer being

~ 51° and atmofpheric preflure 30,7.

100 cubic inches, of fimilar compofition,
weighed in like manner, gave at the fame tem-
peraturc and preflure nearly 52,25 grains ; and
in another experiment, when the thermometer
was 41°, 53 grains.

So that accounting for the fmall quantity of
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common air contained in the gafes weighed, 4ve
may conclude, that 100 cubic inches of pure
nitrous oxide weigh 50,1 grains at temperature
500, and atmofpheric preffure 37.-

-1 was a little furprifed at this great (pecific
gravity, particularly as I bad expecied, from
Dr. Priefiley’s obfervations, to find it lefs heavy
than atmofpherical air. This philofopher fup-
pofed, from fome appearancés produced by the
mixture of it with a€riform ammoniac, that it

was even of lefs fpecific gravity than that gas.*

V. Anabyfis of Nitrous Ouxide.

The nitrous oxide may be analifed, either by
charcoal or hydrogenc ; during the combuftion
of other bodies in it, fmall portions of nitrous
acid are generally formed, as will be fully ex-

plained hereafter.

The gas that I émployed was generated from -

* Experiments and Obfervations, vol. 2, pag. 89. Laft

- Edition,
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compa& nitrate of ammoniac, and was in its
higheft {tate of purity, as it left a refiduum of
38 only, when abforbed by boiled water.

10 cubic inches of it were inferted into a jar
graduated to ,1 cubic inches, containing dry
‘mercury.  Through this mercury a piece of
charcoal which had been deprived of its hydro-
gene by long expofare to heat, weighing about
a grain, was introduced, while yet warm: No
perceptible abforption of the gas took place.*

Thermometer being 46°, the focus of a lens
was thrown on the charcoal, which inftantly
took fire, and burnt Vividly for about a minute,
the gas being intreafed in volume. After the
vivid combuftion had ceafed, the focus was
again thrown on the charcoal ; it continued to -
burn for near ten minutes, when the procefs
ftopped. | '

The gas, when-the original preffure and tem-
perature were reftored, filled-a fpace equal to
!-é,5 cubic inches.

* A minutc quantity, however, maft have been abforbéd,
and given out again when the charcoal was heated.
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On introducing to it a fiall quantity of
firong folution of ammoniac*, white vapor
was inftantly perceived, and after a thort time
the reducion was to about 10,1 cubic inches; fo
that apparently, 2,4 cubic inches of carbonic
acid had been formed. The 10,1 cubic inches.
of gas remaining were expofed’to water which
had been long in ebullition, and which was
* introdaced whilft boiling, under merecury.
After the abforption of the nitrous oxide
by the water, the gas remaining was equal to
5,3. .

Buton .comf)ining a cubic inch of pure nitrous
oxide with fome of the fame water, which had
been received under mercury‘ in a feparate veffel,
nearly ;32 remained.  Confequently we may
conclude, that 5,1 of a gas unabforbable by
water, was produced in the combufiion.

This gas extinguithed flame, gave no dimi-
nution with oxygene, and the flighteft poffible

* Strong folution of ammoniac has no attra@ion fqr'
nitrous oxtdc

¢}
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" with nitrous gas. When an ele@ric fpark was
paffed throngh it, mingled with oxygene; no
inflammation, or perceptible 'diminution. took
place.+ We may confequently conclude that
it was nitrogene, mingled with a minute por-
tion of common air, expelled from the water.

The charcoal was diminifhed in bulk to one
half nearly, but the lofs of weight could not.
be afcertained, as its pores were filled with
mércury,.

‘Now 5 cabic inches of nitrous oxide were
abforbed by the water, confequently 5 were
decompounded by the charcoal ; and thefe pro-
duced 5,1 cubic inches of nitrogene; and by
giving their oxygene to the charcoal, apparently
2,4 of carbonic aeid. ,

Bat 5 cubic inches of nitrous oxide weigh 2,5
grains, and 5,1 cubic inches of nitrogene 1,55 ;
then 2,5 — 1,55 = ,05. '

So that reafoning from the relative fpecific

1 The gas was examined by thofe tefts in order to prove
that no water had been decompofed. -
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grdvitics of nitrogené¢ and nittous okide, 2,5
grains of the laft dt¢ compoféd of 1,55 tiitro-.
gene, antd ,05 oxygene.

.

But from 1many cxperiments made on the
fpecific gravity of ecatbonic acid, in Auguft,
1700, I contluded that 100 cubic inches of it
weighed 47,5 grains; thermometer being 60,1°;
and batometer 20,5.  Confequently, making
the iieceflary corredliots, 2,4 cubic fnches of
it weigh 1,14 grains; and on Lavoifier’s and
Guyton’s * eftimation of its compofition, thefe
1,13 grains cotitain 8,2 of oxygéne.

8o that, drawing conchifiond from fhe qu;m—
tity of carbonic acid formed in this experiment;
3,5 grains of nitrous oxide will be compofed of
;82 oxygene, dand 1,68 nitrogene.

The difference between thefe eftimations is
confiderable, and yet mot more than might
have beenr expe@ed, if we confider the probable
fources of étror in the experiment,

* See the curious paper of thiis excellent philofopher, on
the combuftion of the diamond, in which he proves that
charcoal is, infad, oxide of diamond. Aunnales de Chimie.
XXk
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3. It is likely that variable minute quan-

tities of hydrogene remain combined with char-
coal, even after it has been lopg expofed to a
red heat, ' - .
- 2. It is probable that the mtrogcnc and car-
bonic acid produced were capable of diflolving
more water than that held in folution by the ni-
trous oxide; and if fo, they were more condenfed
than if faturated with moifture, . and hence the
quantxty of carbonic acid. under-rated.

. We may confequently fuppofe the efhmatlon
founded on the quantity of nitrogene evolvec}
-~ moft correét; and making a fmall allowance
for the difference, conclude, that 100 grains
of nitrous oxide are compofed of about 37
oxygene, and 63 nitrogene ; exifting in a much
more condenfed ftate'than when in their fimple
forms. .

"The.tolerable accuracy of this fratement will
be hereafter demonftrated by a number of expe-
riments on the combuftion of different bodics
in nitrous oxidc, detailed in Refearch II.
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VL. Minute examination of the decompofition of
Nitrate of Ammoniac.

Into a retort weighing 413,75 grains, and
of the capacity of 7,5 cubic inches, 100 grains
of pulverifed compa& nitrate of ammoniac were
introduced. To the neck of this retort was
,adéptqd’a recipient, weighing 711 grains, tubu-
lated fp'r the pux:pofe of communicating with
the mercurial ajrholder, and of the capacity of
8,3 cubic inches.

Temperature being 56°, and atmofpheric
preflure 30,06, the recipient was inferted into a
veflel of cold water, and made to communicate
with the airholder. The heat of a fpirit lamp
was then flowly applied to the retort : the falt
quickly began to decompofe, and to liquify.
The temperature was fo regulated, as to keep
up an cquable and flow decompofition.

During this decompofition, no luminous
appearance was perceived in the retdrt; the
gas that came into the airholder was very little
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clouded and much water . cqndenfed in the

- receiver.

~ After the procefs was finithed, the commu-

nication between the mercurial airholder and

the recipient was prefervéd till the common

temperature was reftored to the retort. '
The volume of the gas in the cylinder-was

- 85,5 cubic inches. The abfolute quantity of '

nitrous oxide in thofe 85 5 cubic inches, it was
difficult to afcertain with great nicefy, on ac-
count of the common air prcvzouﬂy contained
in the veflels.

45 meafures of it, expoted to well boiled
water, diminithed by agitation to 8 mea-
fures. So that reafoning from the quan-
tity of air, which fhould have becn expelled
from the water by the nitrous oxide, we may
cdl)cludg that the 85,5 cubic inches were nearly
pure. '

The retort now weighed 419,25 grains, con-
fequently ‘5,5 grains of falt remained in it.
This falt was chiefly colle@®ed about the lower
part of the neck, and contained rather more
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water than the compaﬂ nitrate, as in fome
places it was cryfialifed.

The recipient with the fluid it contained,
weighed 759 grains. It bhad .'confequcntly

- gained in weight 48 grains.

Now the 85,5 cubic inches of nitrous oxide
produced, weigh about 42,5 grains; and this ad-
ded to 48 and 5,5, = g6 grains ; fo that about 4
,grains of falt and fluid werc loft, probably by
being carried over and dcpof' ited by the gas.*

" As much of the fluid as could be taken out of
the recipient, weighed 46 grains, and held in fo-
lution niuch nitrate of ammoniac with fuper-
abundance of acid. This acid required for its
faturation, 3 1 of carbonate of ammoniac (con-
tainiog, as well as I could guefs), about 20 per
cent alkah.

The whole folution evaporated, gave’ 18

' grains of compad nitrate of ammoniac. But

N

* This was aQually the cafe; for on examining the con-
du@ing tube the day after the experiment, fome minute
cryftals of prifmatic nitrate of ammoniac wete perceived-
in it,

.
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rcafoning from the quantity of carbonate of
ammoniac employed, the free nitric acid was
cquél to 2,75 grains, and this muft have formed
3,56 grains of falt. Confequently the falt pre-
exifting in the folution was about 14,44 grains.

But befides the fluid taken out of the recipient,
2 grains remained in it: let us fuppofe this,
and the 4 grains loft, to contaip 2 of falt, and
.6 of free acid.

Then the undecom’poufxdcd

falt is 5,5 + 14,4 + 2 = 21,9
The free acid 2,75 + ,6 = 3,35
Gas - - - 42,5
Water - - - 32,25

100

Now about 78,1 grains of falt were decom-
pdundcd, and formed into 42.5 grains of gas,
3,35 grains acid, and 32,25 grains water.
© But there is every reafon to fuppofe, that in
this procefs, when the hydrogene of the ammo-
niac combines with a portion of the oxygene of
the nitri¢ acid to form watér, and the nitrogene
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enters into union with the nitrogene and re-
"maining oxygene of the nitric acid, to form
nitrous oxide ; that water pre-exifting in nitric
acid and ammoniac, fuch as they exifted in
the aériform ftate, is depofited with the water
produced by the new arrangement, and naot
wholly combined with the nitrous oxide formed.
Hence it is impoffible to determine with great .
exaftitude, the quantity of water which was
abfolutely formed in this experiment.
78,1 grains of falt -are compofed of 15,4
alkali, 58 acid, and 4,7 water. ,
And reafoning from the different affinities of
water for nitric acid, ammoniac, and nitrous
oxide, it is probable that ammoniac, ‘in’its de-
compofition, divides its water in fuch a ratio,
between the nitrogene furnifhed to the nitrous
oxide, and the hydrogene entering into union
with the oxygene of the nitric acid, as to enable
us to aflume, that the hydrogene requires for
its faturation nearly the fame quantity of oxy-
-genc as when in the aériform ftate; or that it

certainly cannot require lefs.
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| But 15,4 alkali contain 3,08 hydrogene, and
32,32 nitrogene ;* and 3,08 hydrogene require
17,4 of oxygene to form 20,48 of water. =
- Now 32,5 grains of water exifted before the
experiment ; 4,7 grains of water were con-
tained by the falt decompofed, and 32,5 — 4,7
x=27,8 ¢ and 27,8 — 20,48, the quantity gene-
rated, = 7,52, the quantity exifting in thevn'itric
acid..

But the nitric acid decompofed is 586 — 3,35
== to 54,7 ; and 54,7 — 7,5 == 47,2, which
entered into new combinations. Thefe 47,2

“confift of 33,2 oxygene, and 14, nitrogene.
And 33,2 —17,4, the quantity employed to
form the water, = 15,8, which combined with
14,, nitrogene of the nitric acid, and 12,32
of that of the ammoniac, to form 42,12 of-
nitrous oxide. And on this eflimatien, 100 parts
of nitrous oxide would eontain 37,6 oxygene,

~and 62,4 nitrogene ; a computation much
nearer the refults of the analyfis than could

* Owing part of their weight to an unknown quantity
of water,
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have been expected, particularly as fo many
‘ unﬁvoidablé fources of error exifted in the
procefs.

The experiment that I have detailed is the
moft aceurate of four,: made on the fame quan-
tity of falt. - The others were carried on at
rather higher temperatures, in confequence of
which, more water and falt were fublimed witle
the gas. -

Po Berthollet, we awe the difcovery of the pro.
dufts evolved during the flow decompofition of

- pitrate of ammoniac; but as this philofopher
jn his -examination of this procefs, chiefly de-
figned to prove the exiftence of hydrogene in
ammoniae, he did not afeertain the quantity of
gas produced, or minutely examine its proper-
ties ; from two-of them, its abforption by water
and its capability of fupporting the vivid com-
buftion of a taper, he inferred its identity with
the dephlogifticated nitrous gas of Prieftley, and

concluded that. 1t was nitrous’ gas wnth excefs
of pure air.® .

* Mém"."de”Pal_:is.' 1785,. and :T;ﬁrxxal de Phyﬁq‘xé, 1780,
" page 175.
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VII. Of the beat p;oduqed during the deconie
pofition of nitrate of ammoniac.

Te afcertain whether the temperature of

nitrate of ammoniac was increafed or diminifhed

after it had been raifed to the point effential to
its decompofition, during the evolution of ni-
trous oxide and water ; that is, in common lan-
guage, whether heat was generated or abforbed
in tﬁe procefs ; T introduced a thermometer into
about 1500 grains of fibrous nitrate of ammo-
niac, rendered liquid in a deep porcelain cup.
During the whole of the evaporation, the tem:-
perature was about 380°, the fire being: care-
fully regulated. - ~
As foon as the decompofition took place, the
thermometer began to rife ; in lefs than a quar-
ter of a minute it was 410°, in two minutes it
was 400°, :
The cup was remaved from the fire ;_ the.de-
compofition ftill went on rapidly, and for about
a minute the thermometer was flationary. It
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then gradually and flowly fell ; in three minutes
it was 440°, in five minutes 420°, in feven
minutes 405° in nine minutes 360°, and in
thirteen minutes 307°, when the decompofition
had nearly ceafed, and the falt began to folidify.
From_ this experiment, it is evident that an
increafe of temperature is produced by the
(iecompoﬁtion. of nitrate of ammoniac : though
the capacity of water and nitrous oxide for
heat, fuppofing the truth of the common doc-
" trine, and reafoning from analogy, muft be
confiderably greater than that of the falt.

VIIL.  Of the decompofition of Nitrate of Am-
moniac at bigh temperatures, and produlion of
Nitrous gas, Nitrogene, Nitrous Acid, and Water.

At an early period of my inveftigation relating
to the nitrous oxide, I difcovered that when a
heat above 600° was applied to nitrate of ammo--
" niac, fo that a vivid luminous appearance was pro-
duced in the retort, certain portions of nitrous
gas, and nitrogene, were evolv.ed with the
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nitrous oxide. . But I was for fome time igno-
rant of the precife nature of this decompofition, .
and doubtful with regard to the poffibility ofv
effeding it in fuch a manner as t& prevent the
produion of nitrous oxide altogéther.

I firft attempted to decompofe nitrate of
anmimoniac at high temperatures, by introducing
it into a well coated green glafs retort, having
a wide neck, communicating with the pneux
matic apparatus, and ftrongly heated in an air~
- furnace. But though in this procefs a detora~
tion always took place, and much light was pro-
duced, yet ftill the greater portion of the gas
generated was nitrous oxide ; the nitrous gas
and nitrogene never “amounting to more tharr .
one third of the whole. -

After breaking many ratorts by explofions,
without gaining any accurate refults, I em-
ployed a porcelain tube, curved fo as ta be
capable of introdution into the pnenmatic
apparatus, and clofed at one ¢nd.

The clofed end was heated red, nitrate of
ammoniac introduced into it, and all the latter
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portions of gas produced in the explofion, re-
ceived in the pneumatic apparatus, . filled with
warm water. -

Three explofions were required to fill a jar
of the capacity of 20 cubic inches. The gas
‘produced in the firft, when it came over, was
tranfparent and dark orange, fimilar in its
appearance to the nitrous acid gas produced in
the firft expcr‘imént; but it fpeedily became
white and clouded, whilft a flight diminution
of volume took place. - .

When the fecond portion was generated and
mingled with the clouded gas, it again became
tranfparent and yellow for a thort time, and then
aflumed the fame appearance as before.

The water in the trough, after this experi-
ment, had an acid tafte, and quickly red-
dened cabbage juice rendered green by an
alkali : '

6 cubic ‘inches of the gas prodiced were
expofed to boiled water, but little or no abforp-
tion took place. Hence, evidently, it con-
tained no nitrous oxide.
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They were then cxpofed to folution of ful-
phate of iron: the folution quickly became- dark
colored, and an abforptxon of 1,6 took place
on agitation. *

The gas remammg mﬁamly extmgmfhed the
taper, and was confequently nitrogene.

This experiment was repeated, with ncarly .
the fame refults. o

'We may then conclude, that at high tem- .
pératures,' nitrate of anylmoniac’ is wholly re- .
folved into water, nitrous acid, -nitrous gas,
and nitrogene ; whilft a vivid lummous appear-
ance is produced. :

‘The tranfparency and orange color ‘produced .
in the gas that had been clouded, - by new por-
tions of it, doubtlefs arofe from the folution of
the nitric acid and water forming the cloud, in.
the heated nitrous vapor preduced, foas to con~

ftitute an aériform triple compound ; whilft the
| cloudinefs and abforption fubfequent were pro-

¥ The abforption of nitrous gaﬁ by fulphate of iron, &ec.
will be treated of in the next djvifion.
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duced by the diminithed temperature, which
deftroyed the ternary combination', and feparated
the nitrous acid and water from the nitrous
gas, ' : '

From the rapidity with which the deflagra-
tion of nitrate of ammoniac proceeds, and from
the immenfe quantity of light produced, it is
reafonable to fuppofe that a very great increafe
of temperature takes place. Thetube in which
the decompofition has been effedled, is always
ignited after the procefs.

IX. - Speculations on the decémpqﬁtiom of |
" Nitrate of Ammoniac. '

All the phznomena of chemiftry concur in
proving, that the affinity 6f one body, A, for
another, B, is not deftroyed by its combination
with a third, C, but only modified ; either by
condenfation, or expanfion, or by the attra&tion
of C for B.

On this principle, the attraQion of compound
bodies for each other muft be revolved into the

H
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rcbiprocal attraltions of their conflituents, and
confequently the changes produced in them by
variations of temperature explained, from the
alterations produced in the attraQions of thofe
conftituents. '
Thus in nitrate of ammoniac, four affinities
may be fuppofed to exift :
1. That of hydrogene for nitrogene; produ-
cing ammoniac.
2. That of oxy'gerlxe for nitrous gas, producing
' nitric acid. |
3. That of the hydrogene of ammoniac for the
oxygene of nitric acid.
4. That of the nitrogene of ammoniac for
the nitrous gas of nitric acid. _
At temperatures below 3000, the falt, from
“the equilibrium between thefe affinities, pre-
ferves its exiftence. o o
Now when its temperature is raifed to 400°,
the attradtions of hydrogene for nitrogene,*and

* As is evident from the decompofition of ammoniac by
haat, '
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of nitrous gas for oxygene,} are diminithed ;
whilft the attra&tion of hydrogene for oxjgene'i'
is ificreafed ; and perhaps that of nitrogene for
nitrous gas.

Hence the former equilibrium of affinity is
defiroyed, and a new one produced.

The hydrogene of the ammoniac combines
with the oxygene of the nitric acid to generate
water ; and the nitrogene of the ammoniac
enters into combination with the nitrous gas
to form nitrous oxide: and the water and ni-
trous oxide produced, moft probably exift in
binary combination in the aériform ftate, at the
temperature of the decompofition. )

But when a heat above 800¢ is applied to
nitrate of ammoniac, the attralions of nitro-

gene and hydrogene for each other, and of

1 Nitric acid is phlogifticated by heat, as appears from
Dr. Prieitley’s experiments. Vol. 3, p. 26.

. .
+ Asis evident from the increafe of temperature required
for the formation of water.
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axyg'enc'. for nitrous gas,* are ftill more dimi-
ifhed ; whilft that of nitrogene for nitrous gas
is deftroyed, and that of hydrogene for oky-
gene increafed to a great extent: likewife
a new attraCtion takes place; that of nitrous
gas for nitric acid, to form nitrous vapor.{
Hence a new arrangement of principles is
rapidly produced; the nitrogene of ammoniac

# For ammoniac and nitrous oxide are both decompofed at
the red heat, and oxygene given out from nitric acid when
it is pafled through a heated tube.

+ Whenever nitrous acid is produced at high tempera-
tares,: it is always highly phlogifticated, provided it has not
been long in conta&t with oxygi:nc. When Dr. Prieftley
pafled nitric acid through a tube heated red, he procured
much oxygene, and phlogifticated acid; and the water
in the apparatus employed was fully impregnated with
nitrous air. Hence it would appear, that heat diminifhes
the attra@ion between oxygene and nitrous gas, and in-
creafes the affinity of nitrous gas for nitrous acid. Mr.,
James THoMsow, whofe theory of the Nitrous Acid 1 have
already mentioned, from fome experiments on'the phlo-
giftication of Nitric Acid by heat, which he has commu-
nicated to me; concludes with great juftnefs, that a portion
of the acid is always completely decompofed in this procefs:
the oxygene liberated, and the nitrous gas combined with
the remaining acid. ' :
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having no affinity for any of the fingle principles
at this temperature, enters into no binary com-
‘pound: the oxygene of the nitric acid forms
water with the hydrogene, and the nitrous gas
- combines with the nitric acid to form nitroys
vapor. All thefe fubftances moft probably
exift in combination at the femperature of their
produétion ; and at a lower temperature, aflume
the forms of nitrous acid, nitrous gas, nitrogene,
and water, ' _,
I have avoided entering into any difcuffions
concerning the light and heat produced in this
procefs ; becaufe thefe phzznomena cannot be
reafoned upon as ifolated falls, and their relatign
to general theory will be treated of hereafter,

X. On the preparation of Nitrous Ogide for

experiments on Refpiration.

When compa@ nitrate of ammoniac is flowly
decompofed, the nitrous oxide produced is
almoft immediately fit for refpiration ; but as
one part of the falt begins to decompofe before
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fﬁc other is rendered flnid, a confiderable lofs is
prpduced by fublimation.
~ For the produion of large quantities of
nitrous oxide, fibrous nitrate of ammoniac thould,
be employed. This falt undergoes no decom-
pofition till the greater part of its water is evapo-
rated, and in confequence at the commencement
of that procefs, is uniformly heated.

The gas produced from fibrous nitrate, muft
be fuffered to reft at leaft for an hour after its
generation. At the end of this time it is gene- .
rally fit for refpiration. If examined before, it

will be found to contain more or lefs of a white
vépér, which has a difagreeable acidulous tafte,
and firongly irritates the fauces and lungs. This
vaper, moft probably, confifts of acid nitrate
of ammoniac and water, which were diffolved
by the gas at the temperatu're of its produdlion,
and afterwards flowly precipitated.

It is found in lefs quantity when compact
nitrate is employed, becaufe more falt is fub-
limed in this procefs, which being rapidly pre-
cipitated,' carries with it the acid and water.
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Whatever falt is émployed, the laft portions
of gas produced, gchcrally contain lefs vapor,
and may in conieguence be refpired fooner than .
the firft.

The nitrate of ammoniac fhould never be
decompofed in a metallic veflel,® nor the gas
produced fuffered to come in .contalt with
any metallic furface ; for in this cafe the free
pitric acid will be decompofed; and in confe-
quence, a certain quantity of nitrous gas pro-
duced.

The apparatus that has been generally em-
ployed in the medical pneumatic inftitution, for
the produ@ion of nitrous oxide, confifts

. Of a glafs retort, of the capacity of two or
three qua;'ts, orificed at the top, and furnifhed
with a ground ftopper.

2. Ofa glafs tube, conical for the purpofe
of receiving the neck of the retort; about ,4
inches wide in the narroweft part, 4 feet long,
curved at the extremity, fo as to be capable of

* Bxcept it be g;ld or platina,,
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introduion into an airholder, and-inclofed by
tin plat; to preferve it from injury.

3. Of airholders of Mr. Waft’s invention,
filled with water faturated with nitrous oxide.

4. Of a common air-furnace, provided with
dampers for the regulation of the heat.

The retort, after the infertion of the falt, is
conne@ed with the tube, carefully luted, and
expofed to the heat of the furnace, on a con-"
venient ftand. The temperature is never fuf-
fered to be above 500°. After the decompofi-
tion has proceeded for about a minute, fo that
the gas evolved from the tube enlarges the
flame of a taper, the curved end is inferted
into the airholder, and the nitrous oxide pre-
ferved.

The water thrown out of the airholders in
confequence of the introdudion of the gas,
is preferved in a veflel adapted for the pur-
. pofe, and employed to fill them again; for if
common water was to be employed in every ex-
periment, a great lofs of gas would be produced
from abforption.
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A pound of fibrous nitrate of ammoniac, de-
~ compofed at a heat not above 500°, produces

nearly 5 cubic feet of gas; whilft from a pound . -

of compaé& nitrate of ammoniac, rarely more
than 4,25 cubic feet can be colleSed. .
For the produdlion of nitrous oxide in quan-
tities not exceeding 20 quarts, a mode fiill
more fimple than that I have juft defcribed may -
be employed. The falt may be decompofed by
the heat of an argands lamp, or a common fire,
in a tubulated glafs retort, of 20 or 30 cubic
inches in capacity, furnithed with a long neck,
curved at the extremity ; and the gas received
in fmall airholders. , |
Thus, if the i)lcafurablc eﬁ'eélé, or medical
properties of the nitrous oxide, fhould ever
make it an article of general requeft, it may be
procured with much lefs time, labor, and
expence,* than moft of the luxuries, or even

neceflaries, of life.

* A pound of nitrate .of ammoniac cofts about 5s. 10d.
"This pound, properly decompofed, produces rather more
than 34 moderate dofes of air; fo that the expence of a
dofe is about 2d, What fluid ftimulus can be procured at
fo cheap a rate ?






(123)
tempted- to afcertain its compofition by imme-
diately feparating the conftituent principles from
each other: and my firft hopes of the pofii-
bility of effeting this, were derived from Dr.

Prieftley’s experiments on the combuftion of

pyrophorus in nitrous gas, and on the changes
effe@ed in it, by heated iron-and charcoal.

This great philofopher found, that pyropho-
rus placed in contaét with nitrous gas, burnt
with great vividnefs, whilt the gas was dimin-
ithed in volume to about one half, which gene-
-rally confifted of nitrogene and nitrous oxide.*
He likewife found, iron heated by alens in
nitrous gas, increafed in weight, whilft the
gas was diminthed about L, and converted into
nitrogene.* |

He heated common charcoal, and charcoal
of éopper,t in nitrous gas by a lens. When

* Experiments and Obfervations, vol. ii. pag. 50. Laft
Edition.

"} That is, charcoal produced by the decompofition of
fpirits of wine. Vol, 11. pag. 39.
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common charcoal was employed, the gas was
neither increafed or diminithed in bulk, but
wholly converted into nitrogene ; when char-
coal of copper was ufed, the volume was a little
increafed, and the gas remaining' confifted
‘of-;- nitrogene, and ; carbonic acid.

In his experiments on the iron and pyrophy-
rus, the nitrous gas was evidently decompofed.
From thc great quantity of nitrogene produced
~ in thofe on the charcoal, it feems likely that both
the common charcoal,* and the charcoal of
copper employed contained atmofpherical air,
which being difpelled by the heat of the lene,

* Dr. Priefiley fays, “ having heated iron in ritrous air,
«1 proceeded to heat in the fame air, a piece of charcoal
“ not long after it had been fubje@ed to a firong heat coveréd
* with fand. The fun not fhining immediately, after the
“ charcoal was introduced into the véffel of air, through the
* mercury by which it was confined, part of the air whs
*“ abforbed ; but on heating the charcoal, the quantity was
“increafed. Having continued the progrefs as'long as I
“ thought neceffary, I examined the air and found it to be
“ about as much as the original quantity of nitrous air;
“ but it was all phlogitticated air extinguifhing a candle
“ and having no mixture of fixed air in it”’—Experiments
and Obfervations, Vol. I, page 39.

1
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was decompofed by the nitrous gas: indeed,
till I made the following experiment, I fufpeed
that the carbonie acid produced, when the char-.
coal of copper was employed, arofe from a de-
compofition of the nitrous acid, formed in this
way.
I introduced a piece of well-burnt charcoal,
‘which could hardly have weighed the eighth of
a grain, whilft red hot, under a cylinder filled
with mercury, and admitted to it half a cubic
inch of nitrous gas. A flight abforption took
place. . _ _
The fun being very bright, I kept the char-
coal in the focus of a finall lens for near a quar-
ter of an hour. At the end of this time the gas
occupied a fpace nearly as before the experi- .
ment, and a very minute portion of the charcoal
bad been confumed. On introducing into
the cylinder a fiall quantity of folution
of ﬁrontian, a white precipitation was per-
ceived, and the gas flowly diminithed to
about three tenths of a cubic inch. To thefe
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three tenths a little common air was admitted,
when very flight red fumes were perceived.

This experiment convinced me, that the at-
tration of charcoal for the oxygene of ni-
trous gas, at high temperatures, was fuffi-
ciently ftrong to effe& a flow decompofition of
ity . ‘ )

To be more accurately acquainted with this
decompofition, and to learn the quantities of
carbonic acid and nitrogene produced from a
known 'quant.ity of nitrous gas, I proceeded in
the following manner. .

II.  Aualyfis of Nitrous Gas by Charcoal.

A quantity of ‘nitrous gas was procured in a
water apparatus, from the decompofition of
nitrous acid by mercury. A portion of it was
. transferred to the mercurial trough.  After the
mercury and the jar had been dried_by bibulous
paper, 40 meafures of this portion were agitated
in a folution of fulphate of iron. The gas re-
maining after 'the abforption was complete,
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filled about a meafure and half; fo that the

nitrous gas contained nearly = nitrogene.

Thermomeéter being 53°, a fmall piece of
well burnt charcoal, the weight of which could
hardly have equalled a quarter of a grain, was.
introduced ignited, into a fmall cylinder filled
with mercury, graduated to ,10 grain meafures ;
to this, 16 meafures, equal to 160 grain m. of
nitrous gas, were admitted. An abforption of
about one meafure and half took place. When
the focj;s of a lens was thrown on the charcoal,
a {light increafe of the gas was produced, from
the emiffion of that which had been abforbed.

Afterthe procefs had been carried on for about
a half an hour, the charcoal evidently began
to fume, and to confume very flowly, though
no alteration in the volume of the gas was ob-
ferved.

The fun not conftantly fhining, the progrefs
of the cxperiment was now and then ftopped :
but taking the whole time, the focus could not
have been applied to it for lefs than four hours.

When the procefs was finithed, the gas was

N
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increafed in bulk nearly three quarters of 4
meafure.

A drop of water was introduced into
the cylinder, by means of a fmall glafs
. tuBe, on the fuppofition that the carbonic acid,
and nitrogene, might be capable of holding
in folution, more water than that contained
in the nitrous gas decompofed ; but no
alteration of volume took place. .

When 20 grain meafures of folution of pale
green* fulphate of iron were introduced into the
, cylinder,'theybecameratheryellowerthanb'cforc,
but not dark at the edges, as is always the caf'e
when nitrous gas is prefent. On agitation, a
 diminution of nearly half a'meafure was pro-
duced, doubtlefs from the abforption of fome
of the carbonic acid by the folution.

A fmall quantity of cauftic potath, much
more than was fufficient to decompofe the ful-
phate of iron, was now introduced. A rapid
diminution took place, and the gas remaining

* That is, fulphate of iron contaxmng o:udc of iron, in the
firft degree of oxygenation,
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filled about 8 meafures. This gas was sgitated
for fome time over water, but no a‘bfori:tion
took place. Two meafures of it were then
transferred into a detonating cylinder with two
rheafures of oxygene. - The ele@ric fpark was
pafied through them, but no dithinution was pro-
duced. Hence it was nitrogene, mingled with
no afeertainable quantity of hydrogene: con-
fequently little or no water could have been
decompofed in the procefs; 9

Now fuppofing, for the greater eafe of calcu-
Iation, each of the meafures employed, cubic ‘
inches.

16 of riitrous gas — -, == 15,4 weré decom-
pofed, and thefe weigh, making the neceflary
.corrections, 5,2 ; but' 7,4 nitrogene were pro-
duced, and thefe weigh about 2,2. So that
reafoning from the telative fpecific gravities of
hitrous gas and nitrogene, 5,2 grains of nitrous
gas will be compofed of 3 ozygene, and 2,2
nitrogene. : |

' But 8,7 of .carbonic acid were progluced,
which weigh 41 grains, and confift of 2,9 oxy-
I
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‘ gme,,»;and.' :1,2. charcoal.*  Confequently,
drawing conclufions from the quantity of car-
bonic acid formed, 5,2 grains of nitrous gas
will confift of 2,9 oxygene, and 2,3 nitrogene.
The difference in thefe eftimations is much
lefs than:could have been expedted ; and taking
the mean proportions, it would be inferred
feam them, that 100 grains of nitrous gas, con-
tain 56,5 oxygene, and. 43,5 nitrogene.. |
I repeated this experiment with refults not
very different, -except that the increafe of
volume. was rather greater, and that more
unabforbable gas remained ; which probably
depended an the decompofition of a. minute
quantity.. of water, that had adhered to. the
eharcoal in paffing through the mercury. ,
As nitrous gas is decompofable into nitrous
acid, and nitrogene, hy the eleéric. fpark ; it
occurred to me, that a certain quantity of
nitrous acid might have been poffibly produced,
in the experiments on the decompofition. of
| nitrous. gas, by the intenfely ignited charcoal.

~* That is, carkion, or oxide of dismond.
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To afcertain this circumftarce, I introduced
into 12 meafures of nitrous gas, a fmall piece
of charcoal which had been juft reddened.
The fun being very bright, the focus of the
lens was kept on it for rather more than an
" hour and quarter. In the middle of the procefs:
it began to fume and to fparkle, as if in com-
“buftion. In three quarters of an hour, the
gas was increafed rather more than half a
meafure; bnt no alteration of volume took
place afterwards. -

The mercury was not white: on the top as is
ufually the cafe when nitrous acid is produced.
On introducing into the cylinder. a little pale
green fulphate of iron, 'and then adding prufiate
of potafh, a white precipitate only was: produ-
ced. Now, if: the minuteft quantity of
nitric acid had- been formed, it wotdd have
been decompofed by the pale green oxide of |
iron, and hence, a vifible quantity of pruffian
blue* produced, as will be fully explained here-
after, :

- % That.is, blue prufliate of iros.
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- YIL.  Analyfis of Nitrous Gas by Pyrophorus.

I placed fome newly made pyrophorus, about
as much as would fill a quarter of a cubic
inch, into a jar filled with dry mercury, and
introduced to it, four cubic inches of nitrous
gas, procured from mercury and nitric acid.

It inftantly took fire and burnt with great
vividnefs for fome moments.

After the combuftion bad ceafed, the gas.
was diminifhed about three quarters of a cubic
inci:. The remainder was not examined ; for
the diminution appeared to go on for fome
time, after; in an half hour, when it was com-
pleat, it was to 2 cubic inches, A taper,
introduced into thefe, burnt with an enlarged
flame, blue at the edges; from whence it
appeared, that they were éompofed of nitrogene
and nitrous oxide. . .

I new intfoduced about half a cubic inch of
pyrophorus to two cubic inches of nitrous gas ;
the combuftion -took. place, and the gas was
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 rapidly diminifhed to one half ; and on fuffering
it to remain, five minutes to one-third nearly ;
which extinguifhed flame.

Sufpeding that this great d:mmutxon was
owing to the abforption of fome of the nitro-
- gene formed, by the charcoal of the pyrophorus,
- T carefully made a quantity of pyrophorus;
employing more than two-thirds of alumn, to
one-third of fugar. : '

To rather more than half of a cubic inch of
this, two cubic inches of nitrous gas, which
contained about - mtrogene, were admitted.
After the combuﬁlon, the gas remaining, appa-
rently filled a fpace equal to 1,2 cubic inches;
but, as on account of the burnt pyrophyrus in
the jar, it was impofiible to alcertain the volume
with nicety, it was carefully and wholly trans-
ferred into another jar. It filled a fpace equal
to 1,15 cubic inches nearly. _

When water was admitted to this gas. no
“abforption took place. It underwent no dimi-

nution with nitrous gas, and a taper plunged .

“into it was inflantly extinguithed. We may
~ confequently conclude that it was nitrogeng.
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Now 2 cubic inches of nitrous gas wuigh
,086 grams, and - 1,1 of" mtrogcnc — ,0‘5,
the quantity previoufly contambd in the gas

‘== to 1,05, 3,10. ‘Hence ,686 of nitrous gas
‘would be compofed of ,367 oxygené, and ,319
pitrogene ; and 100 grains would contain 53,4
‘okygene, and 46,0 nitrogene. |

. IV.  Additional obfervations on the combniftion )
of bodies in Nztrous Ga:, ami on its Coﬂkpof
han.

Though pho('phorus may be fufgd and even
fublimed, /in nitrous gas, without produciag
the flighteft luminousfappcargn_ce,* yc,t' when

* No luminous appearance is produced when phofphorus
isintroduced into pure nitrous gas. It has been often ob-

' fexved, that phofphorus is lumingus in nitreus gas, that has
not been long in contalt with water after its produ@ion.
This phanomenon, I fufpe&, depends either on the decom-
pefition of the nitric acid held in folution by the nitrous
§As ; or on the combipation of the pbéfphorus with oxygene
Joofely adhering to the binary aériform compound of nitric
" acid and nitrous gas. I have not'yet examined if nitrons
gas can be converted into nitraus oxide by Jong expofure
to heated Phofphorus : it appears, however, very prébable.
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it is mtroduced mto it in aﬁate of a&we in-
ﬂammatxon, it burns with almof as much
vividnefs as in oxygene.* Hence it 1s evxdent
that at the heat of 1gmuon, pbofphorus is
capable of attra&mg the oxygene from the
nitrogene of nitrous gas. -

I attempted to analife nitrous gas, by mtro-
ducmg into a known quantity of it, conﬁned
by mereury, pbofphorus, in a veflel contammg
a minute quantity of oxygene. + Tbe phofpho-
rus was inflamed with an 1gn1ted iron wire, by
which, " at the moment of the combuﬁxon, the
veflel containing it was raifed from the mercury

‘into the nitrous gas. But after makmg in this

way, five of fix unfuccefsful expenmcnts, I

“defifted. When the commumcatlon between

the veffels was made before the oxygene was
nearly combined with the phofphorus, ‘nitrous

* Perhaps this fa@ has been noticed before; 1 have not,

- however, met with it in ahy ‘chemical work.

v

t Thls mode of mﬂammg bodles in gafes, Dot éapable of
fupporting combuftion-at low temperatures,  will be par-
ticalarly defcribed hereafter.
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‘acid was formed, which inflantly deftrayed the
cdmbuﬁiou 5 when, on the contrary, the phof-
phorus was fuffered to confume almoft the
whole of the oxygene, it was not fufficiently
lgmted when ;ntroduced to decompofe the
nitrous gas. |

In one expenment mdecd the phof‘pboms
burnt for a moment in the nitrous gas; the
'dxmmutlon however was flight, and not more -
than 1 of it was decompofed.

Sulphur, introduced in a ftate of vwnd in-

flammation, into mtreus gas, was mﬁantly
extinguifhed.
- I paffed a ftrong eleélric thock through equal
parts of hydrogene and nitrous gas, confined by
mercury in a detonating tube ; but no inflam-
mation, or perceptlblg diminution, was pro-
duced. ’ N '

10,2 grain meafures of hydrogene were fired
by the electric fhock, with 10 of nitrous exide,
and 6 of nitrous gas ; the diminution was to 17 ;
and pale green fulphate of iron admitted to the
refiduum, was not difcolored. Confequently the
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pitrous gas was.decompofed by the hydroggnc,
and as will be hereafter more clearly undcfﬁood,
nearly a8 ,rp.uph. ni,trogeqé furnifhed by it, as
would have been produced from half the quan-
tity of nitrous oxldc

Sufpeﬂmg that pbofphora!ed hydrogene
might inflame with nitrous gas, I paflfed the
eleéric fpark through 1 meafure of phofphorated
hydrogenc, and 4 of nitrous gas but no dimi-
nution was perceptnblc., I likewife pafied the
ele@ric fpark through 1 of nitrous gas, with 2
of phofphorated hydrogene, without inﬂamma-
tion,

Perhaps if I had tried many other dlﬂ’crent
proportions of the gafes, I fhould have at laft
difcovered one, in which they would have in-
flamed ; for, as will be feen hereafter, nitrous
oxide cannot be decompofed by the compound
combuftible gafes, except definite quantitics arc
employed.

From Dr. Prieftley’s experiments on iron and l
pyrophorus, and from the experiments I have
detailed, on charcoal, phofphorus, and bydro--



(188)

.« gene, it appears ‘that at certain temperatures,
nitrous gas is decompofable by mioft of the com-
buftible bodies : cven the extin&ion of ﬁﬂphur,
“when introduced into it in a flate of ‘inflammi-

_ tion, depends perhaps, on time fallér quantit‘:y
“of beat produccd by the combuﬁlon of this body,
than that of moft others. RS
| The ana]yﬁs of nitrous gas 'by cbarcoal as
aﬂ'ordmg data for determining 1mmedlate1y fhe '
quantmes of oxygene and mtrogcne, ought to
be confidered as moft accurate ; and correélmg
it by mean calculations derived from the decom-
poﬁtxon of nitrous gas by pyrophorus and hydro-
. genc, and its converfion into mtrous oxnde,
procefs to be deferibed hereafter, we may con-
“elude, that 100grains of nitrous gasare compofed
‘of 55,95 okygene, and 44,05 niffogene i or
taking away decnma]s, of 56 oxygene, and 44
mtrogene.

This eftimation will agree very well with the
mean proportions that would be given from Dr.
Prieftley’s experiments on the ‘decompofition
‘of nitrous gas by iron ; but as he never afcer-
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taiped the purity of his mitrous gas,* and proba-
bly employed different kinds in different expe-
riments, it is 1mpoﬂiblp to fix on any one, | from
which acourate conclufions can be drawn. o
Lavoifier’s eftimation of the quanhhes of oxy-
| geneand nitrogene eniering into thecompofition
of nitrous gas,. bas. ,bgcn geua;ally adopted
He fuppofes 64 parts of nitrous gas to be com-
pofed of 43% of Ogygenc,_ aqd;go— of nitro-
genset. o e
The dl&'erence betwcen thls account and
in Dwyﬁon Lﬁ pomted out four,c_es of error in -
the experiments of this great man, on the des
compofition of pitre by. charcoal ; which expe-
rjlmgntg were fundamental, both to his accounts

of the conitution of nitrous acid, and nitroys
gas

* Elements Englith Tranf. edit. i. pag. 216,

+ Experiments and Obfervations, Vol. II. pag. 40, 2d. Ed..
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I confefs, that even béfore the following ex-
périments were made, I was but little inclined
to adopt this opinion : the fmall diminution
of nitrous gas by water, and the uniform limits
of this diminution, rendered it extremely im-

»

probable.
a. To afcertain the quantity of nitrous gas

“ fratz, fur’abondance d'oxygene, contenue dans les eaux
“ de neige et de pluie, font fuppofer que I'air des interftices
¢ de I'eau joue uu réle important dans I'abforption du gaz
“ nitreux. En comparant ces cffets avec les phénomeénes
« obfervé dans la decompofition du fulfate de fer, nous fup-
« posames, le cit, Taffaert et moi, que le fimple conta& da
“ gaz nitreax avec l'eau diftillée pourroit bien caufer une
 décompofition de ce dernier. Nous examinimes foign-
¢ euflement une petite quantité d'eaun diftillée, fecouée avec
* beaucoup de gas nitreux trés<pur, et nous trouvimes,
““ an moyen de la terre calcaire, et I'acide muriatique, qu'il
¢ &'y forme du nitrave d'ammoniaque. L'eau fe décompofe
* en ectte apération, par un double affinit¢ de l'oxygene
* pour le gaz nitreux, et de I'hydrogéne pour l'azote; il fe
« forme de V'acide nitrique et de I'ammoniague; et, quoique
¢ Ja quantité du dernier paroifie trop petite pour en évaluer
« exaCtrent la quantité, fon exiftence cependant fe mani-
« fefte, (2 ne pas fans douter) par le dégagement des va-
« peurs, qui blanchiffent dans la proximité de I'acide wu-:
¢ riatique. Voild un fait bien frappant que la compofition
« d’une fubflance alcaline par le contat d'yne acide, et de

¢ ’ean. .
Annales de Chimie, t. xxviii. pag. 153.
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abiorbable by pure water, and the limits of ab-
~ forption, I introduced into a glafs retort about
5 ounces of water, which had been previoufly
boiled for fome hours. The neck of the retort
was inverted in mercury, andthe watér made
to boil. After a third of it had been diftilled,-
fo that no air could poffibly remain in the re-
tort, the remainder was driven over, and con-
denfed in an inverted jar filled with mercury.
To three cubic inches- of this water,* confined
in a cylinder graduated to ,05 cubic inches, 5
cubnc inches of nitrous gas, containing nearly one
thlrtleth nitrogene, were introduced. -

After agitation for near an hour, rather more
than 5 of a cubic inch appeared to be abforbed ;
but though the procefs was continued for near
two hours longer, no further. diminution took
place. |

The remaining gas was mtroduced into a
tube graduated t0 ,02" cubic inches. It mea-
fared 2 ; hence = had been.abforbed.

50 °

* Which was certainly ‘as free from air as it ever can ke
ebtained.
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Coufequently, 100 cubic inches of pure wa-
ter are capahle of abforbing 11,8 of nitr'ous, gas.
In the water thus impregnated with nitrous
gas I could diftinguith no peculiar tafte ;* it
did not at all alter the color of blue' cabbage
Jjuice. . ‘ .

b Ta determmc if the abforptxon of mtmus
-gas was owing to a decompofition of,it by thc
water, as.Humbolt has fuppofed, orto a fimple
folution ; I procured fome nitrous.. gas..from .
nitrous. acid. apd mercury, containing about
oue feveaticth mitrogene. ,5 cubic inches, of
it,-mingled with 25, of oxyg_cm;, from _ful-
phuri‘b,- acid and .manganefe left a refiduum of :
,03. 5 .cubic inches more were ifitrpduced
to.3 of water, procured.in the.fame manaer as
in the laft eXperimeut, in-the fame cylinder.

* Dr. Pneﬁley found diftilled water, faturated with
nitrous air, to acquire an aftringent tafte and pungent
fmell. ' In!fbme unbeiled impregnated pump water, I once
thought that I perceived a fubacid tafte; but it was ex-
tremely flight, and probably owing to nitrous acid forrned

by ‘the unioki’of thie oxygene of ‘the common air in' the wa-
ter, with fume,of the nitrous gas.
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After the dimination was complete, the ¢cylinder
was transferred in a fmall veflel containing mer+
cury, into a water bath, and nearly eovered by -
the water. e

As the bath was heated, fmaH globules of
gas were given out from the impregnated water,
and when it began to boil, the produ@ion of
gas was ftill more rapid. After an hour’s ebuls.
lition, the volume of heated gas was equa.l to
1,4 cubic inches nearly.

The cylinder was now taken out of the bath,

- and quickly rendered cool by being placed in
a water apparatus. At the common temperatare
the gas occupied, as nearly as poffible, the fpace .
of ,5 cubicinches : thefe ,5 mingled with ,25 of
oxygene, of the fame kind as that employed
before, left a refiduum nearly equal to ,03.

From this experiment, which was repeated

~ with nearly the fame refults, it is evident,

1, That nitrous gas is not decompofab]e by
pure water. '

9, That the dnmmuhon of volume of mtrous

gas placed in conta@ with water, is oWing to a

fimple folution of it in that fluid.
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8, That'at the temperature of 212°, nitrou$
gas is incapable of relnainiiig in ,combination
with water. - ‘ .

Humbolt’s opinjon relating to the decompo-
fition of nitrous gas by water, is founded upon
the difengagement of vapor from diftilled water
impregnated with nitrous gas by means of lime,
which became white in the proximity of the mu-
riatic acid. . But this is a very imperfe&t, and
fallacious teft, of the prefence of ammoniac. I
have this day, April 2, 1800, heated 4 cubic
inches of diftilled . water, impregnated: with
nitrous gas, with caufiic lime; the vapor cer-
tainly became a little whiter when held over a
veflel containing muriatic acid ;. but  the vapor
of diftilled »watt:r“,-pgoduced precifely the fame
appearance,* which was owing, moft likely, to

N

* As carbonic acid and ammoniac are both produéls of
apimalifation, is it not probable that our common waters
particularly thofe in, and near towns and cities, contain car-
bonate of ammoniac ? If fo, this falt will always exiftin
them after diftillation: - In'the experiments on carbonate of
ammoniac, to which I 'have often alluded, I found, in
diftilling a folution of this falt in water; that before half of

R
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\
the combination of the acid with ¢he aquebus
vapor. Indeed, when I added a particle of
nitrate of ammoniac, which'might have equafled
one twentieth of a grain, to the lime and im-
pregnated water, the increafed. whitenefs of the-
vapor was but barely perceptible, though this
quantity of nitrate of ammoniac s much more
confidérable than that which- could have been
fdrmed, even fuppofing the nitrous gas decom-
pofed.
N

VI Of the abforption -of Nih’om Gas - 5)
ffValer of dgfe: ent kinds.

~ In agitating nitrous gas ovér fpring water,.
the diminution rarely amounts-to more than
one thirtieth, the vol\umé of water being taken
as unity. [at firft fufpected that this great dif-

the water had paffed into the recipient, the carbopate
of ammoniac had fublimed; fo that the diftilled folution
was-much ftronger than before, whilft the water remaining
in the retort was taftelefs. 'Will this fuppofition at all ex-
plain Humbol{’s mifiake ? .
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ference in the quantity of gas abforbed by fpring
water, and pure water, depended on :Carbonic‘
acid contained in the laft, diminifthing the at-
traction of it for nitrous gas: but by long boil-
ing a quantity of fpring water confined by mer-
cury, Iobtained from it about one twentieth of
its bulk of air, .which gave nearly the fame
diminution with nitrous gas, as atmofpheric
air.

This fa& induced me to refer the diﬁ'erénc#
.of diminution to the decompofition of the at-
mofpheric air held in folution by the water;
the oxygene of which I fuppofed to be ¢con-
verted into nitric acid, by the mitrous gas;
whilft the nitnogene was liberated; and hence
the increafed refiduum. :

a. I expofed to pure water, that is, mater
procured by diftillation under mercury, pitrous
.gas, containing a known quantity of hitrogene.
After the abfarption was complete, I found the
fame quantity of nitfagene in the refidyum, as
was contained in a volume of gas équal,to the
whole quantity employed.
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b Sprmg water boiled for fome hours, and
fitffered to cool under mercury, abforbeda quan-
tity of nitrous gas equal to one thirteenth of its
bulk ; whi‘éh is not much ‘lefs than that
abforbed by pure water. | '
s I expofed to fpring water, 10 meafures of
‘nitrous ‘gas; the compofition of which had
been accurately afcertained ; the diminution
was one twenty-eighth, the volume of water
being taken as unity. On placing the refiduum
in conta& with folution of fulphate of iron, the
‘itrogene’ réthaining was nearly “one-twentieth
‘more -than had ' been: contamed by lhe gas
‘before its expofure to water."

d. Drﬁllled water was faturated- with com-
mon air, by being agitated for fome time in the
atmofphere. Nitrous gas placed in conta@ With-
‘this water, -‘underwent a-diminution of - P
" the volumeof water being unity. - The gas re-
“maining after the abforptibn.'containe'd about
‘one twenty feventh mtrogene more “than
“before, ' IR '

e. Nitrous gas expofed to water combined
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wﬂh about one fourth of its volu

of carbonic
acnd diminifhed to —-' nearly ., ¢ remainder
contained little-or no fuperabu?"ant nitro-
gene.

. From thefe obfervatlons it apﬁﬁars, that the
different degrees of. dlmlnutnon of nitrous gas
by different k;ndf! o{r}vam depend upon -
various caufe$f

1. Lefs mtrous gas. wﬂl be abforbed by
water holdmg in fo]ut;on earthy falts, than by
pure water ; and in thxs cafe the dxmlnutlon of
the attration of water for pitrous gas W1ll_ pro-
bably be in the ratio of the quantities of falt
combined with it e b |
2. The apparent diminution of nitrous
gas in water, holding in folutlon atmofphe-
'rxc alr, will be lefs than in pure water,
‘though the abfolute diminution will be
greater ; for thc fdme pdrtlon will be abfonbed
whnlﬁ another porhon is combined WIth the
oxygene of the atmofphenc air coptained in the
water; and from the dlfengagement of the

‘ R The water @ill bcing-unity. o
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pitrogene of this air, arifes an increafed refi-
duum. ¢. d.

3. Probably in waters containing nitrogene,
hydrogene, and other gafes, abforbable only ta
a flight extent, the apparent diminution will be
lefs, on account of the difengagemmient of thofc
gafes from the water, by the ﬁronger afﬁmty of
nitrous gas for that fluid.

4. In water containing carbonic acid, and
probably fome other acid gafes, the diminution
will be fmall in proportion ta the quantity of
gas contained in the water: the affinity of
this fluid for nitrous gas being diminithed by its
greater affinity for the fubftance combmed
withit. e = . -~

The different diminution of nitrous gas when
agitated in different kinds of water, has been
Jong obferved by experimenters on the conftitu-"
ent parts of the atmofphere, and varjous folutions
l\ave been gwen of the pheenomenon ; the moft
ﬁngular 1s that of Humbolt. He fuppofes

* He fays “ 100 parties:de gaz nitreux, (3 0.14 d'azote) fe-
£ couces ayec 'eau diftillée, récemment cuite, diminuent en

’ '
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-that the apparent diminution of nitrous gas is

lefs in fpring water than diftilled water, on ac-
count of the decompofition of the carbonate of
lime contained in the fpring water, by the nitrous
acid formed from the conta& of nitrous gas
with the water ; the carbonic acid di(cngééed
from this dceompofition increafing the refj-
dupm. ‘

This opinion may be confuted withoyt even
reference to my obfervations. . It is, indeed,

¢ yolume de 0.11, qu 0.12. Ce mfme gaz, cn conta&avzc
¢ I'eau de puits, ne perd que 0.02. La caufe de cette dif-
« férence de 0.9, ou 0.10, ne doit pas étre attribuée ni &
“Pimpurité de l'air atmofphérique, gontenu dags les inteyy
« ftices de I'eau, ni 2 la décompofition de cette eau méme,
« Elle n’eft qu'apparente ; car Vacide nitrique, qui fe qume
# par le tonta& du gaz nitreux avec V’ean de puits, ‘en dé-
# compofe le carbonate de chaux. Il fe dégage de l'acide
« carhonique, qui, en augmentant le volume du refidu, rend
« J'abforption du gaz nitreux moins fenfible. Pour dkter-
‘ miner la quantité de cet acide carbonique, je lavai le
« réfidu avec de 'eau de chaux. Dans un grand nombre
¢« d’'expériences, le volume diminya de 0.09, ou 0,07. 1}
f¢ faut en concluire que I'eau de puits ghiorbe régllement
“9-+42, 0u7 + 2 parties de gas nitreux, ceﬁ a-dire, 2
f¢ peu-prés la méme quantité que l'ean diftillée

Annales de Chimie, xxviti. pag. 154,
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altogether.unworthy of ._a’philoﬁ)phen, generally -
acute and ingenious, :He feems to have far:
gotten that carbonic acid -is. dbfarbable by
water. |

VII. | Of the abforption of Nitrous Gas, by’
Solution of pale green Sulpbate of. Iron.

a. The difcovery of the exa& difference be-
tween the fulphates of iron, is owing to Prouft.*®
According to the ingenious refarches of this
chemift, there exift two varieties of fulphate of
iron, the green and the red. The oxide in the
green fulphate contains 2 oxygene. This falt,

~when pure, is infoluble in fpirit of wine; its
folutibn in water is of a pale green color; it is
not altered by the gallic acid, and affords a
white precipitate with alkaline pruffiates.

The red fulphate of iron is foluble in alcohol
and uncryftalizable; its oxide contains :T:; oXy-
gene. It forms a black precipitate with the
gallic acid, and with the alkaline pruffiates, a
blue one.

* Nicholfon’s Phil. Jour. No. 1, p. 453. .
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The. common fulphates of iron generally con-
fift. of combinatians ‘of thefe. two , varieties in
different proportions. . = - . - . .

'The green fulphate may be converted into
the..rgd by oxygenated muriatic acid’ or ‘nitric
acid. The common fulphate may be converted
itito green falphate, by agitation .in contadt
with fulphurated hydrogene. :

‘The:green fulphate has a firong aﬁimty for
exygeng, it attra&s it from the atmofphere,. from
6xygedatcd marine acid, and nitric ‘acid. The
alkalies precipitate from it a pale green oxide,
which if expofed to the atmofphere, rapidly be-
comes yellow red. |

The :red fulphgtc of iron.has no affinity
for oxygene, :and when decompofed by the
alkalies, gives a red precipitate, which under-
goes -no alteration when expofed to the atmof-
phere.* .

b. The abforption of nitrous gas by a folution
of fulphate of iron, "was long ago difcovered by

* 1 have been able to make thefe obfervations on the
fulphates of iron, moft of them after Prouft.
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!
Prieftley. During this abforption, he remarked
a change of color in the folution, analogous to
that produced by the mlxture of it with nithic
acid. '
. This chemical faét has bcen lately applied
- by Humbolt, tothe difcovery of the mtrog!cue
generally mingled with nitrous gss.

Vauquelin and Humbolt have' pupblithed
a memoir, on the :caufes of the abforp-
tion* of nitrous gas by folution of fulphate
of iron. They faturated an ounce and half of
fulphate of iron. in folution, with 180 cubxo
inches of nitrous gas. .

Thus impregnated it firongly reddened tinc-
ture.of turnfoyle ; when mingled with fulphuric
acid, gave nitric acid vapor ; and faturated with
potafh, ammoniacal vapor.

By analyfis, it produced as much ammoniac
as that contained in 4 grains of ammoniacal
muriate, and a quantity of nitric acid equal to

.that exifting in 17 grains of nitre. Hence they

/

* Annales de chimie, vol. xxviii. pag. 182.
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concluded, that the nitrous gas and a portion of
the water of the folution, had mutually decom-
pofed each other; the oxygene of the water com-
bining with the oxygene and a portion of the
nitrogene of nitrous gas to form nitric acid ;
and its hydrogene uniting with the remaining
nitrogene, to generate ammoniac.

They have taken no notice of the nature of
the fulphate of iron employed, which was moft
probably the common or mixed fulphate ; nor

" of the attra@ion of the oxide of iron in this fub-
“ftance for oxygene. ' o
¢. Before I was acquainted with the obfervations
of Prouft, the common fads relating to the °
~ oxygenation of vitriol of iron induced me to
fuppofe, that the attraction of this fubftance for
pxygene was in ‘fome way conneted with the
procefs of abforption. The comparifoh of the
experiméﬁts of Humbolt and Vauquelin, with
the obfervations of Prouft, enabled me to dif-
cover the truc nature of the procefs. =~

I px;ocured ‘a folution of red fulphate of

jron, by paffing oxygenated muriatic acid
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through a folution of common fulphate of iron,
till it gave only a ved precipitate, when mingled
with cauftic. potath. To nitrous gas confined

\ by ,mercury, a fmall quantnty of this folution

was iptroduced. On agxtatlon, its color altered
to muddy green ; byt the, abforptnon that took
place was extrcm,ely ﬁnﬂmg B in half an hpur
it did not amoupt. to ,2, the volume of the
folution beipg unity, when it had nearly re-
gained the yellow color. |

I now obtained a folution of grecn ful-
phate of iron, by diffolving iron filings in diluted
fulphuaric acid.. The folution was agitat:qd“ir'x
conta& with fulphurated hyd"rc')géne,.and aftér-
wards boiled ; when it gave a white prcclpxtatc
with pruﬂiate of pota{h 4

A fmall quantity of this fohmon ag:tatcd in
mtrous gas, quickly became of an olwe brown
and the gas was diminithed with E?CQF‘!;GB?Q',!)’ ;

~ in two minutes, a quaatity equal to four tinigs

the volume of the folution, had been abforbed.
Thefe fa@s convinced me that the folublhty
of nitrous gas in common fu]phate of iron,



|

T ge— e

(157 )
chiefly depended upon the pale green fulphate
coﬁta'itl’e‘d’-b& it’; "and that -the attra@ion of one
of the conftituerits of this fubftance, the greén

oxide of iron; for OXygene was one of the

caufes of the pheenomenon. ¥

- d. Green fulphate of iron rapidly decompdfes
nitric acid. " ‘It ‘was confequently difficult :to
conceive how any affinities exifting between ni-
trous gas, water; and green (ulphate of iran,
could produce the'nitric acid found in the ex-
periments of Vauquelin and Humbolt. "

" To afcertain if the prefence of.a great quan-
tity of water ?';ie-ﬁrdy.ed the power‘of green ful-
phate of iron'to decompofe nitric acid; I intro-
duced into a-cubic inch of. folution of green
fulphate of iron, two drops of concentrated
nitric acid.”

The folution affumed a very. hght olive color;
prufliate of potath ‘mingled :with a little of it,

‘gave.a dark green precipitate. - Hence the

nitric acid had been evidently decompofed. - As
no nitrous’ gas - was. given out, which is

-always the cafe ‘when nitric acid is poured on

<
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cryftalifed fulphate of iron, I fufpeQed - that a
compleat decompofition of the acid had taker
place ; but whenithe folution was heated, 4 few
‘minute globules of gas were liberated, and it
gradually became flightly clouded. o

‘Having often remarked that mo, precipitation
is ever prodlueed during the converfion of green
fulphate of iron into red, by oxygenated muri-
atic acid, or concentrated nitric acid, I could
refer the cloudinefs to o other caufe than to
the formation of ammoniaé. '

Fo afcertain if this fubftance had’ been pro-
duced, a quantity of flacked cauflic lime was
thrown into the.folution. On the application
of heat, the ammoniacal fmell was diftin&ly -
_ perceptible, and the vapor held over orange
nitrous acid, gavc denfe white fumes.

e. When I confidered this fat of the decoms
pofition of nitric acid and water by the folution
of green fulphate of iron, and the change of
color effeéted in it by the abforption of nitrous
gas, exadlly analogous to that produced by the
decompeofition of nitric acid ; I was induced te
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belicve that the: nitric acid found i the analyfis
of Vauquelin and Humbolt, had:been formed
by the combidation of fome of the mitrous. gas
thrown into the folntion with the okygénc of
the atmofphere: and that the abforbability of
nitrous gas, by folution of green fulpbate of
iron, was owing to a decompofition produced
. by tbe combination.of its ‘oxygene with the
green oxide of iron, and of its nitrogene with
the hydrogene difengaged from water, decom-
pounded at the fame time. .-

To afcertain this, I procuréd a quantity. of
nitrous gas: it was fuffered to remain in con-
ta&t with water for fome hours after its pro-
du&lion. Transferred to the mercurial appa-
ratus, it gave no white vapor when placed
in copta& with folution of ammbniae; and.con-
fequently held no nitric acid in folutien.

- Into a graduated- jar filled with mercury, a
cubic inch of concentrated {olution of pure
green fulphate of iron was introdhded, and 7
cubic inches of nitrous gas admitted to it.
.The folution immediately became dark olive at
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the edges;:.ahdi on agitation this - color was difs
fufed throughlit,! In 3 minutcs,” when near'5%
cubic inches had been abforbed, the diminution
ceafed. . 'The folution was now of a bright olive
brown, and tranfparent at the'edges. After it had
refted for a quarter of an hour, . no - farther:ab-
forption « was ‘obferved ; -the. color was the
fame, and no.precipitation. could be perceived.
A little: of it wasithrown.into:.a fmall glafs tube,
upder the mercury, and examined in the ats
mofphere. Its tafte was rather more aftringent
than that of 'folution of green fulphate; it
did not at all alter the coler of red cabbage
juice. When a little of it was poured .on the
mercury, it foon loft its color, its tafte. became
acid, and it quickly reddened cabbage j Julce,
even rendered green by an alkali. -

To the folution remainingin.the mercurial
jar, a fmall quantity. of pruffiate of potath was
introduced, to afcertain if any red fulphate of
iron had been formed; but inftead of the pro-"
dudion of either a blue, or a white precipitate,
the whole of the folution became opaque, and
chocolate colored.
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- Surprifed at this appearance, I was. at firft
induced to fuppofe, that the:ammeoniac formed
B\y'thc‘ nitrogene of the' nitrous. gas and the
Hydrogene of the water; hid been fuﬁicient'to
precipitate from' the fulphuric acid, 'the red
oxide of iron produced, ard that the color of
the mixture was owing to this precipitation. '
To diffolve any uncombined oxide that might-
exift in the folution; I added a very minute
quantity of dilutéd fulphuric acid; but little
alteration of cdlor was produced. Hence, evi-
dently, no red oxide had been formed.

This unexpeied refult obliged me to theorife
a fecond time, by fuppofing that nitrate of am-.
moniac had been produced, which by combining
with .the white prufliate of iron, geterated a
new combination. i But on mingling together :
green fulphate of iron, pruflidte of potath, and
nitratc of ammoniac in the atmofphere, the
. ‘mixture remained. perfe@ly white.
* To afcertain if any nitric acid exifted; -com-
‘bined with any of the bafes, in the impregnated

fqlutios, I introduced. into it an equal bulk
L
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of diluted ‘f@lphuric agid : it became:rather
paler ; but no green or blue tinge was produced.

That thepruffic acid had not been decompofed,
was evident from :the bright greem produced,
when lefs than a grain of dilute nitric acid was

idmitted into the folution.

f. From thefe experiments it was evident, that
no red fulphate of iron, or nitric acid, and confe-
quently no ammoniac, had been produced after
the abforption of nitrous gas by green fulphate
of iron. And when I gompared them with the
obfervations of Prieftley, who bad expelled: by
heat a minute quantity of nitrous gas from an
impregnated .folution of common fulpbate of
jron, and who found common air phlogifticated
by ftanding ip conta&t with it,' I began to fuf-
peét that nmitrous gas was fimply diffolved in
the folution, -without undergoing decompofi-
tion. - o . ,

g To determine more dccurately the nature of
the procefs, I introduced into a mercurial .
cylinder 410 grains of folution of green fulphate -
of iron, occupying a fpace nearly equal toa
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cubic inch and quarter ; it was faturated with -
nitrous gas, by abforbing 8 cubic inches. This
faturated folution exhibited the fame appearance
as the laft; and after remaining near an hour
uatouched, had evidently depofited no oxide
of iron, nor gained any acid properties.

Into a fmall mattras filled with m?z‘rcury.
having a tight flopper with a curved tube
adapted to it, the greater part of this folution .
was introduced ; judging from the capacity of
the mattrafs, about 50 grains of it might have
been loft. To prevent common air from coming
in conta® with the folution, the flopper was
introduced into the mattrafs under the mcreury ;
the curved tube connefled with a gradua‘ted
oylinder filled with that fubftance ; and the -
mattrafs brought over the fide of the mercurial
trough. But in fpite of thefe precautions a
large ‘globule of common air got into the top of
the mattrafs, from the curvature of the tube.
When the heat of a fpirit lamp was applied to
the folution, it gave out gas with great rapidity,
aud gradually loft its color. When. 5 cubic
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inches were collefted it became perfeiily pale
green, whillt a yellow red precipitate was depo-
fited on the bottom of the maitrafs.

- " On pouring a little of the clear folution into

pruffiate of potath, it gave only white prafliate -

of iron.

- ‘But on introducing a partiéle.of fulphuric
acid into the folqtion, fufficient to diffolve fome
of the red precipitate, and then pouring 2

little of it-into a folution of pruffiate of potath,

‘it gave a fine blue pruffiate of iron. ,
.~ Hence the red precipitate was evidently red
~.yellow oxide of iron. l

I now, examined the gas, fufpe&ingbthat it

‘was nitrous oxide. Oan mingling a little of it
‘with “atmofpheric air, it gave red vapor, and
‘diminithed.  Solution of fulphate of iron intro-
-duced to the remainder, almoft wholly abforbed
‘it ;- the finall refidual globule of nitrogene could
. not equal one thirtieth of a cubic inch.
-+ Confequently it was nitrous gas, nearly pure.
Cauflic potath was now introduced into the
folution, till all the.oxide of iron was precipi-
tated. The folution, when heated, gave a
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firong ftmell of ammoniac, and denfe white
fumes when held over muriatic acid. It was.
kept at the heat of ebullition till the evapora-
tion had been nearly compleated. Sulphuric
acid poured upon the refidaum gave no yellow
fumes, or nitric acid vapm; in any way per-
cepiible; even when heated and made to boil,
there was no indication of the produion of
any vapor, except that of the fulphuric acid.

A. This experiment, compared with the othe;-s,
feemed almofé to ‘prove, ' that nitrous gas
combined with folution of pale green fulphate
of iron, at the common temperature, without
decompofition; and that when the impregnated |
folution was hcated, the greater portion of gas
was difengaged; whiltt the remainder was de-
compounded by the green oxide of iron ; which
attralted at the fame time oxygene from the
water and the nitrous gas ; whilft their other
conftituent principles, hydrogene and nitrogene,
entered into union as ammoniac. ’ '

" Whilft, however, T was reafoning tipon this

fingular chemical changé, as affording pre~
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fumptive proofs in favor of the exertion of fim-s
ple affinities by the conftitueat parts of com-
pound fubftances, a doubt conmcerning the
decofnpoﬁtion of the nitrous gas occurred to
me. As near as I could guefs at the quantity
of nitrous gas contained by the impregnated
folution, at leaft $ of it muft have been expelled
undecompounded. E . ,

More than a quarter of a cubic inch of com-
~mon air had been prefent in the mattrafs: the
oxygene of this common air mpft have com-
bined with the nitrous gas, to form nitric acid.
Might not this nitric acid have been decom-
pofed, and furnithed oxygene ta fhe red oxide
of iron, and nitrogene to the fmall quantity of
ammoniac found in the folution, asin &2

1. I now introduced to a folution of green ful- -
phate confined by mercury, nitrous gas, per-
fedlly frec from nitric acid. 'When the folution ‘
was . faturated, a portion of it was introduced
into a fmall mattrafs filled with dry tilercury, in
the mercurial trough. The curved tube was
clofed by a fmall cork at the top, and filled
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with, gitrous gas ; -it, was then adapted to the
mattrafs, which was . raifed from the trough, and
the folution thus eff’eélual!y preferved from the
conta® of the atmofphere, :

When the heat of a. fpirit lamp was apphed
to the mattrafs, it began to give out gas with
great rapidity.  After fome time the folution
loft its dark color, and became turbid. When
the producion of nitrous gas had ceafed, it was
fuffered to cool. A copious red precipitate
had fallen down ; which, examined by the fame
tefts as in the laft expui,mént, proved to be
red oxide of iron. _

The folution treated with lime, as before,
gave ammoniac; but with fulphuric ecid, net
‘the flighteft indications of nitric acid.

k. Having thus procured full evidence of the
decompofition of nitrous gas in the heated folu-
tion, in order to gain a mere accurate ac- ‘
quaintance with the affinities exerted, I endea-
voured to afcertain the quantity of nitrous ga;
decompofed by a given folution, under known
_circumftances. |
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Into a cylinder of the capacity of 20 cubic
inches, inverted in mercury, 1150 grains of
folution of green fulphate of iron, " of fpeécific
gravity 1.4, were introduced. Nitrous gas was
admitted to it, and after fome time 21 cubic
inci}es were: abforbed.

The imprcgqated folution was thrown into a
mattrafs, in the fame manner-as in the laft ex-
perithent, and the fame  precautions taken to
preferve it from the conta& of atmofpheric air,
A quantity was loft during the ﬁroccfs of tran{-
ferring, which, 'reafonfng from the fpace occu-
pied in the mattrafs by the remaining portion,
as determined by experiment afterwards, muft
have amounted nearly to 240 grains.

The curved tube from the mattrafs was now
tnade to communicate with the mercurial air-
holder. By the application of heat 12,5 cubic
inches of nitrous gas were colleGted, after the
common temperature had been reftored to the
mattrafs ; which was fuffered to remain in com-
munication with the condu@ing tube.

The folution was now pale green, that s, of its



( 16y )
natural color, and'a confiderable quantify of
red oxide of iron had been depofited. "

Solid cauftic potath was introtduced into it,
tilb all the green oxide of iron had been’ predipi-
tated, and till'the folutnon reudercd green, red
eabbage juice; : .

A tube was now accuratély conneéted with
the mattrafs, bent, and introduced into a fmall
‘quantity of diluted fulphuric acid. Neadly half
of the fluid in ‘it was flowly diftilled into thg
folphuric dcid, by the heat of a fpirit lamp.
The impregnated acid evaporated at a heat
. above 2129, and gave a fmall quanfity of cryf-
talifed falt, which barely amounted to two grains
and quarter : it had every property of fulphate
of ammoniac. Sulphuric acid in excefs was
poured on the refiduum, and the whole difiilled
by a heat not exceeding 300°, into a fmall quan-
tity of water. This water, after the procefs,
tafted ftrongly of fulphuric acid ; it had no
peculiarodor. Tin thrown into it when heated,
was not perceptibly oxydated ; mingled with
ﬁro;ititiic limg water, it gayc'a copious white
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precipitate, and after the precipitation became
almoft tafteles. - Hence it evndently contained
no nitric acid.

The 12,5 ¢ubic inches of .undceompoundqd
gas that came over were examined ; and ac~
counting for the finall quantity of commen air
previoufly contained in the airho}der, muf have
been almoft pure.

-J; Naw fuppefing 927 grains o( the:mpregnated
felution (including the weight of the nitrous
gas), to have been operated upon, this muft
have contained about 16,7 cubic inches of . ni-
trous gas. - Bat 12,5 cubic inches efcaped une
~.decompounded : hence 4,2 were decompefed;
and thefe weigh 1,44 grains, and are compofed
- of ,8 oxygene, and ,64 nitrogene.* .

Confequently, the nitrous gas muft have fur-
nithed ,8 of oxygene to the green oxide of
iron. , SRR
But ,64 of nitrogene require ,15 of hydrogene
to form ,7Q of ammoniac :4 confequently 1 of

* Divifion IV. Se&ion 5.
+ Divifion II. SeQion I.

-
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"water was decompounded, and this furnithed
,85 of oxygene to the green oxide of iron.

The green oxide of iron contains %og:ygene;
the red =, But the whole quantity of oxygene
fupplied from the water and nitrous gas is
B+ 85 — 1,65; and calculating on the dif-
ference of the compofition of the red and green
oxide of iron, 5,7 grains of red oxide muft have
been depofited, and confequently thefe would
faturate as much acid as ,79 grains of ammoniac,
or 4,1 grains of green oxide of iron.* |
~ And fuppofing the ammoniac in fulphate of
ammoniac to be to the acid as 1 is to 3,4 3.2
grains of fulphate of ammoniac muft have been
formed, containing about 2,4 grains acid ; and
then 6,5 grains of green fulphate of iron muft
have been decompofed.

Hence we gain the following equaﬁon :

* No preéipi;atiori takes place during the converfion of
folution of green fulphate into red ; and the acid appears
faturated, o

L

+ Divifion II, Se&ion 6.
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6,5 green f. = 2,41 ful. acid 4 4,1 gr.ox. iron.
1,44 nit. gaé — 04 nitrogerie + ,8 degene. -
1 wate;' . .==,85 oxygene + ,45 hydrogene,

: 0 equal
,2 ful. am. =2,41 fac1d+ 64 mt +,15 hyd,
+

8,7 1, OX. iron 5% 4,1 gr. ox. iran + 1,6 0Xyg...

Tbough the eﬁxmatlon of tbe quantmes in
this equatlon muft not be conﬁdered as ﬁn&ly
accurate, on account of the degree of uncer-
tainty that remains concemmg the exa& nu-
merical expreﬁion of the quantxtnes of t}\e con-
ftituents of water, ammomac, and the other
compound bodies employed ; yet as founded
on' a fimple quantnty, that is, the mtrous
gas decompofed, *it cannot be very dxﬁant,
from the truth. S ‘

" The (ulphate of ammoniac given by experi-
ment, is confiderably lefs than that which was
really praduced ; much of it was probably carried
off during the evaporation of the ﬁlperabundant

acid.
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The conclufions that may be drawn from this-
ex periment, afford a firiking inftance of the im-
portance of the application of the fcience of
quantity to the chemical changes : for the data
being one chemical fa&, the decorhpoﬁtion of"
a given quantity of nitrous gas by known agents ;
the compofition of nitrous gas, of water, am-,
moniac, the oxides of iron, and fulphate of
ammoniac ; we are able not only to determine
the quantities of the fimple conftituents that
bave entered into new arrangements, but like~
wife the compofition of two compound \bodies,
the green and red fulphates of iron.*

m.. Though from the experiments in e it
appeared that no decompofition of nitrous gas
had been produced during or even after its
abforption by folution of fulphate of iron at
the common temperature ; yet a fufpicion
that it might take place f{flowly, and that

% According to the eftimation in the equation, 6.5 of
dry green fulphate of iron contain 4.1 green oxide of iron,
and 2.4 of Kirwan’s real fhlphnric acid ; and 8.1 red ful-
phate of iron, contain 2:4 acid, and 5.7 red oxide of irom.
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indications of it might be given by depofi-
| tion, induced me to examine minutely two
impregnated folutions, one of which had been
at reft, confined by mercury, for 19 hours, and
the other for 27. In neither of them could I
difcover any depofition, or alteration- of color,
which might denote a change.

Two cubic inches of vxygene were admitted
to half a cubic inch of one of thefe folutions.
The oxygene was flowly abforbed, and the folu-
tion gradually loft its color.

To afcertain if during the converfion of the
nitrous gas held in folution by fulphate of
iron, into nitric acid, by the oxygene of the
atmofphere at the common tem‘pe/rature,f any
water was decompofed ; I fuffered an impreg-
nated folution, weighing nearly two ounces, to
remain in conta& with the atmofpbere at 57°—
62°, till it was become perfe@ly pale. It then
had a ftrong-acid tafte, éﬂ'ervefccd with car-
bon8te of potafh, and gave a blue precipitate
with pruffiate of potath.—It was faturated
with quicklime, and heated : flight indications
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of the prefence of ammoniac were pcrceived;
As in this experiment the nitric acid had been
moft probably decompofed by the green oxide
of iron, as in f, I fent oxygenated muriatic acid
through an impregnated folution, till all the
green oxide of iron was conyerted into red, and
all the nitrous gas into nitric acid.
"This folution faturated with potafh, and heated, -
gave no ammoaiacal fmell.
From thefe experiments we may . conclude,
1t. That folution of red . fulphate of iron
has little or no affinity for nitrous ‘gas*; and
that folution of commen fulphate abforbs nitrous
gas only in -proportion as it coitains green
fulpbate. . - -. :
2dly.  That folutions of green fulphate of
iron diffolve nitrous gay in quantities propor-
tionable to-thei:,- concentration, without eftfeQling.

* The muddy green color produced in a folution of red
fulphate of iron agitated in nitrous gas, depended uvpon
impurities in the mercury. I have fince found, that when
the folution is completely oxygenated, the diminution is
barely perceptible,
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any decompofition of it at common temperatures.
And the fplubility of nitrous gas in folution
of green fulphate, may be fuppofed to depend
on an equilibrium of affinity, preduced by the
following fimple attrafions :
. 1. That of green oxide of iron for the oxy-
gene of nitrous gas and water, o
.-2. That of the hydrogene of the water
for the nitrogene of the nitrous gas.
. 3. That of the principles of the fulphu-
ric acid, for nitrogene and hydrogene.
+ 3dly. That at high temperatures, that is,
from 200° to 300°, the equilibrium -of affinity
producing the binary combination between
nitrous garand folution of green fulphate of
iron is deftroyed ; the attradtion of the green
oxide of iron for oxygene beinginereafed ; whilft
probably that of nitrogene for hydrogene is
diminifhed.

Hence the nitrous gas is either liberated,* in

* Perhéps the liberation of nitrous gas from the folution
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éuhfé&]hent:c of the affinity between oxygéne.
and hydrogene, and oxygene and nitrogene not
following the fame ratio of altetation on in-
creafed temperature ; or decompofed, becaufe
at a'cettain temperatare the green oxide exerts
fuch affinities upon water and nitrous gas, as to
attra@ oxygene from both of them to form red
oxide; whilft the fiill exifting affinity between
the hydrogene of the one, and the nitrogene of
the other; difpofes them to combine ‘to form
ammoniac. S ‘

. 4thly. That the change of color produced by
introducing nitric ‘acid to folution of common
fulphate of iron, exa&ly analogous to that oc-
cafioned in it by impregnation with nitrous gas,
18 .owing to the:decompofition of the acid, by
the combination of its oxygene with the green

O

t;i{e;l ;;lai:el .at: a iov;ef t'empef:ait'urve than its decdi_hpdf;t,ion..
¥ have alédys: obfervcd that the quantity of yellow pre-
‘cipitate ig greater-when the fblption‘ is rapidly made to
boil. Were it poffible to heat it to a certain tem-
perature at once, probably a compleat decompofition

Wwould take place. -
M
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oxide of iron, and of its nitrous gas with the
folution.

5thly. That nitrous gas in combination with
folution of green fulphate of iron, is capable of
exerting a @trong affinity upon free or loofely |
combined oxygene, and of uniting with it to
form nitric acid.

#, The produ@s obtained from a folution
of fulphate of iron faturated with nitrous gas,
by Vauquelin and Humbolt, and their confe-
quent miftake with regard to the natore of the
procefs of abforption,* muft have arifen from
expofure of their impregnated folution to the
atmofphere.

Indeed, from the acidity of it, on eiamink-

. tion, from the fmall portion of ammoniac, and
the large quantity of nitric acid obtsined, it
appears moft probable that the whole of the
nitrous gas employed was converted into nitric
acid, by combining with atmofpheric oxygenes
for no nitric acid could have been obtained in

* Annales de Chimie. T. 38, pag, 187. .
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the mode in which they operdted, unmlefs the -
green oxide of iron in the folution had been
previduﬂy converted into red.

VIIL  On the abforplion of Nitrons Gas by
Solution of green Muriate of Iron.

. The analagy between tlie affinities of the ..
conflituents of the muriate and fulphate of iron,
induced me 1o conjefQure that they pofefled .
fimilar powers of abforbing nittous gas; and I
foon fdund that this was aQually the cafe ; for
on agifating half a cubic inch of folution of
muriated iron, procured by diffolving iron
filings in muriatic acid, in nitrous gas, the gas
was abforbed with great rapidity, whilft the
folution affamed a deep and bright brawn
tinge. |

b. Prouft,* who as I have hefore mentioned,
fuppofes the exiftence of two oxides of iron ogly, |

* Annales de Chimie, xxiii. pag. 85; or Nichelfon’s
Phil. Journal vol. i. pag: 45, -
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100
aflumed, that the muriatic acid, and moft other

one containing —- oxygene, the other %, has
acids as well as the fulphuric, are capable of
combining with thefe oxides, and of forming
with each of them a diftin& falt. He has,
however, detailed no experiments on the mu-
riates of iron. '

As thefe falts are ftill more diftin& from each
. ‘c‘)ther in their properties than the fulphates, and
as thefe properties are "connefled with the
phznomenon of the abforption and decompo-
fition of nitrous gas, I fhall detail the obfer-
“ vations I have been able to make upon them.

¢.  When iron filings have been diffolved in
pure muriatic acid, and the folution preferved
from the contadt of air, it is of a pale green
color, and gives a white precipifate with alkaline
pruffiates. 'The alkalies throw down from it a
light green oxide of iron. .

When evaporated, it gives cryftals almoft
white, which are extremely foluble in water ;
but infaluble in alcohol.

The folution of green muriate of iron has a
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great affinity for oxygene, and attraéts 'it from
the atmofphere, from nitric.acid, and probably
from oxygenated muriatic acid. s

‘When red oxide of iron js diffolved in muri-
atic acid, or when nitric acid is decompofed by
folutiqn of green “tpuriate of iron; the red
muriate of iron is produced. The folution of
this falt is of a deep brown red, its odor is pe-
caliar, and its tafte, even'in a very diluted ftate,
highly aftringent. It adls upon animal and
vegetable matters in a manner foméwhat analo-
gous to the oxygenated muriatic acid, rendering
them yellowith white, or yellow.¥ |

Sulpharic acid poured upon if, produces a
A{mell refembling that of oxygenated muriatic
acid. Evaporated at a low temperature, it
gives an .uncryftalifable dark orange colored
falt, which is foluble in. alcohol, and when de~
compofed by the alkalies, gives a red precipitate.
With pruffiate of potath it gives pruffian blue.

* Probably by -giving them oxygene; wheyeas the ,
green muriate and {ylphate blacken ammal fubftances; ;. moﬁ
-likely by abftra&ting from them oxygene.
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The comman muriate of iron confifts of dif-
férent proportians of thefe two falts. It may
be converted into red muriate By oonccntrated_
nitric acid, or into green by fulphurated hydro-
géne.

-d. To afcertain if folution of red muriate
of iron was capable of abforbing nitrous gas, I
~ introduced into a jar filled with mercury, a cubic |
inch of nitrous gas, and admitted to it nearly
half a cubic inch of folution of red muriate of
jron. No difcoloration took place. By much
agitation, however, an abforption of nearly ,2
was produced, and the folution became of 3
muddy green. But this change of color, and
probably the abforption, was in confequence of
the oxydation of either the mcrcury,' or fome
imperfeét metals combined with it, by the
oxygene of the red muriate. For I after-
wards found, that lpre_cifelj the fame change
of color was produced when a folution was
agitated over mercury.

¢ 1 introduced to a cubic iich of concen-
trated folution of green muriate of ifon, 7 cubic
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inches.of nitrous ges, free from nitric acid ; the
folution inftantly became colored at the edges,
and on agitation abforbed the gas with much
- greater ra.pidity than evep fulphate of iron ; ig
a minute, only a QHartex of a cubic inch re-
maincd, |

The folution appeared of a very dark brown,
but evidently. no precipitation had taken place
in it,-and the edges, when viewed againft the
light, were tranfparent and puce colored.-

Five cubic inches more of nitrous gas were
naw diffolved in the folation. The intenfity
of the color increafed, and after an hour no
depofition had takep place. A little of it was
~ then examiped in the atmofphere; it had a
much more aftringent tafte than the unimpreg-
nated folution, and effe@ed no change ih red
cabbage juice. When pruffiate of potath was
imtroduced intq it, its color changed to olive
brown. A few drops of the folution, that had
accidentally fallen on the mercury, foon became
cplorlefs, and then effervefced with carbonate
of potath, and fafted firongly acid.
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- The remainder of the impregnated folation,
which muft have nearly equalled ,75 cubie
inches, was introduced into a mattraﬁ;,«ihaﬁhg
a ftopper and curved tube, as in the ‘experi-
ments on the folution of fulphate of iron; ‘great
care being taken to preferve it from the contact
of air. S
The mattrafs was heated by a fpirit lamp, the
curved tube being in communication with a -
mercurial ;sy!inder. ‘Near 8 cubic inches of -
nitrous gas were colle@ed, when the folution
became of a muddy yellow. "It was fuffered to
‘cool, and examined, A fmall quantity of
“yellow precipitate covered the bottom of the
mattras; the fluid was pellucid; and light
green. A little of it thrown on pruffiate of
‘potath, gave a white precipitate, colored by
ftreaks of light blue. When the yellow pre-
cipitate was partly diffolved by fulphuric acid,
a drop of the folution, mingled with pruffiate of
potath, gave 3 deep blue green.
" Hence, evidently, the precipitate was red
pxide 6firoa. ‘ A
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Cauftic potath in excefs was introduced intq
the remainder of the folution, and it was heated.
Jt gave an eyident finell of ammoniac, and
denfe white fumes, when held over firopg phla-
gifticated nitrous acid.

When balf of it was cvaporated, fulphunc
acid in excefs was poyred on the remainder ;
muriatic acid was liberated, npot perceptibly
combined with any nitric acid. ,

/- In an experiment that [ made to afcertain
the quantity of mtrous gas capable of combining
with folution of grecn muriate of i iron; Ifound
that ,75 cubic inches of faturated folution ab-
forbed about 18 of nitrous gas, which is nearly
double the quantity combinable with an equai
portion of the ftrongeft folution of fulphate of
iron. A part of this impregnétéd folution,
heated flowly, gave out more gas in proportion
to the quantity it contained, than the laft, and
confcquently produced lefs precipitate ; .fo that
I am inclined to fuppofe it probable, that at a
certain temperature, all the diffolved nitrous
gas may be difpelled from a folution.
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‘From thefe experiments we tnay qonehdo,

- 1ft. That the folution of green muriate of
;ron abforbs nitrous gas in confequence of nearly
~ the fame affinities as folution of green fulphate
of iron ; its capability of abforbing larger quan-
tities depending moft probably on its greater
concentration (that is, on the greater folubility
of the muriate of iron), and perhaps, in fome
meafure, on a new combining affinity, that of
muriatic acid for oxygene.

2dly. That at_certain, temperatures nitrous
gas is either liberated from folution of green
muriate, or decompofed; by the combination
of its oxygene with green oxide of iron, and of
its nitrogene with hydrogene, produced by
water dccompounded by the ox:dc at the famg
time.

- IX. AdBforpsion of N:tram Gas by Solution of
Nitrate of Iron.

a. As well as two fulphates and two muriates
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of iron, there exift two uitrates.* When con-
centrated nitric acid is made to a& upon iron,.
nitrous gas is difengaged with great rapidity,
and with great increafe of temperature : the
folation affumes a yellowifh tinge, and as the
procefs goes on, 5yellow red oxide is pre-
cipitated, :

Nitrate of iron made in' this way, gives a
bright blue mingled with pruffiate of potath,
‘and decompofed by the alkalies, a red precipi-
tate. Its folution has little or no affinity for
nitrous gas.

b. When very dilute nitric acid, that is,
fuch as of fpecific gravity 1,16, is-made to
oxydate iron, without the affitance of heat,
the folgtion gives out no gas for fome time, and
becomes dark olive brown : when neutralifed
it gives, decompofed by the alkalies, a light green
precipitate ; and mingled with pruffiate of pot-
:a@, pale green pruffiate of iron.

* The exiftence of green nitrate was not fufpeed by
!’rou#.-
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- It owes its color to the nitrous gas it helds in
folution. By expofure to. the atmofphere it
* becomes pale, the nitrous gas combined with'it
being converted into nitric acid. - :

It is-then capable of abforbing nitrous gas,
and confifts of pale nitrate of iron, mingled with
red nitrate,

I have not yet obtained a nitrate of iron giving
only a white precipitaté with pruffiate of pot-
ath, that is, fuch as contains only oxide of iron
at its mi’nimum"‘ of oxydation ; for when pure
green oxide of iron is diffolved by wery dilute
nitric acid, a finall* quantity of the acid is
generally decompofed, which is likewife the cafe
in the decompofition of nitre by green fulphate
~ofiron. The folutions of nitrate of ivon, how-
ever, procured in both of thefe modes, abforb
nitrous gas with rapidity, and by fulphurated
hydrogene might probably be converted infq ‘
pale nitrate. o

As it is impoflible to obtain concentrated
folutions of pale nitrate of iron, chiefly

containing green oxide, its powers of abforbing
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fiitrous gas cannot be compared ‘with the mu-'
riatic and fulphuric folutions, unlefs they are
rhade of nearly the fame fpecific gravity. ,

Nitrous gas is difengaged by heat from the im-
pregnated folution of ditrate of iron, at the fame
time that much red oxide of iron is precipitated.
Whether any nitrous gas is decompofed,
I have not yet afcertained; -for when un-
impregnated pale nitrate of iron is heated, a
part of the acid, and of the water of the folu-
tlon, is decompofed by the green oxide of iron ; *
zn;i in confequence ammoniac, and red nitrate
of iron formed, whilft red oxide is precipi~
tated.

X. Abforption of Nitrous Gas by other Metak-

1t¢ Solutions.

a. White pruffiate of iron in conta@ wifth
water abforbs nitrous gas to a great extent, and

. * In this procefs nitrous oxide is formetimes given eut,
as will be feen hereafter. . ..
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becomes dark chocolate.®: :
5. Concentrated folatioh of fulphate of tifl;
probably at its minimum of oxydation, abforbs
.one eighth of itsbulk of nitrous gas; and becomes
brown, without depofition:
¢. Salition of fulphate of ziric} abforbs aboit
one tenth of its volume of nitrous gas, and be-
- comes green.
- d. Solution of muriate of zmc* abforbs tearly -
the fame guantity, and becomes orange brown.
e. Thefe are all the metallic fubflances on
which I have expérimented. It is more than
probable that there exift othets pofiefling fimilar
powers of abforbing nitrous gas.
Whenever the metals capabie of décompoﬁng
water exift in folutions at their minimum _/of
oxydation, the affinities exerted by them on

* Hence we learn why no, nitrons gasis difengaged when

impregnated folution of fulphate of iron is decompufed by

pruffiate of potath, as in Div. IV, Sec. vii.

1 In both of thefe folutions the metal is at its minimum
of oxydation. The abforption of a fmall quantity of mi-
trous gas by white vitriol was obferved by Prielley. '
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fiitrous gas and water, will be fuch as to pro-
duce combination. The powers of metallic
folutions to combine with mitrous- gas at com-~
mon temperatures, as well as to decompofe it
at higher temperatures, will probably be in-the
ratio of the affinity of the metallic oxides they
contain, for oxygene.

X1. Tbe ation of Sulpburated Hydrogene on

Solution of Green Sulphate of Irrm, zmprzgméed
with Nitrows Gas.

a. In am experiment on the abforption of
ritrous gas by folutionof green fulphate of iron,
I introduced an unboiled folution of common
fulpbate, deprived of red oxide .of iron by ful-
phurated hydrogene, into a jar filled with mi-
trous gas; the abforption took place as ufual,
and nearly fix of gas entered into combination,
the volume of the folution being upity. Onr
applying heat to a part of this impregnated
folation, 'the ‘whole of the nitrous gas it con-
tuined €as.nearly as I could guefs), was expelled
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tindecompounded; .and no yellow precipitaté .
produced. Pruffiate of potath poured into it
gave only white pruffiate of iron ; and when it
was heated with lime, no ammoniacal fmell was
perceptible.

1 could refer this phizznomenon to fio other
caufe than to the exiftence of a fmall quantity
of fulphurated hydrogene in the folution.. That
this was the real caufe I found from the follow-
ing experiment.

5. One part of a folution of gteen fulphate
of iron, formed by the agitation of common
fulphate of iron in conta&t with fulphurated
hydrogene, was boiled for fome minutes to
expel the finall quantity of gas retained by it
undecompounded. It had - then no peculiar
fmell, and gave a white pruffiate of iron with
pruffiate of potath ; the other part had a faint
odor of fulphurated hydrogene; and gave a:
dirty white precipitate with prufliate of potafh.
Nearly cqual quantities of each were faturated
with nitrous gas,  and heated.. The' unboiled
impregnated folution gave out all its nitrous
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gds uhdecompounded ; whilft in the boiled
folution it was partly decompoféd, yellow pre-
cipitate and ammoniac being formed. |

¢. This fingular phzznomenan of the power of
a minuate quantity of fulphurated hydrogene, in
preventing the decgmpofition of nitrous gas and
water, by green oxide of iron, will ‘moft proba-
bly take place in other impregnated folutions.
It feems to depend on the firong affinity of the
hydrogene of fulphurated hydrogene for oxy- .
gene. ‘

XII. Additional Obfervations.

a. For feparati‘,ng nitrous gas from gafes ab-
forbable to no great extent by water; a well
boiled folution of green muriate of iron fhould
be employed.  Nitrous gas agitated in this is
,rapidly.abforbed, and it has mo affinity for, or
altion on, nitrogene, hydrogene,‘ or hydro-
carbonate. ‘

. Nitrous gas carefully obtained from mer-

€ury and nitric acid, when received under me#-
N
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cury, or boiled water, -and abforbed by folution
of green muriate, or fulphate of iron, rarely
leaves a refiduum of — of its volume: pre-
ferved over common water, and abforbed, the
remainder is generally from . to ;3, from the
‘nitrogene ‘difengaged by the decompofition of
the common air contained in the water.

_ ¢. The nitrous gas carcully obtained from
the decompofition of nitric acid of 1.26, by
copper, I have hardly ever found to contain
more than from . to . nitrogene, when received
through common water : when boiled water is
employed, the refiduum is nearly the fame as
that of nitrous gas obtained from mereury.

d. Confequently the gas from thofe 'two
folutions may be ufed in common. It is more
‘than probable, that the fmall quantities of
nitrogene generally mingled with nitrous gas
from copper and mercury, arife either from the
common air of the veflels in which it ‘was pro-
duced, or that of the water over which it was
received. There is no reafon for fappofing that
it is generated by a complete decompofition of
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a portion of the acid.*

e. Whenever nitrous oxide s mingled with
hitrous gas and nitrogene, it muft be feparated
by well boiled water ; and after the corre@ions
are made for the quantity of air difengaged
from the water, the nitrous gas abforbed by the

muriatic folution.

* Humbolt, who is the firfk philofopher that has applied
the folutidn of fulphate of iron to afcertain the purity of
nitrous gas, aflerts that he uniformly found nitrous
gas obtained from folution of copper in nitrous acid, to
contain from fix tenths to one tenth nitrogene.

Annales de Chimie, vol. xxviil, pag. 147



DIVISION V.

EXPERIMENTS and OBSERVATIONS' on the
produétion of NITROUS OXIDE from NITROUS
GAS and NITRIC ACID, in different modes.

|

1. Preliminaries.

a. The opinions of Prieftley® and Kirwan,+
relating to the caufes of the converfion of nitrous
‘gas into nitrous oxide, were founded on the
theory of phlogifton.  The firft of thefe philo-
fophers obtained nitrous oxide by placing nitrous
gas in contadt with moiftened iron filings, or
the alkaline fulphures. The laft by expofing it
to fulphurated hydrogene.

The Dutch chemifts,} the lateft experi-

* Vol.ii. pag. 55. t Phil. Tranf. vol. Ixxvi. pag. 133.

1 Journal de Phyﬁque, tom. xlii. 323.
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mentalifts on nitrous oxide, have fuppofed that
the producion of this fubftance depends upon
the fimple abftralion of a portion of the oxy-
gene of nitrous gas. They obtained nitrous
oxide by expofing nitrous gas to muriate of
tin, to copper in folution of ammoniac, énd_
likewife by paffing it over heated fulphur. -

The diminution of volume fuftained by
nitrous gas during its converfion into nitrous
oxide, has never been accurately afcertai‘ned;.
it has generally been fuppofed to be from two
thirds to eight tenths. ‘

b. Nitrous gas may be converted into nitrous
oxide in two modes. :

Firft, by the fimple abftra&ion of a portion
of its oxygene, by bodies poffefling a firong
affinity for that principle, fuch as alkaline
fulpbites, muriate of tin, and dry fulphures.

- Second, by the combination of a body
with a portion both of its oxygene and
nitrogene, fuch as hydrogene, when citherin 3
nafcent form, or a peculiar ftate of combisx
nation. ‘
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¢. Each of thefe modes will be diftin@ly
treated of ; and to prevent unneceffary repe-
titions, I fhall give an account of the general
manner in which the following experiments on
the converfion of nitrous gas into nitrous oxide, .
have been condu&ed
Nitrous gas, the purity of which bas been
accurately afcertained by folution of muriate of
jron, is introduced into a graduated jar filled with
dry mercury. If a fluid fubftance is defigned
for the converfion of the gas inta nitrous oxide,
it is heated, to expel any loofely combined air
which might be liberated during the procefs ;
and then carefully introduced into the jar, by -
means of a fmall phial. After the procefs is
finithed, and the diminution accurately noted,
the nitrous oxide formed is abforbed by pure
water. If any nitrous gas remains, it is con-
denfed by folution of muriate of iron ; other
refidual ‘gafes are examined by the common
tefts., The quantity of nitrous oxide diffolved
by the fluid is determined by a comparative
experiment ; and the corre@ions fbr ternpera-

Y
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ture and preffure being gqcﬁi_:d at, the éo_n-
clufions drawn. .

Ifa folid fubfance is ufed, rather more nitrous
gas than that defigned for the ‘converfion, is
introduced into the jar.  The fubftance is
brought in contad with the gas, by being
carried under the 'mercury ; and as a little cam-
mon air generally adheres to it, a fmall portion
of the nitrous gas is transferred into a gradnated
tube, after the infertion, and its purity afcer-
tained. In other refpeéts thc prdccfs_ is con-
du&ed as mentioned above.

IL. .Of the converfion of Nitrous gas into Ni-
¢rous Oxide, by Alkaline Sulphites.

The alkaline fulphites, particularly the ful-
phite of potafh, convert nitrous gas into nitrous
oxide, with much greater rapidity than' any
other bodies.

At temperature 46°, 16 cubic inches of
- nitrous gas were converted, in lefs than an
hour, inta 7,8 of nitrous oxide, by about 100
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grains of pulverifed fulphite of potafh, contain-
ing its water of cryftalifation. No fenfible in-
creafe of temperature was produced during the
procefs, no water was decompofed, and the -
Quantit}' of nitrogene remaining after the ex-

periment, was exa&ly equal to that previoufly

contained in the nitrous gas.

The nitrous oxide produced from nitrous gas

by fulphite of potath, has all the properties of
that generated from the decompofition of ni-

trate of ammoniac. It gives, as will be feen
hereafter, the fame produts by analyfis. Phof-
phorus, the taper, fulphm\', and charcoal, burn
in it with vivid light. It-is abforbable by water,
and capable of expulfion from it unaltered, by
heat. ‘ _

Nitrous . gas is converted into nitrous oxide
by the alkaline fulphites with the fame readinefs,
whether expofed to the light, or deprived of its
influence. .

The folid fulphites act upon nitrous gas much
more readily than their concentrated folutions ;
they fhould however always be fuffered te
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retain their water of cryfialifation, or otherwife
they attra& moiﬁufe from the gas, and render
it drier, and in confequence more condenfed
than it would otherwife be. In cafe per-
fe@ly dry fulphites are employed, the gas
thould be.always faturated with moifture aﬁer\,
the experiment, by introducing into the cylin-
der a drop of water.

The fulphites, after expofure to nitrous gas,
are either found wholly, or partially, converted
into fulphates. Confequently the converfion of
nitrous gas into mitrous oxide by thefe bodies,

fimply depends on the abfiralion of a portion

of its oxygene; the nitrogene and remaining
oxygene afluming a more condenfed ftate of
exiftence. ‘

If we reafon from the different fpecific gra-
vities of nitrous oxide and nitrous gas, as com-
pared with the diminution of volume of nitrous
gas, during its converfion into nitrous  oxide,
100 parts of nitrous gas, fuppofing the former
eftimation of the compofition of nitrous oxide -
given in Divifion 1II, accurate, would confift
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of 54 oxygene, and 46 nitrogene ; which is not
far from the true eflimation. Or affuming the
compofition of nitrous gas, as given in Divifion
1V, it would appear from the diminution, that
100 parts of nitrous oxide confifted of 38 oxy-
gene, and 62 nitrogene.

III.  Converfion of Nitrous Gas inko Nitrous
Oxide, by Muriate of Tin, and dry Sulpbures.

a. Nitrous gas expofed to dry muriate of
tin, is flowly converted into mitrous exide :
during this procefs the apparent diminution is
toabout one half; but if the produéls are nicely
examined, and the neceffary corrections made,
the real diminution of nitrous gas by muriate of
tin, will be the fame as by the fulphites; that
is, 100 parts of it will be converted into 48 af
nitrous oxide.

" During this converfion, no water is decom-
pofed, and no nitrogene evolved. Solution of
muriate of tin converts nitrous gas inta nitrous
oxide ; but with much lefs rapidity than the
folid falt. | |
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5. Nitrous gas expofed to dry and perfeitly
well made fulphures, particularly fuch as are .
" produced from cryftalifed -alumn® and charcoal
not fufficiently inflammable to burn in the
atmofphere, is converted into nitrous oxide by
the fimple abftrattion of a portion of its exygene,
and confequently undergoes a diminution
of —.

It is probable, that all the bodies having
ftrong affinity for oxygene will, at certain
temperatures, convert nitrous gas into nitrous
oxide. Prieftley, and the Dutch chemifts,
effe€ted the change by heated fulphur. Per-
haps nitrous gas fent through a tube heated,
but not ignited, with phofphorus, would be
converted into nitrous oxide.

 IV.  Decompofition of Nitrous Gas, by Sul-
phurated Hydrogene.

~a. When nitrous gas and fulphurated hy-

* That is, alumn containing fulphate of potath.
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drogene are mingled together, a decompofition
of them flowly takes place. The gafes are
diminithed, fulphur depofited, nitrous oxide
formed, and figns of the produétion of ammo-
niac * and water perceived.

In this procefs no'fulphuric, or fulphureous
acid is produced ; confequently none of the
fulpbur is oxydated, and of courfe the changes
depend upon the combination of the hydrbgéne
of the fulphurated hydrogene, with different
portions of the oxygene and nitrogene of the
nitrous gas, to form water and ammoniac, the
remaining oxygene and nitrogene afluming the
form of nitrous oxide.

This fingular exertion of attra@ions by a
fimple body, appears highly improbable a priori,
nor did I admit it, till the formation of ammo-
~ niac, and the non-oxygenation of the fulphur,
were made evident by many experiments.

In thofe experiments, the diminution of the'
nitrous gas was not uniformly the fame. 1t

* The produion of ammoniac in this procefs was ob-
ferved by Kirwan and Aufin,
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varied from ~to = In the moft accurate: of
them, 5 cublc mches of nitrous gas were con-
verted into 2.2 of nitrous oxide. Confequently
the quantity of ammoniac formed was ,047

grains.

In experiments on the converlion of nitrous.

gas into nitrous oxide, by fulphurated hydro-
gene, the gafes thould be rendered as dry as
poffible. 'The prefence of water confiderably
retards the decompofition. .

b. The fu]phures*' diffolved in water convert
nitrous gas into nitrous oxide. This decom-
pofition is not, however, produced by the fimple
abftraion of oxygene from the nitrous gas to
form fulphuric acid. 1t depends as well onthe de-

* Solution of fulphure of ﬁronuan, or barytes, thould
bc ufed. During the converfion of nitrous gas into nitrous
oxide by thofe bodies, a thin film is depofited on the furface
of the folution. This film examined, is found to confift
of fulphur and fulphate. Poffibly the nitrous gas is wholly
decompofed by the hydrogene of the fulphurated hydrogene
in the folation, whilft the fulphate is produced from water

decompounded by the fulphur ‘to form more gas for the

{aturation of the hydro-fulphure,

-
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compofition of the fulphurated hydrogene dif-
folved in the folution,orliberated from it. In this
procefs fulphur is depofited on the furface of the
fluid, fulphuric acid is formed, and the diminu-
tion, making the neceflary corre&tions, is nearly
the fames as when free fulphurated hydrogene
is employed.

It is extremely probable that fulphurated hy-
drogene, in combination with the alkalies, as
.well as with water, is capable of being flowly

decompofed by nitrous gas.

&

V. Decompofition of Nitrous Gas by Nafcent
Hydrogene. ‘

a. When nitrous gas, is expofed to wetted
iron filings, a diminution of its volume flowly
takes place ; and after a certain time, it is found
converted into nitrous oxide.

_ In this procefs ammoniac* is formed, and the
iron partially oxydated.

* As was firft obferved by Priefley and Auftin, and as I
have proved by many experiments.




( 207 )

The water in conta@ with the iron is decom-
pofed by the combination of its oxygene with
that"fabftance, and of its hydrogene witha por-
tion of the oxygene and nitrogene of the nitrous
gas, to form water and -ammoniac. :

That the iron is not oxydated at the expence
of the oxygene of the nitrous.gas, appears very
probable from the ax{alogy between this procefs,
and the mutual decompofition of nitrous gas
and fulpburated hydrogene. Befides, dry iron
filings effe@ no change whatever in nitrous
- gas, at common temperatures.

1 have generally found about 12 of nitrous
gas converted into 5 of nitrous oxide in this
procefs ; ‘which is not very different from the -
diminution by fulphurated hydrogene. It takes
place equally well in lfght and darknefs; but
more rapidly in warm weather than in cold. .

5. Nitrous ‘gas expofed to a large furface of
zinc, in contaét with v»‘ra\ter,~ is flowly converted

~ into nitrous oxide; at the fame time that am-
moniac is generated, -and white oxide of zinc
formed. This procefs appears to depend, like
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the laft, upon the decompofition of water by
the affinities of part of the oxygene and nitro-=
gene of nitrous gas, for its hydrogene, to formy
ammoniac and water; and bj that of zinc for.
its oxygene.’ Zinc plabed in contaét with -
* water, and confined by mercury,* decompofes
it at the common temperature. Zinc; when
perfe@ly dry, does not in the flighteft degree
aét upon nitrous gas. ’

I have not been able to determine exadtly
the diminution of volume of nitrous gas, during
its converfion into nitrous oxide by zinc. In-
one experiment 20 meafures of nitrous gas, con-
taining about ,03 nitrogene, were diminifhed to
9, after an expofure of eight days to wetted
zinc; but from an accident, I was not able to
afcertain the exad quantity of nitrous oxide
formed. : _

c. It is probable that moft of the imperfect
metals will be found capable of oxydation, by
the decompofition of water, when its hydrogene
is abftraced by the oxygene and nitrogene of

" * As1 have found by experiment.
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nitrous gas. I have this &éy (April 14, 1800),
examined two port'ions of nitrous gas, one of
which had been expofed to copper filings, and
the other to powder of tin, for twenty-three
days. '

The gas that had been expofed to copper was
diminifhed nearly two fifths. The taper burnt
in it with an enlarged flame, blue at the edges.
Hence it evidently contained nitrous oxide.

The nitrous gas in conta@® with tin had
undergone a diminution of one fourth only,
and did not fupport flame.

' VI. Mifecllancous Obfervations on the converfion
of Nitrous Gas into Nitrous Ouxide.

a. Dr. Prieftley found nitrous gas expofed toa -
mixture of iron filifigs and fulphur, with water,
converted after a certain time, into nitrous
oxide. Sulphurated hydrogene is always pro-
duced during the combination of iron and ful-
phur, when they are in conta& with water;
and by the hydrogene of this in the nafcent

o
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ftate, th:‘e_;hitrous gas is moft probab]y decom-
pofed. | o

" b. Green oxide of iron moiftened with water,
expofed to nitrous gas, flowly gains an orange
tinge, whilft the gas is diminithed. Moft

- likely it is converted into nitrous oxide ; but
this T have not afcertained. '

¢ 1 expofed nitrous gas, to the following bodies
over mercury for many days, without any,
diminutidn, or apparent change in its properties.
Alcohol, faccharine matter, hydro.carbonate,
fulphureous acid, and phofphorus. V '

d. Cryftalifed fulphate, and muriate of iron,
abforb a fmall quantity of nitrous gas, and
become dark colored on the outfide ; but after
this abforption, (which probably depends on
their water of cryftalifation,) has taken place,
no change is effeCted in the gas remaining.

¢ The power of iron to decompofe water being
much increafed by increafe of temperature, ni-
trous gas is converted into nitrous oxide much

- more rapidly when placed in conta& with a fur-
face of heated iron, than when expofed to it at
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cothmfon temperatures. During the decompo-
fition of nitrous gas in this way, ammoniac *
is formed.

f. The curious experiments of Rouppe, 4
on the abforption of gafes by charcoal, com-
pared with the phznomena noticed in this
Divifion, rendet it probable that hydrogene in
a ftate of loofé témbination with charcoal, will
be found to convert nitrous gas into nitrous
oxide. ' '

VIL.  Recapitulation of coniélufions concerring
tbe convérfion of Nitrous Gas into Nitrous Oxide.

-a. Certain bodies -having a firong affinity
for oxygene, as the fulphites, dry fulphures;
muriate of tin, &c. convert nitrous gas into
nitrous oxide, by fimply atttaQing & portion of
its oxygene; whilft the remaitiing oxygené

"* As was obferved by Milner. Nitrous gas paffed over

‘heatéd zinc,” or tin, I doubt not will be found converted
iato nitrons oxide, . -

+ Annales de Chimie. xxxii, p. 3.
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enters into combination with the nitrogene, and
they affume a more condenfed fiate of . exift~
ence. ' .

b. Nitrous gas is converted into. mitrous
oxide by hydrogene, in a peculiar fate of ex-
iftence, as in fulphurated hydrogene ; and that
by a feries of very complex affinities. ‘Botk
oxygene and nitrogene are attracted from the
nitrous gas by the hydrogene, in fuch propor-
tions as to form water and ammoniac, whilft
the remaining oxygene and nitrogene * affume
the form of nitrous oxide.

¢. Nitrous gas placed in contact with bodnes,
fuch as iron and zinc decompoﬁng water, is
convested into nitrous oxide, at the fame time
that ammoniac is. formed. It is difficult to
afcertain the exa rationale of this procefs. For
either the nafcent hydrogene produced by the
decompofition of the water by the metallic fub-
ftance may combine with portions of both the

* The decompofition and. recompofition of water, in thie
procefs, are analogous to fome of the phnomena obferved:
by the ingenious Mrs, Fulhame.
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.u‘xyge'ne and nitrogene of the nifrous gas ; #nd

thus by forming water and ammoniac, convert
it into nitrous oxide. Or the metallic fubftance
may attrat at the fame time oxygene from the
swater and nitrous gas, whilft the nafcent hydro-
.gene of the water feizes upon a portion of the
nitrogene of the nitrous gas to form ammo-
‘miac. - :
The degree of diminution, and the analogy
between this procefs and the detompofition of
-nitrous gas by fulphurated hydrogene, rcndcr‘
the firft opinion moft probable.

. VIIL. The prodution of Nitrous Oxide during
¢he oxydation of Tin, Zinc, and Iron, in Nitric
Acid. =

s & Dr. Prieftley difcovered, that during the fo-
lution of tin, zinc, and ii'on, in nitric acid, cer-
tain pcrt{ons of nitrous 6x§dc were produced,

- mingled with  quantities. of nitrous gas, and
nitrogene; varying in proportion. as the acid
-employed was more or lef§ concentrated.



(214)

'

 Ithes long been known that dmmoniac is
formed during the folution of_tin, zinc, and
iron, in diloted nitric acid. Confequently, in
thefe procefies ‘water is decompofed.

I had defigned to inveftigate minutely thcfc
phznomena, fo as to afcertain the quantitics
" of water and acid decompounded, and of the
new produéls generated. But after going
through fome experiments on the oxydation of
- tin without gaining conclufive refults, the labor,
and facrifice of time they demanded, aobliged
me to defift from purfuing the fubjed, tillI
. had completed more important inveftigations.

I thall detail the few obfervations which have
occurred ta me, relating to the produ®ion of
nitrous oxide from metallic folutions.

b. When tin is diffolved in concentrated
nitric acid, fuch asof 1.4, nitrous oxide is pro~
duced, mingled with generally more than twice
its bulk of nitrous gas. In this procefs byt little
free nitrogene is evolved, and the tin is chiefly

_precipitated in the form of a white powder. - If
the folution, ; after the generation. of thefe pro-
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du&s, is faturated wnth lime, and heated the
ammoniacal fmell is dlﬁm& '

When nitric acui of fpemﬁc grawty l 24 s

made to a& upon tin; in the begmmng
of the procefs, nearly equal pa:ts of nitrous gas
and nitrous oxide are produccd 3 as it advances,
the proportion of nitrous oxide to the nitrous
gas increafes : the - largeﬁ quantity of mtrous
oxide that I have found in the gas ,prgqured
from tin is §, the remainder bein:g,‘nit:rg‘)us.gas‘
and nitrogene. : :

When tin is oxydated in ap acid of lefs fpe-
cific gravity than 1.09, the quantities of gaé
difengaged are very fmall, and confift of nitro-
gene, mingled with minute portions of nitrous
oxide, and nitrous gas.

. Whenever I have faturated folutions of tin
in nitric acid of different fpecific gravities, with
lime, and afterwards heated them, the ammo-
niacal jfmcll lhas”be;gn‘ uxiifotmlj perc;‘sptib"lc,’

' ‘and general]y moﬁ diﬁjné’t when diluted acids

have, bo;n employed
.- When zinc 15 dnﬁ'olved in mtrnc acxd
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whatever is its fpecific gravity, certain‘quan‘ti‘-
ties of nitrous oxide are produced. '

Nitric acids of greater fpecific grawty than

1.2, ad upon zinc with great rapidity, and

great increafe of temperature. The gafes dift
engaged from thefe folutions confift of nitrous
gas, nitrous oxide, and nitmgenc; the nifrous
oxide f;rely equals one third of the whole.

‘When nitric acid of 1,104 is made to diffolve
zinc, the gas obtained in the middle of the pro-
cefs confifts chiefly of nitrous oxide. From
fach a folution I optained gas which gave a
refiduum of one fixth only when abforbed by
water. The taper burnt in it with a brilliant
flame, and fulphur with a vivid rofe-colored
light. ’

100 grains of granulated zinc, durmg
their folution in 300 grains of nitric acid, of
1,43, diluted with 14 times its weight of water,
produced 26 cubic inches of gas. Of this
gas - were nitrous, ;—; nitrous oxide, and the
remainder nitrogene. The folution faturated

with lime and heated, gave a diftin& finell of
ammoniac.

\ re
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d. During the folution of iron in concen

v

trated nitric acid, the gas given out is chiefly
nitrous ; itis however generaliy mingled with
minute quantities of nitrous oxide. When
very dilute nitric acids are made to a& upon
iron, by the affiftance of heat, nitrous oxide is
produced in confiderable quantities, mingled

with nitrous gas'and nitrogene ; the proportions’

of which are fmaller as the procefs advances.*
The fluid remaining after the oxydation and
folution of iron in nitric acid, always contains
ammoniac.

e As during the folution of'tin, zinc, and iron,
in nitric acid, the quantity of acid is diminifhed
in proportion as the procefs advances, it is rea-

fonable to fuppofe that the relative quantities of

the gafes evolved are perpetually varying. In
the beginning of a diffolution, the nitrous gas

* From one of Dr. Prieftley’s expenments, it appears
that hydrogene gasis fometimes dlfengaged during the
folution of iron in very dilute nitric acid by heat. This
phxnomenon has never occurred to me. :

1
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generally predominates, in the middle nitrous
oxide, and at the end nitrogene.

f. During the generation of nitrous gas,
" pitrous oxide, and ammoniac, from the decom-
pofition of folution of nitric acid in water, by
tin, zinc, and iron, very complex attra&ions
muft exift between the confiituents of the fub-
fiances employed. The acid and the water are
decompofed at the fame time, and in propor-
tions different as the folution is more con-
centrated, by the combination of their oxygenc
with the metallic body.
~ The nitrous gas is produced by the combina-
tion of the metal with £ of the oxygene of the
acid. The nitrous oxide is moft probably
generated by the decompofition of a portion of
the nitrous gas difengaged, by the nafcent hy-
drogene of the water decompounded ; fome of
it may be poflibly formed from a more com-
plete decompofition of the acid.

The produ@ion of ammoniac may arife,

probably from two caufes; from the de-
compofition of the nitrous gas by the combi- \
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nation of the pafcent hydrogene of the water,
with portions of its oxygene and nitrogene 3¢
the fame time; and from the union of hy-
drogene with nafcent nitrogene liberated in
confequence of a complete decompofition of
,part of thg‘a,cid.

IX. Additiona} Qbfervations on :lw pro-
duldion of Nitrous Oxidg.
,'a. When nitric acid is combmed with mg-
riatic acid, or fulphuric acid,® the quantitics of
nitrous oxide produced from its decompofition
by tin, zinc, and iron, are rather increafed than
diminithed. * The nitrous oxide, obtained from
thefe folutions is, - however, never fufficiently
pure for phyfiological experiments. Itisalways
mingled with eitber nitrous gas,  pitrogene, or
hydrogene, and fometimes with all.of them,
.-b, From the folutions. of bifmuth, nickel,

,

* As was difcovered by Pne,ﬁley, and the Dutch Che-
mifls, : oo

Lt
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lead, and copper, in diluted nitric acid, I have
never obtained any perceptible quantity of
nitrous oxide: the gas produced‘is nitrous,
mingled with different portions of nitrogene.
Antimony and mercury, during their folution
in aqua regia, give' out only nitrous gas.
Probably none of the metallic bodies, except

 thofe that ‘decompofe water at temperatures

below ignition, will generate nitrous oxide from
nitric acid. On cobalt and manganefe I have
never had an opportunity of experimenting :
manganefe. will probably preduce nitrous oxide.

¢. During the folution of vegetable matters®
in nitric acid, by heat, very mioute portions of
nitrous oxide are fometimes produced, always
however mingled with large quantities of nitrous
gas, and carbonic acid. _

When nitric acid is decompounded by
ether, fixed oils, volatile oils, or alcohol,
towards the end of the procefs fmall quan-
tities of nitrous oxide are produced, and

* Such as the leaves,‘bark, and wood, of trecs.
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fometimes fufficiently pure to fupport -the

flame of the taper-f

d. When green oxide of iron is- dlﬁblvcd in
nitric acid, nitrous oxide is produced, mingled
with nitrogene and nitrous gas. . : ‘

& During the converfion of green fulphate, or
green muriate of iron into red, by the decom-
poﬁtibn‘of dilute nitric acid, nitrous oxide is
formed, mingled with different proportiéns
of nitrous gas and nitrogene. . .

f When folution of green nitrate of irom is
heated, a part of the acid is decompofed, red
oxide is precipitated, red nitrate formed, and
impure nitrous oxide evolved. |

£- When iron is introduced into a folution of
nitrate of copper, the copper is precipitated in
its metallic ftate, whilft nitrous oxide, mingled
with fmall portions of nitrogene, is produced.*

Both zinc and tin.precipitate copper in its
metallic form from folution in the nitrié acid.

+ As I bave obferved after Prieﬁley.
* As was difcovered by Prieftley. ‘
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Phring  thefe precipitations, certain Yuaritities
of nitrous oxide are generated; mingled how-
ever with larger quantities of nitrogene than
that produced from-decompofition by iron:
In all thefe procefles ammoniac: is formed; and
* watet-confequently decompofed. .

The decompofition of water and nitric acid,
during the precipitation of copper from foltish
of nitraté ‘of copper, by tin, zinc, and iron,
depends upon the firong affinity of thofe metals
for oxygene, and their powers of combining
with a larger quantity of it than copper.

X. Decompofition of Aqua Regia by Platina,
and evolution of a Gas analogous to Oxygenated
Muriatic Acid, and Nitrogene. |

. Dela Metherie, in his cffay on different
airs, has afferted that the gas produced by the
folution of platina in nitro-muriatic acid, is
identical with the dephlogifticated nitrous gas
_of Priefley. He calls it nitrous gas with excefs
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of pure air, and affirms that it diminifhes, both
with nitrous gas and common air.

F"" 1introduced info a veffel containing 30
grains of platina, 2050 grains of aqua regia,
compofed of equal parts, by weight, of concen-
trated nitric acid of 1,43, and muriatic acid of
1,16. At the common tet;lperature; that is,
4¢°, no adion between the acid and platina
appeared to take place. On the application

of the heat of a fpirit lamp, the folution gra-
| dually became yellow red, and gas was given
out with fapidity. Some of this gas received
in a jar filled with warm water, appeared of a
bright yellow color. On agitation, the greater
part of it was abforbed by the water, and the
femainder extinguithed flame. When it was
received over mercury, it acted upon it with
great rapidity, and formed on the furface a
white cruft. ‘

" As the procefs of folution advanced, the
color of the acid changed to dark red, at the
fame time that the prodution of gas was much
increafed ; more than 40 cubic inches were

foon colleéted in the water apparatus.

-
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Different portions of the gas were examined;
it exhibited the following properties : ‘

1. Tts color was orange red,* and its fmell
exa&ly refembled that of oxygenated muriatic
acxd '

* 2. When agltated in boﬂed water, ‘it was
rapldly abforbed, leaving a refiduum of rather
more than one twelfth.

+ 3. The taper burnt in it with increafed bril-
liancy, the flame bemg long, and deep red at
the edges. ‘ _

4. Iron mtroduced into it ignited, burnt w1tb
a dull red light.

5. Green vegetables expofed to it were in-
ftantly rendered white. o

6. It underwent no diminution, mingled with
atmofpheric air.

7. When mingled with nitrous gas, it gave
denfe red vapor, and rapid diminution.

L
* This deep color depended, in fome meafure, upon the
nitro-muriatic vapot fufpended in it. I have fince obferved
that it is more intenfe in proportion as the- heat employed
for the produ@ion of the gas has been ftronger. The
natural color of the peculiat gas is deep yellow.
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~~&- From the exhibition of thefe propérties;

it was evident that the gas produced during the

folufior of platina in aqua regia, chiefly con-
fifted of oxygenated muriatic acid, or of a gas

‘highly analogous to it. It was, however, dif- -

ficult to conceive how a body, by combining
with a portion of the oxygene of nitro-muriatic
acid, could produce trom it oxygenated muriatic’
acid, apparently mingled with very fmall por;
tions of any other gas.

d. To afcertain whether any permancnt gas
was  produced during the ebullition of aqua
regia, of the fame compofition as that ufed for
the folution of the platina ; Ikept alarge quan-
tity of it boiling for fome time, in communica-
tion with the water apparatus ; the gas generated _
appeared to be wholly nitro-muriatic, and was
abforbed as faft as produced, by the water.

~¢. To determine whether any nitrous oxide
was mingled with the peculiar gas, as well as
the nature and quantity of the unabforbable gas,
nitrous gas was gradually added to 21 cubic

inches of the gas produced from a new folutiom,
P
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till the diminution was complete : the gas re-
maioing equalled 2,3 cubic inches; it was -
unabforbable by water, and extinguifhed flame.

In another experiment, when the the laft
portions of gas from a folution were carefully
received in water previoufly boiled, 12 cubic
inches agitated in water left a refiduumof 1.3 4
whilft the fame quantity decompofed by nitrous
gas, containing ,02 nitrogene, left about 1.5

Hence it appeared that the aériform produ&s
of the folution confifted of the peculiar gas
analogous to oxygenated mauriatic.acid, and of
a fmall quantity of nitrogene.

f- Confequently a portion of the nitric acid
of the aqua regia had been decompofed.; but if
. it had given oxygene both to the platina and
muriatic acid, the quantity of nitrogene evolved
ought to have been much more confiderable.

g. To afcertain if any water had been de-
compofed, and the nitrogene condenfed in the
folution by its hydrogene, to form ammoniac,
I faturated a folution with lime, and: heated it,
but no ammoniacal fmell was perceived.
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b. To determine if any tiitrogene had entered

into chemical combination with muriatic acid
and oxygene, fo as to form an agriform triple
compound, analogous in its properties to oxy-
genated muriatic acid, I expofed fome of the
gas to mercury, expe&ing that this fubftance,
by~com'b'ming with its oxygene, would effe&t a
complete decompofition ; and this was actually
the cafe : for the gas was at firft rapidly dimin-
ithed, and the mercury became oxydated ; its
volume, however, foon increafed; and the
refidual gas appeared to be nitrous, mingled
with much nitrogene. The exa& proporticns
of each, from an accident, I could not deter~
mine.

This experiment was inconclufive, becaufe
the nitro-muriatic acid fufpended in the pecu-
liar gas, from which it can probably be never
perfely freed, adted in common with it upon
the mercury, and produced nitrous gas: and
this nitrous gas, at the moment of its produc-~

. tion, formed nitrous acid by combining with the

oxygene of the peculiar gas; and the nitrous
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acid generated * was again decompofed by the
mercury ; and hence nitrous gas evolved, and
poflibly fome nitrogene.

1. Peculiar circamftances prevented me at
this time from completely inveftigating the
fubje&. It remains doubtful whether the gas
confifts fimply .of highly oxygenated muriatic
acid and nitrogene,+ produced by the decom-

* The decompofition of a€riform nitrous acid by mercury,
was firft noted by Priefiley ; vol. iii. pag. 101. This decom-
pofition I have often had occafion to obferve. In reading
Humbeolt’s paper on endiometry, Annales de Chimie, xxviii,
pag. 150, I was not a little furprifed to find that he takes
no notice of this fa&. He feems to fuppofe that nitrous
acid can remain aériform, and even be condenfed, in con-
ta& with mercury, without alteration. He fays, ““ In
mingling 100 parts of atmofpheric air with 100 of nitrous
air, the air immediately became red, but all the acid pro-
duced remained aériform; and after eighteen hours fome
drops only of acid were formed which fwam upon the
me(cury

+ Lavoifier has faid concerning aqua regia, “ In folu-
“ tions of metals in this acid, as in all other acids, the
““metals are firft oxydated, by attraQiog a part of the
£ oxygene from the compound radical. This occafions the
“ difengagement of a particular fpecies of gas not hitherto
¢ defcribed, which may be called nitro-muriatic gas. It

?

<
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pofition of nitric acid from the coalefcing affin-
ities of platina and muriatic acid for oxygene ;
or whether it is compofed of a peculiar - gas,
analogous to oxygenated muriatic acid, and.

nitrdgenc, geuerated from fome unknown -
affipities. | '

XL On the ation of the Eledric Spark ona
wuxture of Nitrogene and Nitrous Gas. '

Thinking it poffible that nitrous gas and

“ has a very dxfagreeable {mell, and is fatal to animal life
¢ when refpired ; it attacks iron, and caufes it toruft ; it
* is abforbed in confiderable quanunes by water.” Elem.
Eng. 237. : -

+ T have no doubt but that the gas procured from the
folution of gold in aqua regia, is analogous to that produ-
ced from platina.

‘Some very uncommon circumftances are attecndant on the
folution of platina : .

1ft. The immenfe quantity of acid requucd for the folu-
tion of a minute quantity of platina. A

2d. The great quantity of gas produced dunng the folu-
tion of this minute quantity.

3d. The intenfe red color of the folution, and its per-

fe@ly acid properties after it ceafes to act upon the metal.
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nitrogene might be made to combine by the

+ aion of the ele@ric fpark, fo as to form nitrous

oxide, I introduced 20 grain meafures of each
of thern into a fmall detonating tube, graduated
to grains, ftanding over mercury, and con-
taining a very fmall quantity of cabbage juice
rendered green by an alkali. After ele@ric
fparks had been pafled through the gafes for an
hour and half, they were diminithed to about
32, and the cébbage juice was flightly red-
dened. On introducing about 10 meafures of
hydrogene, and paffing the ele&ric fpark
through the whole, no inflammation or dimi-
nution was perceptible. * Hence the condenfa-

. tion moft probably arofe wholly from the forma-

tion of nitrous acid,* by the more intimate
union of the oxygene of nitrous gas with fome
of its nitrogene, as in the experiments of
Prieftley.

As the nafcent nitrogene, in the decompo-

* For if nitrous oxide had been formed, it would have .
been decompofed by the hydrogene.
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- {ition of nitrate of ammoniac, combines witha
portion of oxygene and nitrogene, to form
nitrous oxide ; it is probable that nitrous oxide
mmay be produced during the paffage of nitrous
gas and ammoniac through a heated tube.

XII. General Remarks.

There are no reafons for fuppofing that ni-
trous oxide is formed ia any of the ptoceﬂ'es. of
nature ; and the nice equilibrium of affinity by
~which it is conftituted, forbids us to hope for the
power of compofing it from its fimple princi-
ples. 'We muft be content to produce it,
cither dire&ly or indire&ly, from the decom-
pofition of nitric acid. And as in the decom- .
pofition of nitrate of ammoniac, not only all the
nitrogene of the nitric acid enters into the com-
pofition of the nitrous oxide produced, but
likewife that of the ammoniac, this procefs
is by far the cheapéﬁ, as wéll as the moft expe-

. ditious, A mode of producing ammoniac at



( 232)

little expence, has been propofed by Mr. Watt,
Condenfed in the fulphuric acid, it can be
eafily made to combine with nitric acid, from
the decompofition of nitre by double aﬂinity..
And thus, if the hopes which the experiments at
the end of thofe refearches induce us to indulge,
do not prove fallacious, a fubftance which has
been heretofore almoft exclufively appropriated
to the deftruction of mankind, may become, in
the hands of philofophy, a means of producing
health and pleafurable fenfation,
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RESEARCH 1L

DIVISION I t

EXPERIMENTS and OBSERVATIOUS on the
COMBINATIONS of NITROUS OXIDE.

-

1. Combination of Water with Nitrous Oxide.
“a. THE difcoverer of nitrous oxide firft:
obferved its folubility in water; and it has ‘
fince been noticed by different experimen-
talifts.

Dr. Priefiley found that water diffolved about
one half of its bulk of nitrous oxide, and that at
the temperature of ebullition, this fubftance was
incapable of remaining in combination with it *

* Experiments and obfervations, vol. ii. pag. 81.
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b. TUintroduced to g cubic inches of pure
water,> i. e. water diftilled under rﬁcrcury, 7
cubic inches of nitrous oxide, which had been
obtained over mercury, from'the decompofition
of nitrate of ammoniac, and in confequence was
perfe@ly pure. - After they had remained toge-
ther for 11 hours, temperature being 46°, during
which time they were frequently agitated, the
gas remaining was 2,3 ; confequently 4,7 cubic
inches had been abforbed. And then, 100
cubic inches, — 25300 grains bf water, will
abforb 54 cubic inches, =27 grains, of nitrous
oxide. ‘ “1c
" ¢ The tafic of water impregnated with
nitrous oxide, is diftin@ly fweetifh ; it is fofter
than common water, and, in my opinion, much
more agreeable to the palate. It produces no
altcration in vegetable blues, and effedts no
change of color in metallic folutions."

d. Thinking that water ‘impregnated with
 nitrous oxide might probably produce fome
effeéts when taken into the ftomach, by giving
out its gas, I drank, in June, 1799, about
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3 ounces of -it, but without pcrdemng any
effefs. B S o
- A:few days ago, conﬁdermg thns quantity'as
inadcquate, I':took at two draughts nearly a
pint, fully ‘fatarated ; and at this time Mr.
Jofeph Prieftley drank the fame quantity.. .

. "We ncither of us perceived any remarkable
effedts.

Since that time I have drank near three pints
of it in the courfe of a day. In this inftance it
appeared to aét as a diuretic, and I imagined
that it expedited digeftion. As a matter -of
tafte, 1 fhould always prefer it to commofr
water.

‘e.  'Two cubic inches of pure water, that had
been made to abforb about 1,1 cubic inches: of
nitrous oxide ; when kept for fome time in
ebullition, and then rapidly cooled, produced
nearly' 1 -of gas. - Sulphur burnt in this gas with
a vivid-rofe-colored flame. -

- In another experiment, in which the gas
was expelled by heat from impregnated water,
and abforbed again after much "agitation on
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cooling ; the refiduum was hardly perceptible,

and moft likely depended upon fome gas which
had adhered to the mercury, and was liberated
~during the ebullition. Hence it appears that

nitrous gas is expelled unaltered from its aqueous
- folution by heat.

/. T have before mentioned, Divifion III,
that nitrous oxide, during its combination with
fpring water, expels the common air diffolved
in it. This common air generally amounts ta
one fixteenth, the volume of the water being
unity. A corre&ion on account of this circum-
flance muft be made for the apparent deficiency
of diminution, and for the common air mingled
in confequence, with nitrous oxide during its
abforptlon by common water.

g. Water impregnated with nitrous gas ab- -
forbed nitrous oxide ; but the refidual gas was
much greater than that of common water, and
gave red fumes with atmofpheric air. Nitrous
gas agitated for a long while over water highly
impregnated with nitrous oxide, was not in the
flighteft degree diminithed, in one experiment
indeed it was rather increafed ; doubtlefs from
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the liberation of fome nitrous oxide from the
water by the agitation.

b. Nitrous oxide kept -In contaét with aque-
ous folution of fulphurated hydrogene and often
agitated, was not in the flighteft. degree dimi-
nithed. ’

Sulphurated hydrogene, introduced into a
folution of nitrous oxide, was rapidly abforbed,
and as the procefs.advanced, the nitrous oxide
was given out.

i Water impregnated with carbonic acid,
pofiefled no action upon nitrous oxide, and did

"not in the flighteft degree abforb it. When
~ carbonic acid was introduced to an aqueous
folution of nitrous oxide ; the aériform acid was
abforbed, and the nitrous oxide liberated.

k. -From thefe obfervations it appears that
nitrous oxide has lefs affinity for water, than
even the weaker acids, fulphurated hydrogene
and carbonic acid ; as indeed one, might have
conje&ured a priori from its-deg:;ee of folubility :
likewife that it has a fironger attration for
water than the gafes not poflefled of acid or
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alkaline properties ; it expelling. from wate#
nitrous gas, oxygene, and common air ; proba-
bly hydro«:anbonate, bydrdgcne; and mtrogene.

1L Combmamm' qf Nzlrous Oxide 'wztb
Fluid Inflammable Bedies. -
a. Vitriglic ether abforbs nitrous oxide

in inuch larger quantities than water.

A cabic inch of ether, at temperature 520,
combined with a cubic inch and feven tenths of
nitrous oxide. o

Ether thus xmpregnated was not at all altered
in its appearance ; its fmell was precifely the
fame, but the tafte appeared lefs pungent, and .
more agreeable. Nitrous oxide s liberated
unaltered from ether at a very low temperature,
that is, at about the boiling poiat of this fluid.

For expelling nitrous oxide from impregnated
ether, and for afcertaining in general the quan-
tity of gafes combined with fluids, I have lately
made ufe of a very fimple method, which it
may not be amifs to defcribe.
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The impregnated fluid is introduced into a
finall thin tube, graduated to ,05 cubie inches;
through mercury. The quantity of fluid fhould
never equal more than a fifth or fixth of the
_ capacity of the tube.

The lower part of the tube is adapted to an.
orifice in the thelf of the mercurial- apparatus;
fo as to make an angle of about 40° with the
furface of the mercury. '

The flame of a fmall fpirit lamp is then
applied to that part of the tube containing the
fluid ; and after the expulfion of the gas from
it, the heat is raifed fo as to drive out the fluid
through the orifice of the tube. Thus the
liberated gas is preferved in a ftate proper for -
accurate examination.

Impregnated ether, during its combination
~ with water, gives out the greater part of its
nitrous oxide. During the liberation of nitrous
oxide from ethef, by its combination with water,
a very curious pheenomenon takes place.

If the water employed is colored, fo that it
may be feen in a firatum diftin& from the im-

Q
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pregnated ether, at the point of contaét a num-
ber of {fmall fpherules of fluid will be perceived, .

‘\ apparently repulfive both to water and ether ;

thefe fpherules become gradually covered with
minute globules of gas, and as this gas is
.liberated from their furfaces, they gradually dif-

appear. ,

b. Alcohol diffolves confiderable quantities of
nitrous oxide. : )

2 cubic inches of alcobol, at 52°, combined
with 2,4 cubic inches of nitrous oxide. The alco-
hol thus impregnated had a tafte rather fweeter
than before, but in other phyfical properties
was not perceptibly altered. .

. Nitrous oxide is incapable of remaining in com~
bination with this fluid at the temperature of ebul-
lition ; it is liberated from it unaltered by heat.

Impregnated alcohol, during its combination
‘with water, gives out the greater part of its com-
bined nitrous oxide : on mingling the two fluids
together, at the point of conta& the alcohol
becomes covered with an infinite number of

fmall globules of gas, which continue to be
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generated during the whole of the combination,
and in paffing through the fluid render it almoft
opaque.

¢. The eflential oils abforb nitrous oxide
a greater extent than either alcohol or ether. -

»5 cubic inches of oil of carui combined with
1,2 cubic inches of nitrous oxide at 51°. The
color of the oil thus impregnated was rather -
paler than before. .

Nitrous oxide is expelled unaltered from im-
pregnated oil of carui, by heat.

1 of il of turpentine abforbed nearly 2 of
nitrous oxide, at 57°. Its properties were not
fenfibly altered from this combination, and the
gas was expelled from it undecompounded, by
heat.

4. As well as the effential vils, the fized oils
diffolve nitrous oxide at low temperaitures; whilft
at high temperatures they do not remain in com-

bination. )
1 of olive oil abforbed, at 61°, 1,2 of nitrous
oxide, but without undergoing any apparent

phyfical change.
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1I1. A8ion of Fluid Asids on Nitrous Oxide,

a. Nitrous oxide expofed to concentrated:
ﬁlphuric acid, undergoes no change, and fuf-
fers no diminution, that may not be accounted
for from the abftra&ion of a portion of its water
by the acid.

b. Nitrous oxide is fcarcely at all foluble in
nitrous acid, ,and expofed to that fubftance,
undergoes no alteration.

¢. Muriatic aeid, of fpecific gravity 1,14
abforbs about a third of its bulk of nitrous oxide.
It fuffers no apparent change in its properties
from being thusimpregnated, and the gas is again
given out from it on the application of heat.

d. Acetic acid abforbs nearly one third of
its bulk of nitrous oxide. '

e. Aqua regia, that is, the nitro-muriatic:
acid, abforbs a very minute portion of nitrous
oxide. '

_f+ Nitrous oxide was expofed to a new com-
pound acid, confifting of ' oxygenated muriatic
acid, and fulphuric acid, which I difcovered in
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July, 1799, and of which an account will be
thortly publithed; but it was neither abforbed or
altered. |

I have before mentioned that the aqueous.
folutions of fulphurated hydrogene and carbonic
acid, neither diffolve or alter nitrous oxide.

IV. Ad&ion of Saline Sclutions, and other
Subflances, on Nitrous Oxide. )

a.. Nitrous oxide expofed to concentrated
folution of green fulphate of iron, at 58°, un-
derwent no perceptible diminution ; not even
after it bad been fuffered to remain in contact
with it for half an hour.

. 1t underwent diminution of nearly ,2 when
agitatcd. in contaé with a folution of red ful-
phate of iron, the volume of the folution being
unity.

¢. Solution of green fulphate of iron, fully
impregnated with nitrous. gas, did not in the
flighteft degree abforb nitrous oxidé, and ap- A
peared to have no aflion upon it,
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4. Solution of green muriate of iron, whe-
ther impregnated with nitrows gas, or unim-
pregnated, has no affinity for, or action upon,
aitrous oxide. ‘ :

¢. Solution of red muniate of iron in alcohol,
abforbed nearly one fifth of its bulk, of nitrous
oxide, ‘

/- Solution of prufliate of potath abforbed
nearly one third of its volume, of nitrous oxide,
which was again expelled from it by heat.

- & Solation of nitrate of copper appeared to
have no affinity for nitrous oxide.

b. Concentrated folution of nitrate of am-
moniac, at 58°, abforbed one eighth of its bulk
of nitrous oxide.

i. Solutions of alkaline fulphures abforb
nitrous oxide in quantities proportionable to
the water they contain; it is expelled from
them unaltered by heat. None of the hydro-
fulphures diffolve more than half their bulk of
nitrous oxide.

k. Concentrated folutions of the fulAphites
" poflefs little or no alion on nitrous oxide :

7
-
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diluted folutions abforb it in fmall quantities.

1. Concentrated folution of muriate of tin
abforbs about one eighth of nitrous oxide;
more dilute folutions abforb larger quantities.

From thefe obfervations we learn, that neutro-
faline folutions in general, have very feeble
attra@ions for nitrous oxide ; and as folutions of
green muriate, and fulphate of iron, whether free
from nitrous gas, or impregnated with it, poffefs
no action uppn nitrous oxide, nitrous gas may be
feparated from this fubftance by thofe folutions
with greater facility than nitrous oxide can be
feparatéd from nitrous gas, by water or alcohol.
- Charceal abforbs nitrous oxide as well as

all other gafes; and it is difengaged from it
by heat. V

T have as yet found no other folid body, not
"pofiefled of alkaline properties, capable of ab-
forbing nitrous oxide in any flate of exiftence.

The bodies poffefling.the firongeft affinity
for oxygene, the dry fulphites, muriate of tin,
the common fulphures, white pruffiate of potath,
-and green oxide of iron, do not in the flighteft
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dc;gree aé& on nitrous oxide. at common tem-
peratures.

V. A&ion of different Gafes on Nitrous
Oxide. :

4. 12 meafures of muriatic acid gas were ming-
led with 7 meafuresof nitrous oxide at 56°. After
remaining together for a minute, they filled a
fpace equal to 19f meafures. ~When water
was introduced to them, the muriatic acid was
abforbed much more flowly than if it had been
unmingled.

. In another experiment, when the gafes were
faturated with water, 0 meafures of each of
them, when mingled and fuffered to remain.in
contat for a quarter of an houf, filled a fpace
-nearly equal to 19 ; and after the muriatic acid
had been abforbed by potath, the nitrous exide
.remained unaltered in its propertics.
From the expanfion, it appears moft proba-
ble that aériform muriatic acid, ‘and nitrous
oxide, have a certain aﬁinity for each other, and .

i
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ihat they combine when mingled together ; for .

in the laft experiment, the increafe of volume
cannot be accounted for by fuppofing that ni-
trous oxide undergoes lefs chaqge of volume
than myriatic acid, by aériform combination
with water, and that the expanﬁpn dependéd
upon the folution of fome of its combined water
by the muriatic acid. That muriatic acid and
nitrous oxide have a flight affinity for each
other, likeWi~f¢ appears from the abforption of
pitroys o;;id'e by aqh;cous folution of muriatic
.acid, ‘ -

Thinking that nitrous oxide might attréé:t

" muriatic acid from its folution in water, I ex-

* pofed a minute quantity of fluid muriatic acid

to nitrous oxide; but no alteration of volume
took place in the gas,

b, 6 meafures of nitrous oxide were mingled
with 11 meafurgs of fulphureous acid, faturated
with water; after remaining é—t reft for fix
minutes, they filled a fpace nearly equal to 18
meafures.  Expofed to water, the fulphureous
acid was abforbed, but not nearly fo rapidly as
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when in a free flate. Sulphur burnt with a
vivid flame in the refidual nitrous oxide. 7
meafures of fu]pbureohs acid were now mingled
with 8 of nitrous. oxide. ;Tbey filled'a fpace
nearly equal to 152, and no farther expanfion
took place afterwards.

From thefe experiments it appears probable
that fulphureous acid, and nitrous oxide, have
fome affinity for each other.

¢. 11 meafures of carbonic acid were mingled
with 8 of nitrous oxide ;- they filled a fpace
nearly equal to 19 meafures. On expofing the
mixture to cauftic potafh, the carbenic acid was
. abforbed, and the nitrous oxide remained pure.
Hence it appears that carbonic acid and nitrons
oxidedo not combine with each other.

d Oxygenated muriatic acid, and nitrous
oxide, were mingled in a water apparatus : there
was a flight appearance of condenfation; but
this was moft probably owing to abforption by
the water ; on agitation, the oxygenated muri-
atic acid was abforbed, and the greater patt of
the nitrous oxide remained unaltered.
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e. Sulphurated hydrogene and nitrous oxide,
mingled together, neither expanded or con-
trated ; expofed to folution of potafh, the acid*
only was abforbed.

J- 10 meafures of nitrous gas were admitted
o 12 of nitrous -oxide at 59°. They filled a (pace
equal to 22, and after remaining together for
an hour, had undergone no change. Soluticn

" of muriate of iron abforbed the nitrous gas
without affefting the mitrous oxide.

“ g. Nitrous oxide was fucceffively mingled -
with oxygene, atmofpheric air, hydro-carbonate,
phofphorated bydrogene, hydrogene, and nitro-
gene, at 57¢; it appeared to poflefs no ation
on any of them, and was feparated by water,
the gafes remaining unaltered. -

h. As nitrous oxide was foluble in ether,
.alcohol, and the other ioflammable fluids, it
was reafonablc to fuppofe that its affnity fer
thofe bodies would ‘enable them to unite with

" * The experiments of Berthollet have tlearly proved
the perfe&t acidity of this fubftance.
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it in the aériform fiate. At the fuggeftion of
Dr. Beddoes I made the following expériment:

To 12 mealures of nitrous oxide, at 54°, I
introduced a fingle drop of ether ; the gas im-
mediately began to expand, and in four minutes
filled a fpace equal to fixteen meafures and a
quarter. 'When an inflamed taper was plunged
into the gas thus holding ether in folution, ‘a
light blue flame flowly pafled through it.

A confiderable diminution of temperature is
moft probably produced, from the great ex-
panfion of nitrous oxide during its combination
with ether. . ,

A drop of alcohol was admitted to 14 mea-
fures of nitrous oxide. In five minutes, the
gas filled a fpace equal to fifteen and a third ;
but no farther diminution took place afterwards.

A minute quantity of oil of turpentine was
introduced to 14 meafures of nitrous oxide ; it
filled, in 4 minutes, a fpace rather lefs than 14;
and no farther change took place afterwards.

" Mot likely this contraction arofe from the pre-
‘cipitation of the water diffolved in the gas by
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the ftronger affinity of the oil for nitrous
oxide. To afcertain with certainty if any oil
had been diffolved by the gas, I introduced
into it a {fmall quantity of ammoniac. It imme-
diately became flightly clouded, moft probably
from the formation of foap, by the combination
of the diffolved oil with, the ammoniac.

From thefe experiments we learn, that when.
nitrous oxide is mingled with either carbonic
acid, oxygene, common air, hydro-carbonate,
~ fulphurated hydrogene, - hydrogene, or nitre-
gene, they may be feparated from each other
without making any allowance for contra&tion
or cxpanfion : but if a mixture of either muri-
atic acid, or fulphureous acid gas, with nitrous
oxide, is experimented upon ; in the abforption
of the acid by alkalies, the apparent volume of
gas condenfed will be lefs than the real one, by
a quantity equal to the fum of expanfion from
combination. Confequently a corre&tion muft
be made on account of this circumftance.

Though alcohol, ether, eﬁ'ent'ial oils, and the
fluid inflammable bodies in general, diflolve
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nitrons oxide with much greatet rapidity than
water, yet as we are not perfe@ly acquainted
with their aftion on unabforbable gafes, it is
better to employ water for feparating nitrous
oxide from thefe fubftances; particularly as that
fluid is more or lefs combined with all .gafe‘s,'
and as we are acquainted with the extent of its |
action upon ﬂgem. A

By purfuing the fubject of the folutiomn of
effential oils in gafes, we may probably difcover
a mode of obtaining them in a ftate of abfolute.
drynefs. For if other gafes as well as nitrous
oxide, have a ftronger affinity for oils than for-
water, water moft probably will be precipitated .
from them during their folution of oils; and -
after their faturation with oil, it is likely that
they are capable of being deprived of that fub-
ftance by ammoniac.

V1. Afion of aériform Nitrous Oxide in the
Alkalies. History of the discovery of the combina-
tions of Nitrous Ouxide with the Alkalies.

a. When nitrous oxide in a frec ftate is
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expofed to the fohd cauftic alkalies and ‘alka-
line earths, at common temperatures, it is nei-
ther abforbed nor aéted upon ; when it is placed
in conta& with folutions of them in water, a
fmall quantity is diffolved; but this combina-
tion appears to depend on the water of the folu-
tion, for the gas can be expelled unaltered, at
the temperatﬁre of ebullition.

b. Cauftic potath was expofed to nitrous
oxide for 13 hours : the diminuation was not to
one fiftieth, and this flight condenfation moft
probably depended upon its combination with
the water of the gas.

» Concentrated folution of potafh abforbed
a fourth of its bulk of nitrous oxide. When
the impregnated folution was heated, globules

of gas were given out from it rapidly ; but the .

quantity colle@ted was too fmall to examine.

Soda, whether folid or in folution, exhibited
exactly the fame phnomena with nitrous oxide.
The folution of foda abforbed near a quarter of
its bulk of gas.

¢. 11 meafures of ammoniacal gas were
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| mingled with 8 meafures of nitrous oxide over
dry mercury, both of the gafes being faturated
with water. No change of appearance was
produced by the mixture, and they filled, after
two minutes, a fpaée equal to 19. On the in-
trodu&ion of a little water, the ammoniac was
abforbed, and the nitrous oxide remained un-
altered, for it was diffolved by water as rapidly
~ asif it had never been mingled with ammo-
piac.*

7 meafures of nitrous oxide, expofed to 6
meafures of folution of ammoniac in water, was
in an hour diminifhed to 4% nearly. When
the folution was heated over mercury, permaneng
gas was produced, which was unabforbable by
a minute quantity of water, and foluble in a
large quantity ; confequently it was nitrous
oxide. '

i

* The Dutch chemifts have afferted, that mixture with
ammoniac prevents the abforption of nitrous oxide by wa-
ter, either wholly or partially. Journal de Phyfique,
t. xliii. partii, pag. 327. Itis difficult to account for
their miftake. :
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4. Nitrous oxide was expofed to dry cauttic

ftrontian ; it underwent a diminution of nearly
one fortieth, which moft likely was owing to
‘the combination of the ftrontian with its water.

11 meafures of nitrous oxide were agitated
in contat with 8 of ftrontian lime water : nearly
4 meafures were abforbed. The impregnated
folution expofed to heat, rapidly gave out its
. gas; 8 meafures were foon colledted, which
mingled with'a fmall quantity of hydrogene,
and inflamed by the taper, gave a fmart deto-
nation. ‘

e. Nitrous oxide ‘€xpofed to lime and argil,
both wet and dry, was not in the flighteft de-
‘gree a&ted upon. .

From thefe experiments it is evident that
nitrous oxide in the aériform ftate cannot be
combined either with the alkalies, or the alka-
lineearths. That a combination may bt effeed
between nitrous oxide and thefe fubftances, it
“muft be prefented to them, in the nafcent flate.

The falts compofed of the alkalies and nitrous

oxide, are not analogous to any other compound
R
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fabftances, being poflefiéd of very fingular prov
perties. Before thefe properties are detailed, it
may not be amifs to give an ‘account of the
accidental way in which I difcovered the meode
of combination. B ’

- In December, 1799, defigning to make &

~ very delicate - experiment, with a view to

afcertain if any water was decompofed du-
ring the converfion of nitrous gas into nitrous:

oxide, by fulphite of potath, I expofed 200

grains of cryflalifed  fulphite of potath, con-
taining great fuperabundance of alkali, to 14
cubic inches of nitrous gas, containing one
eightecnth nitrogene. The alkali was em-
ployed to preferve any ammoniac that might be

formed, " in the free fate, as it would otherwife -

combine with fulphureous acid.®
The volume of gas diminifhed with great
rapidity 7 in two hours and ten minutes it was

.

* Sulphureous acid faturates more potath than fulphuric:

acid, fo that moft probably during the converfion of ful- -

phite of potath into fulphate, portions ef fulphureous acid
are difengaged.

™ .J{.:n‘..g,;.:.. .

anat *

« .')-Mu:
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reduced to 6, which I confidered as the limit
of diminution. Accidentally, however, fuffer-
ing it to remain for three hours-longer, I was

“much furprifed by finding that not quite 12
cubic inches remained, which confifted of
pitrous oxide, mingled with the nitrogene that
exifted before the experiment.. '

In accounting theoretically for this phano-
menon, different fuppofitions neceffarily pre<
fented themfelves.

1#t, Tt was poffible, that though fulphite of pot-
afh, and potath, feparately poflefied no ation on
free nitrous oxide, yet in combination they might
exert fuch affinities wpon it as either te abforb
it, or make it enter into new combinations.

2dly. It was more probable that the canftic |
potafh, though incapable of condenfing aériform

- nitrous oxide, was yet poflefled of a firong
affinity for it when in the nafcens flase, and that
themitrous oxide condenfed in the experiment
had been combined in this flate with the free
alkali. *
~ Toafoertain if the compound of potath and

A\ J
.
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fulphite of potath with fulphate, was éapablc of

adting upon sitrous oxide, I fuffered a quan-
tity of this fubftance to remain in contaét with
the gas for' near a day : no change whatever
took place. . . _

* To determine whether the diminution of
nitrous oxide depended upen its abforption in
the nafcent ftate, by the peculiar compound of
potath and fulphite of potafh, or if it was fimply
owing to the alkali.

. I'mingled a folution of fulphite of potath with
cauftic foda ; the falt, after being evaporateé at

- a low temperature, was expofed to nitrous gas.

The nitrous oxide formed was abforbed, - but
in rather lefs quantities than' when alkaline
fulphite of potath was employed.

Hence it was evident that the alkali was the

agent that had condenfed the nitrous oxide in
thofe experiments, for foda is incapable of com-
bining either with fulphate, or fulphite of pot-
ath. |

To afcertain whether any change in the con-

fiitution of the nitrous oxide had been produced

v

o —
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by the condenfation, I introduced a finall quan-
tity of fulphite of potath, with excefs of alkali,
that had abforbed nitrous oxide, into a'ior;g
and thin cylindrical tube filled with mercury ;
and inclining it at an angle of 35° with the
plane of the mercury, applied the heat of a fpirit
lamp to that part"of" the tube containing the
falts ; when the glafs became very hot, gas was
glven out with rapidity ; in lefs than a minute
the tube was full. ‘This gas was transfered into
another tube,' and examined ; it pt;oved to be
nitrous oxide in its higheft ftate of purity ;* for
a portion of it abforbed by common water, left .
no more than a refiduum of }, and fulphur
barnt in it with'a vivid rofe-colored flame.

Being now fatisfied that the alkalies were
capable of combining with nitrous oxide ; to
inveftigate with precifion the nature of thefe
new compounds, I proceeded in the following

manner.,

" * Hence we learn that fulphite of potath, when firongly
heated, does not decompofe -nitrous oxide, even ia
the nafecent flate. '
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VII. .Combination of Nitrous Oxide with
Potafb.

a. Into a folution of fulphite of potath, which -
had been made by paffing fulphureous acid gas
from a mercurial airholder into cauftic potath
diffolved in water, I introduced 17 grains of
dry potath, The whole evaporated at a Jow
temperature, gave 143 grains of falt. This falt
was not wholly compofed of fulphite of potath
and potafh ; it contained as well, a minute quan-
tity of carbonate, and fulphate of potafh, formed
during the evaporation.*

120 grains of it finely pulverifed, and retain-
ing the water of cryftalifation, were expofed
to 15 cubic inches of nitrous gas, over mercuiy‘
The nitrous gas diminithed with great rapidity,
and in three hours a cubic inch and nine tenths

* See the excellent memoir of Fourcroy and Vauquelin
on the fulphureous acid, and its combinations. Annales de
Chimie, ii, 54. Or Nicholfon’s Phil. Journal, vel. i,

pag. 313.
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- only remamed which confifted of nearly one -
~ third nitrous oxide, and two thirds nitrogene
that had’ pre-exifted in the nitrous gas. The
increafe of weight of the falt could not be deter-
mined, as fome of it was loft by adhering to the
veflel in which the combination was effe@ed,
and to the mercary. It prefented no diftin&
feries of cryftalifations, even when examined by
the magnifier ; rendered green vegetahle blues,
and its tafte was very different from that of the
remaining quantity of falt that had beea expofed
tothe atmofphere. A portion of it firongly
heated over mercury, gave out gas with great
rapidity, which had all the propértics of the
pureft nitrous oxide. ‘ ‘

~ When water was poured upon fome of it, no
gas was given out, and the whole was equgbly
and gradually diffolved.  Alcohol, as well as
ether, appeared incapable of diﬁ'olviné any part
of it. '

- When muriatic acid was mtroducr.d into it,
confined by mercury, a rapid effervefcence toak
place. ~ Part of the gas difengaged was fulphu-



( 264‘ )

reous '/acid, ‘and carboni,c.' acid ; the remainder
was nitrous oxide.

- 5. I'made anumber of experiments ‘upon
falts procured .in the manner I bave juft de-
fcribed, with a view to obtain the compound of
nitrous oxide and potafh, free. from admixture
of other falts. "

“When the mixed falt was: boiled in alcohol
or ether, nopart of it appeared to be diffolved.
Finding 'that little or no gas was given out
during the ebullition of concentrated folutions
of the mixed falts, I attempted to feparate the
fulphate, fulphite, and carbonate of potath, from

‘the combination of nitrous oxide and potath,

by fucceflive evaporations and, cryftalifations.
But though in this way it was nearly freed from
fulphate of potafh, yet the extreme and nearly
equal folubility of the other falts, prevented me
from completely .charating them from each
other.

By expofing, however, very finely pulverifed

. fulphite of potath, mingled with alkali, for a

great length of time to nitrous gas, it was almoft
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wholly converted into’fulpiaatc; and after the
feparation of this by folution,” evaporation, and
cryftalifation, at a low temperature, ‘I obtained
the new co'mbinétion, mingled with very little
“carbonate of potath, and fiill lefs-of fulphite.

The minute quantity of fulphite. chiefly ap-
peared in very fnall cryftals ; diftin@ from the
mals of falt; which poffefled. no regular cryf-
talifation, and was almoft wholly - compnfed of

the new compound, intimately mingled with

a little carbonate. The new compound, as
nearly as as I could eftimate from the quantity
of nitrous oxide abforbed, confifted of about
3 alkali, to 1 of nitrous oxide, by weight.

It exhibited the following properties :

1. Its tafte was cauftic, and poffeffed of a pun-
gency differént from either potafh or carbouate
of potath.

2. It rendered vegetable blues green, which
might poffibly depend upon the carbonate of
potafh mixed with it. ,

3. Pulverifed charcoal mmgled with a few
grains "of it, and inflamed, burnt with fight
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fcintillations. Proje@ed into zinc in a ftate of
{ufion, a flight inflammation was produced.

4. When either fulpharic, muriatic, or
nitric acid was introduced to it under mercury,
it gave out nitrous oxide, mingled with a little
carbonic acid. / R

5. Thrown into a folution of fulphurated
~ bydrogene, gas was difengaged foom it, but in

quantities too minute to be examined. '

6. When carbonic acid was thrown into a
folution of it in water, gas was difengaged ;
on examination it proved to be nitrons oxide,

7. A concentrated folution of it kept in
ebullition in a cylinder, confined by mercnry,
‘gave out a few globules of gas, which were too
minute to be examined, and probably confifted
of common air previoufly oontained in the

water. , ‘ '

¢. In the experiments made to afcertain thefe
properties all the falt was expended, otherwife I

fhould have endeavoured to afcertain what quan-
tity of gaswould have been liberated by heat from
Aagiven weight ; and likewife what would have
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been the effe@s of admixtare of it with oil.
When fome of the mixed f3lt was mingled with
oil of turpentine, part of it was diffolved, and
the fluid became white ; but no gas was given
out. Oa this coarfe cxperiment, how_evct, I
can;nbt place much dependance. If the com~ .
bination of pitrows oxide and potath is capable
of combining with oil without decompofition,
barytes and frontian* will probably feparate the
oil from it, and thus it may poffibly be obtsined
in a ftate of purity. A
In a rough experiment made on the conver-
fion of nitrous gas into nitrous oxide, by con-
centrated folution of fulphite of potath with
excefs of alkali, very little of the nitrous oxide
was abforbed. Hence it is probable that water:
leflens the affinity of potafh for nafcent nitrous
oxide. '

* Unlefs the fum of affinity of the potafh, oil, nitroup
oxide, and earths, fhould be fuch as to enable the nitrous
oxide to combine with the earth, whilft the oil and alkalj
remained in combination, &c,

.
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VUL Combination of Nitrous Oside with
Sodu. ) T o

_ The union of nitrous ‘oxide with foda' is
effeted in the fame manner as with potafh.
The alkali, mingled by folution and evaporation,
with either fulphite of foda, or of potath, is ex-
pofed to nitrous gas ; the nitrous oxide is con-
denfed by it at the moment of generation, and
the combination effe@ed.

As far as T have been able to obferve, nitrous
oxide is not abforbed to fo great an extent by -
foda, as potafh.:

T have not ‘'yet been able to obtain the com:

 bination of nitrous oxide with foda in its pure

fiate. © To the attainment of this end, difficul-
ties identical with thofe noticed in the laft-fec-
tion prefent themfelves. It is extremely difficult
to procure the foda perfectly free from carbonic
acid, and though by ufing fulphite of potath the
fulphate formed is eafily feparated, yet fill evhpo-
ration and cryftalifation will not difengage the
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fulphite and carbonate from the new com-
pound. - S

The compound of foda and nitrous oxide,
mingled with a little fulphite and carbonate of
foda, was rapidly foluble, both in warm and
cold water, without effervefcence.. Its folution,
heated to ebullition, gave out no gas. The
tafte of the folid falt was cauftic, and more
acrid than that of the mixture of carbonate and
fulphite of foda. - ‘When caft upon zincin
fufion, it burnt with a white flame. When
heated to 400° or 500°, it gave out nitrous
oxide with rapidity. Nitrous oxide was ex-
pelled from it by the fulphuric, muriatic, and
carbonic acids, I believe, by fulphurated
hydrogene.* '

IX. Combination of Nitrous Oxide with
Ammoniac.

I attempted to effect this combination by

* For when a little of the mixed falt was introduced into
a folution of fulphurated hydrovcnc, globules of gas werc
given out during the folution.
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converting nitrous gas into nitrous oxile, by
fulphite of ammoniac, wetted with ftrong fola-
tion of cauftic ammoniac ; but witheut fuccefs ;
for the whole of the nitrous oxide produced
remained in a free Rate. ‘

When I expofed fulphite of potath, miagled
bj folution and evaporation with highly alkaline
carbonate of ammoniac,{ to nitrous gas, the
diminution was nearly one fourth more than if
pure fulphite of potath had been employed.
Hence it appears moft likely that ammoniac is
capable of combination with nitrousoxide in the
nafcent fate.

} In the experiments on the converfion of ni-
trous gas into nitrous oxide, by nafcent hydro‘
gene, and by fulphurated hydrogene, Ref. I.
Divif. V. probably the water formed at the fame

-

1 Carbonate of ammoniac formed at a high tempera-
ture, eontaining near -6O per cent alkali, and capable of
combining with fmall quantities of acids without giving
out its carbonic acid. Of this falt a particular account will
be given in the experiments on the ammoniacal falts, which
I have often meationed in the courfe of this work.
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time with the ammoniac and nitrous oxide, pre-
vented them from entering into combination ;
poffibly the peculiar compound was formed, but
in quantities fo minute as not to be diftinguithed
from ﬁmple ammoniace ;* for even the exiftence
of ammoniac in thefe procefles, is but barely
perceptible. . -
If it thould be proved by future experiments,
that in the decompofition of nitrous gas by
nafcent hydrogene, a peculiar compound of
nitrous oxide, water and ammoniac, is formed,
it will afford proofs in favor of the dodirine
of predifpofing affinity ;4 for then this decom-

<€

* ]t may not be amifs to mention fome appearances taking
place in the decompofition of nitrous gas by fulphurated
hydrogene, thongh # is ufelefs to theorife concerning them.
The fulphur depofited is at firft yellow ; as the procefs pro-
ceeds, it becomes white, and in fome inftances I have fuf-
pected a diminution of it. -

4 Predifpofing affinity, the exifience of which at firft
confiention it is difficalt to-admit, may be eafily accounted
for by fuppofing the attraGions of the fimple principles of
compound fubfiances, And this do@rine will apply in all

s
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pofition mighit be Tuppofed to dépend upon the
difpofition of' oxygene, hydrogené and nitro-
. gene' to affume the ftates of combination in
which they might form a triple ‘compound, of
water, nitrous oxide, and ammoniac. '

.\ Nitrous oxide ‘might probably be made to
combine with ammoniac by expofing a mixture

of nitrous gas and aenform ammomac, to the

© . ful phxtes

It is probable that nitrous oxide may be com-
bined with ammoniac, by .means of double
affinity. Perhaps. fulphate of ammoniac and
the combination of potath with nitrpﬁs oxide
mingled together in folution, would be con-
verted into fulphate of potafh and the com-

v

pound of nitrous oxide, and ammoniac.

s

inftances where the conftitution of bodies is known. Pre-
difpofing affinity ought not to be confidered as the affinity of

non-exifting bodies, for each other; buf as the mutual
affinity of their fimple principles, dxfpoﬁng them tp aﬂ'nmc
new arrangements
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X. Probability of forming Compbwzdk of
Nitrous Oxide and the Alkalme Earths.

I attempted to combine nitrous oxide with
lime and flrontian, by expofing fulphites of lime
and firontian with excefs of earth, to nitrous
gas; but this procefs did not fucceed: the.
diminution took place fo flowly as to deftroy all
hopes of gaining any refults in a definite time.
Sulphite of potafh is decompofable by barytes,
ftrontian, and lime ;* confequently it was im-
poflible to employ this fubftance to effe@ the
combination,

As the dry fulphures, when well made, con-
vert nitrous gas into nitrous oxide, it is probable
that the union of the earths with nafcent nitrous
oxide may be effe®ed by espofing nitrous gas
“to their fulphures, containing an excefs of

earth. '

~ Perhaps the combination of nitrous oxide with

* See the above-mentioneéd elaborate memoir of Four-
croy and Vauquelin.

s
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firontian may be effe@ed by introducing the
combination of potath and nitrous oxide into
firontian lime water.

1t is probable that nitrous oxide may be com-
bined with clay and magnefia, by expofing
thefe bodies, mingled with fulphite of potath.
or foda, to nitrous gas.

XI. _Additional Obfervations on the combi-
" nations of Nitrous Oxide with the Alkalies.

A defire to complete phyfiological inveftiga-
tions relating to nitrous oxide, has hitherto.
prevented me from purfuing to a greater extent,.
the experiments on the combination of this fub-
ftance with the alkalies, &c. As foon: as an
opportunity occurs, I purpofe to refume the
fubje&.

The obfervations detailed in' the foregoing:
feQlions are fufficient to thow that nitrous oxide:
is capable of entering into intimate union with
the fixed alkalies: and as the compounds-
formed by this union are ini"olu‘ble in alcohol,.

a
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decompofable by the acids, and heat, and pof-
fefled of peculiar properties, they ought to be
confidered as a new clafs of faline fubftances.

If it is thought. proper, on a farther invefti-
gation of their properties, to fignify them by
fpecific nar'nes, they may, according to the ufu-
ally adopted fathion of nomenclature, be called
nitroxis : thus the nitroxi of potafb would fignify
the falt formed by the combination of nitrous
oxide with potath. | )

Future experim;nts muft determine the
different affinities of nitrous oxide for the alka-
lies, and alkaline earths.

With regard to the ufes of thefe new com-
pounds it is difficult to form a guefs. When
they are obtained pure, and fully faturated with
nitrous oxide, on account of the low temperature
at which their gas is liberated, they will proba-
bly conflitute detonating compc;unds. From
their facility of decompofition by the weaker
acids, they may poffibly be ufed medicinally, if
everthe evolution of nitrous oxide in the ftomach
fhould be found beneficial in difeafes.
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'XII. The properties of Nitrous Ouxide refemble
thofe of Acids.

If we were inclined to generalife, and to
place nitrous oxide among a known clafs of
bodies, its properties would certainly induce us
to confider it as more analogous to the acids
than to any other fubftances ; for it is capable
of uniting with water and the alkalies, and is
infoluble in moft of the acids. It differs, how-
ever, from the ftronger acids, in not poffeffing
‘the four tafte,* and the power of reddening
vegetable blues: and from both the fironger
and weaker acids, in not being combinable when

in a perfeétly free ftate, at common tempera-

* The different perfons who have refpired nitrous oxide
have, as will be feen hereafter, given different accounts of
the tafte ; the greater number have called it fweet, fome
metallic. One of my friends, in a letter to me dated Nov.
13, 1799, containing a detail of fome experiments made
on the refpiration of nitrous oxide, at Birmingham, denotes

_the tafte of it by the term ¢ fweetith faintly acidulous.”
To me the tafte both of the gas and of its folution in water,
has always appeared faintly fweetith.




(277)

tures, with the alkalies. If it thould be proved
by future experiments, that condenfation by
coldgave it the capability of immediately forming
neutro-faline compounds with the alkalies; it
ought to be confidered as the weakeft of the
acids, Till thofe experiments are macie, its
extraordinary chemical and phyfiological pro-
perties are fufficient to induce us to confider it
as a body fui generis. -~

It is a fingular fa&t that nitrous gas, which
- contains in its compofition a quantity of oxygene
fo much greater than nitrous oxide, fhould
névertbc]efs’poﬁéfs no acid properties. It is
uncombinable with alkalies, very.little foluble
in water, and abforbable by the acids.

1%
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DIVISION II.

On tbe DECOMPOSITION of NITROUS OXIDE
by COMBUSTIBLE BODIES. Its ANALYSIS.
OBSERVATIONS on the different combinations of
OXYGENK and NITROGENE.

1

.

I, Preliminaries.

, F Rom the phznomena mentioned in Ref. L
Divif. ITL.* it appears that the combuftible bodies
burn in nitrous oxide at certain temperatures.
The experiments in this Divifion were inflituted
for the purpofe of inveftigating the precife
nature of thefe combuftions, with a view of
afcertaining exactly the compofition of nitrous
oxide. . o

It will be feen hereafter that véry high tem-
peratures are required for the decompofition of

* Se&ion 2,

\.




(279)
pitrous oxide, by moft of the combauftible bodies,

and that in this procefs heat and light are pro-
duced to a very great extent. Thefe agents
alone are poffefled of a confidersble power of
adtion on nitrous oxide ; of which it is neceflary
to give an account, that we may be able to un-
derftand- the pbznomena in the following
fedtions. .

IL  Converfion of Nitrous Oxide into Nitrous
Acid, and a Gas analogous o .Almo_/plrmc Air,

by Ignition.

a. - Dr. Prieftley afferts, that nitrous oxide
.expofed for a certain time to the action of the -
ele@ric fpark, is rendered immifcible with
water, and capable of diminution with nitrous
gas, without fuffering any alteration of volume ; -
and likewife that the fame changes are effedled in
it by expofure to igniied incombuftible bodies.*

The Datch chemifis ftate, that the eletric

*Vol, ii. pag. 91.
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fpark paffed through nitrous oxide, occafions, a
fmall diminution of its volume, and that the
gas remaining is analogous to common air.4
They conclude that this change depends on the
feparation of its conftituent parts, oxygene and
nitrogene, from each other.

None of thefe chemifts have fufpeéted the
produion of nitrous acid in this procefs.

b. Nitrous oxide undergoes no change
whatever from the fimple aion of light. I
expofed fome of it, confined by mercury, for
many days to this agent, often paffing through
it concentrated rays by means of a fmall lens.
‘When examined it appeared, as well as I could
eftimate, of the fame degree of purity as at the
‘beginning of the experiment.

¢. A temperaturc below that of ignition
effeéts no alteration in the conftitution of
pitrous oxide. I paffed nitrous oxide from a

+ Journal de Phyfique, tom. xlii, part ii. pag. 330. They
effe@ted the fame change by pafling it throngh a heated
tube. Dr. Prieftley had publifhed an account of fimilar
experiments more than two years before.,
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retort contain'ing decompofing nitrate of am-

moniac, through a green glafs tube, firongly
heated in an air-furnace, but not fuffered to
undergo ignitidn. The gas, received in a water

apparatus exhibited the fame properties as the

pureft nitrous oxide ; fome of it abforbed by

water, left a refiduum of not quite one thir-

teenth. v .

d. The a&ion of the ele@ric fpark for a
long while continueﬂ, converts nitrous oxide
into a gas analogous to atmofpheric ‘air, and
nitrous acid. ‘ ‘

I paffed about 150 ftrong thocks from a finall
Leyden phial, through 7 ten grain meafures of
pure nitrous oxide. After this it filled a fpace
rather lefs than fix meafures : the mercury was-
rendered white on the top, as if it had been
aéted on by nitric acid. Six meafures of nitrous
gas mingled with the refidual gas of the experi-
ment, over mercury covered by a little water,
gave red fumes, and rapid diminution. In five
minutes the volume of the gafes nearly equalled
ten. Thermometer in this experiment was 58°

Y
A ]
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Ele@ric fparks were pafied for an hour and half
through 7 ten grain meafures of nitrous oxide
‘over mercury covered with a little red cabbage
juice, previoufly faturated with nitrous oxide,
and rendered green by an alkali.  After the
procefs the .gas filled a fpace equal to rather
more than fix meafures and half, and the juice
was become of a pale red. The gas was intro-'
duced into a fmall tube filled with pure water,
and agitated ; no abforption was perceptible :
7 meafures of nitrous gas added to it gave red
fumes, and after fix minutes a diminution to
0% nearly. 6% meafures of common air from
the garden, with 7 of nitrous gas, gave ex-
adlly o. '

In this experiment it was evident that nitrous
oxide was converted into a gas analogous to
atmofpheric air, at the fame time that an acid
was formed. There could be little doubt but
that this was the nitrous acid. To afcertain it,
however, with greater certainty, the eletric _
fpark was pafled through 6 meafures of nitrous
oxide, over a little folution of green {ulphate of



('283)

iron, confined by mercury. As the procefs went
on, the color of the folution became rather
darker. 'When the diminution was com-
plete, a little pruffiate of potath was added
to the folution. A precipitate of pale blue
pruffiate of potath was produced.

¢. Nitrous oxide was paffed from decompofing
nitrate of ammoniac, through a porcelain tube
well glazed infide and outfide, firongly ignited
in an air-farnace, and communicating with the
water apparatus. The gas collected - was ren-
dered opaque by denfe red vapor; It appeared
wholly unabforbable by water.  After the pre- |
cipitation of its vapor, a candle burnt in it with
nearly the fame brilliancy as in atmofpberic air.
20 meafures of it that had been agitated in
water immediately after its production, mia-
gled with 40 meafures of nitrous gas, diminithed
to about 47.5 ; wheieas 20 meafures that had
remained unagitated for fome time after their
generation, introduged to the fame quantity of
nitrous gas, gave nearly 49. 20 meafures of
atmofpheric air, with 40 of the fame nitrous gas,
were condenfed to 46.
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The water with which the gas had been -
in conta®, was ftrongly acid. A little of it
poured into a folution of green fulphate of iron,
and then mingled with pruffian alkali, produced
a green precipitate. Hence the acid it con-
tained was evidently nitrous.

That no fource of error could have exifted
in this experiment from fiffure in the tube, I
proved, by fending water through 1t whilft
ignited, after the procefs, ‘from the fame retort
in which the nitrate of ammoniac had been
decompofed; a few globules of air only were
produced, not equal to one tenth of the volume
of the water boiled, and which were doubtlcfs
previoufly contained in it.

I have repeated this experiment two or three
times,4 with fimilar refults; whenever the air
was agitated in water immediately after its pro-
dudion, it gave almoff the fame diminution with
nitroué gas as common air ; when, on the con-
trary, it has been fuffered toremain for fome time
in contact with the phlogifticated nitrous acid
fufpended in it, the condenfation has been lefs
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with nitrous gas by five or fix hundred parts.
Hence I am inclined to believe, that if it were
poflible to condenfe all the nitrous acid formed, |
immediately after its generation, fo as to pre-
vent it from abforbing oxygene from the per-
manent gas, this gas would be found identical
with the air of the atmofphere.

The changes effeited by fire on nitrous
oxide are not analogous to thofe produced by
it in other bodies; for the power of this agent
feems generﬁl]y'unif'or'm, either in wholly fepa-
rating the conftituent principles of bodies from
each other, or in making them enter into more
intimate union.*

It is a fingular pheenomenon, that whilft it
condenfes one part of the oxygene and nitrogene

of nitrous oxide, in the form of nitrous acid ;

* On the one hand, it decompofes ammoniac into hydro-
gene and nitrogene, whilft on the other, it converts free
oxygene and nitrogene into nitrous acid. It likewife con-
verts nitrous gas into nitrous acid and nitrogene. Till
we are more accurately acquainted with the nature of heat,
light, and elericity, we fhall probably be unatle to ex-
plain thefe phenomena,
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it thould caufe the remainder to expand, in the -
ftate of atmofpheric air. Does not this fa&
afford an inference in favor of the ¢hemical com-
pofition of atmofpheric air ?

1Il.  Decompofition of Nitrous Oxide by
Hydrogene, at the temperature of Ignition,

- In the following experiments on the decom-
pofition of nitrous oxide by hydrogene, the
gafes were carefully generated in the mercurial
apparatus, and their purity afcertained by the
tefis mentioned in Refearch I They were
meafured in fmall tubes graduated to grains,
and then transferred into the detonating tube,
which was eight tenths of an inch in diameter,
and graduated to ten grain meafures.

The fpace occupied by the gafes being noted
after the inflammation by the eleétric fhock,
green muriate of iron, and pruffiate of potath,
were {ucceffively introduced, to afcertain if any
nitrous acid had been formed. The abforption, -
if any took place, was marked, and the gafes
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transferred into a narrow grain meafure tube,
and their bulk and compofition accurately afcer-
tained.

b. The hydrogene employed was procured from
water by means of zinc and fulphuricacid. 50
grain meafuresof it fired by the eletric f'park, with
30 grain meafures of oxygene containing one
eleventh nitrogene, gave a refiduum of abou‘t 4.
Nitrous gas mingled with thofe 4, indicated the
prefence of ratherlefs than 1 of unconfumed oxy-
gene. Inanother experiment 23 of it, with 20 of
the fameoxygeneleftrathermorethan Grefiduum.

The nitrous oxide was apparently pure, for
it left a remainder of about ,05 only, when ab-
forbed by common water.

¢. 50 of hydrogene were fired with 40 of
nitrous oxide; the concuffion was very great,
and the light given out bright red ; no percep-
tible quantity of nitrous acid was formed ; the
refidual gas filled-a-fpace-equal to 52. No part
of it was abforbable by water, it gave no dimi-
nution with nitrous gas, when it was mingled
with a little oxygene, and again ated on by the
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cle@ric fpark, an inflammation and flight dimis
nution was produced.

d. 33 of hydrogene were fired with 35 of
nitrous oxide: nitrous acid was produced in
very minute quantity ; the gas that remained
was not abiorbable by water, and filled a fpace
equal to 37 grains. Nitrous gas mingled with
thefe, underwent a very flight diminution.

e. 40 hydrogene were fired with 46 nitrous
oxide. The quantity of nitrous acid formed
was juft fufficient to tinge the white prufﬁate
of potath. The gafes filled a fpace equal to 49,
gave no perceptible diminution with nitrous
gas, and did not inflame with oxygene. .

/- 40 hydrogene were fired with 39 mitrous
oxide ; no perceptible quantity of nitrous acid
was formed. The refidual gas filled a fpace
equal to 41 ; was unabforbable by water, un-
derwent no diminution when mingled with
nitrous gas ; or when a&ted on by the ele@ric
fpark in conta& with oxygene.

~ g. 20 hydrogene were fired with 64 nitrous
--oxide ; after detonation the expanfion of the
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gafes was greater in this experiment than
any of the preceding ones; denfe white '
fumes were obferved in the cylinder, and
a flow contrattion of volume took place.’
After a little green muriate of iron had been
admitted, the gafes filled a fpace equal to
73 : prufliate of potath mingled with the mu-
riate, gave a deeper blue than in any of the
preceding experiments. The refidual gas was
unabforbable by water: 05 of it, mingled with
65 of nitrous gas, diminifhed to 93; whilft 65
of common air, with 65 of nitrous gas, gave
84. . T

5. 8 of hydrogene were fired with 54 of
nitrous oxide ; the fame phznomena as were
obferved in the laft experiment took place;
nitrous acid was formed; after the abforption of
which the refidual gas filled a fpace equal to
55. .50 of this, with an equal quantity of
nitrous gas, diminithed to 76. In thefe pro-
cefles the temperatures were from 56° to 61o.

Thefe experiments are fele@ed as the moft

accyrate of nearly fifty, made on the inflamma-
T
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tion of different quantities of nitrous oxide and
hydrogene.

As Mr. Keir found muriatic acid in the fluid,
produced by the inflammation of oxygene and. ~
hydrogene in clofed veflels, in Dr. Prieftley’s
experiments, I preferved the refidual gas of
about 3 cubic inches of nitrous oxide, that had
. been detonated at different times with lefs than

a cubic inch and half of hydrogene ; but folu-
tion of nitfate of filver was not clouded
when agitated in this gas, nor when intro-
duced into the detonating“tube in which the
inflammation had been made.
" From thefe experiments we learn that nitrous
oxide is decompofable at the heat of ignition,
by hydrogene, in a variety of proportions.
When the quantity of hydrogene very little
exceeds that of the nitrous oxide, both of the
gafes diféppear, water is produced, no nitrous
acid is formed, and the volume of nitrogene evol-
ved is rather greater than that of the nitrous ox-
#de decompofed. '
- 'When the quantity of hydrogene is lefs than-
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that of the nitrous oxide, water, nitrous acid, -
oxygene and nitrogene, are generated in dif-
ferent proportions; one part of the nitrous
oxide is moft probably wholly decompofed by
‘the hydrogene, and the other part converted
into nitrous acid and atmofpheric air, in confe-
quence of the jgnition.

From cxpériménts ¢, d, and e, the cbmpoﬁ-
tion :of nitrous oxide may be deduced. In
experiment 4, 3¢ of nitrous oxide were decom-
pofed by 40 of bydrogene, and converted into
41 of nitrogene.

‘Naw from & it appears that 40 of hydrogene
require for their condenfation about 20.8 of
oxygene in volume ; fo,that founding the efti-
mation upon the quantity of hydrogene con-
fumed, 100 parts of nitrous oxide would con-
fift nearly of 63.1 of nitrogené, and 36.9 of
oxygene. But 41 of nitrogene weigh 12.4;
Ref. I. Div.I. Confequently, deducing the com-
pofition of nitrous oxide from the quantity of
nitrogene evolved, 100 parts of it would confift

of 63.5 nitrogene, and 36.5 oxygene.
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Thefe eftimations are very little different
from thofe which may be deduced from the
other experiments, and the coincidence is i
favor of their accuracy.

From the following experiment it appears that
the temperature required for the decompofition
of nitrous oxide by hydrogene muft be higher
than that which is neceflary to produce the in-
flammation of hydrogene with oxygene. I in-
* troduced into fmall tubes filled with equal parts
of nitrous oxide and hydrogene, ftanding on a
furface of mercury, iron wires ignited to different
degrees, from the dull red to the vivid white
heat. - The gafes were z;lways inflamed by the
white and vivid red heats; but never by the
dull red heat, though the laft uniformly inflamed
mixtures of oxygene and hydrogene, and at-
mofpheric air and hydrogene.

Dr. Prieftley * firft detonated together nitrous
oxide and hydrogene ; his ‘experiment was
i'epeated by the Dutch chemifts, who found '
that when a fmall quantity of ‘hydrogene was

* Vol. ii, pag. 83.
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employed, the nitrous oxide was partially con-
verted into a gas analogous to common air.
Their.eftimation of its ‘compofition, which is
not far removed from the truth, was founded
on this phaznomenon. *

IV.  Decompofition of Nitrous Ouide by Pbof
phorus.

a. Phofphorus introduced into pure nitrous
oxide at common temperatures, is not at all
- luminous. It is capable of being fufed, and
even fublimed in it, without undergomg acidifi- -
cation, and without effeting any alterat:on in
its compofition.

About 2 grains of phofphorus were fufed, and
gradually fublimed, in 2 cubic inches of pure

nitrous oxide, over mercury, by the heat of a

* Journal de Phyfique, tom. xliii. part2, pag. 331.
They fuppofed it to confift of about 37,5 oxygenc, and
62,5 nitrogene. The nearnefs of this account to the truth
is fingular, when we confider that they were neither ac-
quainted with the fpecific gravity of nitrous oxide, nar
with the produétion of nitrous acid in this experiment.
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burning lens. No alteration was produced in
the volume of gas, and a portion of it abforbed
by water, left a refiduum of one twelfth only.

Phofphorus was fublimed in pure nitrous
oxide over mercury, in.a dark room, by an
iron heated rearly to ignition ; but no luminous
appearance was perceptible,” nor was any gas
decompofed.

b. Phofphorus decompofes nitrous oxide at
the temperature of ignition, with greater or lefs
rapidity, according to the degree of heat. We
have already feen, that when phofphorus in adtive

. inflammation is introduced into nitrous oxide, it
burns with intenfely vivid light.. '

Phofphorus was fublimed by a heated wire in

. Lar filled with nitrous oxide, ftanding over warm
mercury. In this ftate of fublimation an iron
heated dull red was introduced to it by being
rapidly paffed through the mercury; a light

~_ blue flame furrounded the wire, and difappeared

as foon as it ceafed to be red.
To phofphorus fublimed as before, in nitrous
oxide, over warm mercury, a thick wire ignited
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to whitenefs was introduced ; a terrible detona-
tion took place, and the jar was fhattered in
pieces.

By employing thick conical jars,* containing
only a fmall quantity of nitrous oxide, I effected
the detonation feveral times with fafety; but
on account of the great expanfion of the elaftic
produds, the jar was generally -either raifed
from the mercury; or portions of gas werg
thrown out of it. Hence I was unable to afcer-
tain the exaét changes produced by . this mode
- of decompofition.

¢. Asmy firft attempts to afoertain the contti-
tution of nitrous oxide were made on its decom- -
pofition by phofphorus, I employed many dif-

. - i 8
* Experimertts on the detonatiou of nitrous oxide with
phofphorus in this way require great attention. The deto-
nating jar thould be very conical; the nitrous oxide em-
_ployed thould never equal more thanone eighth of the
capacity of the jar. The wire for the inflammation muft
be very thick, and curved fo asto be eafily introduced into
the jar. When ignited, it muft be inftantaneoufly pafled
through the heated mercury into the jar.

Perhaps the ele@ric fpark might be advantageoufly ap-
plied for detonating phofphoric vapor with nitrous oxide.
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ferent modes of partially 1gmtmg this fubﬁance

in it over mercury, fo as to producc a com-
buftion without explofion. _

The. firft method adopted was inflammation
by means of oxygenated muriate of potath. A
fmall particle of oxygenated muriate of potath
was inferted into the phofphorus to be burnt.
On the application of a wire, moderately hot,
to the point of infertion, the falt was decom-
pofed by the phofphorus, and f{ufficient fire
generated and partially applied By the flight
explofion, to produce the combuftion of the
’ phofphorus, without the previous fubllmahon
of any part of it. i

The fecond way employed was the ignition
of a part of the phofphorus, by means of .the
combuftion of a fmall portion of tinder of cot-
ton,* or paper, in conta&t with it, by the
burning glafs.

The third, and moft fuccefsful mode, was
by introducing into the graduated jar containing

* It w:ll be feen hereafter that thefe bodies are eaﬁly
jnflamed in nitrous oxide.
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the nitrous oxidé, the phofphorus in a fmall
tube containing oxygene, fo balanced as to
fwim on the furface of the mercury, without
communicating with the nitrous oxide. The
phofphorus was fired in the oxygene with an
ignited iron wire, By which at the moment of
combuftion, the tube containing it was raifed
into the nitrous oxide, and thus the inflamma-
tion continued.

d. Indifferent experiments, made with accu-
racy,Ifound thatthe whole of a quantity of nitrous
oxide was never decompofable by ignited phof-
phorus ; the combuftion always ftopped when
the nitrous oxide remaining was to the nitro- .
gene cvolved as about 1to 5 ; likewife that the
volume of nitrogene produced was rather lefs
‘than that of the nitrous exide decompofed, and
* that this deficiency arofe from the formation of
nitrous acid by the intenfe ignition produced
during the procefs. '

Of one experiment I fhall give a detail.

Temperature being 48°, two cubic inches
of pure nitrous oxide, which had been generated
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over mercury, were introduced into a jar of the
capacity of g cubic inches, graduated to,1 cubic
inches, and much enlarged at the bafe. A grain
of phofphorus was inferted into a fmall veflel
about one third of an inch long, and half an
inch in diameter, containing about 15 grain
meafures of very pure oxygene; this veflel,
which fwam on the furface of the mercury, was
carefully introduced into the jar containing the
nitrous oxide. The phofphorus was fired by -
means of a heated wire, and before the oxygene
was wholly confumed, the veflel containing it
elevated into the nitrous oxide, The com-
buftion was extremely vivid and rapid. After
the atmofpheric temperature was reftored, the
gas was rendered opaque by denfe white vapof.
When this had been precipitated, and the fmall
veflel removed from the jar, the gas filled a
fpace nearly equal to 1.9 cubic inches. On
introducing to it a little folution of green mu-
riate ‘of iron, . and pruffiate of potath, green
prufliate of iron was produced : hence, evi-
dently, nijtrous acid had been formed.
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On the admiffion of pure water, an abforp-
tion of rather more than ,3 took place,

. The 16 meafures remaining underwent no
perceptible diminution with nitrous gas; the
taper plunged into them was inﬁantly extin-
guithed.

To afcertain if the phofphoric acid produced
in the experiments made under mercury did
not in fome meafure prevent the decompofition
of the whole of the nitrous oxide by the phof-
phorus, I introduced into a mixture of 5 nitr;)-
gene and 1 nitrous oxide, ignited phofphorus =
but it was 1mmcd1ately extinguifhed.*

The Dutch Chemifis found that phofphorus

might be fufed in nitrous oxide without being
Juminops.  They affert that phofphorusina
ftate of inflammation, introduced into this gas,
was immediately extinguifhed ; though when
taken out into the atmofphere, it again burnt
.of its own accord.f It is difficult to account
for their miftake.

* Phofpﬁorus burnt feebly with a white flamie in a mix-
ture of 4 nitrogene and 1 mitrous oxidF.

1 Journal de Phyfique, xliii, 328.
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V. Decompofition of Nitrous Ouxide by Phof~

&

phorated Hydrogene.

. It has been mentioned in Ref. II. Div. I.
that phofphorated hydrogene and nitrous oxide
pofiefs no action on each other, at atmofpheric
temperatures.

Phofphorated hydrogene mingled with ni-
trous oxide, is capable of being inflamed by the
.ele@ric fpark, or by ignition.

b. E. 1. 10 grain meafures of phofphorated hy-
~ drogene, carefully produced by meansof phofpho-
rus and folution of cautftic alkali, were mingled
with 52 meafures of nitrous oxide. The ele@ric
fpark paffed through them, produced a vivid
inflammation. The elaftic produ&ts were
clouded with denfe white vapor, and after fome
minutes filled a fpace nearly equal to 60. On
the introdu&ion of water, no abforption took
place. When 43 of nitrous gas were admitted,
the whole diminifhed to 70.

E. 2. 25 of nitrous oxide were fired with 10
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of phofphorated hydrogene, by the. ele@ric |
{'par.k. After detonation* they filled a fpace
exallly equal to 25. On the admiffion. of
folution of green fulphate of iron, and- pruffiate. -
of potath, no blue or green precipitate was 'pro-v '
duced. On the introdu&@ion of water, no dimi-
nution was perceived. 25.of nitrous gas ming-
led with them, gave exadtly 50.'
E.3. 100f nitrous oxide, mingled with 20 of
phofphorated hydrogene, could not be inflamed.
25 of nitrous oxide, with 20 phofphorated,
hydrogene, inflamed. The gas after detonation,
was rendered opaque by denfe white vapor, and.
filled a fpace nearly equal to 45. No abforption
took place when water was introduced. On,
admitting a little oxygene no white fumes, or
diminution, was perceived. The ele@ric fpark
pafled through the mixture, produced an ex-,
ploﬁon, with great diminution. ‘
¢.From E. 1 it appears, that when a fmall quanx
tity of phofphorated hydrogene is inflamed with

* In this experiment, as in the laft, denfe white vapor °
was produced. '
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, nitrous oxide, both the phofphorus and hydro-
gene are confumed ; whilft the fuperabundant
nitrous oxide, is converted into nitrous acid and
atmofpheric air, by the ignition ; or a certain
quantity is partially decompofed into atmofpheric
air by the combination of a portion of its oxygenc

‘with the combuftible gas.

" From E.2 we learn, that when the phofphorated
hydrogene and nitrous oxide are to each other
as 25 to 10 nearly, they both difappear, whilft
nitrogene is evolved, and water and phofphoric
acid produced.  Reafoning concerning the
compofition of nitrous oxide from this experi-
ment, we thould conclude that it was compofed
of about 38 oxygene, and 62 nitrogene.

The refult of E. 3 is interefting; we are taught
from it that the affinity of phofphorus for the
oxygene of nitrous oxide is ftronger than that

- of hydrogene, at the temperature of ignition ;
fo that when phofphorated hydrogene is min-
gled with a quantity of nitrous oxide, not con-
taining fufficient oxygene to burn both its con-
fiituent parts, the phofphorus only is confumed,
whilft the hydrogene is liberated.

oy .
[
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T repeating the expé}iments with phofpho- -
rated - hydrogene that had remained for fome
hours in the mercurial apparatus, I did not gain
exa@ly the fame refults ; for a langer quantity
of.it was required to decompofe the nitrous
oxide, than in the former experiments; doubt-
lefs from its having depofited a portion of its
phofphorus.  They: confirm, however, the
above menti;aned conclufions. L

In the courfe of experimenting, I paffed the

_ éle@ric fpark, for a quarter of an hour, . through .

about 60 meafures of phofphorated hydrogene.
It underwent no alteration of velume. Phof-
phorus was apparently precipitated from it, and
it had wholly loft its power of mﬂammg, in

conta@ with common air. o

VL. Decompofition of Nitrous Oxide by Subs
phur. S '

! I T

From the phenomena béfére mentioned,*

* Ref. I Piv. IIL S, IL
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relating to the combafiion of fulphur in nittous
oxide, it was evident that this gas was only de-
compofable by it, at a much higher temperature
than common air. . .

_Iintroduced into fulphur in conta® with
nitrous oxide, over mercury heated to 112°—
114°, a wire intenfely ignited. . It loft much
of its heat in paffing through the mercury, but
ftill appeared red in the veflel. The fulphur
rapidly fufed, and fublimed without being . at
all luminous. This experiment was repeated
five or fix ‘times, but in no inftance could the
combuftion of fulphur, by means of the ignited
wire, be effefted.

I inflamed fulphur in nitrous oxide in the
fame manner as phofphorus ; namely, by intro-
ducing it into the fmall veffel filled with oxy-
gene, and igniting it by means of the heated
wire. In thefe experiments the fulphur burnt
with a vivid rofe-colored light, and much ful-
phuric, with a little fulphureous acid, was formed.

Experimenting in this way I was never, how-
ever, able to decompofe more than one third
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of the quantity of nitrous oxide empioyedi
not only the nitrogehé evolved, but likewife the .
: fulphhric and fulphureous acids produced, ﬁop.
ping the combuftion.

I found that fulphur in a ftate of vivid in-
flammation, when introduced into a mixture of
one fourth nitrogene, and three fourths nitrous
oxide, burnf with a flame very much enlarged,
and of a vivid rofe color. In one third nitro- |
gene, and two thirds nitrous oxide, it burnt
feebly with a yellow flame. In equal parts of
nitrous oxide and nitrogene, it was inftantly
extinguithed.

Sulphur burnt feebly, with a light yellow
flame, when introduced ignited into a mixture
of 5 nitrous gas, and 6 nitrous oxide. In orie
third nitrous oxide, and two thirds nitrous gas,
it was inftantly extinguifhed. From many
circumftances, I am inclined to believe that ful- -
phiir is incapable, at any temperature, of flovly
decompofing nitrgus oxide, fo as to burn in it
with a blue flame, forming fulphureous acid
“dloe. It appears to aftra oxygene from it

. - :
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only when mtenfe]y ignited, fo as to form

chiefly fulphuric acid, and that with great
‘rapidity, and vivid inflammation.

VIL Decomj)o/ilion of Nitrous Ouxide by Sul-
phurated Hydrogene.

a. -Though hitrous oxide and falphurated
hydrogene do not a& upon each other at com-
mon temperatures, yet they undergo a mutual
decompofition when mingled together in certain
‘proportions, and ignited by the eledric fpark.

From more than twenty experiments made
on the inflammation of fulphurated hydrogene

_in nitrous oxide, I fele® the following as the:
moft conclufive and accurate. ‘The temperature
at which they were made was from 41° to 49°.

b. E.1l. ~About 35 meafures of nitrous -
oxide were fired with 10 of fulphurated hydro-

‘gene; the expanfion during inflammation was
very great, and the flame fky-blue. Imme-
diately after, the gafes filled a fpace equal to
48 nearly. White fumes were then formed, .
and they gradually contratted to 40, On the
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.admiffion of a little ftrontian lime water, a flight
- abforption took plaée, with white precipitation ;
and the volume occupied by the refidual gas
nearly equalled 37. © On admitting nitrous gas
to thefe, no perceptible diminution took placé.

E. 2. 20 fulphurated hydrogene, with 25
pitrous oxide, could not be inflamed. -

30 nitrous oxide, with 22 fulphurated hydro-
gene, could not be inflamed.

35 nitrous oxide, with 20 fulphurated h:ydro-
gene, inflamed with vivid blue light, and great
expanfion.  After the explofion, the gafes filled
exadlly the fame fpace as before the experimqgt_;
o white fumes were perceived, and no farther
contra®tion occurred. On the addition of
ftrontian lime water, a copious precipft_atfoh,'
_wit.b' diminution, took place; and the refidual
gas filled a fpace nearly equal to 351L. . -

~ E. 3. 47 nitrois oxide, and 14 ﬁilphu,r'gt_ed\
hydrogene, inflamed. After:the_éxploﬁon;t-b.c
gafes filledafpace nearly equal to 65; then white
fumes for:ped, and they- gradually diminiﬂle,d
to 52. On the jntroduétion of muriate of firon-
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tiari, a copious white precipitate was produced;
and on the addition-of water, no further ab-
forption took place. To the refidual 52, about
20 ‘of nitrous gas were added; they filled toge-
ther a fpace equal to ahout 67.

¢. In none of the experiments made on the

inflammation of fulphurated bydrogene and

nitrous oxide, could I afcertain with certainty.

the precipitation of fulphur. In one or two
procefles the detonating, tube was rendered a

‘little white at the points of conta& with the

mercury ; but this was moft probably owing to
the oxydation of the mercury, either by the

“heated fulphuric acid formed, or from nitrous

acid produced by the ignition. The prefence
of nitrous acid I could not afcertain in thefe pro-
cefles by my ufual tefts, becaufe the combuftion

of fulphur over white pruffiate of iron, converts

it'into light green.
When I introduced an inflamed taper  into

about 3 parts of fulphurated hydrogene, and 2 .

parts of nitrous oxide, in which proportions
they could not have been fired by. the

—_— A~

B o
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eleric fpark, a blue flame paffed through them,
and much fulphur was depofited on the fides of
the veffel. But this fulphur moft probably awed
its formation to the decompofition of a portion of
fulphurated hydrogene not burnt, by the ful-
phureous acid formed from the combuftion of
the other portion. :

We may then conclude with probablhty, that
fulphurated hydrogene and nitrous oxide willnot
decompofe each other, when a&ted on by the elec-
tric fpark, unlefs their proportions are.fuch as to
enable the whole of the fulphurated hydrogene
tobe decompofed, fo that both of its conftituents -
may become oxygenated, by attrating oxygene
from the nitrous oxide : likewife, that.when the
fulphurated hydrogene is at its maximum
of inflammation, the bydrogene and fulphur
form with the whole of the oxygene of nitrous.
oxide, water and fulphurcous.acid; E. 2: where-
as at its minimum they produce water, and
chiefly, perbaps wholly, fulphuric acid ; at the
fame time that the nitrous oxide partially de-
compofed, is converted into nitrogene, and a
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gas analogous to atmofpheric air, or into nitro-
gene, nitrous acid, and atmofpheric air. E. 1.
E. 3.

By purfuing thofe experiments, andufing larger
quantities of gas, we may probably be able to
afcertain from them with accuracy, the com-
pofition of fulphuric and fulphureous acids.

T own I was difappointed in the refults, for I
expeéted to have been able to afcertain from
them, the relative affinities of fulphur, and
hydrogene for the oxygene of nitrous oxide,
at the temperature of ignition. I conjeGured
that nitrous oxide, mingled with excefs of ful--
phurated hydrogene, would have been decom-
pofed, and ene of the principles of it evolved
unaltered, as was the cafe with phofphorated’
hydrogene. '

If we eftimate the compofition of nitrous
oxide from the quantity of nitrogene produced in
E. 2, it is compofed of about 61 nitrogene, and
39 oxygene, o
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" VIII.  Decompofition of Nitrous Oxide by
Charcoal. : " ‘ .

An account of the analyﬁé of nitrous oxide
by charcoal is given in Ref. I. Div. 1L T have
lately made two experiments on the combuftion
of charcoal in nitrous oxide, in which every
precaution was taken to prevent the exiffence of
fources of error. Of one of thefe ‘I fhall give
a detail. e ' '

E. Temperature being 51°, about a grain of
charcoal, which had been expofed for ‘fome
'ho_urs to a red heat, was introduced whilft
ignited, under mercury, and transferred into a
graduated jar, containing 3 cubic inches of pure
nitrous oxide, ftanding over dry mercury.

The focus of a burning lens was thrown on
the charcoal ; it inftantly inﬂamcﬂ, and burnt
with great vividnefs for near a minute, the gas
being much expanded. The focus was con-
timial]y applicd to it for ten minutes, when the
procefs appeared at an end, The gafes, when

the common temperature and preflure were
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reffored, filled a fpace equal to 4,2 cubic
inches. : -

On introducing into them a few grain mea-

‘ fprcé of folution of green muriate of iron, for
the double purpofe of faturating them with
“moifture, and afcertaining if any nitrous acid
had been formed, no change of volumé took
place; and pruffiate of potath gave with the
muriate a white precipitate odly.

On the admiffion of a fmall quantity of con-
centrated folution of cauftic potafh, a diminu-
tion of the gas flowly took place ; when it was
complete the volume equalled about 3.05 cubic
iijches. By agitation in well boiled witer,
about ,Q of ,thefé were abforbed ; the remainder
_appeared to be pure nitrogene,

" Thedifference befwegn the eftimation founded
upon the nitrogene evolved, and that deduced
from the carbanic acid generated in this experi-
ment, is not nearly fo great as in that Ref. L
‘Div. III.  Taking about the mean proportions,
-we fhould conclude that nitroué oxide was com-
pofed of about 38 oxygene, and 62 nitrogene.
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" Charcoal burnt with greater vividnefs than in
common air; in a mixture of one third nitrogcm_:' -
and two thirds nitrous oxide. In equal parts of
nitrous oxide and nitrogene, its light was barely
perceptible.  In one third nitrous -oxide, and
two thirds nitrogene, it was almoﬁ 1mmed1ately
extinguithed,

As charcoal burns vividly in nitrous gas,
when it has been previéuﬁy ignited to white-
nefs, I introduced it into a mixture of equal
parts of nitrous oxide and nitrous gas ; it burnt
. witha deep and bnght red.:

IX. Decompoﬁnan of N trous Oxide by
Hydro-mrbormie

Nitrous oxide, and hydro-carbonate, poflefs
no ation on each other, except at high tem-
peratures. When mingled in certain propor-
iions, and‘ expofed to the eleétric thock, a new
arrangerhent of their principles takes place. |

E. 1. Temperature being 530, 35 of
"x_n_itx;ops oxide, mingled with 15 of hydro-
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carbonate, were fired by the ele@ric fpark ;
the inflammation was very vivid, and the
light produced, bright red.  After the
- explofion, the fpace occupied by the gafés
“equalled about 60. On the admiffion of folu-
tion of ftrontian, a copious white precipitate
was produced, and the gas diminithed by'agita-
‘tion, to rather mare than 35, When 36 of
nitrous gas were added to thefe, white fumes
appeared and the whole diminithed to 62.
When a little muriatic acid was poured on the
white precipitate from the folution of firontian,
gas was evolved from it, ‘and it was gradually
diffolved.

E. 2. 22 nitrous oxide were inflamed with
20 hydro-carbonate ; after the explofion, they
filled a fpace equal to 45; when firontian Jime
water was introduced, white precipitation took
place, and the diminution was to 31.

To thefe 31, 14 of nitrous oxide were ad-
mitted, and the ele@ric fpark pafled throngh

" them; an inflammation took place: carbonic

acid was formed, after the abforption. of which,
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the gas remaining filled a fpace equal to 43, and
did not diminith with nitrous gas.

_The hydro-carbonate employed in thefe ex-
periments, was procured from alcohol by means
of fulphuric acid. In another fet of experi-
ments made with lefs accuracy, the fame general .
refults were obtained. Whenever hydro-car-

bonate ihflamed with nitrous oxide, both its
" conflituents were oxygenated ; in all cafes car-
bonic acid was formed, and in no inftance free
hydrogene evolved, or charcoal precipitated.

- In the decompoﬁﬁob of nitrous oxide by hy-
dro-carbonate, the refidual nitrogene -is lefs
than in in other combuftions. This circum-
ftance I am unable to explain.

.. Reafoning from analogy, there can be little
doubt, but that when: bydro-carbonate is in-
flamed with excefs of nitrous oxide, it will be

only partially decompounded, or converted into

nitrogene, nitrous acid, and atmofpheric air.
The Dutch Chemifts have afierted, that char-_
coal does not burn in nitrous' oxide, except in

confeqﬁencc of the previous dccompoﬁtion of
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the gas by the hydrogenealways contained in this
fubftance; and likewife, that when hydro-car-
bonate and nitrous oxide were mingled together,
andfired by the eleétric fpark, the hydrogene only
was burnt, whilft the charcoal was precipitatéd.

It is difficult to account for thefe numerous
miftakes. Their theory of the non-refpirability
of nitrous oxide was founded upon them. They
fuppofed that the chief ufe of refpiration was
to deprive the blood of its fuperabundant car-
- bon, by the combination of atmofpheric oxy-
éene with that pr'inciple(; and that nitrous oxide-
was highly fatal to life, becaufe it was incapable
of de-carbonating the blood* ! o

- X. Combuftion of Iron in Nitrous Ouide.
I introduced into a jar of the capacity of 20
cubic inches, containing 11 cubic inches of

nitrous oxide, over mercury, a fmall quantity
of fine iron wire twifted together, and having

* Journal de Phyfique, xliii. 334,
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affixed to it a pérticle of cork. On throwing
the focus of a burning glafs on the cork, it
inftantly inflamed, and the fire was communi-
cated to the wire, which burnt with great
vividnefs for fome moments, proje@ing bril-
liant white fparks. After it bad ceafed to burn
the gas was increafed in volume rather more
than three tenths of an inch. The nitrous acid
tefts were introduced, but no acid appeared t6
have been formed. On expofing the gas fo
water, near 4,2 cubic inches were abforbed : the
7,1 remaining appeared to be pure nitrogene. |

From this experiment it is evident that iron
at the temperature of ignition, is capable of
decompofing nitrous oxide; likewife that it is
incapable of burning in it when it contains more
than three fifths nitrogene.

- Tattempted to inflame zinc in vitrous oxide,
in the fame way as iron ; but without fuccefs.
By keepihg the focus of a burning glafs upon
fome zinc filings, in a'fmall quantity of nitrous
oxide, I converted a little of the zine into white
oxide, and confequently decompofed a portion
of the gas.
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XYL  Combuftion of Pyropborus in Nitrous
Oxide. . '

Pyrophorus, which inflames in nitrous gas,
and atmofpheric air, at or even below 40°, re-
quires for its. combuftion in mitrous oxide a
much higher temperature. It will not byrn in
it, or alter it, even at 2120, .

I have often inflamed pyrophorus in. nitrqus
oxide gver mercuyy, by means of 3 wire ﬁrong)y
heated, but not ignited. The light produced
by the ignition,, of pyrophorus in nitrous oxide
is white, like that produced by it in oxygene :
in nitrous gas it isred. . ‘

When pyrophorus burns out in ni:rqus;éxjde;
a little increafe.of the volpme of gas is produged.

_Strontian lime water agitated in this gas be,c&mcs
clouded; but the quantity of -carbonic acid
formed is extremely minute. I have: never
madeanydelicate experimentsan the combuftign
of pyrophorus in nitrous oxjde,
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XIL.  Combuftion of tke Taper in Nitrous
Ouxids.

Tt has been noticed by different experi-
mentalifts, that the tapér burns with a flame
confiderably enlarged in nitrous oxide: fome-
times with a vivid light and crackling noife, as
in oxygene; at other times with a white central
flame, furrounded by a feeble blue one.

My experiments on the combuftion of the
taper in nitrous oxide, were chiefly made with
a view to afcertain the caufe of the double
flame.

When the inflamed taper is introduced into
pure nitrous oxide, it burns at firft with a bril-

- liant white light, and fparkles as in oxygene.
As the combuftion goes on, the brilliancy of the
flame diminithes ; it gradually lengthens, and
becomes furrounded with a pale blue cone of
light, from the apex of which. much unburnt
charcoal is. thrown off, in the form of fmoke.
“The flame continues double to the end of the

" procefs, '
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When the refidual gafes are examined after
combuftion, much nitrous acid is found fuf-

pended in them ; and they are compofed of -

carbonic acid, nitrogene, and about one fourth
of undecompounded nitrous qxide}

The double flame depends upon the nitrous
acid formed by the ignition ; for it can be pro-
duced by plunging the taper into common air
containing nitrous acid vapor, or into a mix-
ture of nitrous oxide and nitrogene, throu’gh"
which nitrous acid has been diffufed. It is
never perceived in the combuftion of the taper;
till much nitrous acid is formed. ,

In attempting to refpire fome refidual gas of
nitrous oxide, in which a taper had burnt out, I
found it fo highly impregnated with nitrous acid,
.as to difable me from even taking it into my
mouth. . .
The taper burns in a mixture of equal parts
nitrous oxide and nitrogene, at firft witha

flame nearly the fame as that of a candle’ in-
common air ; white, Before its extin@ion the '

. interior white flame, and exterior blue flame;
are perceived.

e
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The taper is inftantly extinguithed in a mix«
turc of one fourth nitrous oxide, and thrce
fourths nitrogene.

In a mixture of equal parts nitrous oxide and
nitrous gas, the taper burns at firft with nearly
as much brilliancy as in pure nitrous oxide;
gradually the double and feeble flame is pro-

duced.

XIIl. On the Combuftion of different Com-
pound Bodies in Nitrous Owide.

All the folid and fluid compound inflammable
bodies on which I have experimented, burn in
nitrous oxide, at high temperatures. Wood, cot-
ton, and paper, are eafily inflamed in it by the
burning glafs. During their combuftion, ni-
trous acid is always formed, carbonic acid, and
water produced, and nitrogene evolved, rather
lefs in bulk than the nitrous oxide decompofed.

I have already mentioned that alcohol and
ether are foluble in nitrous oxide. When an

ignited body is introduced into the folution of
W
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alcohol, or ether in nitrous oxide, a flight
explofion takes place. '

XIV. General Conclu)fom relating to 1he
_ .Decompoﬁlian of ANurous. Oxide, and to iis
Analyfis.

From what has been faid in the preceding
fe@ions, it appears that the inflammable bodies,
“in general, require for their combuftion in
nitrous oxide, much higher temperatures than
thofe at which they burn in atmofpheric air, or

oxygene. .

: 'When intenfely heated they decompofe it,
~ with the producion of much heat and light,
and become oxygenated.

“During the combuftion of folid or fluid bodies,
producing flame, in nitrous oxide, nitrous acid
18 generated, moft probably from a new arrange-
ment of principles, analogous to thofe obferved
in- Se@. II, by the ignition of that part of the
gas not in contaé with the burning fubftance.
Likewife when nitrous oxide in excefs is decom-
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pofed by inflammable gafes, nitrous acid, and
- fometimes a gas analogous to common air, i9
produced, doubtlefs from the fame caufe.

Pyrophorus is the only body that inflames im
nitrous oxide, belaw the temperature of
sgnition. '

Phofphorus barns in it with the blue flame,
probably forming with its oxygene only phofs
phoreous acid at the dull red heat, and with the |
intenfely vivid flame, producing phofphoric acid
at the white leat.

Hydrogene, charcoal, fulphur, iron, and the
compound inflammable bodies, decompofe it
on}y at heats equal to, or-above, that of ignition 2
- probably each a different temperature.

"From the phanomena im Seét. V. it appesrs,
that at the temperature of intenfe ignition, phof-
phorus bas a ﬁr:)nger affinity for the oxygene
of nitrous oxide than hydrogene ; and reafoning
from the different degrees of eoembuftibility of .
the inflammable bodies, in mixtures of nitrous

oxide and nitrogene, and from other phene-
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mena, we may conclude with probability, that

at about the white heat, the affinity of the com-
buftible bodies for oxygene takes place in the
following order. Phofphorus, hydrogene, char-
coal,* iron, fulphur, &c. ,

This order of attra@ion is very different
from that obtaining at the red bheat; in
which temperature charcoal and iron have a
much ftronger affinity for oxygene than either
phofphorus or hydrogene.«}-

The fmalleft quantity of oxygene given in
the different analyfes of vitrous oxide juft de-
tailed, is thirty five hundred parts ; the greateft
proportion is thirty-nine.

Taking the mean eftimations from the moft
accurate experiments, we may conclude that
100 grains of the known ponderable matter of

* As is proved by the decompofition of oxide of iron and

fulphuric acid by charcoal, at that temperature,

+ Hydrogene at or about the red heat, appears to attrat

~ oxygene fironger than phofphorus. See Dr, Prieftley’s

exyeriments, vol, i. page 262.
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nitrous oxide, confift of about,\36,7 o'xygénc,
and 63,3 nitrogene ; or taking away decimals,
of 37 oxygene to63 nitrogene; which is identical
“with the eftimation given in Refearch I.

XV. Obfervations on the combinations of
Oxygene and Nitrogene.

During the decompofitions of the combina-
tions of oxygene and nitrogene by combutftible
bodies, a confiderable momentary expanfion of
the aing fubﬁainccs, and the bodies in conta&t
with them is generally produced, conneéed with
increafed temperature ; * whilft light is often
generated to a great extent.

Of the caufes of thefe phanomena we are at
p_fefent ignorant. Our knowledge of them
muft depend upon the difcovery of the precife
nature of heat and light, and of the laws by
which they are governed. The application of
general hypothefes to ifolated fa&ts can be of
. little utility ; for this reafon I fhall at prefent
forbear 1o enter into any difcuffions concerning
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thofe agents, which are imperceptible to the
fenfes, and known only by folitary effe@s. .

Analyfis and fynthefis clearly prove -that
oxygene and nitrogene conflitute the known
ponderable matter of atmofpheric air, nitrous
oxide, nitrous gas, and nitric acid.

That the oxygene and nitrogené of atmof.
pheric air exift in chemical union, apbears
3lmoft demonftrable from the following avi-
dences. , L |
1ft. The equable diffufion of -.oxygenc and
nitrogene through every pax"t of the atmafphere,
which can hardly be fuppofed to depend.on
any other.caufe than an affinity between thefe
principles.* |

2dly. The difference between the fpecific

* That attraction muft be called chemical, which enables
bodies of different fpecific gavities to unite in fuch a manner -
as to produce a compound, in every part of which the com-
flituents are found in the fame proportions to each other,
Atmofpheric air, examined after baving been at perfeét
reft in clofed veffels, for a great length of time, contains in
every part the fame proportions of oxygene and nitrogene:;
whereas if no affinity exified between thefe principles,
following the laws of fpecific gravity, they ought to fepa~
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gravity of atﬁofphcﬁc air, and a mixture of 25
parts oxygene and 73 nitrogene, as found by
calculation ; a difference apparently owing te
expanfion in confequence of combination.

3dly. Thé converfion of nitrous oxide into
nitrous acid, and a gas analogous to common
air, by ignition.

athly. The folubility of atmofpheric air un«
decompounded in water. .

ATMmosPHERIC AIR, then, may be conﬁ-
dered a$ the leaft intimate of the combinations
of nitrog'eﬁe and oxygene.

It is an elaftic fluid, permanent at all known
temperatures, confifting of ,73 nifrogene, and
»27 oxygene. Itis decompofai)le at certain tem-
peratures, by moft of the bodies poffeffing
affinity for oxygene. It is foluble in about
thirty times its bulk of water, -and as far as we
are acquainted with .its affinities, intapable of

rate ; the oxygene forming the inferior, the nitrogene the
fuperior ftratum. .
The fuppofition of the chemical compofition of atriof-
pheric air, has been advanced by many ph1lofophers The
two firft evxdenecs have been often fioticed.
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combining with moft of the fimple and com-
pound fubflances. 100 cubic inches of it
weigh about 31 grains at 55° temperature, and
30 atmofpheric preflure.

NiTrouvs OxIDE is a gas unalterable in its
conftitution, at temperatures belew ignition.
It is compofed of oxygene and nitrogene, exift-
ing perbaps in the moft intimate union which
thofe fubftances are capable of affuming.®
Its properties approach to thofe of acids. It
is decompofable by the combuftible bodies at
very high temperatures, is foluble in double its
volume of water, and in half its bulk of moft of
the inflammable fluids. It is combinable with
the alkalies, and capable of forming with them
peculiar falts. 100 grains of it are compofed
of about 63 nitrogene, and 87 oxygene.
100 cubic inches of it . weigh 50 grains,
at 55° temperature, and 30 atmofpheric pref~
fure.

* For it is unalterable by thofe bodies which are capable
of attrating oxygene from nitrous gas and nitrous acid, ag
common temperatures
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Nitrous Gas is compofed of about ,56 .
oxygene, and ,44 nitrogene, in intimate union.
It is foluble in twelve times its bulk of water,
and is combinable with the acids, and certain
metallic folutions; it is pofiefled of no acid
properties, and is decompofable by moft of the
bodies that attract oxy‘genc ftrongly, at high
temperatures. 100 cubic inches of it weigh
about 34 grains, at the mean tcmperatufe and
prefure.. h

Nitric Acip is a fubftance permanently
aériform at common temperatures, compofed of
about 1 nitrogene, to 2,3 oxygene. It is folu-
ble to a great extent in water, and combinable
with the alkalies, and nitrous gas. Itis decom-
pofable by moft of the combuftible bodies, at
certain tefnperatures. 100 cubic inches of it
wéigh, at the mean temperature and preflure,
nearly 76 grains. '
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- RESEARCH 1L
. DIVISION 1.

EXPERIMENTS and OBSERVATIONS on the
EFFECTS produced upon ANIMALS by th¢ RES-
PIRATION of NITROUS OXIDE.

|

‘1. Preliminaries.

THE term refpirable, in its phyfiologieal
application, hasbeen differently em;ﬂoyed. Some
times by the refpirability of a gas has been
meant, its power of fupporting life for a great
length of time, when repeatedly applied to the
blood in the lungs. At other times all gafes
have been confidered as refpirable, ‘which were
capable of introduction into the lungs by volun-
tary efforts, without any relation to their
vitality. '
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In the laft fenfe the word refpirable is moft
properly employed. In this fenfe it is ufed in
the following fections. |

Non-refpirable gafes are thofe, which when
applied to the ckternal organs of Arefpnratnon, _
ftimulate the mufcles of the epiglottisin fuch a
way as to keep it perfe@ly clofe on the glottis ;
thus prevehting the fmalleft particle of gas from
entering into the bronchia, in fpite of voluntary
exertions ; fuch are carbonic acid, and acid gafes
in general. ¥ : . :
~ Of refpirable gafes, or thofe which are capa-

ble of bemg taken into the lungs by voluntary
efforts. -

One only has the power of umf'ormly fup-
~ porting life; ;—atmofpheric air.  Other gafes,
'when refpired, fooner or later produce death ;
but in different modes. | |

Some, as mtrogene and hydrogene, effe@ no.
pofitive change in the venous blood Ammals

* See the curious experiments of Rofier, Joﬁmal de -
Phyfique, 1786, vol. 1, pag. 419.
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immerfed in thefe gafes die of a difeafe pro-
duced by privation of atmofpheric air, analogous
to that occafioned by their fubmerfion in water;
er non-refpirable gafes.

Others, as the dnﬁ'efent vaneth,s of hydro-
carbonate, deftroy life by producing fome pofi-
tive change* in the blood, which probably im-
mediétely renders it incapable of fupplying
the nervous and mufcular fibres with principles
efential to fenﬁbllxty and irritability.

Oxygene, which is capable of being refpired
for a much greater length of time than any
other gas, except common air, finally deftroys
life ; firft producing changes in the blood,
connected with new living aQion.f )

After experiments, to be detailed hereafter,
made lipon myfelf and others, had proved that

" mnitrous oxide was refpirable, and .capable of

#* As appears from the - experiments of Dr. Beddoes s
llkew1fe thofe of Mr. Watt.'

* + As appears from the experiments of Lavoifier and Dr. -
Beddoes ; and as will be feen hereafter, .
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fupporting life’ for a longer time than  any
of the gafes, except atmofpheric air and oxygene,
I'was anxious to afcertain the effe@s of it upon
animals, in cafes where its a@ion could be
carried to a full extent ; and to compare the ~
changes occafioned by it in their organs, with
~ thofe produced by other powers,

II. Otz the rcfptmtzon of Nitrous Ouide by
warm- Hoaded Animals. ‘

The nitrous oxide employed in the following
experiments, was procured from nitrate of am-
moniac, and received in large jars, filled with
water previoufly faturated with the ‘gas. = The
animal was introduced into the jar, by being
carried under the water ; after its introdu&ion,
the jar was made to reft on a fhelf, about half
an inch below the furface of the water ; and the
animal carefully fupported, fo as to prevent
his mouth from refting in the water. | |

This mode of experimenting, either under
‘water or mercury, is abfolutely neceflary, te
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afcertain with accuracy the effedls of pure gafes
on living beings. In fome experiments that I
made on the refpiration of nitrous oxide, by
animals that were plunged into jars of it opened
in the atmofphere, and immediately clofed after
their introdu@ion, the unknown quantities of
common air carried in, were always fufficient
to render the refults perfely inaccurate.

Animals fffer little or nothing by being paffed

thropgh water.
. That the pheenomena in thefe experiments
might be more accuratel y obferved, two or three
perfons were alwéys prefent at the time of their
execution, and an account of them was noted
deryl‘, &mmediately after. ‘

a. A ftout and healthy young cat, of four
or five months old, was introduced into a large
jar of nitrous oxide. For ten or twelve moments
he remained perfeltly quiet, and then began
to make violent motions, throwing himfelf roundv
the jar in every dire@ion. In two minutes he
appeared quite exhaufted, and funk quietly to

the bottom of the jar. On applying my hand
. X ‘
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to the thorax, I found that the heart beat with
extreme violence ; on feeling about the neck, I
could diﬁi}i&l-y perceive a ftrong and quick
pulfation of the carotids. In about three
minutes the animal revived, and panted very
much ; but fill continued to lie on his fide.
His infpirations then became longer and deeper,
and bhe fometimes uttered very feeble cries. In
four minutes the pulfations of the heart appeared
quicker and fecbler. " His infpirations were at
long intervals, and very irregular; in five
minutes the pulfe was hardly pcrccptibfe 5 he
made no motions, and appeared wholly fenfelefs.
After five minutes and quarter he was taken out,
and expofed to the atmofphere before'a warm’
fire. Inafew feconds he began to move, and
to take deep infpirations. In five minutes
he attempted to rife on his legs; but foon felt
again, the extremities being flightly convulfed.
In eight or nine minutes he was able to walk,
but ‘his motions were flaggering and unequal,
the right leg being convulfed, whilft the other
was apparently ftiff and immoveable ; in about
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half an hour he was almoft completely recovered,

5. A healthy kitten, of about fix weeks old,
was introduced into nitrous oxide. She very
foon began to make violent exertions, and in
lefs than a minute fell to the bottom of the
receiver, as if apople®ic. At this ‘moment,
- applying my hand to her fide, I felt the heart
beating with great violence. She continued
gafping, with long infpirations, for three
minutes and half; at the end of five minntes
and half {he was taken oht completely dead.

¢. Another kitten of the fame breed was
introduced into nitrous oxide, the day after.
She exhibited the fame phenomena, and died
in it in about five minutes and half,  *

d. A fmall dog that had accidentally met
with. a diflocation of the vertebre of the) loins,
"and was in great pain, as manifefted by his
moaning and whining, was introduced into a
large jar of nitrous oxide. He immediately
became quiet, and lay om his fide in tHe jar,
breathing very deeply. In four minutes his*
- refpiration became neify, and his eyes fparkled



(340)

very much. I was not able to apply my hand
to-the thorax. In five minutes he appeared
fenfelefs, and in feven minutes was perfe@ly
dead. | ,

e.. A ftrong rabbit, of ten or twelve months
old, was introduced into nitrous oxide. He
immediateiy-began to ftruggle very much, and
in a minute fell down fenfelefs : in two minutes
the legs became convulfed, and bis infpirations
_ were deep and noify : in lefs than- five minutes.
he appeared perfectly dead.

Jf+ A rabbit of a month old introduced into
nitrous oxide, became fenfelefs in lefs than a
m_inute; the pulfations of the heart were very.
ftrong at this moment : they grad;lally became
weaker, and - in three minutes and half the
animal was dead. -

g- Another rabbit of the fame breed, after
being rendered fenfelefs in nitrous oxide in a
minute’ and half, was taken out. He foon
became convulfed; in a minute l;cgan to breathe
quickly ; in two minutes attempted to rife, but
ftaggered, and fell again on his fide. His hinder
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legs were paralytic for near five minutes. In
twenty he had almoft recovered.

g. A middle fized guinea-pig was much con-
vulfed, after being in nitrous oxide for a minute.
In two minutes and half he was fenfelefs.
Taken out-at this period, he -remained for fome
minutes by the fide of a warm fire, without
moving ; his fore legs thenbecame convulfed ;
his hind legs were perfe@ly paralytic. In this
ftate he continued, without attempting to rife
or move, for near an hour, when he died.

b. Alargeand old guinea-pig died in nitrous
oxide, exhibiting the fame 'phaenbmcna as the
other animals, in about five minutes and quar«
ter. A young one was killed in three minates
and half.

i. A fmall guinea-pig, after breathing nitrous
oxide for a minute and half, was taken out, and
placed before a warm fire. He was for a few
minutes a little convulfed ; but in a quarter of
an hour got quite well, and did not relapfe.

k. A large moufe introduced into nitrous
oxide, was for a few feconds very adive., In
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balf a minute he fell down fenfelefs ; in a minute
and quarter he appeared perfeétly dead.

1. A moufe taken out of nitrous oxide, after
being in it for half a minute, continued con-
vulfed for fome minutes, but finally recovered.
. m. A young hen was introduced into a vefiel
filled with nitrous oxide. She immediately
began to firuggle very much ; fell on her breaft
in lefs than half a minute, and in two minutes
was qditc dead.
" n. A goldfinch died in nitrous ozide in
lefs than a minute, |

In each of thefe experiments a certain abforp-
tion of the gas was always perceived, the water

. rifing in the jar during the refpiration of the

animal. From them we learn

1ft. That nitrous oxide is defirutive when
refpired for a certain time to the warm blooded
animals, apparently previoufly exciting them to
a great extent.

2dly. That when its operation is ftopped

_before compleat exhauftion is brought qn, the

healthy living altion is capable of being gra-
dually reproduced, by enabling the ammal to
sefpire atmofpheric air,
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adly. That exhaufiion and death is produ-
ced in'the fmall animals by nitronsexide foonsr
than in the largen ones, and in young -animals
of the fame fpecies, in a fhorter time than in
old ones, as indead Dr. Beddoes had conjeCtured
.a priori would be the cafe. '

Moft of the animals deftroyed in thefe
.experiments were examined after death ; the
appearances in their organs were pecaliar. To
_prevent unneceffary repetitions; an’ account of
them will be given in the fourth fedtion.

ill.  Effels of the respiration of Nitrous -
Ozxide upon animals, as compared with thofe
produced by their smmerfion in Hydrogene and
Water.

‘Before the following experiments:weremade,
a number of circumftances had convinced me -
that nitrous oxide aéled on animals by produ-
cing fome pofitive change in their blood, con-
-nefted with new living ation of the irritable
.and fenfitive organs, and terminating in theiy
death.
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To afcertain however, the difference between
the effe@s of this gas and thofe of hydrogene
and non-refpirable gafes, I proceeded in the
following way. : ~

a. Of two healthy :rabbits of about two
months old, of the fame breed, and nearly of
‘the fame fize. |

One was introduced into nitrous oxide. In
a half a minute, it had fallen down apparently
fenfelefs. On applying my hand to the thorax,
the a&ian of the heart appeared at firft, very
quick and ﬂroﬁg, it gradually became weaker,
and in two minutes and ‘half, the animal was
taken out quite dead. |

« The other was introduced into a jar of pure
. hydrogene through water. He immcdiately
began to firuggle very much, and jo a quarter
of a minute fell on his fide. On feeling the
thorax, the pulfations of the heart appeared very
quick and feeble, they gradually diminifhed ;
his breathing became momehtarily thorter, and
in rather more than three quarters of a minute,
he was taken out dead. Dr. Kinglake ‘was
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prefent at this experiment, and afterwards
diffeéled both of the animals. . .
5. Of two fimilar rabbits of the. fame breed,
nearly three: months old. One was introduced
into nitrous. oxide, and after being rendered
fenfelefs by the refpiration of it for nearly a
minute and half, was expofed to the atmof-
phere, before a warm fire. He recovered gra-
dually, but was occafionally convulfed, and had
a paralyfis of one of his hinder legs for fome
minutes : in an hour he was able to walk. "“The
other, after being immerged in hydrogene for
near half a minute, was reftored to the atmof-
phere apparently inanimate. In lefs thana
minute be began to breathe, and to utter a
feeble noife ; in two minutes was able to. walk,
~and in lefs than three minutes appeared perfeély
recovered. ' ‘
<" b. A kitten of about two months old, was
introduted into a jar of mitrous oxide, at the
fame time that another of the fame breed was
plung‘ed under a jar of water. They both
firuggled very much. Theanimal in the nitrous

*
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exide fell fonfelefs before that under water had -
ceafed to ftruggle, and to throw out air from

its Jungs. In two minutes and. three quarters,
the animal under water was quite dead : it was
taken out and expofed to heat and air, but did
not thew the flighteft figns of life. At the end
of three minutes and half, the animal in nitrous
oxide began to gafp, breathing wvery flowly;
at four minutes and three quarters it was yet
alive; at the end of five minutes and quarter
it appeared perfedly dead. It was takem out,
and did not recover. o

From thefe experiments it was evident, that
‘animals lived at leaft twice as long in nitrous
oxide as in hydrogene or water. - Confequently
from this circumftance alone, there was every
reafon to fuppofe that their death in nitrous
oxide could not depend on the fimple privation
of atmofpheric air; but that it was owing to
~ fome peculiar changes effeted in the blood by

the gas. .-
. S/
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E IV. Of the cbanges'qﬁéﬁed in the Organifa-
tion of warm-blooded Animals, by the refpiration
of Nitrous Oxide. ' ' ‘

The external appearance of animals that have
been defiroyed in nitrous oxide, is very little
different from that of thofe killed by privation
of atmofpheric air. The fauces and tongue
appéar of a dark red, and the eyes are dull, and
a little protruded. = Their internal organs, how-
ever, exhibit a very peculiar change. The
lungs are pale brown red, and covered here
and there with purple fpots;.the liveris of a
very bright red, and the mufeular fibre in
general dark. Both the auricles and ventricles
of the heart are filled with blood. The auricles
contra& for minutes after the death of the animal.
The bloodin the left ventricle, and the aorta, is of
a tinge between purple and red, whilft:that in
the right ventricle is ofa dark color, rather more
purple than the venous blood. But thefe appear«
ances, and their caufes, will be better uaderftood
after the followisg comparative obfervations are
read. '
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-a. Of two fimilar rabbits, about eight months
" old, one A, was killed by expofure for near fix
minutes to nitrous oxide, the other, B, was
deftroyed by a blow on the head.

“They were both opened as fpeedily as poffible.
The lungs of B.were pale, and uniform in
their appearance; this organ in A was redder, and
every where marked with purple fpots. The
liver of A was of a dark and bright red, that of
B of a pale red brown. The diaphragm of B,
when cut, was firongly irritable; that of A
rather darker, and fcarce at all contra&ile,
All the cavities of the heart contracted for more
than 50 minutes in B. The auricles contra&ted
for near 25 minutes with force and velocityin A :
but theventricles were almoft ina&ive. The vena
cava, and the right auricle, in A, were filled with
blood, apparently a thade darker thanin B. The
‘blood in the left auricle, and the aorta, appeared:
in A of a purple, a fhade brighter than that of the
venous blood. In the left auricle of B it was red.

I opened the head of each, but not without
injuring the brains, fo that I was unable to




(349)

make any accurate comparifon. . The color of
the, brain in A appeared rather darker: than
in; B.. , O T
b. Two rdbbits, C and D, were. deftroyed,
C by immerfion in nitrous oxide, D in hydro-
gene: they were both diffeéed ;by Dr. King-
lake.. The blood in the v.\pulmonar,y‘ vein' and
the. left auricle of: C 'was of a different tinge,
from that in D more inclined to purple red,
The membrane of the lungs in C was covered
. with purple fpats, that of D was pale and
‘uniform in its appearance. The brain in C
was rather darkervthan in D ; but there was no
perceptible effufion of blood into the ventricles
either in'D or C. The liver in C was of a
brighter red than in health, that in D rather
paler. , '

¢. In the laft experiment, the comparative
. irrifability of the ventricles and auricles of the
heart and the mufcular fibre in the two ani-
mals, had “not been examined. That thefe
circumftances mighf be noticed, two rabbits, -
E and F were killed ; E under water in about.
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a minute;. and F in nitrous oxide in three
minutes. - They were immediately - opened,
and after a minute, the appearance of the
beart, and organs of refpiration obferved.

- Both thé right and left ventricles of the heart
in F eontraéted but very féebly; the auricles
regularly and quickly contradted; the aorta
appeared perfe@ly full of blood. In E, afeeble
contraction of the " left finus venosus and
auricle was obferved ; the left ventricle did
not contraét : the right contradted, but
more flowly than in F. In a few minutes, ~
the contraltions of the ventricles in F had
-ceafed, whilst the auricles contra@led as
firongly and quickly as before. * The blood in
the pulmonary veins of F' was rather of a red-
der purple than in E; the difference of the
blood in the vena cava was. hardly perceptible,.
perhaps it was a little more purple in F. The
membranous fubflance of the lungs in F was
fpotted with purple as from extravafated bleod,
whilft that in E was pale. The brain in F was
darker than in E. On opening the ventricles
no extravafation of blood was perceptible.
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The auriches of the heart in F contracted:
firongly “for near twenty minutes, and then
gradually ‘their motion -became lefs fre-
quent ; ‘in - twenty-eight minutes it had-
wholly céafed: The right auricle and ventri-
cle in E, occafionally contrafted for half an

hour. The livers of both animals were fimilar

when they were firft opened, of a dark red;

that of F preferved its color for fome time.’

when expofed to the atmofphere ; whilft that
of E almoft immediately became paler under
the fame circumftances. '

The periftaltic motion continued for nearly
an equal time inboth animals.” '

d. The fternum of a young rabbit was re-
moved fo that the heart and lungs gould be
perceived, and he was introduced into a vefiel-
filled with nitrous oxide; the blood in the
pulmonary veins gradually became more purple,
and the heart appeared to beat quicker than-
before, all the mufcles' contralting with
great force. After he' had been in about
a minute, ~fpots began to appear on -the lungs,
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though the contraQions of the heart became
quicker and weaker; in three minutes and
half he was quite dead ; after death the ventri-
cles contra@led very feebly, though. the con-
tractions of the auricles were as ftrong almoft
after the end of five minutes as at firk. This
animal was paffed through water faturated with
nitrous oxide ; poffibly this fluid had fome
effe@ on his organs. .
~ Befides thefe animals, many others, as
guinea-pigs, mice and birds, were difleCted
after being deftroyed in nitrous oxide ; in” all
of them the fame general’ appearance was
obferved. Their mufcular fibre almoft always
appeared lefs irritable than that of animals
deftroyed, by organic lzfion of part of the ner-
vous fyftem, in the atmofphere. The ventricles
of the heart in general, contralted feebly and
for a very (hort time ; whilft the auricles con-
tinued to a&t for a great length of time. The
lungs were dark in their appearance, and
always fuffufed here and there with purple ;
the blood in the pulmonary veins when flightly
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obferved, appeared dark, like venous blood, but
when minutely examined, was evidently much
more purple. The blood in the vena cava,
- was darker than that in the pulmonary veins.
The cerebrum was dark. ,
- In a late experiment, I thought I perceived .
a {light extravafation of blood in one of the
ventricles of the brain in-a rabbit deftroyed
inf nitrous oxide ; but as this appearance had not
occurred in the animals I had examined before,
or in thofe diffeéted by Dr. Kinglake, and Mr.
King, Surgeon, I am inclined to refer it to .an
accidental caufe. At my requeft, Mr. Smitlr; .
Surgcbn, examined the brain of a young rabbit
that had been killed in his prefence in nitrous.
oxide ; he was of opinion that no. effufion of
blood into the ventricles had taken place. _
In comparing the external appearance of the
crural nerves in two rabbits that had been dif-
feéted by Dr. Kinglake, having been defiroyed
one in Bydrogen_e, the other in nitrous oxide,
wecould perceive no perceptible difference.

. It deferves to be noticed, that whenever the
: Y = -
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gall bladder and the urinary bladder have been
examined in animals deftroyed in nitrous oxide,
they have been always diftended with fluid ;
which is hardly ever the cafe in animals killed by
privation of atmofpheric air.

In the infancy of my expcnments on the
a&ion of nitrous oxide upon animals, I thought
that it rendered the venous blood lefs coagu-
lable; but this I.now find to be a miftake. The
blood from the pulmonary veins of animals kil-
led in nitrous oxide, does not fenfibly differ in
this refpe from the arterial blood of thofe-de-
firoyed in hydrogene, and both become ver-
milion nearly in the fame time when expofed te
the atmofphere. |

In defcribing the various fhades of color of
the blood in the preceding obfervations on the
different diffe@ed animals, the poverty of the
language of color, has obliged me to adopt
terms, which I fear will hardly convey to the
mind of the reader, diftin€& notions of the

differences obfervable by -minute ' examina-
tion in the venous and arterial blood of
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animials_that dic of privation of atmofpheris
air, and of thofe defiroyed by the a&ion of
nitrous oxide. This difference can only be
obferved in the veffels by means of a ftrong
light ; it may however be eafily notieed in the
fluid blood by the introdullion of it from the
arteries or veins at the noment of their inci-
fion, between two polithed furfaces of white
glafs,* {o clofely adapted to each other, as to
prevent the blood from coming in conta® with
~ the atmefphere. '

Having four or five times had an opportunity
of bleeding people in the arm for trifling com-
“plaints, I have always received the blood in .
" phials, filled with various gafes, in a mode
" to be defcribed hereafter. Venous blood
agitated in nitrous oxide, compared with fimi-
lar blood in common air, hydrogene, and ni-
trogene, was always dark.er and ‘more purple

* The colour of common venous blood, examined in
this way, refembles that of the paint called by.colour-men’
red ochre ; that of blood faturated with mtrous oxide, ap-
“proaches to the tinge of lake.
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than the firft, and much brighter and more
florid than the two laft, which were not differ-
ent in their color from venous bldod, received
between two furfaces of glafs. It will be feen
hereafter, that the coagulum of venous blood
is rendered more purple when expofed to ni-
trous oxide, whilft the gas is abforbed ; likewife
that blood altered by nitrous oxide, is capable
of being again rendered vermilion, by expo-
~ fure to the air. '

The appearances noticed in the above men-
tioned experiments, in the lungs of animals
deftroyed in nitrous oxide, are fimilar to thofe
obferved by Dr. Beddoes, in animals that had
been made to breathe oxygeme for a great
length of time.

There were many reafons for fuppofing that
the large purple fpots in the luogs of animals
_ deftroyed in nitrous oxide, were owing to ex-
travafation of venous blood from the capillary
veflels ; their coats being broken by the highly
‘increafed arterial action.: To afcertain whether
thefe phanomena exifted at a period of the
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aQion of nitrous oxide, when the animal was
r&coverable by expofure to the atmofp}nere, "

I introduced a rabbit of fix months old,’ into .
‘a.yeflel of nitrous oxide, and after a minute,
when it had fallen down apparently  apopledic,
plunéed him wholly under water ; he immediately .
began to firuggle, and what furprifed me. very
much, died in lefs than a minpte after fubmer-
fion. On opening the thorax, the blood in the
pulmonary veins was nearly of the color of that
" in animals that bave been fimply drowned.
The lungs were here and there, marked with a
few points ; but there were no large purple
fpots, as.in animals that have been wholly
deﬁroyed in nitrous oxide: the right fide of
the heart only contra@ed. 1In this experiment,
the excitement from the aQlion of the gas was
probably carried to fuch an extent, as to pro- °
- duce indire& debility. There are reafons for
fuppofing, that animals after having been ex-
cited to but a fmall extent by the refpiration of
nitrous oxide, will live under water for a greater

length of time, than animals prevnouﬂy madc to
breathe common air.
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V. Of the refpiration of mitures of Nitrous
Ozide, and other gafes, by warm-blooded Animals.

a. A rabbit of n;:ar two months old, was
introduced into a mixture of equal parts hydro-
gene and nitrous oxide through water. He
immediate]y began to ftruggle; in a mihate
fell on his fide; in three minutes gafped, and
made long infpirations ; and in four minutes
and balf, was dead. On diffetion, he exhibited
the fame appearances as animals deftroyed in
nitrous oxide.

b. A large and ftrong moufe was intraduced
into a mixture of three parts hydrogene to one
part nitrous oxide. He immediately began to
ftruggle very much, in half a minute, became
convulfed, and in about a minute, was quite
dead. ' | .

¢. Into a mixture of one oxygene, and three
nitrous oxide, a fmall guinea-pig was introdu-
ced. He immediately began to ftruggle, and
in two minutes repofed on his fide, breathing
yery deeply. He made afterwards no violent

\
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wnufcular motion ; ‘but lived guietly for near
- fourteen minutes : at the end of which time,
his legs were much convulfed. e was taken
out, and recovered. ;

d. A moufe lived apparently wnthont fuffer-
mg, for near ten minates, in a mixture of 1
atmofpheric air, and 3 nitrous oxide, at the end
ofeleven minutes he began to firuggle, and in
thirteen minutes became much convulfed.

e. A cat of three months old, lived for feven-
teen minutes, in a véry large quantity of a mix-
ture of 1 atmofpheric air, #nd 12 nitrous oxide. \
On her firft introduétion fhe was very much
agitated and convulfed, in a minute and half
fhe fell down as if apople&ic, and continued
breathing very deeply during the remainder
of the time, fometimes uttering very feeble
cries, -When taken out, fhe appeared almoft
inanimate, but on being laid before the fire, =
gradually began to breatbe and move; being
_ for fome time, like moft of the animals that have
recovered after breathing nitrous oxide, con-
vulfed on one¢ fide, and paralytic the other.
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S+ A goldfinch lived for near five minutes in
a mixture of equal parts nitrous oxide and oxy-
gene, withaut apparently fuffering. Taken
out, he appeared faint and langmd but finally
recovered.*..

. VL. Recapitulation of fads .relating to ghe
refpiration: of Nitrous Oside, by warm-blooded
Animals.

1. Warm-blooded ‘animals die in nitrous
oxide infinitely fooper than in common air or
oxygene ; but not nearly in fo fhort a time as
in gafes incapable of effe®ting poﬁti{'e changes
in the venous blood, or in non-refpirable
gafes. ‘

2. The larger animals live longer in mitrous
oxide than the fmaller ones, and young animals

* Small birds fuffer much from cold when introduced
into gafes through water. In this experiment, the gold-
finch was immediately inferted into a large mouthed
phial, filled with the gafes, and opened in the atmof~
phere.
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die in it fooner than old ones of the fame
fpecies. "
3. When animals, after breathing nitroas
© oxide, are removed from it before compleat
exhauftion has taken place, they are capable of
being reftored to health under the a&ion of
atmofpheric air. , '
| 4. Peculiar changes are effe@led in the organs
of animals by the refpiration of nitrous oxide.
In animals defiroyed by it, the arterial blood
is bﬁrple red, the lungs are covered with purple
fpets, both the hollow and compa&‘ mufcles
are apparently very inirritable, and the brain is
dark colored. |
5. Animals are defiroyed by the refpiration
of mixtures of nitrous oxide and hydrogene
nearly in the fame time as by pure nitrous ox-
ide; they are capable of living for a great length |
of time in nitrous oxide mingled with very mi-

nute quantitics of oxygene or common air.

Thefe faéts will be reafoned upon in the next
'+ divifion,
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VIL. Of the refpiration of erous“Oxidei by
ampbibious Animals. ' ‘

As from the foregoing experiments, it ap-
peared that the nitrous oxide deftroyed warm-
blooded animals by increafing the living acion
of their organs to fuch an Extcnt, as finally to
exhauft their irritability and fenfibility ; it was
reafonable to conjecture that the cold-blooded
animals, poffefled of voluntary power over réf-
piration, would fo regulate the quantity of
nitrous oxide applied to the blood in their lungs
as to bear its a&ion for a grea't length of time.
This conje@ure was put to the teft of experi-
ment ; the following fas will prove its error. |

a. Of two middle-fized water-lizards, one was
introduced into a fmall jar filled with nitrous
oxide, over moift mercury, by being pafled
through the mercury ; the other was made to
breathe hydrogene, by being carried into it in
the fame manner.

The lizard in nitrous oxide, in two or three

. minutes, began to make violent motions, ap-
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peared ;ery uneafy, and rolled about, the jar in
every dire&ion, fometimes aftempting to climb
to the top of it. The animal in bydrogene was
all this time very quiet, and crawled about the
veflel without being apparently much affe@ed.
At the end of twelve minutes, the lizard in
nitrous oxide was fying on his back feemingly
dead; but on agitating the jar he moved a little ;
at the end of fifteen minutes he did not move
on agitation,and his paws werereftingon hisbelly.
He was now taken out ftiff and apparenﬂy life-
lefs, but after being expofed to the atmofphere
for three or four minutes, took an.infpira-
tion, and moved his head a little; he then
raifed the cnd of his tail, though the middle of
it was flill ®iff and did not bend when touched.
His four legs remained clofe to his fide, and
were apparently ufelefs ; but on pricking them
with the point of a lancet, they becamc con-
vulfed. After being introduced into fhallow
water, he was able to cfawl in a quarter of
an hour, thongh his motions were very irre-
gular, In an_hour he was quite well.. The
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‘animal in hydrogene appeared to have fuffered
wery little in three -quarters of an hour,. and
had raifed ‘himfelf again{t the fide of the jar.
At the end of an hour he was taken out, and
very foon recovered.

b. Some hours after, ‘tht; fame lizards were
again experimented upon. That which had
‘been inferted into hydrogene in the laft
experiment, being now inferted into nitrous
oxide. ’

 This lizard was apparently lifelefs in fourteen
minutes, having tumbled and writhed himfelf
very much during the firft ten minutes. Taken
out after beingin twenty-five minutes, he did not
recover. The other lizard lived in hydro-
gene for near an hour and quarter, taken out
after an hour and twenty minutes, he was dead.

Thefe animals were both .opened, but the
- vifcera of the nitrous oxide lizard were fo much
injured by the knife, that no accurate compa-
rifon of them with thofe of the other could be

~made, Ithought that the lungs appeared rather
redder. . -
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¢. Of two fimilar large water-lizards, one
was introduced into a veffel ftanding over mer-
cury, wholly filled with water that had been
long boiled and fuffered to cool under mercury.

The animal very often rofe to the top of the
jar as, if in fearch of air, during the firft balf
hour ; but thewed no other figns of uneafinefs.
At the end of three quarters of an hour, he
became very weak, and appeared fcarcely able
to fwim in the watern Taken out at the end
of fifty minutes, he recovered.

The other was inferted into nitrous oxide.
"After much firuggling, he became fenfelefs
in about fifteen minutes, and lay on his back.
- Taken out at the end of twenty minutes, he
remained for a long time motionlefs and. fiff, -
~ but in a quarter of an hour, began to move
fome of his limbs.

. From thefe experiments, we may conclude,
that water-lizards, and moft probably the other
amphibious animals; die in nitrous oxide in a
much fhorter time than in . hydrogene. or pm'e‘
‘water ; confequently their death in it cannot
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dependon the fimple privation of atmofpheric air.
At the feafon of the year in which this in-
veftigation was carried on, I was unable to
procure frogs or toads. This I regret very much.
Suppofing that cold-blooded animals die
in nitrous oxide from pofitive changes ef-
feGted in their blood by the gas, it would be
extremely interefting to notice the appareat al-
terations taking place in their organs of refpira~
tion and circulation during its aion, which
- could eafily be done, the membranous fubftance
of their lungs being tranfparent. The increafe or
diminution of the irritability of their mufcular
fibre, might be determined by comparative gal-

vanic experiments.

. VIIL. Effeds of folution of nitrous eside in
water on Fifbes.

4. A fmall flounder was introduced. into &
vefiel filled with folution of nitrous oxide in
water over mercury. He remained at reft for
ten minutes and then began to move about the
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jar in different directions. In a half an hour he
was apparently dying,  lying on his fide in the
water. He was now taken out, and introduced
into a veffel filled with water faturated with
common air, he very foon recovered. .

b. Of two large thornbacks,* equally britk
-and lively. One, A, was introduced into a jar
containing mnearly 3 cubic inches of water,
faturated with nitrous oxide, and which pre-
vious to its impregnation had been long boiled ;
the other, B, was introduced into an equal
quantity of water which had been deprived of
air by diftillation through mercury. '

A, appeared very quiet for two or three
minutes, and then began to move up and down
in the jar, as if agitated. - ‘In eight minutes his
motions became irery irregular, and he darted
- obliquely from one fide of the jar to the other.

" # I ufe the popular ndme. This fith is very cominbn in
every partof England ; it is nearly of the {fame fize aund
color, as the mmnow, and is d’lﬁmgux{hed frqm it by two
fmall bony excrefences at the origin of the belly Tt'is
extremeély fuféeptible. :
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In twelve minutes, he became fiill, and.moved
bis.gills very flowly. In fifteen minutes -he
appeared dedd. After fixteen:minutes he was
taken out, but thewed no figns of life.

B was very quiet for four minutes and half.
He then began to move .about the jar. In
feven minutes he had fallen on his back, bat
ftill continued to move his gills. In eleven
minutes he was motionlefs ; taken out after
thirteen minutes, he did not recover.

¢. Of two thornbacks, one, C was introduced
into about an ounce of boiled water in contac
with hydrogene, ftanding over mercury. The
other, D, was introduced into well boiled wa-
ter faturated with nitrous oxide, and ftanding
in ‘contac with it over mercury. C lived near
thirteen minutes, and died without being pre-
vioufly - much agitated: D was apparently
motionlefs, after having the fame affeQions as
A in the laft experiment, in fisteen minutes.
At the end of this time he was taken out and
introduced into common water. He foon began
to move his gills, and in le('s than a quarter of



(36g)
an hour was fo far recovered as to be able to
fwim. o

The laft experiment was repeated on two
fialler thornbacks ; that in the aqueous folution
of nitrous qxide'lived near feventeen minutes,
that in the water in conta& with hydrogene,
about fifteen and half.

The experiments in Ref. I. Div. 3, prove
the difficulty, and indeed almoft impoflibility of
driving from water by boiling, the whole of the
atmofpheric air held in folution by it; they
likewife fhow that nitrous oxide bj its ftrong
affinity for water, is capable of expelling air from
that fluid after no mere can be procured from it
by ebullition.

Hence, if water faturated with nitrous oxide
had no pofitive effedts upon fithes ; they ought
to die in it much fooner than in water deprived
of air by ebullition. From their livingin it rather
longer ;* we may conclude, that they are de-
ftroyed not by privation of atmofpheric air, but

s

.- * A priori I expeéted that fithes, like amphibioys ani-
tals would have been very quickly deftroyed by the a&tion
of nitrous oxide. z

~
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from fome pofitive change effeGted in their
blood by the gas. '

A long while ago, from obferving that the
gills of fith became rather of a lighter red du-
ring their death, in the atmofphere; I con-
jeQured that the difeafe of which they died,
was probably hyperoxygenation of the blood
conneéted with highly increafed animal heat.
For not only is oxygene prefented to their
blood in much larger quantities in atmofphe-
ric air than in its aqueous folution ; but like-
wife, to ufe common language, in a flate in
which it contains much more latent beas.
Without however laying any firefs on this
fuppofition, I had the curiofity to try whether
thornbacks would live longeft in atmofpheric
" air or nitrous oxide. In one experiment, they
appeared to die in them nearly in the fame
time. In another, the fith in nitrous oxide lived
‘nearly half as long again asthat in atmofphericair.

XI. Effects of Nitrous Oxide on Infelis.
" The winged infe@ts furnithed with breathing
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holes, become motionlefs in nitrous oxide very
fpeedily ; bein‘g however poffefled of a certain
voluntary power over refpiration, they fometimes
recover, after having been expofed to it for fome
minutes, under the aétion of atmofpheric air.

A batterfly was introduced into a fmall jar,
filled with pure nitrous oxide, over mercury.
He firuggled a little during the firft two or
three feconds ; in about feven feconds, his legs
beeame convulfed, and his wings were wrapt
round his body ; in about half a minute he
was fenfelefs ; taken out after fix minutes, he
did not recover. ,

Another butterfly introduced into hydrogene,
became convulfed in'about a quarter of a minute;
was fenfelefs in twenty fcconds,_émd taken out
after five minutes, did not revive.

A large drone, after being in nitrous oxide
for a minute and a quarter, was taken out fenfe-
lefs. After being for fome time expofed to the
'atm’ofphere, he began to move, and at laft rofe
on his wings. For fome time, however, he was
unable to fly in.a firaight line; and often after
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defcribing circles in the air, ‘fel'l to the ground
as if giddy.

A large fly, became motionlefs in nitrous
oxide after being convulfed, in about half a mi-
nute. Another was rendered fenfelefs in hydro-
gene, in lefs than a quarter of a minute.

A fly introduced into hydrocarbonate, dropt
immediately fenfelefs ; taken out after about a
quarter of a minute, he recovered ; but like the
fly that had lived after expofure to nitrous
oxide, was for fome time vertiginous.

Flies live much longer under water, alco-
hol, or oil, than in non-refpirable gafes, or
gafes incapable of fupporting life. A certain
quantity of air always continues attached in the
fluid to the fine hairs furrounding their breathing
holes, fufficient to fupport life for a thort time.

Snails and earth-worms, live in nitrous oxidé

‘a long while, they die in it however, much
fooner than in water or hydrogene; probably
from the fame caufes as the amphibious animals.




DIVISION L.

Of the CHANGES cffefted in NITROUS OXIDE,
and other GASES, by tbe RESPIRATION  of
ANIMALS.

1. Preliminaries.

' AS foon as I had difcovered that nitrous oxide
was refpirable, and poffeffed of extraordinary
powers of a&ion on living beings, I was anxious
to be acquainted with the changes effeted in
it by the venous blood. To inveftigate thefe
changes, appeared at firft a fimple problem;
I foon however found that it involved much
preliminary knowledge of the chemical proper-
ties and affinities of nitrous oxide. After I had
~ afcertained by experiments detailed in the pre-
ceding Refearches, the 6omboﬁtion of this gas
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its combinations, and the phyfical changes
effeted by it in living beings, I began my en-
quiry relating to the mode of its operation.
Finding that the refidual gas of nitrous oxide
after itlh-ad been breathed for fome time in filk
bags, was chiefly nitrogene, I at firft conjec-
tured that nitrous oxide was decompofed in
refpiration in the fame manner as atmofpheric
air, and its oxygene only combined with the
venous blood ; the following experiments foon
however convinced me of my error, |

1. Adbforption of Nitrous Oxide by venous
blood.  Changes effected in the blood by dif-
ferent Gafes.

a. Though the laws of the coagulability of
the blood are unknown, yet we are certain
that at the moment of coagulation, a per-
fectly new arrangement of its principles takes
place; confequently, their powers of combina-
tion muft be newly modified. The affinities of
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living blood can only be afcertained during its
circulation in the veffels of animals. At the
- moment of effufion from thofe veflels, it begins
to pafs through a feries of changes, which
firft produce coagulation, and finally its com-
pleat decompofition. 3

Confequently, the a&ion of fluid blood upon
gales out of the veflels, will be more analogous
to that of circulating blood in proportion as it is
more fpeedily placed in contadt with them.

4. To afcertain the changes effeted in ni-
trous oxide by fluid venous,blood.

A jar, fix inches long and half an inch wide,
graduated to ,05 cubic inches, having a tight
flopper adapted to it, was filled with nitrogene,
which is a gas incapable of combining with, and
poflefling no power of adtion hpon venous blood.
A large orifice was made in the vein of a tole-"
rably healthy man, and the ftopper removed
from the jar, which was brought in contaét with
the arm fo as to receive the blood, and prefled
clofe againft the fkin, in fuch a way as to leave an
serifice juft fufficient for the efcape of the nitro-
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gene,as thebloodflowedin. When the jar was full,

it was 'clof'ed, and carried to the pneumatie
apparatus, the mercury of which had been pre-
vioufly a little warmed. A fmall quantity of
the blood was transferred into another jar to .
make room for the gas. The remaining quantity
equalled exaétly two cubic inches ; to this was
‘introduced as fpeedily as poffible, eleven mea-
fures equal to ,55 cubic inches of nitrous oxide,
which left a refiduum of .- only, when abforb-
ed by boiled water, and was confequently, per-
fe@ly pure. On agitation, a rapid diminution
of the gas took place.

In the mafs of blood which was opaque,
but little change of color could be perceived ; but
that portion of it diffufed over the fides of the
jar, was evidently of a brighter purple than the
venous blood.

It was agitated for two or three minutes, and
then fuffered to reft; in eight minutes it had
wholly coagulated; a fmall quantity of fe-
rum had feparated, and was diffufed over the
coagulum. This coagulum was dark; but
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evidently of a more purple tinge than that of .
venous blood ; no gas had apparently been libe-
rated during its formation.

The nitrous oxide remaining, was not quite
equal to feven meafures; hence, at leaft four
meafures of it had been abforbed. _

To afcertain the nature of the refiduum, it
was neceflary te transfer it into another vefiel,
but this I found very difficult to accdmplifh, on
account of the coagulated bloqd.\ By piercing
through the coagulum and removing part
of it by means of curved irpn forceps, I
at laft contrived to introduce about 4% mea-
fures of the gas into a fmall cylinder, gra-
duated to ,25 cubic inches, in which it occu-
 pied of courfe, nearly 9 meafures ; when a lit-
tle folution of firontian was admitted to thefe,
it became very flightly clouded ; but the abforp-
tion that took place did not more than equal
half its bulk. Confequently, the quantity of
carbonic acid evolved from the blood, or formed,
muft have been extremely minute. .

On the introdu®ion of pure water, a rapid
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abforption of the gas took place, and after agi«~
tation, not quite 3 meafures remained. Thefe
* did not perceptibly diminifh with nitrous gas ;
their quantity was too fmall to be examined by
any other teft ; but there is reafon to fuppofe
that they were chiefly compofed of nitrogene. .

From this experiment, it appeared that ni-
trous oxide is abforbed when placed in conta&t
with venous blood ; at the fame time, that a
very minute quantity of carbonic acid and
prabably nitrogene is produced.

¢. In another fimilar experiment when nearly
half a cubic inch of nitrous oxide was abforbed
by about a cubic inéh and three quarters of
fluid blood, the refidual gas did not equal more
than <, the quantity abfoibed being taken as
unity. This fa@ induced me to fuppofe that
the abforption of nitrous oxide by venous blood,
was owing to a fimple folution of the gas in that
fluid, analogous to its folution in water oralcohol.

To afcertain if nitrous oxide could be ex-
pelled from blood impregnated with it, by
heat ; I introduced to 2 cubic inches of fluid
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‘blood taken from the medial vein, about ,6
cubic inches of nitrous oxide. After agitation,
in feven minutes nearly ,4 were abforbed. In
ten-minutes, after the blood had completely
coagulated, the cylinder containing it, was
transferred in conta@ with mercury, into a veflel
of folution of falt in water ; this folution was
heated and made to boil. Daring its ebullition,
the whole of the blood became cither white or
pale brown, and formed a folid coherent
mafs ; whilt fmall globules of ‘gas were given
out from it. Ina few minutes, about ,25 of
gas had colle@ted. After the veffel had cooled,
I attempted to transfer this gas into a fmall
graduated jar in the mercurial apparatus, but
in vain ; the mafs in the jar was fo folid and -
tough, that I could not remove it. By tranf-
ferring it to the water apparatus, I fuccceded in
difplacing enough of the coagulum to fuffer
the water to come in conta& with the gas ; an
abforption of nearly half of it took place ; hence,
‘I confecdure, that nitrous oxide had been given
_out by the impregnated blood,
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d. Some. freth dark coagulum of . venous
blood, was expofed to nitrous oxide. A very
{light alteration of color took place at the fur-
face of the blood, perceptible only in a firong
light, and a minute quantity of gas was ab-
forbed. A taper burnt in the remaining gas
-as brilliantly as before, bence, it had apparently
fuffered no alteration.

e. To compare the phyfical changes effe¢ted
in the venous blood by nitrous oxide, with thofe
produced by other gafes, I made the .follow-
ing experiments.—I filled a large phial, con-
taing near 14 cubic inches, with blood from
the vein of the arm of a man, and immediately
transferred it to the mercurial apparatus. Dif-
ferent portions of it were thrown into fmall
graduated cylinders, filled with the following
gafes: nitrogene, nitrous gas, common air,
oxygene, nitrous oxide, carbonic acid, and
hydrocarbonate. ~ ,

The blood in each of them was fucceffively
agitated till it began to coagulate ; and making
allowances for the different periods of agitation,
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there was no .marked diﬁferenée in the times of
coagulation.

The color of the coagulum in every part of
the cylinder, containing nitrogene, was the
fame very dark red.  When it was, agitated fo
as to tinge the fides of the. jar, it appeared
exadlly of the color of venous blood received
between two furfaces of glafs ;" no perceptible
abforption of the gas had taken place.

Theblood in nitrous gas was dark, and much
‘more purple on the top than that in nitrogene.
When agitated fo as to adhere to the jaras a
thin furface, this purple was evidently deep
~ and bright. An abforption of rather more
-than — of the volume of gas had taken place.

The blood in oxygene and atmofpheric air,
-were of a much brighter tinge than that in any
of the other gafes. On the top, the color was
. vermilion, but no perceptible abforption had

taken place.

The coagulum in nitrous oxide, when cxa--

mined in the mafs was dark, and hardly difiin-
guifhable in its color from venous blood ; but

when minutely noticed at the furface where it was

IS
e - At et
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covered with ferum, and in its diffufion over
the fides of the jar, it appeared of a fine pur-
plered, a tinge brighter than the blood in nitrous
gas. An abforption had taken place in this
cylinder, mere confiderable than in any of the
others. o

In carbonic acid, the coagulum was of a
brown red, much darker than the venous blood,
and a {light diminution of gas had taken place.

In the hydrocarbonate,* the blood was red,
a fhade darker than the oxygenated blood, and
a very {light diminution of the gas-} was percep-
tible.

f- To human blood that had been fatura-
ted with nitrous oxide whilft warm and con-
ftantly agitated for four or five minutes, to
preveht its uniform coagulation, oxyger{e was
introduced ; the red purple on the furface of it,

* The hydrocarbonate empjoyed, was procured from
alcohol, by means of fulphuric acid. This gas contains
more carbon, than hydrocarbonate from water and charcoal.

+ The curious fa& of the reddening of ven;ms blood by
‘hydrocarbonate, was difcovered by Dr. Beddoes,
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immediately changed to vermilion; and on
agitation, this-color was diffufed through -it.
On comparing the tinge with that of oxygena-
ted blood, no perceptible difference could be
obferved.” No change of volume of the oxy-
gene introduced, had taken place ; and confe-
quently; no nitrous oxide had been evolved
from the bleod. : ’
2. Blood, impregnated with nitrous gas, was
expofed to oxygene; but after agitation in it
for many minutes, no change of its dark purple
tinge could be obferved, though a flight dimi-
_nution of the oxygene appeared to take place.
b. Blood that had been rendered vermilion
in every part by long agitation in atmofpheric
air, the coagulum of which was broken and
diffufed with the coagulable lymph through the
'ferurb, was expofed to nitrous oxide ; for fome
minutes no perceptible change of color took
place ; but by agita'tioﬁ for two or three hours,
it evidently affumed a purple tinge, whilft a
a flight abforption of gas took place. It never
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however, became nearly fo dark as venous
blood that had been expofed to nitrous oxide.

7. Blood, oxygenated in the fame manner
as in the laft experiment, the coagulum of
which had been broken, was expofed to nitrous
gas. The furface of it immcdiately became
purple, and by agitation for a few minutes; this
color was diffufed through it. A flight dimi-
nution of the gas was obferved. On comparing
the tinge with that of venous blood that had
been previoufly expofed to nitrous gas, there
was no perceptible difference. "

k. Blood expofed to oxygenated muriatic acid
" is wholly altered in its conftitution and phyfical
properties, as has been often noticed; the
coagulum becomes black in fome parts, and
brown and white in others. Venous blood, after
agitation in hydrogene or nitrogene, oxyge-
nates when expofed to the atmofphere in the
fame manner as fimple venous blood. I had
the curiofity to try whether venous blood
expofed to hydrogene, would retain its power
of being oxygenated longer than blood
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faturated with nitrous oxide : for this purpo'fé
fome fimilar black coagulum was agitated for
fometimein two phials, onc filled with hydrogéne,
the other with nitrous oxide. They were then
fuffered to reft for three days at a temperature
from about 56° 10 630. After being opened, no
offenfive fmell was perceived in either of them,
the blood in hydrogene was rather darker than
at the time of their ‘expofure, whilft that in
nitrous oxide was of a brighter purple. On
being agitated for fome time in the atmofphere,
the bleod in nitrous oxide became red, but not .
of fo bright a tinge as .oxygenated venous
blood. The color of the blood in hydrogene
did not at all alter.

J. To afcertain whether impregnaﬁon" with
nitrous oxide accelerated or retarded the putre-
faction of the blood ; Iexpofed venous blood in
four phials, the firtt filled with hydrocarbonate,
the fecond with hydrogcne the third with atmof-
phenc air, and the fourth with nitrous oxide.
Examined after a fortnight; the blood in hydro-

gene and common air were both black, and ftunk
Aa
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'very much ; that in hydroearbonatc was red,
and bcrfe&ly fweet; thatin nitrous oxide appear-
ed purple and had no difagreeable fmell.

In a fecond experiment, when blood was
expofed for three weeks to hydrocarbonate and
nitrous oxide, that in nitrous oxide was darker
than before and ftunk a little ; that in bydro-
carbonate was flill perfe@ly fweet. The power
of hydrocarbonate to prevent the putrefadicn’
‘of animal matters, was long ago noticed by
Mr. Watt.

m. Having accidentally cut one of my fingers
fo as to lay bare a little mufcular fibre, I intro-
duced it whilft bleeding ipto a bottle of nitrous
oxide ; the blood that trickled from the wound
evidently became much more purple; but the
pain was neither alleviated or increafed. When -
however, the finger was taken out of the nitrous
oxi‘de and expofed to the atmofphere, the wound
fmarted more than it had done before. After it
had ceafed to bleed, I inferted it through wa-
ter into a veflel of nitrous gas; but it did not
become more painful than before. |
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~ From all thefe obfervations, we may conciude;

1ft. That when nitrous oxide is agitated in
fiuid venous blood, a certain portion of the gas
is abforbed ; whilft the color of the blood
changes from dark red to red purple.

2dly. That during the abfofption of nitrous
oxide by the venous blood, minute portions of
nitrogene and carbonic acid are produced, either
by evolution from the blood, or from a decom-
pofition of part of the nitrous oxide. 1

adly. That venous blood impregnated with
nitrous oxide is capable of oxygenation ; and
vice verfa; that oxygenated blood may be com-
bined with nitrous oxide. .

When blood feparated -into coagulum and
ferum, is expofed to nitrous oxide, it is moft
probable that the gas is chiefly abforbed by the °
ferum. That nitrous oxide however is- capable'
of ating upon the coagulum, is evident from
d. In the fluid blood, as we fhall fee hereafter,
mtrous oxide is abforbed by the attraé'tmns of
the whole compound
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L. Of the changes effeled in N:trous Oxide
by Refpiration. .

To afcertain whether the changes*effe@ed i
nitrous oxide by the circulating blood alling
through the moift coats of the pulmonary veins
-of living aninals, were highly analogous to-
thofe produced in it by fluid venous. blood
removed from the vcﬂbls,A I found extremely
difficult.

I have before obferved, that when animals
are made fo refpire nitrous oxide, a certain ab-
forption of the gas always takes place ; but the
fmaller animals, the only ones that can be
experimented upon in the mercurial apparatus,
die in nitrous oxide fo fpeedily and occafion fo
flight a diminution of gas, that I judged it
- ufelefs to attempt to analife the refiduum of
their refpiration, which fupports flame as well
as pure nitrous oxide, and is chiefly abforba-
ble by water. -

In the infancy of my refearches, I often
refpired nitrous oxide in'a lafge glats bell, fur-
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‘ nifhed with a breathing tube and ftopcock, - and-
poifed in water faturated with the gas.

In two or three experiments in which the nof-
trils being clofed after the exhauftion of the
lu_ngs, the gas was infpired from the bell and
refpired into it, a confiderable diminution was
perceived, and by the teft of lime water fome
carbonic acid appeared to have  beén formed ;
but on account of the abforption of this carbo-
nic acid ‘bji’hc‘ impregnated water, and the
liberation of nitrous oxide from it, it was im-
poffible to determine with the leaft accuracy, -
the quantities of produéts after refpiration.

About this time likewife, I often examined
the refiduum of nitrous oxide, after it had been
refpired in filk bags. In thefe experiments
when the gas had been breathed for along time,
a confiderable diminution of it was obferved,
and the remainder extipgui'fh.ed flame and gave
a very flight diminution with nitrous gas. But
the great quantity of this remainder as well as
other phanomena, convinced me that though
the oiled filk was apparently air tight when
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dry, under flight preffure, yet during the attion.
of refpiration, the moift and warm gas expired,
penetrated through it, whilft common air en-
.tered through the wetted furface.

To afcertain accurately, the changes effe@ed
in nitrous oxide By refpiration, I was obliged to
make ufe of the large mercurial airholder men-
tioned in Refearch L. of the capacity of 200
cubic inches. The upper cylinder of it was
accurately balanced fo as to be conftantly un-
der the preffure of the atmofphere. To an
aperture in it, a flop cock baving a very large
orifice was adapted, curved and flattened at its
upper extremity, fo as to form an air-tight
mouth-piece.

By accurately clofing the nofe, and bringing
the lips tight on the mouth-piece, after a few
trials I was able to breathe oxygene or com-
mon air in this' machine for two minutes or two
minutes and half, without any other uneafy
fcelihg than that produced by the inclination of
the neck and cheft towards the cylinder. The
power of uniformly exbaufting the lupgs and
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fauces to the fame extent, I did not acquire till
after many experiments. At laﬁ, by preferving:
exaétly the fame pofture after exhauftion of the
. lungs before the infpiration of the gas to be, ex-
perimented upon,'a'nd during its compleat expi- -
ration, I found that I could always retain nearly
the fame quantity of gas in the bronchial veflels
and fauces ; the difference in the volume expi-
red at different times, never amounting to a
cubic inch and half. o |
By conne&ing the condu&ing pipe of the
* mercurial airholder, during the refpiration of
the gas, with a fmall trough of mercury by
means of a curved -tube, it became a perfe@
- . and excellent breathing machine. - For by ex-
crting a certain preffure on the airholding cylin-
der, it was eafy to throw a quantity of gas
after every infpiration or expiration, into
tubes filled with-mercury ftanding in the trough.
In thefe tubes it could be. _accuratefy analifed,
and thus the changes taking place at different
“periods of the procefs afcertained.
Whenever I breathed pure nitrous oxide in the
* mercurial airholder, afteracompleat voluntary ex-
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.hauftion ofmy lungs, the pleafurable delirium was
veryrapidly produced, andbeing obliged to floop
on the cylindet, the determination of blood to
my head from the increafed arterial a&ion in
lefs than a minute became fo great, as often to
deprive me of voluntary power over the mufcles
‘of the mouth. - Hence, I could never rely on
the accuracy of any experiment, in which the

gas had been refpired for more than thres .

quarters of a minute.
- I was able to refpire the gas with great aceu-
racy for more than half a minute; it at firft,

rather increafing than diminifhing the power of

volition ; but even in this thort time, very ftrong
 fenfations were always produced, with fenfe of
fulnefs about the head, fomewhat alarming ; a
feeling which hardly ever occurs to me when the
gas is breathed in the natural pofture..

In all the numerous experiments that I made.

on the refpiration of nitrous oxide in this way,

a very confiderable diminution of gas always -

took place; and the diminution was generally
apparently greater to the eye during the firft
four or five infpirations.
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The refidual gasof an experiment‘ was always

i

~ examined in the following manner. After being
transferred through mercury into a graduated
cylinder, a fmall quantity of concentrated folu-
tion of cauftic potath-was introduced to it, and
fuffered to remain in conta&t with it for fome
hours ; the diminution was then noted, and the
quantity of gas abforbed by the potafh, judged .
to be carbonic acid.” To the remainder, twice
its bulk of pure water was admitted. After
agitation and reft for four or five hours, the
abforption by this was noticed, and the gas ab-
' forbed confidered as nitrous oxide. The refi-
- dual unabforbable gas was mingled over water
with twice its bulk of nitrous gas; and by this
means, its compofition, whether it confifted
wholly of nitrogene, or of nitrogene mingled
~ with. fmall quantities of oxygene, alcertained. .

From a pumber of experiments made at
different times on the refpiration  of nitrous
oxide, I fele& the following as the moft accu-

rate,
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E. 1. At temperature 54°, I breathed 102
cubic inches of nitrous oxide; which contained
near —> common air, for about half a minute,
" feven infpirations'and feven expirations belug

made. After every expiration, an evident dimi-
nution of gas was perceived ; and when the laft
full expiration was made, it filled a fpace equal
~ to 62 cubic inches.
Thefe 62 cubic inches analifed, were found
to confift of
Carbonic acid .. 3,2
. Nitrous oxide, .. 20,0 -
Oxygene . e 4,1
Nitrogene .... 25,7

62,0

Hence, accounting for the two cubic inches of
common air previoufly mingled with the nitroys
oxide, 71 cubic inches bad difappeared in this
experiment. . v ,

In the laft refpirations, the quantity of gas
was fo much diminifhed, as to prevent the full
- expanfion of the'lungs ; and hence the appa-
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rent diminution was very much lefs after -the
firft four infpirations.

E. 2. At temperature 47°, I breathed 182
cubic inches of nitrous oxide, mingled with 2%
cubicinches of atmofpheric air, which previoufly
exifted in the airholder, for -near 40 feconds ;'
having in this time madde 8 refpirations. The
diminution after the firft full infpiration, ap-
peared to a by-ftander nearly uniform. When °
the laft compleat expiration was made, the gas
filled a fpace equal to 128 cubic inches, thg
common temperature being reftored. Thefe

128 cubic inches analifed, were found to con-
fift -of

Carbonic acid .... 5,25
Nitrous oxide .... 88,75
Oxygene veer . 5,00
. Nitrogene  ...... 20,00

Confequently, in this experiment, 93,25 cubic
inches of nitrous'oxide had difappeared.

In each of thefe experiments, the cylinder
was covered with condenfed. watry vapor ex-
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a@ly in the fame manner as if common air had
been breathed in it. It ought to be obferved
that, E.-1. was made in the morning, four
hours and half after' a moderate breakfaft ;
whereas, E. 2. was made but an hour and quar-
ter after a plentiful dinner ; at which néar three-
fourths of a pint of table-beer had ‘been drank. -
From thefe experiments we learn, that nitrous
oxide is rapidly abforbed by the venous blood,
through the moift coats of the pulmonary veins.
But as after a compleat voluntary exhauftion
of the lungs, much refidual air muft remain in
~ the bronchial veflels and fauces, as appears from
their incapability of compleatly collapfing, it is
evident that the gas expired after every infpira-
tion of nitrous oxide muft be mingled with differ-
ent quantities of the refidual gas of the lungs ;*
- whilft after a complete expiration, much of the
.uynabforbed nitrous oxide muft remain as refidual
gas in the lungs. Now when a.complete expi--

* By lungs, I mean in this place, all the internal orgaas-
of refpiration. '
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ration is made after the breathing of atmofpheric
air, it is evident that the refidual gasof th{:.
lungs confifts of nitrogene,* mingled with fmall
portions of oxygene and carbonic acid. And
thefe are the only produés found after the ref- ,
piration of nitrous oxide.

To afcertain whether thefe produdls were
paftia]l,y produced, during the procefs of refpi-
ration, as I was inclined to believe from the
experiments in tt;e laft fe@ion, or whether they
were wholly the refidual gafes of the lungs, I
found extremely difficult.
 Iat firft thought of breathing nitrous oxide
immediately after my lungs had becs filled with
oxygene ; and to compare the produdls remain-
ing after the full expiration, with thofe pro-
duced after a full expiration of_pureb:gygeng 5
but on the fuppofition that oxygene and nitrous
oxide, when applied togetherA to the venous
blood, muft effect changes in it different from

* Becaufe thefe produ@s are formed during the refpira-
tion of common air.
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cither of them feparately, the idea was relini-
- quithed. | ;
- I attempted to infpire nitrous oxide, after hav=
. ing made two infpirations and a complete expi- -
ration of hydrogene ;- but in this experiment
the effes of the hydrogene were fo debilitating,
and the confequent ftimulation by the nitrous
- oxide fo great, as to deprive me of fenfe.
After the firft three infpirations, I loft all power -
~of ftanding, and fell on my back, carrying
in my lips the mouth-piece feparated from the
cylinder, to the great alarm of Mr. Patrick Dwyer,
who was noting the periods of infpiration.

Though experiments on fucceffive infpira-
tions of pure nitrous oxide might go far to
.-determine whether or no any nitrogene, car-
bonic acid and oxygene -were produ@s of
refpiration, yet I diftin@®ly faw that it was
impoffible in this way to afcertain their
quantities, fuppofing them produced, un-
lefs I could firft determine the capacity of my
lungs; and the different proportions of the
- gafes ,remainihg in the bronchial veflels after a
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‘compleat ‘ez.cpit-ation, when atmofpheric air had
been rcfpitl'cd. . I

In fome cxperiments (that I made on the ref-
piration of hydrogene, with a view to determine
whether carbonic acid was produced by the
combination of carbon loofely “combined in
‘the venous blood, with the ox.yge_ne ref'pired, or
whether it was fimply giver out ‘as excrementi-
R tious by this blood) I found, without however
being able to folve the problem I had propofed
to myfelf, that in the refpiration of pure hydro-
gene, little or no alteration of volume took
place ; and that the refidual gas was mingled
with fome nitrogene, and alittle oxygene and
carbonic acid.

From the comparifon of thefe fa&s with thofe
noticed in the laft fe@ion and in R. III, Div. L.
there was evéry reafon to fuppofe that hydro-

" gene was not abforbed or altered when refpired ;

but oniy mingled with the refidual gafes of the
lungs. Hence, by making a full expiration of
atmofpheric air, and afterwards taking fix or
feven refpirations of hydrogene in the mercurial

(4
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airholder, and then making a compleat expira-
tion, I conje@ured that the refidual gas and
the bydrdgene would bc fo mingled, as that
nearly thefame proportions thould remain in the
" bronchial veffels, as in the airholder. By afcer-
tainirig thefe proportions and calculating from
them, I hoped to be able to afcertain with
. tolerable exactnefs, the capacity of my fauces
and bronchia, as well as the compofition of the
gas remaining in them, after a con;plete expira~
tion of common,air. ' '

IV. Refpiration of H_’ydrogene.

The hydrogene that I employed, was procu-
red from thc decompofition of water by means
of clean iron filings and diluted fulphuric and
muriatic acids. lg was_ breathed in the fame
manner as nitrous oxide, in the large mercurial
airholder. :

After a compleat voluntary exhauftion of
my lungs in the ufual pofture, I found great
difficulty in breathing hydrogene for fo long
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as half a minute, fo as to make a tompleat
expiration of it. It produced uneafy feelings
i the cheft, momentary lofs of mufcular pow--
er, and fometimes a tranfient gi‘ddinefs.‘

In fome of the experiments that I made ; on
account of the giddinefs, the refults were ren-
_ dered inconclufive, by my removing my mouth

from the mouth-piece after expiration, before -
the affiftant could turn the ftopcock.

. The purity of the hydrogene was afcertained
immediately before the experiment by the teft
of nitrous gas, and by detonation with oxygene
or atmofpheric air ; éenerally‘ 12 meafures of
atmofpheric air were fired with 4 of the hydro-
‘gene, al:xd if the diminution was to ten or a little
more, the gas was judged to be pure.

After the experiment, when the compleat .
expiration had been made and the common
temperature reftored ; the volume of the gas
- was noticed, and then a fmall quantity of it
thrown into the mercurial apparatus by means
of the condu&ing tube, to be examined. The

carbenic acid was feparated by from it by means
Bb
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of folution of potath or ftrontian ; the quantity of
oxygene it contained, was afcertained by means
of nitrous gas of known compofition; the
fuperabundant nitrous gas was abforbed by
folution of muriate of iron ; and the proportions
of hydrogene and nitrogene in the remaining
gas, difcovered by inflammation with atmof-
pheric air or oxygene in the detonating tube
by the eletric fpark.

a. The two following experiments made upon
quantities of hydrogene, equal to thofe of the ni-
trous oxide refpired in theexperiments in the lafi
fection, are givefx as the moft accurate of five.

E. 1. I refpired at 59° 102 cubic inches of
hydrogene apparently pure, for rather lefs than
half a minute, making in this time feven quick
refpirations. _

After the complete expiration, when the-
common temperature was refiored, the gas
occupied a fpace equal to 103 cubic inches
nearly. Thefe analifed were found to confifk
of .
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Carbonic acid .. 4,0
Oxygene ...... 3,7
Nitrogene .... 17,3
Hydrogene .... 78,0

103,0

Now as in this experiment, the gas was increafed
in bulk only a cubic inch ; fuppofing that after
the compleat expiration the gas in the lungs,
bronchia and fauces was of nearly fimilar com-
pofition with that in the airholder, and that no
hydrogene had been abforbed by the bload,. it
would follow that 24 cubic inches of hydrogene
remained in the internal organs of refpiration,
and confeduetitly, by the rule of proportion,
about 7,8 of the mixed refidual gas of the com-
mon air. And then the whole quantity of refi-
dual gas of the lungs, fuppofing the temperature
50° would have been 3 1,8 cubic inches ; but as
its temperature was nearly .that,of the internal
parts of the body, 98°, it muft have filled a
_ greater fpace; calculating from the experimenta
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of Guyton and Vernois,* about 37,5t cubic
inches.

From the increafe of volume, it would appear
that a minute quantity of gas had been gene-
rated during the refpiration, and this was, as
we fhall fee hereafter, moft probably carbonic
acid.§ Likewife there is reafon to fuppofe, that
a little of the refidual oxygene muft have been
abforbed. Making allowances for thofe circum-
ﬁances, it would follow, that the 37,5 cubic
inches of gas remaihing in my ]nngé, after a
compleat cxpirétion of atmofpheric air at animal
heat g8°, equal to 31,8 cubic inches at 5g°
were compofed of

‘Nitrogene .... 2I,g
Carbonic acid .. 4,0
Oxygene .... 5,0

31,8

" * Annales de Chimie, vol. 1, page 279.
+ This is only an imperfect approximation; the ratie
. of the increafe of expanfibility of gafes to the increafe of
_temperature, has not yet been afcertained. It is probable
that the expanfibility of gafes is altered by their mixture.

" §Forthereisnoreafon tofuppofe the produion of nitrogene.
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E. 2. I refpired for near a half a minute in
the mercurial airholder at 61°, 182 cubic in-
ches of hydrogene ; having made during this
time, fix long infpirations. After the laft ex-
piration, ' the gas filled a fpace nearly equal to
184 cubic inches, and analifed, was found to
confift of

~ Carbonic adid cevs 4,8

Oxygene ...... 4,0

Nitrogene ...... 21,0

Hydrogene .. .... ' 153,06
184.

Now in this experimént, reafoning in the fame
manner as before, 28,4 cubic inchés of hydro-
gene mu{’c have remained in the lungs, and
likewife 5,5 of the atmofpheric reﬁdual gas.
" Confequently, the whole refidual gas was nearly
equal to 34 cubic inches at 610, which at g8°
would become about 40,4 cubic inches. And
reafoning as before, it would appear from this
experiment, that the quantity of gas remaining
in my lungs after a compleat voluntary refpira-
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fion, equalled at @8, about 40 cubic inches,
‘and at 61°, 31.nearly : making ‘the neceflary
cotre@ions; that after common air had been
breathed, thefe 34 cubic inches confifted of
Carbonic acid .... 4,1~
Oxygene ..... e.. 5,5
Nitrogene ..... . 244
b. It would have been poffible to prove the truth
of the poftulate on which the experiments were
founded, by refpiring common air or oxygene
after the compleat expiration of the hydrogene,
~ for the fame time as the hydrogene was ref-
pired and in equal quantities.

For if portions of hydrogene were found in
the airholder equal to thofe of the refidual gafes
in the two experiments, it would prove that a
saniform mixture of refidual gas with the gas
infpired, was produced by the refpiration. That
this mixture muft have taken place, appeared,

“however, fo evident from analogous fads, that
T judged the experimental proof unneceffary.

Indeed, as moft gafes, though of different fpe-

wific gravities, when brought in conta& witheach
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other, affume fome fort of union, it is more
than probable, that gas infpired into the lungs,
from being placed in conta& with the refidual
gas on fuch an extenfive furface, muft inftantly
mingle with it. Hence, poffibly one deep in-
fpiraiion and compleat expiration of the whole
of a quantity of hydrogene, will be fufficient to
 determine the capacity of the lungs after com-
pleat voluntary exhauftion, and the nature of
the refidual air.

That two infpirations are fufficient, appears
probable from the following experiment.

E. 3. After a compleat voluntary expiration
of common air, I made two deep infpirations off
141 cubic inches of hydrogene. After the

‘compleat expiration, they(ﬁl]ed a fpace equal
to rather more than 142 cubic incheé, and
analifed, were found to confift of

Carbonic acid .... 3,1
Oxygene ...... 4,5
Nitrogene ...... 18,8
Hydrogene .. ... 115,6
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Now calculating on the exhaufted capacily of
my lungs from this experiment, {uppofing uni-
form mixture, they would contain after expi-
_ration of common air, about 30,7 cubic inches
at 58°, equal to 36 at 980,‘comf)ofed of about
Nitrogene .... 20,9

Oxygene .... 5,8

Carbonic acid .. 4,0
—
80,7

One fhould fuppofe a priori that in this experi-
ment much lefs of the refidual oxygene of the
lungs muft have been abforbed, than in Expts.
1 and 2 ; yet there is no very marked diﬁ'erence
in the portions evolved. That a tolerably accu-
rate mixture took place, appears from the quan-
tity of nitrogene. The fmaller quantity of
carbonic acid is an evidence in favour of its
evolution from the venous blood. ‘ .

c. Itis reafonable to fuppofe that the preflure
upon the refidual gas of the exhaufted lungs,
. muft be nearly equal to that of the atmofphere.
But as aqueous vapour is perpetually given out
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by the exhalents, and perhaps evolved from the
moift coats of the pulmonary veffels, it is likely
that the refidual gas is not only fully faturated -
with moifiure at 98°, but likewife impregnated
with uncombined vapor ; and hence its volume
enlarged beyond the increment of expanfion
of temperature.- : '

Confidering all thefc circumftances, and cal-
culating from the mean of the three experi-
ments on the compofition of the refidual gas,
I concluded, '_ ‘ .

1ft. That the exhaufted capacity of my lungs
was equal to about 41 cubic inches.

‘2dly. That the gas contained in my bron-
chial veflels and fauces, after a compleat ref‘pi;-
ration of atmofpheric air, was equal to about
32 cubic inches; its temperature being reduced
to 55° " ,

3dly. That thefe 32 cubic inches were com-
pofed of about '

Nitrogene .. 23,0
Carbonic acid .. 4,1 -
Oxygene . .. 4,9
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*d. In many experimeﬁts made in the mercurial
airholder on the capacity of my lungs under
different circumftances, I found that I threw

out of my lungs by a full forced expiration at

temperatures from 58° to 62°
cub.in. cub. M,

Afterafull voluntary infpiration, from189 to 191
After a natural infpiration, from .. 78to 79
* After a natural expiration, from .. 67to 68

So that making the correcions for temperature,
it would appear, that mylungs in a ftate of volun-
tary infpiration, contained about 254 cubic in-
ches ; in a ftate of natural infpiration’about 135 ;
in a ftate of natural expiration, about 118 ; and
in a ftate of forced expiration 41.%* 4

As the exhaufted capacity as well as imple-
ted capacity of the internal organs of refpiration
muft be different in different individuals, ac-
cording as the forms and fize of their thorax,

* This capacity is moft probably behw the mediom, my
cheft is narrow, meafuring in circumference, but 29 inches,
and my neck rather long and flenider,

’
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faﬂcw, and bronchia are different, it would be
almoft ufelefs to endeavour to afcertain a ftand-
ard capacity. It is however probable, that a
ratio exifts between the quantitie's of air infpi-’
red in the natural and forced infpiration, thofe
expired in the natural and forced expiration,
and the whole capacity of the lungs. If this
ratio were afcertained, a fingle experiment
on the natural infpiration and expiration of
common air, would enable us to afcertain the
quantity of refidual gas in the lungs of any
individual after a compleat forced expiration.*®

V. Additional obfervations and experiments
on the Refpiration of Nitrous Oxide.

a. Having thus afcertained the capacity of my -
lungs, and the compofition of the refidual gas
of expiration, I procseded to reafon cancerning

* Dr. Goodwyn in his excellent work on the connexion *
of life with refpiration, has detailed fome experiments ot
the capacity of the lungs after natural expiration. He
makes the medium capacity.about 109 cubic inches, which
agrees very well with my eflimation.—page 27.
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the experiments in feGtion III, on the refpiration
of nitrous oxide. ‘

In Exp. I. nearly 100 cubic inches of nitrous
oxide, making the corre&ions on account of
the common air, were refpired for half a minute,
In this time, they were reduced to 62 cubic in-
ches, which confifted of 3,2 carbonic acid, 29
nitrous oxide, 4,1 oxygene, and 25,7 nitrogene.

But, as appears from the laft fedlion, there
exifted in the lpdgs before the infpiration of the
nitrous oxide, about 32 cubic inches of gas,
confifting of 23 nitrogene, 4,] carbonic acid,
and 4,9 oxygené, temperature being reduced to
59°. This gas muft have been perfetly ming-
led with the nitrous oxide during the experi-
ment; and confequently, the refidual gas in the
lungs after the experiment, was of the fame
compofition as that in the airholder.

Suppofing it as before, to be about 32 cubic
inches : from the rule of proportion, they will
be compofed of

Nitrous oxide 4. . 14,7
Nitrogene .... . 13,3
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Carbonic acid .. 1,9
Oxygene ..... .21
And the whole quantity of gas in the lungs and
the airholder, fuppofing the temperature 59°,
will equal 94 cubic inches, which are compofed
of . .

Nitrous oxide. .. 43,7
Nitrogene ...... 30,0
Carbonic acid .. 5,2
Osxygene ...... 6,1
04

But beforc the experiment, the gas in the lungs
and airholder equalled 134 cubic inches, and
thefe, reckoning for the common air, were
compofed of

Nitrous oxide .. 100

‘Nitrogene, .... 24,3

Carbonic acid .. 4,1

. Oxygene .... 5,0

Hence, it appears, that 56,3 cubic inches of
nitrous oxide were abforbed in this experiment,
and 13,7 of nitrogene produced, either by cvo-
lution from the blood, or decompofition of the
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nitrous oxide. The quantities of carbonic acid
and oxygene approach fo near to thofe exifting
after the refpiration of hydrogene, that there is
every reafon to believe that no portion of them
was produced in confequence of the abforption,
or decompofition of the nitrous oxide. ‘
b.In Exp. 2, calculating in the fame manner,
before the firft infpiration, a quantity of gas
equal to 216,5 cubicinches at 47°, exifted in
~ the lungs and airholder, and thefe 216,5 cubic
inches were compofed of ‘
Nitrous oxide, .... 182,06

Nitrogene .... . 24,9

Carbonicacid .... 4,1

Oxygene ...... 5,5 .
- 216,5

After the compleat expiration, 160 cubic in-
ches remained in the lungs and airholder, which
was compofed of
Nitrous oxide .. 110,6
Nitrogehe ...... - 36,8 -
Carbonic acid .... 6,8 -
Oxygene ........, 63
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Hence, it appears, that 71,4 cubic' inches of
nitrous oxide were abforbed in this experiment, -
and about 12 of nitrogene produced. ‘The
quantity of carbonic acid and oxygene is rather
greater than that which exi{i‘ed in the experi-
" ments on hydrogene. .
¢. From thefe eﬁimationé, I learned that a
" fmall quantity of nitrogene was produced during
the abforption of nitrous oxide in refpiration.
It remained to determine, whether this nitro-
| gene owed its produé:t'ion to evolution from the
bleed, or to the decompofition of a portion of
the nitrous oxide. ‘

Analogical evidences were not in favour of the
hypothefis of decompofition. It was difficult to
fuppofe that a body requiring the temperature of
ignition for its decompofition by the moft inflam-
mable bodies, fhould be partially abforbed and
partially decompounded at g8, by a fluid ap-
parently poffefled of uniform attra&ions.

It was more eafy to believe, that from the
. immenfe quantity of nitrogene taken into the
blood in nitrous oxide ; the fyftem foon became
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overcharged with this principle, which not being’
wholly expended in new combinations during’
living a&ion, was liberated in the aériform ftate
. by the exhalents, or through the moift coats of
the veins. )

Now if the laft rationale were true, it would
follow, that the quantity of nitrogene produced
in refpiration, ought to be increafed in propor-
tion as a greater quantity of nitrous oxide
entered into combination with the blood.

d. To afcertain whether this was the cafe, I
made after full voluntary exhauoftion of my
lungs, one full voluntary infpiration and expi-
ration of 108 cubic. inches of nitrous oxide.
After this, it filled a fpace nearly equal to 9g
cubic inches. "The quantiﬁes of carbonic acid
and oxygene in thefe were not determined ; but
by the teft of abforpt.ion by water, they appeared

“to contain only 18 nitrogene ; ‘which is very
little more than fhould have been given from
- the refidual gas of the lungs.
In a fecond experiment, I made two refpira-
tions of 108 cubic .inches of nitrous oi de
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ngarly pure. The diminution was to 95. O#

analyfing thefe 95, I fourid to my great furprife, *

that fhey cdmained only 17 nitrogene. Hence,

1 could not hut fufpeét fome fource of error in

the procefs. - .
I now introduced ifito a firong new filk

bag, the fides of which were in perfe& conta@,

about 8 quarts of nitrous oxide. From the °

mode of introdu&ion, this nitrous oxide muft

have been mingled with a little common air,

not however fufficient to difturb the refults. -

I then adapted a cork -cemented to a long
curved tube to my right noftril ; the tube was -

made to communicate with the water apparatus; -
and the left nofiril being accurately clofed, and"

the mouth-piece of the filk bag tightly adapted
to the lips, I made a full éxpiration of the com- -

mon air of my lungs, infpired nitrous oxide from

the bag, and - by carefully clofing the mouth- L
- piece’ with my tongue, expired it through

the curved tubé into the water apparatus. Ian

this way, I madc nine rcfpirations of nitrous -
| /

oxide. The expired gas of the firft refpiration
‘ Cc
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was not preferved ; but part of the gas of the
fecond, third, fifth, -feventh and ninth, were
ca;ught in feperate graduated cylinders. The
fecond, analifed by abforption, confifted of
about 29 abforbable gas, which muft have been
chiefly nitrous oxide ; and 17 unabforbable gas,
which muft have been chiefly nitrogene; and the
third of 22 abforbable gas, and 8 ur\]abforbable.
The fifth was compofed of 27 to 65 the feventh
of 23 to 7, and the ninth of 26 to 11.

¢. Though the refults of thefe expériments
were not (o conclufive as could be withed ; yet,
comparing them with thofe of the experiments in
fection IIL it feemed reafonable to conclude,
that the produion of nitrogene was increafed,
in proportion as the blood became more fully
impregnated with nitrous oxide. ) )

From this conclufion, compared with the phee-
nomenon noticed in fedtion 2, and in Div. I..
feCtion 4, I am induced to believe that the pro-

. duglion of nitrogene during the.refpiration of

i

nitrous oxide, is not owing to the decompofi-
tion of part of thc nitrous oxide, in the -
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sériform fRate immediately by the atfractioni of -
the red particles of vénous blood for its oxygene 3
but that it is rathcr owing to a new arrangement
produced in the principles of the impregnated
blood, during circulation ; from which, becoming
fuperfaturated with nitrogene, it gives it out.
through the moift coats of the veffels.

For if any pottioti of nitrous ofide were de-
compofed immediately by the red particfes of
the blood, one thould cdnjc’élqre’, that the quan-
tity of nitrogene produced, ought to be greater
duting the firft infpirations, before thefe particles
became fully combined with condenfed oxygene.
If on the contrary; thie whole of the nitrogene
and oxygene of the nitrous oxide were both
combined with theblood, and carried through the
pulmonary veins and left chamber of the heart to
the arteries ; then, fuppofing the oxygene chiefly
expended in living aftion, whilft the nitrogené
was only partially confumed in new combina-
tions, it would follow, that the venous blood of
‘animals made to breathe nitrous oxide, hyper-
faturated with nitrogene, muft be different from
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common venous blood ; and this we have rea-
fon to believe from the pbznomena in Div. I.
fe@ion 4, is aQually the cafe.

f. Befides the nitrogene generated during
the refpiration of nitrous oxide, we have noticed
the evolution of other produés, carbonic acid,*
and water.

Now as nexrly equal quantities of carbonic
acid are produced, whether hydrogene or ni-
trous oxide is refpired, provided the procefs is
carried on for the fame time; there is every
reafon to believe, as we have faid before, that no
part of the carbonic acid produced, is generated -

from the immediate décompofition of ‘nitrous
oxide by carbon exifting in the blood.

Confequently, in thefe experiments, it muft
be either evolved from the venous blood ; or
formed, by the flow combination of the oxygene -
of the refidual air of refpiration with the char-
coal of the blood.

* The oxygene as we have before noticed, moft proba-
bly wholly exified in the refidual gas. '
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. Bat-if it was produced by the decompofition -
of refidual atmofpheric air, it would follow, '
that its volume muft be much lefs than that of
the. oxygene of the refidual air, which  had
difappeared ; for fome. of this oxygene muft
have been abforbed by the blood, and during
the converfion of oxygene into carbonic acid by
charcoal, a flight diminution of volume is pro-
duced. /

In the experiments when nitrous oxide and
bydrogene were refpired for about half a minute,
the medium quantity of carbonic acid . produced,
was 5,6 cubic inches nearly. '

Now we will affume, that the quantity of
~ carbonic acid produced, is in the ratio of the
oxygene diminithed ; and there is every reafon:
to believe, that in the expiration of atmofphe-
ric air, the expired air and the refidual air are
nearly of the fame compofition.

Hence, no more carbonic acid can remain
in the lungs or be produced from the refidual
gas after the compleat expiration ‘of common
air, than that which can be gengrated from a
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volume of atmofpheric air equal to the refidual
gas of the lungs.

The refidual gas of the lungs, after- oompleat
expiration, equals at 53¢, 32 cubic inches, and
82 cubic inches of common air coatain 8.6
eubic inches of axygene.

But in the experiments on the refptratwn of
bydrogene, not only 5.6 cubic inches of car-
bonic acid were produced, but more than 4 of
zefidual oxygene remained unabforbed.

Hence it appears impoffible that all the car-
bonic acid evolved from the lungs during the
refpiration of nitrous oxide or. bydrogene conld
beve been produced by the combination of char-
coal in the venous blood with refidual atmof-
pheric oxygene » there is confequently every
reafon to believe that it is wholly or partially 1i-
berated from the venous.blood thrqngb the moift
" coats of the vefiels.

& The water carried ont of the lungs in fb -
lution by the expired gas of nitrous oxide, could:
_neither have been wholly or partially formed
by the decompofition of nitrous exide. The
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coats of the vaTels in the lungs, and indeed in
the whole internal furface of the body, are
always covered with moifture, and the folutlon
of part of this moifture by the mfplred heated
gas, and its depofition by the expired gas, are
fufficient caufes for the appcarance of the
phenomenon.

There are no reafons for fuppoﬁng that any
«of the refidual atmofphernc oxygene is imme-
dnately combined with fixed or nafcent hydro-
gene, or hydrocarbonate, in the venous blood at
08° by flow combuftion, and confequent]y
none for fuppofing that water is 'immediétely
formed in refpiration, '

The evolution of water from the veﬂéls in
the lungs, is almoﬁ certain from numerous
analogies. -

~b. As from the experiments in feétion II. it
- appeared that nitrous oxide was capaBlé of being
* combined with oxygenated blood, and Avice verfa,
blood impregnated with nitrous oxide capable -
of oxygenation ; I was curious to afcertain what
changes would be effeGted in nitrous oxide when
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it was refpired, miogled with atmofphe.
ric air or dxygene. Far this purpofe, with»
out making a very dclicaie expertment, I breath-
ed in the large mercurial airholder about 112
cubic inches of nitrous oxide, mingled with
44 of common air, for near half a minute, in
‘the ufual mode. The gas, after expiration, fil-
led a fpace ncérly equal to 119. T did not
exadlly afcertain the compofition of the reﬁdual
gas; it fupported flame rather better than com-
mon ajr, and after the nitrous oxide was ab-
forbed, gave much lefs diminution with pitrous
gas than atmofpheric air.

i. I breathed a mixture of four quarts of
nitrous oxide with three quarts of hydrogene,
in a dry filk bag, for near a minute ; an evi-
dent diminution was produped; but on aécount
of the mode of experimenting it was impoﬁib!e
. to determine the quantity of nitrous oxide ab-
forbed, or the exa& nature of the produé}s.
. When a taper was introduced into a little of the
refidual gas, it inflamed with a very feeble ex-
Ploﬁon, Now a mixture qf 4 -parts nitrous ox-
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ide and 3 hydrogene, detonates when inflamed
_ with very great violence, '

k. Nitrous oxide can be refpired . wnthout
':d_ang:er by the human animal for a much longer
time than that required for the death of the
finaller quadrupeda init. 4
~ I have breathcd it two or three times in a
conﬁderable flate of purity, in a dry filk bag,’
for four minutes and quarter and four minutes
l and half; fome difeafed individuals have réfpi-
red it for upwards 6f five minutes. _
 In the infancy of my expe.riments\, from genes-
ral appearances, I thought that the proportion of
pitrous oxide abforbed in refpiratib_n was greater
in the firfiinfpirations thanthelaft; but thisIhave
fince found to be amiftake. In tht;laﬁ refpirationé
the apparent abforption is indeed lefs ; but this is
on account of the increafed evolution of nitro-
géne from the blood. When nitrous oxide is
refpired for a long time, the Jaft infpirations are
always fuller and quicker than the firft; but
~ the @nﬁlmption by the fame individual is nearly
in the-ratjo of the.time of refpiration.,, Three
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gnarts i. e. about 174 cubic inches, are confumed
fo as to be unfit for refpiration, by an healthy
individual with lungs of moderate capacity, in
about a minufe and quarter ; fix quarts, or 348
cubic inches, laft generally for two minutes and
half or two minutes and three quarters; eight
quarts, or 464 cubic inches, for more than
three minutes and ‘hal(; amd twelve, or 696
cubic inches, for nearly five.

The quantities of nitrous oxide abforbed by
the fame individual, will, as there is every rea-
fon to fuppofe, be different under different
circumftances, and will probably be governed
in fome meafure by the ftate of the health. It
is reafonable to fuppofe, that the velocity of the
circulation muft have a confiderable influence
on the abforption of nitrous oxide ; probably in
proportion as it is greater a larger quantity of
gas will be confumed in equal times,

I am inclined from two or three experiments;
to believe that nitrous oxide is abforbed more
rapidly after hearty meals or during ftimulation
from wine or fpirits, than at other times. As
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§ts. abforption appears to depend on a fimple
folution in-the venous blood ; probably diminu-
tion of temperature will mcreafe its capab;hty
of being ebforbed. oy

‘I. The quantities of nitrous oxide abforbed by
different individuals, will probably be governed
in fome meafure by the fize of their lungs énd.;
the farface of the blood veflels, all other cir-
cumfiances being the fame.

From the obfervations that I have been able
to make on the abforption of nitrous oxide, as
compared with the capacity of the lungs, the
range of the confumption of different individu-
als does not extend to more than a pint, or 30
cubic inches at the maximum dofe.

We may therefore conclude, that the medium
confinnption of nitrous oxide by the refpiration
of different individuals, is not far from two
cabic inches, or about a grain every ﬁecoud‘,'
or 120 cubic inches, or 60 grains every minute.

m. When nitrous oxide is breathed in tight
filk bags, towards the end of the experiment as
the internal furface becomes moift, as I have
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before mentioned, a certain quantity. of com-
jmon air penetrates through it and becomes
mixed with the refidual gas of the experiment ;
but this quantity is always too fimall to deftroy
any of the effe&ls of the nitrous oxide. The
refidual gas of the common_air, the nitrogene
and carbonic acid produced ip the procefs,. and
the refiduum of the admitted atmofpheric. air,
hardly ever amount after the . experiment,. to
one half of the volume of- the nitrous -oxide
abforbed. There is confequently, a perfe&
propriety in fucceffively infpiring.and expiring
the whole of a given quantity of nitrous oxide,
till it is nearly confumed. In the refpiration of
nitrous oxide as the gas is abforbed and not de-
compofed, little will be gained in effe&, by per-
petually infpiring and expiring new portions,
whilft an immenfe quantity of gas will be idly
wafted, and this circumfance, confidering
the expence of the fubftance, . is of importance,
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V1. On the refpiration of Atmofpheric Mir.

Having thus afcertained the abforption of
nitrous oxide in refpiration, and the evolution
of nitrogene and carbonic acid from the lungs
during its abforption : confidering atmofpheric
air as a compound in which principles identi-
cal with thofe in nitrous oxide exifted, though
in different quantities and loofer combination,
I was anxious to compare the changes effected
in this gas by refpiration, with thofe produced
in nitrous oxide and oxygene; particularly as
they are conneéted with the health and life of
animals. ‘

The ingenious experiments of Lavoifier and
Goodwyn, prove the confumption of oxygene
in refpiration, and the produion of carbonic
acid. From many experiments on the refpira-
tion of common air, Dr. Prieftley fufpeted that
a certain portion of nitrogene, as well as oxygene,
was abforbed by the venous blood.
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4. Inthe following experiments on the refpis
ration_ of atmofpheric air in the mercurial air-
holder ; the compofition of the gas before infpi-~
ration and after expiration, was afcertained in
the following manner.

Forty meafures of it weré agitated over mercury
infolution of cauftic potath,and fuffered toremain
in conta& with it for two or three hours. The
diminution was noted, and the gas abforbed
judged to be carbonic acid. Twenty meafures
of the gas, freed from carbonic acid, were ming-
led with thirty of nitrous gas, in a tube of ,5
inches diameter ; they were not sgitated,* but
fuffered to reft for an hour or an hour and bhalf;
when the volume occupied by them was noticed :
and 50 — m the volume occqpied,‘ divided
by 3 confidered as the oxygene x; and 20 — »
confidered as the nitrogene.

* When they are agitated, a greater proportion of nitrons
gas is abforbed; condenfed in the nitric acid by the water ;

and to find the oxygene, 50— m 50— 2
x = or -
3,4 3,5
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¢. To afcertain the changes effeCted in at-
mofpheric air by fingle infpirations,

I made, after a compleat voluntary exhauftion of
my lungs, at temperature 61°, one infpiration.and
expiration of 141 cubic inches of atmofpheric
air. After expiration, they filled a fpace equal
to 139 cubic inches nearly. Thefe 139 m\bic
inches analifed were found to confift of

Nitrogene ..,. 101
Oxygene .... 32
Carbonic acid .. 6

The 141 cubic inches before infpiration,
were compofed of 103 nitrogene, 1 carbonic
acid and 37 oxygene. The time taken to per-
form the infpiration and full expiration, was
nearly a quarter of a minute.

I repeated this experiment feven or eight
times:. and the quantity of oxygene abforbed
was generally from 5 to 6 cubic inches, the
carbonic acid formed frdm 5 to 5,5, and the
quantity of nitrogene apparently diminifthed by
from 1 to 3 cubic inches.
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E. 2. I made; after a voluntary expirition of
common air, one infpiration and full expiration
of 100 cubic inches of atmofpheric air. It was
diminithed nearly to 984 or 9g cubic inches,’
and analifed, was found to confift of

4 Nitrogene .. 71,7

Y Oxygene .... 22,5

Carbonic acid .. 4,5
This experiment I likewife repeated four or five
times, with very little difference of refult, and
there always feemed to be a finall diminution of
nitrogene. I made no correftions on account
of the refidual air of the lungs in thefe pro-
cefles, becaufe there was every reafon to fup-

pofe that it was always of fimilar compofition.

¢. Before I could afcertain whether fimilar
changes were effe@ed in atmofpheric air, by’
natural ‘infpirations as by forced ones,.I was
~obliged to pratife refpiration in the mercurial
airholder, by fuffering the condu@ing tube to
communicate with the atmofphere till I had
attained the power of breathing in it naturally, -
without labor or attention ; I then found by a °
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number of experiments, that I took into. my
lungs at every natural infpiration, about 13 cu-
bic inches of air, and that I threw out of my
lungs at eve}y expiration,* rather lefs than this
quantity ; about 123 cubic inches.
' The mean compofition of tﬁe'ls cubic inches
of air infpired, was
cub. in.
Nitrogene .. 0.5
Oxygene . .. 3,4
Carbonic acid 0,1

That of the 12,7 of air expired
Nitrogene .. 0,3
Oxygene .. 2,2
Carbonic acid 1,2
Thefe refults I gained from more than 20 ex-
periments, fo that I could not poffibly entertain
any doubt of this accuracy.
I found, by making a perfon obferve my ref-
pirations when I was inattentive to the procefs,

* The diminution of air by fingle mfpxratlons, was
particularly noticed by Dr. Goodwyn,
Dd
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that T made about 26 or 27 natural infpirations
in 'a minute. So that calculating from the
above eftimations, it would fo]low, that 31,6
cubic.inches of oxygene were confumed, and
5,2 inches of nitrogene loft in refpiration every
minute, whilt 26,6 cubic inches of carbonic
acid were prdduced. '
To colle& the produds of a great number of
natural expirations fo as to afcertain whether
» ¢>pofition correfponded with the above
~stounts, Iprocecded in the following manner.
I fafiened my lips tight on the mouth-piece
of the exhaufted airﬁolder, and fuffering my
noftrils to remain dpen, infpired naturally
through them, throwi'ng the expired air through
my mouth into the airholder.
In many experiments, I found that in about
a half a minute, I made in this way 14 or 15
expirations. The mean quantity of air colle@ed
was 17 1 cubic inches, and confifted of

cub. in.

- Nitrogene .. 128
Oxygene .. 20~

- Carbonicacid .. 14
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Comparing thefe refults with the former ones,
we find the mean quantities of air refpired in
equal terms rather lefs ; but the proportions of
carbonic acid, nitrogene and oxygene in the
refpired air, nearly identical.

e. To afcertain the changes effefled in &
© given quantity of atmofpheric air by continued
“refpirations, I breathed after a compleat expi«
ration, at {cmperature 63, 161 cubic inches of
air for near a min-ut;a, making in this tine, 1Q
deep infpitations. After the compleat expira
tion, which was very catefu‘lly made, the gas
filled a fpace nearly equal to 152 cubic inches,
fo that 9 cubic inches of gas had difappcared‘.

The 152 cubic inches analifed, were found
to confift of
cub. in.
Nitrogene .. 111,06
Oxygene .. 23,
Carbonic acid, 17,4
The 161 cubic inches before infpiration, werg
¢compofed of - ’ N
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" cub. in.
Nitrogene .. 117.0
Oxygene .. 42,4
Carbonic acid 1,6

But the refidual gas in the lungs befére the
experiment, was of different compofition from
that remaining in the lungs after the expe-
riment. Making corre@ions on account of
this circumftance, as in fe@ion IV. it appears
that about 5,1 of nitrogene were abforbed in
refpiration, 23,0 of oxygene confiumed, and
12 of carbonic acid produced.

I repeated this experiment three times; in
each experiment the diminution aftér refpiration,
~was nearly the fame; and the refidual gas
making the neceffary allowances, of fimilar
compofition. So that fuppofing the exiftence
of no fource of error in the experiments from
which. the quantity and compofition of the refi-
- dual gas of the lungs were eftimated in fetion
IV. the abforption of nitrogene by the venoua
blood, appears almoft demonftrated. |
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Jf.. To compare the changes effe@ted in at-
mofpheric air by refpiration of the fmaller
quadrupeds, with thofe in the experiments juft
detailed, I introduced into a jar of the capacity ,
of 20 cubic inches filled with mercury in the
mercurial trough, 15 cubic inches of atmofphe- -
ric air which had been deprived: of its carbonic
acid.by long expofure, to folution of - potafh.

Temperature being 64°, a healthy fmall
moufe was quickly paffed under the mercury
into the jar, and fuffered to reft on a very thin
bit of cheefe, which was admitted immediately
after.

He continued for near 40 minutes without
apparently fuffering, occafionally raifing him-
felf on his hind ‘lcgs. At the end of 50 minu'tés,
he was lying on his fide, and in 55 minutes
was apparently dying. He was now  carefully
taken out through' the mercury by the tail, and
expofed before the fire, where he foon recovered.
~ After the cheefe had been carefully removed,
the gas in the jar filled a fpace nearly equal to |
14 cubic inches; fo that a diminution of a
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-cubic inch had taken place. Thefe 14 cubic
inches anglifed, were found’to confift of
cub. in.
. Carbonic acid .. 2,0
. Oxygene ..:. 1,4
Nitrogene ... 10,0
The 15 cubic inches before the experiment,
confifted of '
cub. in.
Oxygene .. 4
Nitrogene .. 11
Hence it appeared, that 2,6 cubic mches of
oxygene had been confumed, 2 cubic inches
af carbonic acid produced, and about 0,4 -of
nitrogene loft.

The relation between the quantxtxes of oxy-
gene confumed in this experiment, and the
carbonic acid produced, are nearly the fame ag
that of thofe in the egperiments juft detailed ;
but .the quantity of nitrogene loft is much
fmaller.
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VH. Refpsration of Oxygene.

The géfes before and after rcfpiration, Weré
analifed ip thefe experiments ‘n the manner
(]ef'cnbed in the laft feftion, except tbat 3 of
nitrous gas were always employed to one of
oxygene., S -

JE. L At tcmperature 53° after a full forced- :
refplratxon, I refpired in the mercunal alrholdcr,
for half a minute, 102 cubic inches of oxygene,
making feven very long and deep infpirations.
After the compleat cxpiratiq;};,;tbc gafes filled
a fpace equal .to 93 cgbic,;j,pphcs; thefe 93
cubic inches apalifed, were found to confift of

cub. in. -
Carbonic acid .. 5,9
Nitrogene .... 33,8 |,
Oxyéene veve.. 53,3

The 102 cubic inches before the experiment,
were compofed of -
T . cub. in.
Oxygene ... 78
Nitrogene .. 24 .
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~ The refidual gas in the lungs before the expe- .
riment, was 32 cubic inches, and compofed of

about 23 nitrogene, 4,1 carbonic acid, and 4,9

oxygene, Sefion IV. The refidual gas after

expiration, was compofed of 18,2 oxygene,

2 carbonic acid, and 11,8 nitrogene. '

~ Hence the whole of the gas in the lungs and

‘airholder before infpiration, was 134 cubic

inches, compofed of

) cub. in.
Oxygene .. 82,9
Nitrogene .. 47,0

Carbonic acid . . 4,1

And after refpiration, 125 cubic inches, con-
fiting of A
cub. ir.
Oxygene .... 71,5
Nitrogene .... 45,6
Carbonic acid .. 7,9
-So that comparing the quantities, it appears,
that 11,4 of oxygene and 1,4 of nitrogene,
were confumed in this experiment, and 3,8 of
carbonic acid produced. '



((441)

1 was much furprifed at the fmall quantity of
oxygene that had been confumed in this expe-
riment. This quantity.was lefs than that ex-
pended during the refpiration of atmofpheric
air for half a minute : the portion of carbonic
acid evolved was likewife fmaller. "I could
dete& no fource of inaccuracy, and it was diffi-
cult to fuppofe that the greater depth and
“fulnefs of the infpirations could make any
difference. '

E. 2. I now refpired at the fame tempera-
ture, after a full expiration, 162 cubic inches
of gas,, compofed of 133 oxygene and 29 nitro-
gene for two minutes, imitating as much as
poﬁible, the natural refpiration.  After the ex-
. periment, they filled a fpace equal to 123 cubic
inches. And when the analyfis and calcula-
tions had been made as in the laft experiment,
it appeared that 57 cubic inches ofdxygenc;
and 2 of nitrogene had been abforbed, whilft
21 cubic inches of carbonic acid had been
 formed.

" Now from the eftimations in the laft feQion,
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it appears that 63 cnbic inches of oxygene are
confumed, and about 52 cubic inches of car-
Jbonicacid produced every two minutes during the
_nétural refpiration of common air. So that
fuppofing the experiment accurate, 6 cubic
inches of oxygene lefs are abforbed, and 30
cubic inches- lefs of carbonic acid prod_ﬁced
every minute, when oxygene nearly pure is
refpired, than when atmofpheric air is refpired. |

Both thefe experiments werc made in the
morning, ata time when [ was in perfet health ;
fo that there could be apparently no fource of
error from accidental circumftances.

The uncommon and unexbéé‘ted nature of the
refults, made me however, very'fccptical con-
cerning them; and before I would draw any
inferences, I refolved to afcertain the compara-
tive confumption of atmofpherié air and oxy-
gene by the fmaller quadrupeds, for which pur-
pofe, I made the following experiment.

E. 3. Oftwo ftrong and healthy fmall mice,
apparently of the fame breed, and exallly

fimilar. - .
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One was introduced into a jar éqntainiqg; 0
cubic inches and half of oxygene, and 3 cubig,
inches of nitrogene, and made to reft on a big,
aof cheefe. .

The other was introduced into a jar contaip--
ing fifteen cubic inches and half of atmofpheric.
air, and made to reft in the fame manner on
cheefe. ‘

The maufe in oxygene began apparemly to
fuffer in about t1bal_f' an hgur-,‘ and occafionally
pantcd very much; in abouyt gn,_hqur,he lay:
down on his fide as if dying. The jars were:
often agitated, that the gafes mxght be mell
mmgled : L :

. The moufe in atmofpheric air became vary
feeble in 40 mmutes, and at the end of 50 mi-
nutes was taken out thraugh the mercury alwe,
but unable to fland.

The moufe in oxygene was taken out in the
fame manner aft¢er an hour angd. quarter, alive,
but motionlefs, and breathing very. deeply.

‘The gas in the jars was.examined. That in
the oxygene jar filled a fpace exadlly equal to
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12,7 cubic inches, and analifed, was found to
confift of 1,7 catbonic acid, 2,6° of nitrogene,
and 8,4 of oxygene. So that abfolutely, 2,1
cubic inches of oxygene and ,4 of nitrogene had
been confumed, and 1,7 of carbonic acid pro-
duced.

The gas in the atmofpheric air jar was dimi-
nifhed nearly to 14,4, and confifted of 2,1 car-
bonic acid, 1,4 oxygene; and 10,9 nitrogene.
Sp that 2,7 of oxygene and ,5 of nitrogene, had
been confumed by the moufe ; and 2,1 of car-.
bonic acid produced.

Hence it appears, that the moufe in atmof-
pheric air confumed nearly one-third more oxy-
gene and produced nearly one-fourth more
carbonic acid in refpiration in 55 rpinu_tes, than
the other in an bour and quarter in oxygene.:
And if we confider the perpetual diminuation of
the oxygene of the atmofpheric air ; from which
at laft it became almoft incapable of fupporting
‘the life of the animal ; we may conclude, that
the quantity of oxygene confumed by it, had 4
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Hence it is evident, that ferum s czrtpublc of
diffolving either the whole compound atmofphe-
ric air, or the oxygene of it. '

Suppo(' ing what indecd s moft probable from
numerous analogies, that it diffolves the whole
compound ; it would follow, that the coloring ©
of the coagulum of blood under ferum, depended
upon thé decompofition of the atmofpheric  air
condenfed in the ferum, the oxygenet of it
combining with the red particles, and the nitro-
gene cither remaining diffolved in the fluid, or
being liberated through it into the atmofphere.

Now the circulating blood confifts of red par-
ticles, floating in and diffufed through ferumr

and coagulable lymph.

+ There are many analogous decompofitions, Dr. Prieftley
noticed (and I have often made the obfervation) that green
oxide of iron, or the precipitate from pale green fulphate
of iron by cauftic alkali, became red at the furface, ‘when'
covered by a thick ftratum of water. In my experiments on
the green muriate and fulphate of iron, I obferved that part
of fome dark oxide of iron which was at the bottom of a
trough of water g inches deep, became red at the furface
nearly in the fame time as another portion of the fame preci-
pitation that was expofed to the atmofphere. This oxyge-
nation muft depend upon the decompofition of atmofpheric
air conftantly diffolved by the water.
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In natural ref plratxon, the red partxcles are ren-
dered of a brighter tmge durmg the paﬂhge of
the blood through the. pulmonary veins. And
as we have feen in the laft fections, dmmg ref-
piration atmofphenc air is dccompofcd ; all the
oxygene of it confumcd, appz}rmt_ly a ﬁhail
portion of the nitrogene loft, and a- conf derable
quantity of carbonic acid produced

It feems therefore reafonable to fuppofe, that
the whole compound atmoiphenc air paﬁing
through the moift coats of the veflels is firft
diffolved by the ferum of the venous blodd andin
its condenfed ftate, decompofed by the affinity
of the red partlcles for its oxygene ; the greater
part of the nitrogene being liberated unaltered ;
but a minute portion of it poﬁibly' remaining
condenfed in the ferum and .co.ag.ula,ble lymph,
and paffing with them into the left chamber of
" the heart. ‘ _ o
~ From the cxperimcnts on the refpiration of
nitrous oxide and hydlogene, it appears that a
certain portion of the carbonic acid produced in

vefpiration, is evolved from the venous blood,
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but as a much greater quantity is generated
during the refpiration of common air and oxy-
gene, than during that of hydrogene in equal
times, it is notimpoflible but that fome portion of
it may be formed by the combination .o'f charcoal -
in the red particles with the oxygene diffolved
in the ferum ; but this can only be determined
by farther eiperiments.

Suppofing that no part of the water cvolved
in folution by the expired gas of common air is.
formed immediately in refpiration, it will follow
that a very confiderable quantity of oxyg’ené
muft Ve conflantly combined with the red par-
ticles, even allowing the confumption of a
certain portion of it to form carbonic acid ; for
the carbonic acid evolved, rarely amourts to
more than three-fourths of the volume of the
oxygene confumed.

Perhaps the ferum of the blood is capable of
diffolving a larger quantity of atmofpheric air
than of pure oxygene. On this fuppofition, it
would be eafy to explain the fmaller confumption
of ozygene in the experiments in the laft fe&ion.
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tion and its action upon the nervous and mufcular
fibre ; it is ufelefs to reafon in the prefent ftate
of our knowledge.

It would be eafy to form theories rcfcrr;n'g
~ the adtion of blood impregnaged with nitrous
oxide, to its power of fupplying the nervous and

mufcular fibre with fuch proportions of conden-
Ee
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fed nitrogene, 6xygene and light or etherial
fyid, as enabled them more rapidly to pafs
through thofe changes which conflitute their
Jife : but fuch theories would be only colle@ions
of terms derived from known pbanomena and
applied by loofe analogies of language to un-
known tbmgs.

We. are unacquainted with the oompoﬁtron
of dead organifed matter ; and new infttuments
of cperiment and new modes of refearch muft
be found, before we can afcertain evem our
capabilities of difcovering the laws of life.
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ktbez.RESBmAJ‘JQN o different GASES, -

A snon'r ﬁmc aﬂer I began the ﬁudy “of
Chemnﬁry, in Marcb 1798 my attcntnon waii
dire@ed to'the" dephloglﬁlcafed nitrous gas of
Pneﬁ]ey, by Dr. Mitchill's Theo;'y of Contaglon.')

The fallacy of this Theory was foon demoﬁ.’

BT

firated, by a few coarfe. eXpériméhtﬁ nadé on
fmall quantmes of the Zas procured from zmé
LLTO0 e o E IR DY MR A R I x(u

% D, Mitchill '*cittéinﬁted to prove frotn ﬁ.mie‘:‘ph&nbmb‘-)
s conne@ed with eontagions difsales, thht Aepﬂvﬁm
mtrous gas which he ca.lled dee of fepton, was the Hm )
ciple of conitagion, and: capablé of prodiicing the tidR tékri~

ble:effedts when refpired bpanimals io the minuteft quantitics
oreven whe appligd to the fkin or myfelat fibre. , . .,
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and &ifuted nitrous atid. - Wounds were expo-
fed to its action, the bodies of animals wero
immerfed in it without injury ; and I breathed
" it mingled in fmall quantities with common air,
without remarkable effe@s. An inability to
procurs it in fufficient quantities, prevented me
at this time, from purfuing the experiments to
any greater extent. I commupicated an ac-
samt of them to Dr, Beddoes.

In 1799, my fituation in the Medical Pneu-
matic Iqﬁntutxon, made it my duty to mveﬁ(»
gate the pbyf ologtcal effe@s of the aqnform)
ﬂulds, the propertles of which prefcnted )
cbance of uteful ageacy. At this pmodl rem
commqnccd the mveﬁnga.tnon, .

A conﬁderable time elapfed before I wag,
able to procyre tbe gas m 3 ftate of pnntx,,and
my firfk experiments were made on the mlxtures
of nitrous exide, nitrogene and nitrqus g
which are prodeced dariag wetsilic im

To tbe begmmng of March T prcpared ajaxg_e
quantity of impuire nitrous oitide from - the »iv
trous folation of zinc. ~OFthis I'often breathed
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the quantities of a.quart and two quarts gehe-
tally mingléd with more than equal parts of
oxygene or common air. It thé moft decifivé
of thofe trials; its effects appeared to b depref:
fing, and maglued that it produced a ten:
dency to fainting: the pulle was certainly
rendered flower ander its operation. - i
* At this time, Mr. Southey tefpired it in an
bighly diluted faté ; it oceafioned a flight degret
of giddinefs, and confiderably ﬂmxmfhed the
quicknefs of his pulfe.

‘Mt C. Coates likewile refpited it highly ditas
téd, with Bmilar effeds. e

In Aptil, I obtdined fitrons: cméeiﬁ a fate
of purity, 4nd afcertainied meny of its chiemical
propetties. - Refiedions upon “thefe properties
and-apon the former (tidls, - inade e refolve té
endeavour to infpire it in its pure form, for I
Gw #o other way in which is re{pirdbﬂity, A
pbm wuld be detervmnedﬁ | o

*1 dxd not attempt to cxpenmcnt upon. ammals, becaufe
thcy dxe xxearly in equal times in non-rcfpxrable ga{'es, and’
gafes incapable of fupporting lfe dnd poffefied of s
action on the venous blood.
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T was aware-of the danger of this gxperimeat.
It certainly.would gever have been made if the
hypotkiefis of Dr, Mitchill bad in, tholeak influ-
enced my mind.. T thought that the cffols
mightbepoffiblydepreffingand pajnful;buttherp
wese many reafons which induced me {o beligve |
that a fingle infpiration of a_gas fapparently
poflefling no.immediate aflion on the. irritable
fibre, -could: neither defiroy .or matenially injure
‘the powers of life. - . Y

On April 11th, I made the ﬁr{’c mfptratlon of
pure nitrous oxide; .it paffed through. the
bronchia without flimulating the glottis, and
produced . no uneafy feeling in the lungs,

. The refult. of this experiment, . proved that
the gas was refpirable, and.induced me 0. be-
lieve that a farther trial of its effeéls- mlght‘,be
made without danger. - . .. ; ol
- On April 16th, Dr. nglakebemgapmdegtally
prefent, I breathed three gparts. of  nitrops -oxr-
ide from and into a filk bag for more than half
a minute, without previoufly clofing my nofe or
<xhaufting my lungs. . - . e
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. Theficlt infpirations ggcafioned a flight degree
of - glddmefs ; This was fucgeeded by ap.un=
commen - fenfe of fuln¢fs of(lgh;;ml,xcad ?cqom-
panied with lofg of diftjnét fenfatien and  velun-
tary power, a feeling, analogous 10, that produced
m ;bc ﬁrﬁ ﬁagc of mtoxlcatnon but unattended
by pleafurablefcnfatnqn Dr. Is,mglakc, who felt
my pulfe, informed me that it.was. ren,dcrpd
quicker and{nller _ . st

Thxs trial did pot fixt;sfy me w:th regqrd
to its powers; comparing it with. the 59;'5{95

~ongs I was unable to determine whether, the
opsration was. ftimulant.on degreffivg. . ., 1

. I communicated;the refult to, Dr. Beddoqs,
and on April the 17th, he was. pre‘fcm',t when
the following, experiment. Was, u;,adc i

_Having previoufly clafed my . noﬁnl(s‘;r)!a&cll
exhauﬁed my lungs, I b;eathc,d four, quarts
nitrous oxide from and 1qto 3. ﬁgk1 l}?g I’Ihe

A)ﬂb

firft fcclmgs were fimilar to thofe produced in

DPRY

mmute, the ré(plrailon 'bemg "eoritmueds thcy
dimini(hed gradually, and wer%\gug?ecded by 'z #
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ferifhtion auhlbotis to ‘gEntle prefiice on all the
miifcles, attended by an highly plesfursble
thrilliig, parficularly in the cheft and the ex-
tremities. The objedis around ‘me became
aazzhﬁg and my tearing more acute. Towsrds
the laft infpifations, the thrilling increafed
the fenfe of mufcular pswer became greater,
and at laft an ifrefiftible propenfity to a@ion wab
indulged in; I recolle& but indiﬁinﬁly what
+foltowed ; I know that my motxbns were vari-
ous and violent. ' ) '

“Thefe effeis very fooh ceafed after ref}mtron
In ten minutes, T had reéovered my fiatural ftate
of mind. The thrilling in the extremifies,
continaed lobger than the other fenfations.®.

This experiment was madé in the morning ;.
0o languor or-exhauftion was c¢onfequent, my
feelings throughout the day were ag  uféral,
and I pafled the night in andifturBed repofe.

“, » Dr. Belddes hak giverr fome accomt of {lis exdpetiment,
urﬁsﬂﬂmd fomo olifolvations mdde. at jthe. Madigal
' Pneumatic Inftitation, It was notwed in Mtr Nu.holﬁms
$hil. Journal for May 1709.
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" The next morning the recolledioné of 12"
effeCts of the gas were very indiftin®, and had’
not remarks written immediately after the ckﬁe«
riment recalled them to-iny miad, I fhouid’
have even doubted of their reallty I was wiL
ling indeed to attribute fome of the ftrong emo-’
tion to the enthufiafm, which I fuppofed muﬁ'
have been neceffarily coune&ed with the per—
ception of agreeable feelings, when T was bre-
pared to ekpcnence painfal fcnfatxons. "T'wo
expenments however, miade " in 'the céurfe o
this day, with 'ﬁzeptxfm, convinced me- that ﬂié
effecls were foiely owmg fo fhe fpeclﬁc oPcra-
tion of the gas.! - b

In each of them ¥ breathed five qoarts of
nitrous oxide for rather a hnger time - fhan
before. *“The ‘fentations produce& were fiinifa¥;
perbaps not qmte fo pleai’urable the mufén\a\‘
motions were much lefs vno'lent ' ot

’Havmg thi3 “afcertained thé powers é? lige
gas, I'made many experiments to afcertaitt 64
length of time for which it rmgbt Be breatifidd
with fafety, ‘its “effe@s on the pilfe, arid it
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geperal eﬁ:e&aoq the bealtb when often rel-
pired.. T N
I found ghatl could breathe mne quarts of ]
' mtrous erde for three minytes, and twelvei
quarts for. rather more than_four. I could
never breathe it in any quantxty, fo long as five
minutes. Whenever its operation was carried
- to tbe bxghe& extent the pleafurable thrilling
at ity height about the mlddle of the experiment,
gradually diminithed, the fenfc of preflure on
© the mufcles was loﬁ i, 1mpreﬂions ceafed to be
perceived ; vivid, rdeas paﬁéd ra‘pxdly through'
the mind, aqd volun;tary: goyv_erwas_‘ a}tegether
defiroyed, fo that the moutli-pie’ce ' gen_erally
dropt from my unclofed lips. = ")
Whenever the gas was.in a h:gh ftate of pu—
nty, it tafted diftinQly fweet to the tongue and
palate, gnd had an agreeable odor I of'ten
thought that it produced a feelmg fomewhat
| gnalogous to tafte, in its apphcatxon to my lungs
In pne or two experiments, I percewed a dxﬁm&
fenfe of warmth in my cheft. - "
. Inever felt from it any. thmg l;ke oppreﬁive
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refpxra’tlon : my infpiratib‘ns becdthe Jee;i’in -
proportion as ‘I breathed - it longer; but this
phznomenon:arofe from increafed energy of the
. mufcles of refpiration, and’from #:defire of in;
creafing the pleafurable feelings.: i 1
Generally when I breathed from fix to feven
quarts, mufcular motions were produced fo ‘a
certain extent ; fometimes I ‘manifefted rmy
pleafure by ftamping or laughing' only7 at:other
times, by dancing round the room-and: vocife-
rating. O AR
After the refpiration. of - fiial dofes, -‘the
exhilfration’ generally’ lafted “for five or fix
minutes enly "In ‘one ‘or two expenments
when ten quarts had been breathed for near four
‘inutes, an exhiliration and a fesfe of flight
intoxication lafted for two or three hours.
- On'May 3d. To afcertain whetbier the gas
would accelerate or retard the 'pidg'refs of fleep,
1 breathed at about 8 o’clock ‘in' the -evening,
25 quarts of nitrous oxide, in’quantities: of tix
2t a time, allowing but {hort intbivals betweih
each dofe.. The feclings were much: lefs pleafu-
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ssble thap wfiaal, and during the confanption
of the two. la& dofes, almoft indifferent ; indeed
the gas was breathed rather too foon after its
ptoduélion and contained fome fufpended acid -
vapour which ftimudated the lungs foas tomduce
cougbmg

After the experiments, for the firft time [ was
fomewhat depreffed and debilitated ; my pro.
penfity to fleep bowever, came on at the ufisal
hour, and as ufyal wasindulged in, my repofe
‘was found and unbroken.

Between May and July, I habitually breathed
the gas, occafionally three or four times a day
for a week together ; at other peviods, four or
five times a week only.

The dofes were generally from ﬁx to pine
quarts ; their effe@s. appeared undiminithed by
babit,- and were  hardly ever exadly fimilar.
- Sometimes I had the feelings of intenfe. intoxi-
cation, attended with but little pleafure; at
other times, fublime emotions connefted with
 highly vivid ideas ; my pulfe was generally in-
areafed in fulnefs, but rarely in velocity.
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otherwifej and never ending in Mftlefnefs. -
- .Diring the'laft week in which ¥+ breathed ¥
uniformly, Iimagined'that I had increafed fen-
fibility of touch : my fingers were pained” by
any thing rough, and the tooth edge produced'
" from flighter caufes than ufual. Iwas c_ert'ain’ly
more irritable, and felt more ‘acutgly -from
trifling circumftanées. - My bedily firength
~ was rather diminithed than increafed. .’
At the latter end of ‘July, I left off my ha-
' bitual courfe of refpiration ; but: I continued
_-occafionally to-breathe: the gas, either for the
fake of enjoyment, or with a view of afcertain-
ing its operation under particular circumftances.
In one inftance, when I had head-ache: from
indigeftion, it was immediately removed by the
‘effelts of a large dofe of gas; though it after-
wards returned, but with.much lefs violence. In
a fecond inftance, a flighter degree of kiéad-ache
was wholiy removed by two dofes of gas.
~The power of the immediate operation " of
the gas in removing intenfe pbyﬁcél _pain, I
had a very good opportunity of afcertaining.
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- In cutting one of the unlucky teeth called
* dentes fapientizz, I experienced an extenfive
inflammation of the gum, accompanied with
great pain, which equally deﬁx;oyed the power
of repofe, and of confiftent acion.

On the day when the inflammation was mofte
troublefome, I breathed three large dofes of
nitrous oxide. The pain always diminifhed
after the firft four or five infpirations ; the thril-
ling came on as ufual, and urieafinefs was for a
few minutes, fwallowed up in pleafure. As the
former ftate of mind however returned, the
ftate of organ returned with it; and I once
imagined that the pain was more fevere after
the experiment than before.

In Auguft, I made many experiments with a
view of afcertaining whether any analogy exifted -
between the fenfible effe@s of the different ga-
fes which are fooner or later fatal to life when
refpired, and thofe of nitrous oxide.

1 refpired four quarts of Hydrogene* nearly

* Pare hydrogene has been often refpired by' different
Philofophers, particularly by Scheele, Fontana, and .the

adventurous and unfortunate Rofier.
Ff
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pure produced from zinc and muriatic acid, for
near a minute, my lungs being previoufly . ex--
hapfted and my noftrils carefully clofcd. The
firft fix or feven infpirations produced no fenfa-
tions whatever ; in half a minute, I perceived:
% difagreeable oppreflion of the cheft, which
dliged me to refpire very quickly ; this op-
preflion gradually increafed, till at laft the pain
of fuffocation compelled me to leave off breath-
ing. Ifelt no giddinefs during or after  the
experiment ; my pulfe was rendered feebler and”
quickei'; and a by-ftander informed me that-
towards the Jaft, my cheeks became purple.

Ina fecond experiment, when the hydro--
gene was procured from iron and diluted ful-"
phuric acid, I was unable to refpire it for {o
long as three quarters of a minute ; a tranfient
giddinefs and mufcular debility were produced,
the pulfé was rendered -very feeble, and the pain
of fuffocation was greater than before.

I breathed three quarts of Nitrogene mingled
with a very fmall portion of carbonic acid, for
near.a minute. Kt produced mo alteration in-
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thy fenfations for the firft twenty feconds ; then
the painful fenfe of fuffocation gradually came
on, and increafed rapidly in the laft quarter of
the minute, fo as to oblige me to defift from
the experiment. My pulfe was rendered feebler
and quicker. I felt no affeQion whatever in
the head. '

Mr. Watt's obfervations on the refpiration
of diluted Hydrocarbonate by men, and Dr,
Beddoes’s experiments on the deftru®ion of
animals by purc hydrocarbonate, proved that
its effets were highly deleterious.

~ As it deftroyed life apparently by rendéring

the mufcular fibre inirritable without producing’ «
any previous excitement, I was anxious to'com-
pare its fenfible effe@s with thofe of nitrous
oxide, which at this time I believed to deftroy’
life by producing the higheft poffible excites
ment, ending in lzfion of organifation.

In the firft experiment, I breathed for neat
a minute, three quarts of hydrocarbonaté min-
gled with nearly two guarts of atmdi’ph-eric air.®

* I believe it had never been breathed before by wy
_ individual, in a fate fo little diluted,
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It produced a flight giddinefs and pain i the
head, and a momentary lofs of voluntary power :
my pulfe was rendered much quicker and feeb-
ler. Thefe effeéls however, went off in five
minates, and I had no return of giddinefs. .

Emboldened by this trial, ia which the feel-
ings were not unlike thofe I experienced in the
firft experiments on nitrous oxide, I refolved
to breathe pure hydrocarbonate.

For this purpofe, I introduced into a filk bag,
four quarts of gas nearly pure, which was care-
fuily produced from the decompofition of water
by charcoal an hour before, and which had a
very ftrong and difagreeable fmell.

. My friend, Mr. James Tobin, Junr. being
prefent, after a forced exhauftion of my lungs,
the nofe being accurately clofed, I made three
ihfpirations and expirations of the hydrocarbo-
nate. The firft infpiration produced a fort of
numbnefs and lofs of feeling in - the cheft and
about the pedtoral mufcles. After the fecend
infpiration, I loft all power of perceiving exter-
nal things, and had no difin& fenfation except
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believed myfelf relieved. In five minutes, the
painful feelings began gradually to diminith,
In an hour they bad nearly difappeared, and I
felt only exceflive weaknefs and a flight fwim-
ming of the head. My voice was very feeble
snd indiftin®. This was at two o'clock in the
afternoon, :

I afterwards walked flowly- for about half an

hour, with Mr. Tobin, Junr. and on my return,
was fo much fironger and better, as to believe
that the effe@s of the gas had difappear_ed;
though my pulfe was 120 -and very feeble,.
‘ contmued without pain for near three quartm
of an hour; when the glddmefs retwned with
fuch violence as to oblige me to lie on the bed ;
it was accompanied with naufea, lofé of me-
mory, and deficient fenfation. In about an
hour and half, the giddinefs went off, and was
fucceeded by an excruciating pain in the fore-
head and between the eyes, with tranfieng
pains in the cheft and extremities,

Towards night thefe affe@ions gradually dimi-
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nifhed. At ten,t no difa‘greéable feeling ex-
cept weaknefs remained.” I flept found, and
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About a week after this experiment, I ats
tempted to refpire Carbonic acid, not being at
the time acquainted with the experimepts of
Rofier. ) e

I introdyced into 3 filk bag fouyr quarts of
well wathed carbonic acid prodyced from' car-
bonate of ammoniac* by heat, and after a
compleat voluntary - exhauftion of ‘my lungs,
attempted to infpire it. It tafted firongly acid
in the mouth and fauces, and produced a fepfe
of burning at the tap of the uyula, In vain §
made powerful voluntary efforts to draw it inte
the windpipe ; at the moment that the epiglottis.
was raifed a little, a painful ﬁimulatjdn was in-
duced, fo as to clofe it fpafmodically on. the
glottis ; and thus in repeated trials I was pre-
vented from taking a fingle particle of carbonic
acid into my lungs. ‘

by fatigue till after they have been for fome hours at' relt.
Pain is uniformly conne@ed with the recovery from the
debility induced by typhus, often with the " recovery from\
that produced by the flimulation of opjum and alcohol.

* Carbonic acid is produced in this way in a lngh &m
of punty, and with great readinefs.
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two or three minates I could perceive no effects.
Towards the end, even whan I breathed. very
flowly, my refpiration became opprefled, and
I felt a fenfation analogous to that produced by
the want of freth air; though but little of the
oxygene had been confumed.’

Inone cxpcrir;xem when I breathed from and
into a bag containiing 20 quarts of exygene for
near fix minutes; Dr. Kinglake felt my puife,
and found it not eltercd in velotity, but rathér
harder than before. I perceived no effeéts but
thofe of oppreffion on the cheft*.

~* In a converfation with Mr. Watt, relating to the pow-
ers of gafes, that excellent philofopher told me he hagd for
fome time entertained a fufpicion, that the effe@s attribu-
ted to oxygene produced from manganefe by heat, .in fome
meafure depended upon nitrous acid {fufpended in the gas,
formed during ignition by the union of fome of the oxygene
of the manganefe with nitrogene likewife condenfed in it.-
In the courfe of experiments on nitrous acid, detailed in
Refearch I. made in September, O&ober, and December,
1799, I feveral times experienced a fevere oppreffion on the
cheft and difficulty of refpiration, not unanalogous to that
produced by oxygene, but much more violent; from
breathing an atmofphere loaded with fitrous acid vapour.
This fatt’feemed to confirm Mr. Watt’s fufpicion, I con-
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Having obferved in my expersments upon
venous blood, that Nitrous gas. remdered that
fluid of a purple tinge, very like the célor
generated in it by nitrous oxide ; and finding
no painful effeés produced by : the application
~of ‘nitrous gas to the bare mufcular fibre, I
began to imagine that this gas might be breathed
with impunity, provided it were pofiible in any
way to free the lungs of common air before in-
{piration, fo as: to prevent.the formation of
nitrous acid. o o ,

On this fuppofition, during a fit of enthufi-
afm produced by the refpiratian of nitrous
oxide, I refolved to endeavour to breathe
Nitrous gas. '

114 cnbic inches of nitrous gas were intro-
duced info. the large mercurial airholder ; two

fefs, however, that I have never been able to deted any
fmell' of nitrous acid, either by means of my own or-
gans or thofe of others, during the produdtion-of axygene ;
when the gas is fuffered to pafs into the atmofphere.
The oxygene breathed in the experiments detailed in the
text, had been for fome days in cont@é&t with water.
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fmall filk bags of the capacnty of feven quarts
were filled-with- nitrous oxide. . g

After a forced exhauftion of ‘my langs, mry
nofe being - accurately clofed, I made three in-
fpirations and expirations' of nitrous oxide in
one of the.bags, to free ‘my lungs as much as
poflible froin. atmofpheric oxygene ; then, after
a full expiration of the.nitrous oxide, J transfetred
my month from the mouth-piece of ‘the bag to
that of the: airholder, and turning the fop-
cock, attempted to infpire the nitrous gas.—
In paffing through my mouth and fauces, it
tafted aftringent and highly difagreeable ; - it
occafioned a fenfe of burning 'in the threat, and
produced a fpafm of the epiglottis fo painful as
to oblige me to defift inftantly from attempts
to infpire it. = After moving ‘my lips from the
.mouth-piece, when I opened them to infpire
common aivr,iaériform nitrous acid was inftantly
formed in my mouth, which burnt the tongue
and palate, injured the teeth, and produced an
inflammation of the mucous -membrane wh:xch
lafted for fome heurs.
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~ As after the refpiration of nitrous oxide in
_the cxperimenfs in the __léﬁ_ Refearch, a fmall
portion of the refidual atmofpheric,air rqghgingd
in the lungs, mingled with the gas, after forced
expiration ; it is moft probable that a. minute
" portion of nitrous acid was formed in this expe-
rixx;ent, when the nitrous gas. was taken into,
the mouth and fauces, which might produce
its flimulating properties. If fo, perhaps I
owe. ‘my life to the circumftance ; for fup-
pofing I had taken an infpiration of nitrous
gas, and even that it had produced no,
pofitive effeds, it is highly improbable,. that,
by breathing nitrous oxide, I fhould have freed
my lungs from it, fo as to have prevented the
formation of nitrous acid when I again infpired
common air. I never defign again to attempt
-fo rath an exi:eri_ment. '
In the bcginqing of September I often ref- .
pired nitrous oxide mingled with different pro-
portions . of .common air or oxygerie. The
effefls produced by the diluted gas were much
lefs violent than thofe produced by pure nitrous
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oxide. They were génerally pleafant : the
thrilling was not often perceived, but a fenfe
of exhiliration was almoft conftant.

Between September and' the end of Oétober,

I made but few experiments on refpiration, al-
" moft the whole of my time “being devoted_ to
chemical experiments on the produéion and
analyfis of nitrous oxide.
At this period my health being fomewhat
injured by the conftant labour of experimerit-
ing, and the perpetual inhalation of the acid:
vapours of the laboratory, I went into Cornwal ;

where new affociations of ideas and feelings,
common exercife, a pure atmofphere, luxurious
diet and moderate indulgence in wine, in a
‘month reftored me to health and vigor.

Nov. 27th. Immediately after my return,
béing fatigued by a long journey, I refpired
nine quarts of nitrous oxide, having been pre-
cifely thirty-three days without breathing any,
The feelings were different from thofe I had.
experienced in former experiments. After the
firft fix or feven infpirations, I gradually began
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to tofe the perception of exterfal things, and a
vivid and intenfe recolleftion of fome -former
experiments pafled through my mind, fo that .
I called out ¢ what an amazing concatenation of
idsas " 1 hadno pleafurable feeling whatever,
I ufed no mufcular motion, nor did I feel any
difpofition to it ; after a minute, when I made
the note of the experiment, all the uncommon
fenfations had vanifhed ; they were fucceeded
by a flight forenefs in one of the arms and in
the leg : in three minutes thefe affections like-
wife difappeared.

From this experiment I was inclined to fup-
pofe that my newly acquired health "had dimi-
" nithed my fafceptibility to the effe@s of the
gas. About ten days after, however, I had an
opportunity of proving the fallacy of this fup-
pofatina.

Immediately after a journey of 126 miles, in’
which I had no fleep the preceding night, being
much exbhaufted, I refpired feven quarts of gas
for near three mimutes. It produced the ufual
pleafurable effe@s, and flight mufcular motio.
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I continued exhilirated for fome minutes aftére
wards: but in half an hour found myfelf neither
mote or lefs exhaufted than. before the experi-
ment. I had a great propenfity to fleep.

I repeated the experiment four or five times
in the following week, with fimilar effeéts. My
fufceptibility was certainly not diminithed. E
even thought that I was more affeted than for-
merly by equal dofes.

Though, except in one inftance, when indeedt
the gas was impure, I had experienced no decifive
exhanftion after the excitement from nitrous ox-
ide, yet ftill I was far from being fatisfied that it
was unanalogous to ftimulants in general.—
No experiment had been made in which the
excitement from nitrous oxide had been kept up
for fo great a length of time and carried to fo
great an extent as that in which it is u,niform]y
fucceeded by exceflive debility under the agency
of other powers. :

It occurred to me, that fuppoﬁng nitrous 0x-
ide to be a ftimulant of the common clafs;, it
would follow that the debility produced in con-
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fequence of exceffive ftimulation by a known
agent, ought to be increafed after excitement
from nitrous oxide.*

To afcertain whether this was the cafe, I
made on December 23d, at four P. M. the
following experiment. I drank a bottle of
wine in large draughts in lefs than eight mi-
nutes; Whilft I was drinking, I perceived a
fenfe of fulnefs in the head, and tbhrobbing of
the arteries, not unanalogous to that produced in
the firft ftage of nitrous oxide excitement.
After I had finifhed the bottle, ‘this fulnefs in-
creafed, the objects around me became dazzling, .
the power of diftin& articulation was loft, and
I-was unable to walk fteadily. At this moment
the fenfations were rather pleafurable than other-
wife, the fenfe of fulnefs in the head foon how-
ever increafed fo as to become painful, aad in

* [n the fame manner as the debility from intoxication
by two bottles of wine is increafed by a third. -

Gg
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lefs tham an bour I funk into a fate of infenG-
bility.*

In this fituation 1 muft have remained for

two hours or two hours and half,
" 1 was awakened by head-ache and painful
naufea. The naufea continued even after the
contents of the flomach had be¢n ejefled. The
~ pein in the head every minute increafed ; I was
neither feverith or thirfty ; my bodily and men-
tal debility were exceffive, and the pulfe feeble
and quick.

In this fate I breathed for near a minute and
helf five quarts of gas, which was brought to
me by the operator for nitrous oxide; but as it
produced no fenfations whatever, and apparently
rather increafed my debilty, I am almoft con-
vinced that it was from fome accident, either
common gir, or very impure nitrous oxide.

Immediately after this trial, I refpired 12 quarts

* I ought o obferve that my pfpal drink is watey, that
T bad been little accuftomed o take, wing or . fpisits, 994
had never been compleatly intoxicated but once before in

the courfe of my life. This will account for the powerful
cffe@s of a fingle bottle of wine."
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of axygene for ticar four minutes. It produced
" no alteration in my fenfations at the time ; but
immediately after I imagined that I was a little
“exhilrated. .

The head-ache ‘and debility fill . however
continuing with violence; I examined fome
nitrous oxide which had been prepared in the
morning, and finding it very pure, refpired
feven quarts of it for two minutes and half.

I was unconfcious of head-ache after the third
infpiration ; the ufual pleafurable thrilling was
ﬁroduced, voluntary power was defiroyed, and
vivid ideas rapidly pafféd through my' mind ; I
made flrides acrofs the rooin, - and con-
tinued for fbme minutes much exhilirated.
Immediately after the exhiliration had difap-
peared, I felt a flight.return of the head-ache ;
it was conne@ed with tranfient naufea. Aftex
two minutes, when a{mall quantity of acidified
wine had been thrown fromthe ftomach, both the
naufea and-head-aéh_e difappeared ; but languox

and depreffion not very different in degree from -

thofe exifting before the experiment, fucoeeded.
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They however, gradually went off before bed
time. I flept found the whole of the night
except for a few minutes, during which I ‘was
kept awake by a trifling head-ache. Inthe
‘morning, I had no longer any debility. "No
head-ache or giddinefs came on.after I' had
arifen, and my appetite was very great.

This experiment proved, that debility from
intoxication was not increafed by excitement
from nitrous oxide. The head-ache and de-
preffion, itis probable, would have continued
longer if it-'had  not been adminiftered. Is it
not likely that the {light naufea following
the effe@s of the gas was produced by. new
excitability given to the ftomach ?

- To afcertain with certainty, whether the
moft extenfive ation of nitrous oxide compa-
tible with life, was capable of producing debility,
X refolved to breathe the gas for fuch a time and
in fuch quantities, as to produce excitement
.equal in, duration and fuperior in intenfity to

that occafioned by high intoxication from opium
or alcohol. |
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To habituate myfelf to the excitement, and
to carry it on gradually

On Decentber 26th, I was mclofed in an
air-tight breathing-box,* of the capacity of
about g cubic feet and half, in the prefence of
Dr. Kinglake. -

After I bad taken a fituation in whnch I could
. by means of a curved thermometer ‘inferted
under the arm;, and a ftop-watch; afcertain the
alterations in my pulfe- and animal heat, 20
quatts of nitrous oxide were thrown inte the
box. | . '

For three minutes I experienced no altera-
tion in my fenfations, though immediately after
the intro&u&ion of the nitrous oxide the fmell
and tafle of it were very evident.t

~ In four minutes I began to feel a flight glow

# The plan of this box was communicated by Mr. Watt.
An account of it will be detailed in the Refearches.

; f The nitrous oxide was too diluted to a& much; it
was mingled with near 32 times its bulk of atmofpherie
air,
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in the checks, and a generally diffufed warmth
over the chett, though the temperatare of the
box was not quite 50°. I had negle&ed to feel
my pulfe before I went in; at this time it was
104 and hard, the animal heat was g8°. In
ten minutes the animal heat was néar gg9f, in a
quarter of an hour 99.5°, when the pulfs was
102, and fuller than before.

At this period 20 quarts more of nitrous oxi'de :
were thrown into the box, and well-mmgled
with the mafs of air by agitation.

In 25 minutes the animal heat was 1009,
pulfe 124, In 30 minutes, 20 quarts more of
gas were introduced. -

My fenfations were now pli:afant'; I had a
generally diffufed warmth without the flighteft
moifture of the fkin, a fenfe of exhiliration
fimilar to that produced by a fmall dofe of wine,
and a difpofition’ to mufcular motion and to
merriment.

In three quarters of an hour the pulfe was
104, and animal heat not QQ,5°, the tempera~
ture of the chamber was 64°. The pleafurabfe
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feelings continued to increafe, the palfe became
fuller and flower, tiil in about an hour it was
88v, when the animal heat was gg°.

20 quarts more of air were admitted. I had
niow a great difpofition tolaugh, fuminous points
feemed frequently to pafs before my eyes, my
hearing was certainly more acute and I felt a
pleafant lightnefs and power of exertion in my
- mulcles. ¥n a thort time the fymptoms became
fiationary ; breathing was rather opprefied, and
on account of the great defire of aion, . reft
was painful.

I now came out of the box, having been in
precifely an hour and quarter.

The moment after, I began to refpire 20 quarts
of upmingled nitrods oxide. A thrilling. ex-
tending from the cheft to the extremities was
almoft immediately produced. I felt a fenfe of
tangible extenfion highly pleafurable in every
limb; my-vifible impreflions were dazzling
and apparently magnified, I heard diftinétly
every found in the room and was perfe&ly aware
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of my fituation,* By degrees as the pleafurable
fenfations increafed, 1 loft all conne&ion with
external things; trains of vivid vifible images
rapidly pafied through my mind and were con-
nected with wordsin fuch a manner, as to pro-
. duce perceptions perfe&ly novel. T exifted in
a world of newly connefled and newly modified
ideas. I theorifed ; I imagined that I made
difcoveries. When I was awakened from this
femi-delirious trance by Dr. Kinglake, who
took the bag from my mouth, Indignation
and pride were the firft feelings produced by
the fight of the perfons about me. My emotions
were enthufiaflic and fublime ; and for a minute
I walked round the room perfe@ly regardlefs
of what waé faid to me. As I recovercd my
former fiate of mind, I felt an inclination to
communicate the difcoveries I had made during
- the experiment. I endeavoured to recall the
ideas, they were feeble and indiftinét; one
colle&ion of terms, however, p'réfe.nted itfelf :

- *Inall thefe experiments after the firit minute, my
-€heeks became purple.



(489)

and with the moft intenfe belief:.and prophetic
manner, [ exclaimed to Dr.. Kinglake, ¢ No¢bing.
exsfts but thoughts I—the univerfe s compofad_of
impreffions, ideas, pleafures and pains I”. .
About three minutes and half.only, had elap-
fed during this experiment, though the time as
meafiwed by the relative vividne(s of the recol-
leéted ideas, appeared to me much longer.
Not more than half of the nitrous oxide was
confuméd. After a minute, before the thrilling
of the extremities had difappeared, I breathed
the remainder. Similar fenfations were again
produced ; I was quickly thrown into the plea-
furable trance, and continued in it longer thexn
before. For many minutes after the cxpetiment,
I experienced the thrilling in the extremities,
the exhilaration continued uearly two hours.
For a much longer time I experienced the mild
enjoyment before defcribed connefled with
indolence ; no depreffion or feeblene(s followed.
I ate my dinner; with great appetite and found
myfelf lively and difpofed to action immediately
after. I pafled the evening in executing expe-
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riwents. At night I found myfelf unwfually
cheerfal aud a®tive ; and the hours between
dleven and two, were fpent ih copying the fore-
going detail from the comenon-place book and
in arranging the experimowts. In bed I en-
joyed profound repofe. When I awake in the
morning, it wes with confbioufnefs of pleafura-
ble exiftence, and this' confcioufnefs more or
lefd, continwed through the day.

Since December, I have very often breathed
nitrous oxide. My fufceptibility to its power
i8 rather incresfed than diminithed. I find fix
quarts a full dofe, and I am rarely able to ref-
pire it in any quantity for more than two minates
and half.

The mode of its operation is fomewhat alte-
red. It is indeed very different at different
times.

I am fcarcely ever excited into violent muf-
cular action, the emotions are generally much
lefs intenfe and fublime than in the former
experiments, and net often connected with
thrilling in the extremities,
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‘When troubled with indigeftion, I have beea-
two or three times unplesfantly dffefted ufter
the excitement of the gas. Cardialgia, erac-
tations and unpleafant ﬁllneﬁs of the head were
~ produced. :

I haveoften felt very great pleafure when breath-
ing it alone, in darknefs and filence,: eocupied
only by ideal exiftence. In two or three inflan--
oes when I have breathed it amidft noife; the:
fenfe of hearing has. been painfulty affeéted
even by moderate intenfity of found., The
light of the fun has fometimes been difagreeably
dazzling. ‘I have once or twice felt an uneafy
fenfe of tenfion in the cheeks and tratifient
pains in the teeth. :

Whenever I have bresthed the gas after ex-
citement from- mhorab or phyfieal caafes, thc
delight has been often intenfe and fublime.

On May 5th, at night, afier walking for ‘an
hour amidft the fcenery of the Avon, at this
period rendered exquifitely: beautifal 'by bright
moonthine; my mind being . in a Rate of
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agreeable feeling, I refpired fix quarts of newly
prepared nitrous oxide.

The thrilling was very. rapidly prodnced.
The objeéts around me were peffe@ly diflin&,
and the light of the candle not as ufual dazzling.
The pleafurable fenfation was at firft local and
perceived in the lips and about the cheeks. It
gradually however, diffufed.itfelf over the whole
'body, and in the middle of the experiment was
for a moment fo intenfe and pure as to abforb
exiftence. At this moment, and not before, I loft
confcioufnefs ; it was however, quickly reftored,
and I endeavoured to makeaby-ftander acquaint-
ed with the pleafare I experienced by laughing
" and ftamping. I had no vivid ‘ideas. The
thrilling and the pleafurable  feeling continued
for many minutes;' I felt two hours afterwards,
a flight recurrence of them, in the intermediate
ftate between fleeping and waking; andI had du-
ring the whole of the night, vivid and agreeable
dreams. I awoke in the morning with the
“feeling of reftlefs energy, or that defire of action
connected with no definite one&, which I had
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often experienced in the- courfe of experiments
in 1799.

- I.have two or three times fince refpired - ni- -

trous oxide under fimilar .circumftances; but
never with equal- pleafure.

- .During the laft fortnight, I have -breathed
# very often; the effe@s have been ~powerful
and the fenfations uncommon ; but pleafurable
only in a flight degree.

I ought to have obferved that a defire to
breathe the gas is'always awakened in me by
the fight of a perfon breathing, or even by that
of an air-bag or an air-holder.  -* - . -

I have this day, ! June 5th, refpired four large
dofes of gas. The firft two taken in the morn-
ing alled very powerfully; but produced no
thrilling or other pleafurable feelings. The
effe@s of the third breathed immediately after a
hearty dinner were pleafant but neither in-
tenfe or mtomcgtmg. The fourth was refpired
at night in darknefs and filence after the occur-
rence of a circ'umﬁanlce' which had produced
fome anxiety. This dofe affeed me power-

-
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folly and pleafantly ; a flight thrilling in. the
extremities was produced ; an exhiliration con~-
tioued for fome time, and I have had but little
return of uneafinefs, 11 P.M. .
From the nature of the language of feeling,
the preceding detail contains many imperfec-
tions; I have endeavoured to give as accurate
an adcount as poflible of the firange effes of
nitrous oxide, by making ufe of terms fianding
for the moft Gmilar coshmon feelings. -
We are incapable of recolle&ing pleafures
and pains of fenfe.* It is impoffible to reafon
. concerning them, except by means of terms
which have been aflociated with them at the
moment of their exiftence, and which are after-
wards called up amidft..trains of concomitant
idess. ' '

" % Phyfical pleafure and pain generally occur conne&ed
with a compound impreffion, i.e. an organ and fome
obje@. When the idea left by the compound irnpreffion,
is called up by being linked accidentally to fome other
idea or impreffion, no recurrence, or the flighteft poffible,
of the ‘pleafure or pain in any forns will take place. Bot

when the compound impreffion itfelf exifis wrthous the
phyfical pleafure or pain, it will awaken ideal or fntelleQual
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When pleafures and.pains ate new -or. con-
nefted with new ideas, they!ean never-be intels
ligibly detailed unlefs affograted du'fiwg their
exiftence with terms: ﬁandmg for analbgous
feelings. L

Tihave fometimes experienced from- nitreus
ozide, fenfutions fimilar to ne others;, and they
have confequently been indefcribable. Thés
has been likewife often the cafe with other
perfons. Of two paralytic patients who were
atked what they felt after breathing nitrous

pleafure or pain, i. e. hope or fear. So that phyfical plea-
fure and pain are to hope and fear, what impreffions
are to ideas. For inftance, affuming no accidental affocia-
tion, the child does not fear the fire before he is burnt,
‘When he puts his finger to the fire he feels the phyfical
pain of burning, which is conne@ed with a vifible com-
pound impreflion, the firc and his finger. Now when the
compound idea of the fire and his finger, left by the com-
pound impreffion are called up by his mother, faying,
¢ You kavye burnt your finger,” wothing like fear or the pain
of burning is conne&ed witlf it. But when the finger is .
brought near the fire, i. ¢. when the compound impreffion
again exifts, the ideal pain of burning or the paffion of fear
\is awakened, and it becomes connefted with thofe very
aQions which removad the finger from the fire.
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oxide, the firft anfweted, < I do not know bow,
but very queer.” 'The fecond faid, * Ifels like
#he found of 4 barp.” Probably in the one cafe, no
analogous feelings had ever. occurred. In the -
other, the pleafurable thrilings were fimilar to
the fepfations produced by mufic; and hence,
they were connected with terms formerly applied

to mufic.
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gas, returning it back again into the fame bag,
after two or three infpirations, breathing became
difficult, and I occafionally admitted common
" air into my lungs. While the refpiration was
continued, my fenfations became more pleafant.
On taking the bag from my mouth, I flaggered
a little, but felt no other effe&. :

On the fecond time of making the experi-
ment, I took nearly four quarts, but ftill found
it difficult to continue breathing long, though
the air which was left in the bag was far from
being impure.

The effefts however, in this cafe, were more
ftriking than in the former. Increafed mufcu-
lar aétion was accompanied by very pleafurable
feelings, and a firong defire to continue the
infpiration. On removing the bag from my
mouth, I laughed, ftaggered, and attempted to
fpeak, but ftammered exceedingly, and was
utterly unable to pronounce fome words. My
ufual flate of mind, however, foon returned.

On the 2gih, I again breathed four quarts.
The pleafant feelings produced at firft, urged




( 409 )
thie {6 continue the infpiration with-great eagets
riefs. Thefe feclings howeyer, went off towards
the end of the experiment, and no other effe@s
followed. The gas had probably beeir breathed
too-lbvi‘g‘; as it would not fapport flame. I then
propdféd-to‘ Mt. Davy, to inbale the air by the
imouth from otie bag, and to expire it from the
notd into anothict. This method was purfued
_ with lefs than three quarts, but the effeéts were
fo powerful as to oblige me to take in a little"
common air occafionally. I foon found my |
nervous fjftem agitated by the higheft fenfa-
tions of pleafure, which are difficult of deferip--
tion ; ‘my mufcular pdwers were very muchf
incresfed, and I went on breathing with great
vehemence, not fromi a difficulty of infpiration;
but from an eager avidity for more air. Whert
the bags were exhaufted and taken fromh me;
I continued breathing with the fame violerce,
then fuddenly farting fromi'the chair; and vos
ciferating. with' pleafuve, I madé towards thof¢
that were prefent, as I withed they fhould
participate in my feelings. I firack gently a¢.
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Mr. Davy and a firanger entcring the room at
the moment, I made towards him, and gave him
feveral blows, but more in the fpirit of good
humour than of anger. I then ran through
different rooms in the houfe, and at laft returned
to the laboratory fomewhat more compofed ;
my f{pirits continued much elevated for' fome
hours after the experiment, and I felt no- con-
fequent depreflion either in the evening or the
day following, but flept as foundly as ufual.

On the 5th of May, I again attempted to
breathe nitrous oxide, but it happened to con-
tain fufpended nitrous vapour which rendered
it non-refpirable. ,

On the 7th, Iinfpired 7 quarts of pure gas
rﬂingled with an equal quantity of common air,
the fenfations were pleafant, and my mufcular
power much increafed.

On the 8th, I infpired five quarts without
any mixture of common air, but the effe@s
were not equal to thofe produced the day before ;
Indeed there were reafons for fuppofing that the
gas was impure.
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fations. ‘The pleafure produced by it is flight
a'x_ld tranquil, J rarely feel fublime emotions or
increafed mufcular power.

. J. W. Torin.
Oéiober, 1799

1. Detail of Mr. Wu. CLAYFIBLD.

The firft time that I breathed the nitrous
6xide, it produced feelings analogous to thofe of
intoxication. Iwas for fome time unconfcious
of exiftence, but at no period of the experiment
experienced agreeable fenfations, a momentary
naufea followed it ; but unconneéted with lan-
guor or head-ache. ‘

After this I feveral times refpired the gas, but
on account of the fulnefs in the head and appa-
rent throbbing of the arteries in the brain,*al ways
defifted to breathe before't‘he full effe@ts were
produced. In two cxperiments however, when
by powerful voluntary efforts I fucceeded in

breathing a large quantity of gas for fome ‘mi-

-

* In fome of thefe experiments, hearing was rendered
more acute, '
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nutes, I had highly pleafurable thrillings in the
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was fuch as to abforb in a fort of intoxicating
placidity, and delight, volition, or rather the
power of voluntary motion. Thefe effefls were
in a greater or lefs degree protradted during
about five minutes, when the former ftate re-
turned, with the difference however of feeling
more cheerful and alert, for feveral hours after.
It feemed alfo to have had the further effect
of reviving rheumatic irritations in the thoulder
and knee-joints, which had not been previoufly
felt for many months, No perceptible cbahge
was induced in the pulfe either at or fubfequent
to the time of inhaling the gas. ‘
The effe@s produced by a fecond trial of its
powers, were more extenfive, and concentrated
on the brain. In this inftance, nearl-y fix quarts
undiluted, were accurately and fully. inhaled.
Ason the former accafion, itimmediately proved
agreeably refpirable, but before the whole quan-
tity was quite exhaufted, its agency was exerted
fo ftrongly on the brain, as progreffively to fuf-
pend the fenfes of feeing, hearing, feeling, and
!J,ltimatcl.y the power of volition -itfelf. At this
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period, the pulfe was much dugmented both in
force and frequency ; flight convalfive twitches
of the mufcles of the arms were alfo induced ;
no painful fenfation, naufea, or languor, how-
ever, either preceded, accompanied, or followed
this ftate, nor did a minute elapfe before the
brain rallied, and refumed its wonted faculties,
when a fenfe of glowing warmth extending over
the fyftem, was fpeedily fucceeded by a -re-in-
flatement of the equilibrium of health.
. The more permanent effe@ls were (as in the
firft experiment) an invigorated feel of vital
power, improved fpirits, tranfient irritations in
different parts, but not fo chara&eriftically rheu-
matic as in the former inftance. -
Among the circumftances moft worthy of
r,egar& in confidering the properties and ad-
miniftration of this powerfﬁl aérial agent, may
be ranked, the fa& of its being (contrary to the
prevailing opinion*) both highly refpirable, and
* Dr. Mitcbill (an American Chemift) has erroneoufly
{uppofed its full admiffion to the lungs, in its concentrated

ftate, to be incompatible with animal life, and that in a
-more diluted form it operates as a principal agent in the
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falutary, that it impreffes the brain and fyftem
at large with a morc or lefs ftrong and durable
degree of pleafurable fenfation, that unlike the
effe@ of other violently exciting agents, no fen-
fible exhauftion or diminution of vital power
accrues from the exertions of its ftimulant pro-
perty, that its moft exceflive operation even,
is neither permanently nor tranfiently debilita-
ting ; and finally, that it fairly promifes under
judicious application, to prove an extremely
efficient remedy, as well in the vaft tribe of
difeafes originating from deficient irritability
and fenfibility, as in thofe proceeding from
morbid affociations, and modifications, of thofe
vital principles.

produ&ion of contagious difeafes, &c. This gratuitous
pofition is thus unqualifiedly affirmed. < If a full infpira-
< tion of gafeous oxyd be made, there will be a fodden
« extin&ion of life ; and this accordingly accounts for the
“ fa& related by Ruflel (Hiftory of Aleppo, p. 232.) and
¢ confirmed by other obfervers, of many perfons falling
¢ down dead fuddenly, when ftruck with the contagion of
“ the plague.”

'Vide Remarks on the Gafeous Oxyd of Azote, by Samuel
Latham Mitchill, M. D. : .
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If you thould deem any thing contained in
this curfory narrative capable of fubferving in
any degree the praflical advantages likely to
refult from your fcientific and valuable invefti-
gation of the genuine properties of the nitrous
oxide, it is perfectly at your difpofal.

I am
Your fincere friend,

RoBerT KINGLAKE.
Briftol, June 144h, 1799.
To MRr. Davy.
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but highly pleafurable, accompanied by a thrill
all through me ; and a tingling in my toes and
fingers, a fenfation p‘érfe&ly new and delight-
ful. I felta fulnefs in my cheft afterwards ;

and during the remainder of the day, imagined

that my tafte and hearing were more than com-

monly quick. Certain I am that I felt myfelf
more than ufually firong and chearful.

In a fecond trial, by continuing the inhala-
tion longer, I felt a thrill in my teeth; and
breathing ftill longer the third time, became fo
full of firength as to be compelled to exercife
my arms and feet.

Now after an interval of fome months, during
which my health has been materially impaired,
the nitrous oxide produces an effe@ upon me
totally differént. Half the quantity affe€ts me, -
and its operation is more violent ; a flight laugh-
ter is firft induced,* and a defire to continue the

* In the former experiments,' Mr. Southey generally
refpired fix quarts, now he is unable to confume two. .

In an experiment made fince this paper was drawn up,
the effe@® was rather pleafurable. -
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inhalation, which is counteracted by, fear ﬁ:dm
- the rapidity of refpiration ; indeed my bx%eath
becomes fo thort and quick, that I have no doubt
but_the quantity which I formerly breathed,
would now deftroy me. The fenfation. is not.
painful, neither is it jn the flighteft degree
pleafurable. ' ' ~

RoBERT SouTHEY.

V. Letter from D&. RoGEer.

The effe& of the firft infpirations of the ni-
trous oxide was that of making me yertiginous,
and producing a tingling fenfation in my hands
and feet : as thefg feelings increafed, I feemed
to lofe the fenfe of my own weight, and imagined
I was finking into the ground. 1 then felt a
drowfinefs gradually fieal upon me, and a dif-
inclination to motion; even the adions of
infpiring and expiring were not performed :
without effort : and it alfo reﬁuircd fome atten-
tion of mind to keep my nofirils clofed with my
fingers. I was gradually roufed fiom_ this tor-
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por by a kind of delirium, which came on fo
rapidly that the air-bag dropt from my hands.
This fenfation increafed for about a minute
after I had ceafed to breathe, to a much greater
degree than before, and I fuddenly loft fight of
all the obje@s around me, they being appa-
rently obfcured by clouds, in which were many
Iuminous points, fimilar to what is often expe-
rienced on rifing fuddenly and firetching out
the arms, after fitting long in one pofition.

I felt myfelf totally incapable of. fpeaking,
and for fome time loft all confcioufnefs of where
I was, or who was near me. My whole frame’
felt as if violently agitated : I thought I panted:
violently : my heart feemed to palpitate, and
every artery to throb with violence; I felt a
finging in my ears; all the vital motions
feemed to be irrefiftibly harried on, as if their
equilibrium had been deftroyed, and every
thing was running headlong into confufion.
My ideas fucceeded one andther with extreme
rapidity, thoughts rufhed like a torrent throught
my mind, as if their velocity had been fuddenly
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which bore greater refemblance to a half deli-
rious dream than to any diftin& flate of mind
capable of being accurately remembered, con-
tributes very much to increafe the difficulty.
And as it is above two months fince I made the
experiment, many.of the mim'ltcr' circumftan-
ces have probably efcaped me. |
I remain
Yours, &c.
P. RocET.

To Mg. Davy.

VI. Letter from Mr. JaMes THOMSON.

The firft time I refpired nitrous oxide, the
experiment was made under a ftrong impreffion
of fear, and the quantity I breathed not fuffi-
_cient, as you informed me, to produce the
ufual effect. I did not note very accurately my
fenfations. I remember I experienced a flight
degree of vertigo after the third or fourth
infpiration ; and breathed with increafed vigor, _
my infpirations being much deeper and more
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froth that produced by wine, being divefied of all
its grofs accompaniments, and yet approaching
nerer to it than to any other fenfation I am
acquainted with,

- Tam certain that my mufcalar firength was
for a time much increafed. My difpofition to
exert it was fuch as I could not reprefs, and the
fatisfaction I felt in any violent exertion of my
legs and arms is bardly to be conceived. Thefe
vivid fenfations were not of long duration ; they
diminifhed infenfibly, and in little more than a
quarter of an hour I could perceive no differ-
enice between the ftate I was then in, and that
ptevious to the refpiration of the air.

The obfervations I made on repeating the
experimernt, do not differ from the preceding,
except in the circumftance of the involuntary
laughter, which I never afterwards experienced,
though I breathed the air feveral times ; and in
the following curious fa@®, which, as it was de-
pendent on circumftances, did not always dccur:

Having refpired the fame quantity of air as
ufual, and with precifely the fame effeéls, ¥
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vocabulary is very defefive. To be able at all
to comprehend the effe@ts of nitrous oxide, it
is neceﬂiry to refpire it, and after that, we muft
. either invent new terms to exprefs thefe new
and particular fenfations, or attach new ideas to
old ones, before we can communicate intelligi- |
bly with each other on the opcratnon of this
extraordinary gas.
I am &c.

_ JamEes THOMSON.
London, Sept. 21, 1799.
" To MR. Davy.

VII. Detail of MRr. COLERIDGE.

- The firft time I infpired the nitrous oxide, [
felt an highly pleafu;able fenfation of warmth
over my whole frame, refembling that which
I remember once to have experienced after
returning from a walk in the foow into a warm
room. The only motion which I felt inclined
to make, was that of laughing at thofe who
were looking at me. My eyes felt diftended,
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afimofpheric air : but foon felt the warmth be-
ginning about my cheft, and fpreading upward
and downward, fo that I could feel its progrefs
over my whole frame. My heart did not beat
fo violently ; my fenfiitions Wwere highly plea-
furable, not fo intenfe or apparently idcal, but
of more unmingled pleafure than1 bad ‘ever’
before experienced.*

‘ S. T. COLERIDGE.

VIIL Detail of M. WepGcwoob.

July 23, I called on Mr. Davy at the Medi-
cal Inftitution, who afked me to breathe fome
of the nitrous oxide, to which I confented,
being rather a fceptic as to its effects, never
‘having feen any perfon affe@ed, I firft breathed
about fix quarts of air which prbved-to be only
‘common atmofpheric air, and which confe-
quently produced no effec. '

I then had 6 quarts of the oxide given me in

* The dofes in thefe experiments were from five te
feven quarts. . :
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a bag undiluted, and as foon as I had breathed
three or four refpirations, I felt myfelf affeted
and my refpiration ‘hul_'ried, which effect increa-
fed rapidly until I became as it were entranced,
when I threw the bag from me and kept breath-
ing on furioufly with an open mouth and hold-
ing my nofe with my left hand, having no
power to take it away though aware of the
ridiculoufnefs of my fituation. Though appa-
rently deprived of all voluntary motion, I was
fenfible of all that pafled, and heard every thing
that was faid ; bat the moft fingular fenfation
T had, I feel it impoffibie accurately to defcribe.
It was as if all the maufcles of the body were
put into a violent vibratory.motion; Ihad a very
ftrong inclination to make odd antic motions
.with my hands and feet. When, the firft firong
fepfations went off, I felt as if I were lighter than
the atmofphere, and as if I was going to mount
to the top of the room. I had a metallic tafte
left in my mouth, which foon went off.

Before I breathed the air, I felt a good deal
fatigued from a very long ride I had had the
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 day before, hut after breathing, I loft 2ll fenfs
of fatigue.

IX. Detail of Mr. GEORGE BURNET. -

I had never heard of the effe@s of the nitrous
oxide, when I breathed fix quarts of it. 1 felt
a delicious tremor of nerve, which was rapidly
propagated over the whole nervous fyftem. As
the action of inhaling proceeds, an irrefiftible
appetite to repeat it is excited. There is now a
general fwell of fenfations, vivid, ftrong, and
incongeivably pleafurable. They flill become
more vigorous and glowing till they are com-
maunicated to the brain, when an ‘ardent fluth
overfpreads the face. At this moment the tube
inferted in the air-bag was taken from my
mouth, ar T muft have fainted in extacy.

The operation being over, the ftrength and
turbulence of my fenfations fubfided. To this
fucceeded a ftate of feeling uncommonly ferene
and tranquil. Every nerve being gently agita-
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feconds, the feelings became pleafurable ; ail
the faculties abforbed by the fine pleafing feel-
ings of exiftence without confcioufnefs; an
“involuntary burft of laughter. -

‘ Tromas PorLE.

XI1. Detail of Mr. HaMMICK.

Having never heard any thing of the mode
of operation of nitrous oxide, I breathed gas in
a filk bag for fome time, and found no effeQs,
but oppreflion of refpiration. Afterwards Mr.
Davy told me that I had been breathing atmof-
pheric air. A

In a fecond experiment made without know-
ing what gas was in the bag, I bad not breathed
half a minute, when from the extreme pleafure
I felt, I unconcioufly removed the bag from
my mouth ; but when Mr. Davy offered to take
it from me, I refufed to let him have it, and
faid eagerly, “ let me breathe it again, it is
highly pleafant ! it is the-ﬁrohgeﬁ- ftimylant I
ever felt !” I was cold when I began to refpire,
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but had immediately a pleafant glow extending
tomy toes and fingers. I experienced from the
air a pleafant tafte which I can only call fweetly
aftringent ; it continued for fome tm;e - the
fenfe of exhnlaratlon was laﬁmg Tbns air M,
Davy told me was mtrous ox1de o /

In another expenment when I’ breathed a
fmall dofe of mtrous oxide, the effe@®s were
ﬂlght, and [ometlme afterwards I felt an unufual
yawning and languor

The laft time that I i)regthed the ges,, the
feelmgs were the moﬁ pleafurable I ever cxpe--
nenced my hcad appeared lxght there was_ 3
great warmth in the back and a general unufual
glow; the tafle was dlﬁmgmfhable f'or fomev
tlme as in the former e*cpenment l\'Iy ldeas
were ‘more vmd, and fo]lowed the natural
order of aﬂ'ocnatlon " I could not refram from

mufcular aé’hon
STEPHEN Hammick, Jung.

Sept. 15th,
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XII. Detail of Dr. BLAKE.

Dr. Blake inhaled about fix quarts of the
 air, was affe@ed during the procefs of refpiring
it with a flight degree of vertigo, which was
almoft immediately fucceeded by a thnllmg
fenfation extending even to the extremities,
accompanied by a moft happy ftate of mind and
highly pleafurable ideas. e felta great propen-
fity to laugh, and his behaviour in fome mea-
fure appeared ludicrous to tﬁofe_ around him.
Mufcular power feemed agreeably increafed,
the pulfe acquired ftrength and firmnefs, but
its frequency was fomewhat diminithed., He
perceived rather an unpleafant tafte in the
mouth and about the fauces for fome hours
afterwards, but in every other refpe&, his feel-

ings were comfortable during the remainder of
the day. .

December, 30th.
To Mr. Davy.
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XIIL.  Detail of Mr. WANSEY,

I breathed the gas out of a filk bag, be]iéving
it to be nitrous oxide, and was much. furprifed .
to find that it produced no fenfations. After
the experiment, Mr. Davy told me it was com-
mon air.

I then breathed  a mixture of common air.
and nitrous oxide. I felt a kind of intoxica-.
tion in the middle of the experiment, and
ftopping to cxprefs. this, deftroyed any farther
effeis.

I now breathed pure nitrous oxide ; the effe@
was gradual, and I at firft experienced fulnefs
in the head, and afterwards fénfations fo de-
lightful, that I can compare them, to noyothers,
except thofe which I felt (being a lover of mufic)
about five years fince in Weﬁmmﬁer Abbey,] }
in fome of the grand choruffes in the Mefliah,
from the united powers of 700 mﬁruments of
mufic. I continued exhilarated throughout the
day, flept at night rcmagkably found, and_ex-

’
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perienced when I awoke in the morning, a
recurrence of pleafing fenfation.

In another experiment, the effe@® was flill
greaiet, the pulfe was rendereg fuller and
quicker, I felt a fenfe of throbbing in the head
with highly pleafurable thrillings all over the
frame. The new feelings were at laft fo power-
ful as to abforb all perception. I diftinguifhed
during and after the experiment, a tafte on the
tongue, like that produced by the conta& of

zine and filver.
Henry WaNsSEY.

XIV. Detail of Mr. Ricxman.

* On inhaling about fix quarts, the firft altered
feeling was a tingling in the elbows not unlike
the effet of a flight electric thock. Soon after-
wards, an invaluntary and provoking dizzinefs
as in drunkennefs. Towards the clofe of the
inhalation, this fymptom decreafed ; though the
nofe was ftill involuntary held faft after the air-
bag was removed. The dofe was probably an
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iftical part of the effe@, was a total difficulty of
reftraining my feelings, both corporeal and
mental, or in other words, not having any
command of one’self.

XVI1. Detail of Mr. G. BEpFoRD.

I inhaled 6 quarts. Experienced a fenfatiors
of fulnefs in the extremities and in the face,
with a defire and power of expanfiou of the
lungs very pleafurable. Feelings fimilar to
intoxication were produced, without being dif-
agreeable. When the bag was taken away, an
involuntary though agreeable laughter took
place, and the extremities were warm. ,

- In about a quarter of an hour after the above
experiment, I inhaled 8 quarts.” The warmth
and fulnefs of the face and extremities were
fooner produced during the infpiration. = The
candle and the perfons about me, affumed the
fame appearances as took place during the effet
produced by wine, and I could perceive no
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XVIL .Detail of Miss Ryraxs.

After having breathed five quarts of gas, ¥
experienced for a fhort time a quicknefs 4nd
difficulty of breathing, which was fucceeded by
éxtrene languor; refembling fainting, without
the very unpleafant fenfation with which it is
ufually attended. It entirely deprived me of

the power of fpeaking, but not of recolleGtion,

for I heard every thing that was faid in the room
during the time ; and Mr. Davy’s remark * that
niy pulfe was very qdick and full.” When the
Yanguor Bega’n to fubfide, it was fucceeded by
reftlefinefs, accompanied by involuntary muf-
cular motions. I was warmer than ufual, and
very fleepy for feveral hours,

>

XVIIL. Letter from Mr. M. M. CoATzs.

I will, as you requeft, endeavour to defcribe
to you the effect produced on me laft Sunday
fe’'nnight by the nitrous oxide, and will at the
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fame time tell you, what was the, prqvjous, (’gagq
of my mind on the fubjed. =

When I fat down to breathe the. gas, I bqbchl
that it owed mugh. ofits ¢ffet to Abg predifjpon.
fiog agency, of: the- imagination,, and had, ng
expetation of its fenfible influgpre on. myfRIf,
Having ignorantly breathed a hag of: comman,:
air without any: effe, my doubts then arofe
to pofitive unhelief. REIPITE P §

After a few infpirations of ﬂ;;, mh;qus ox‘géle!,
I felt a fulnefs in my head, which increafed
with each inhalation, until, experiencing fymp-
toms which I thdught indicated approaching
fainting, I ceafed to breathe it, aild was then
confirmed in my belief of its inability to pro-
duce in me any pleafurable fenfation.

But after a few feconds, I feltan immoderate -

flow of fpirits, and an irrefiftible propenfity to
violent laughter and dancing, which, being fully -
confcious of the violence of my feelings, and of
their irrational exhibition, I made great but
ineffe@ual efforts to reftrain ; -this was my ftate
for feveral minutes,- During the reft of the day,
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I experienced a degree of hilarity altogether
new to me. For fix or feven days afterwards,
I feemed to feel moft exquifitely at every nerve,
and was much indifpofed to my fedentary pur-
fuits ; this acute fenfibility has been gradually
diminithing ; but I ftill feél fomewhat of the
effe&ts of this novel agent. '
o Your's truly,
To Mr. Davy. " M. M. Coarss.

Fune 1125, 1800,
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DIVISION IIL

ABSTRACTS from ADDITIONAL DETAILS.—.
OBSERVATIONS on tbe EFFECTS of NITROUS
. OXIDE, by Dr. BEDDOES.—CONCLUSION.

1. Abstraéls from additional Details.

THE trials related in the following abftra&s,
have been chiefly made fince the publication
of Dr. Beddoes’s Notice. Many of the indivi-
* duals breathed the gas from pure curiofity.
- Otbhers with a difbelief of its powers.

- MRr. Wynn~E, M. P. breathed five quarts of

dilated nitrous oxide, without any fenfation,
Six quarts produced fulnefs in the cheft,
beat in the hands and feet, and fenfe of tenfion
in the fingers, flight but’ pleafant fenfitions.
Seven quarts produced no new or different
effets. '
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Mr. Macxkinrosr feveral times breathed
stitrous oxide. He had fenfe of fulnefs in the
head, thrillings, tingling in the fingers, and
generally pleafurable feelings.

‘M. Joun Cave, Junr. from breathiag four-
quasts of nitrous oxide, felt fenfations as from

_. fuperior wine, and general pleafant feelings.

Mr. Micnasr CasrrE, from five quarts,
experienced fenfations of heat and thrilling,
general fpirits heightened confiderably as fram
\p}iﬁb; afterwards, flight pain in the back of the
‘head. V

Mr. H. CarpwEeLL, from five quarts, had
feelings fo pleafurable as almoft to defiroy
 confeioufnefs ; almoft convulfed with laugh-
ter; for a long time could not think of the
feeling without laughing; fenfation of light-
nefs for fome time after.

‘Mr. JarmaN, from five quarts, greit plea-

fute, laughter, certainly better fpirits; glow -in
'the checks which continued long.
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The gentleman who furnithed the precedipg -
detail, bad heard of the effe@ts of nitrous oxide,
and was prepared to experience new fenfatlons.
I therefore gave him a bag of common air
which he refpired, believing it to be pitrous
oxide ; and was much furprifed that no effeéts
were produced. He then breathed five Quarts ,
“of nitrgus oxide, and after the cxperunent gave
this account of his fenfations.

Rev. W. A. Cane, after inhaling the gas,
felt the moft deliéiOuS‘fenfation's acéompanied
by a thriil through every part of his body. He
did not think it poffible fo charming “an* effedt
could have been produced. He had heard of
the gas; but the refult of the expenment far
- exceeded his expe&atxons SR

Moy ‘611:, 1800.

Mr. Joseen PriestLeY from breathing
nitrous oxide, generally had unpleafant fulne({s
of the head and throbbme; of the arteries, whnch
prevented him from contmumg the refpnratlon.
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Dr. Beddoes mentioned in his Notice, that
Mr. Josx@H Wepewoop and Mr. Tromas
Webpcwoop, experienced rather - unpleafant
feelings from the gas. Mr. Josian WEDG-
woob has fince repeated the trial, the effe@s
were powerful, but not in the flighteft degree
pleafant. ' , '

Mr. R. Bovztox and Mr. G. Warr have ,
been much lefs affe@ed than any individuals.

Many other perfons have refpired the gas,
but as their accounts contain nothing unnoticed
in the details, it is ufelefs to particularife them,

The cafes of all the males who have been un-
pleafantly affeCted fince we have learnt to prepare
the gas with accuracy, are related in this Section
and in the laft Divifion. Thofe who have been
pleafurably affeGed after a fair trial and whofe
cafes are not noticed, generally expex;ienced
fulne(s in‘thc head, heat in the cheft, pleafura-
ble thrillings, and confequent exhilaration.

To perfons who have been unaccuftomed to
breathethroughatube,we have ufually givencom-
mon air till they have learnt to refpire with accu-
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racy: andincafes where the formof the mouth has
prevented ‘the lips from bein_g*accuratély clofed
on the breathing tube, by ‘the advice of Mr.
Watt, we have ufed a tin ‘plaie conical mouth-
piece fixed to the cheeks, and aceurately adapted
to the lips ; by means of which precautions, alt
our later trials have been perfeétly conclufive. |

1L Of the effelds of Nitrous Oxide upon'petfins
inclined to byferical and nervous affelions. " -

The cafe of Mifs —— N. and other cafes;
detailed by Dr. Beddoes in his Notice, ‘féémed
to prove that the a&ian ~of nitrous ‘oxide :was
capable of producing .hyﬁerical and nervous
affe@ions in d‘elicéte‘ and irritable confti-

' - .

tutions.

On this fubje&, we havx_;, lételyl acqgirgd
additional fallts. ‘

Mifs E. ‘a young lady who - had been' fubje&
to hyfteric. fits, breathed three quarts of nitrous
oxide mingled with much common air, and
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felt no effeQs but a flight tendency to fainting,
She then- breathed four quarts of pure nitrous
oxide : her firft infpirations were deep, her
laft very fecble. At the end fhe dropt the bag
from her lips, and continned for fome moments
motionlefs. Her pulfe which gt the beginning
‘of the experiment was ftrong, appeared to me
to be at this time, quicker and weaker. She
foon began to move her hands -and talked for
fome minutes incoherently, as if ignorant of
what had paﬂbd In lefs than a quarter of an
hour, the had recovered, but could give no
account of her fenfations. A certgin degree of
languor continued through the day. -

A yodng lady who never had bjﬁeriqal
attacks, wifhed to breathe the gas. I informed
her of the difagreeable effe@s it had fome-
times produced, and advifed her if fhe had
the flighteft tendency to nervous affeQion,
not to make th.e'trial. She ,pe;ﬁﬁ,ed;in ‘her

refolution.

‘To afcertain the mﬂuence of ; ux;aglqauon,
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tailed, chofe to breathe the gas. By three
quarts the was thrown.into a trance, which
lafted for three or four minutes. On recover-
ing, fhe could give no account of her feelings,
and had fome languor for half an hour after-
wards, '

Thefe phznomena have rendered us cautious
in adminiftering the gas to delicate ‘females.
In a few inftances however, it has been taken
by perfons of this clafs, and even by thofe in-
clined to hyfterical and nervous complaints
with pleafurable effe&s.

Mifs L. a young lady who had formerly had
hyfterical fits, breathed a quart of nitrous oxide
with three quarts of common air without effets.
Two quarts of nitrous oxide with one of com-
mon air produced a flight giddinefs ; four quarts
of nitrous okide produced a fit of immoderate
laughter, which was fucceeded by ﬂighf
exhilaration, her fpirits were good through-
out the day, and no depreffion followed: .
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feelings as odd ; but had not the: ﬂlghteﬁ: lan-
guor after the expenment

'

IIL Olﬁr*vamm on the effeds of Nitrous
Owxide, by Dr. BEpDOES.
-

Neither my notes nor my recolleétion fupply
much in addition to what } formerly fated in
the .Notu:e of Obferwmm at the Pneumatic
Inflitution. Longman The gas maintains its,
firft chara@er as well in. its effe@s on me, as.in
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the benefit it confers on fome of the paralytic,
and the injury it does or threaténs to the hyfte-
rical and the exquifitely fenfible. ¥ find that
five or fix quarts operate as powerfully as-ever.
I feem to make a given quantity go farther by
holding my breath fo that the gas may be ab-
forbed in a great degree without returning into
the bag, and therefore, be as little heated be-
fore infpiration as poffible.—This may be fancy.

After innumerable trials, I have never oncé

felt laffitude or depreflion* Moft commonly

* Of the fa&s on which Brown founded his law of in-
dire& debility, no prudent man will lofe fight cither in
pradtifing or fludying medicine. They are incontroverti-
ble.—And our new falts may doubtlefs be conciliated to
the Brunonian doftrine. )

But to fuppofe that the expenditure of a quality or a fub-
ftance or a {pirit, and its renewal or accumulation are the
general principlesof animal phaznomena, feems tome a griev-
ous and baneful error. I believeit often happens that excite-
ment and excitability increafe, and that they oftener decreafe
together ;—In fhort, without generalizing in a manner, of
which Brown and fimilar theorifts had no conception, our
notions of the living world will in my opinion, continue
to be as confufed as the elements are faid to have bg:én in
chaos. :On fome-future occafion, I may prefame to peint
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1 am fenfible of a grateful glow circum pr.eior-'
dia. 'This has continued for hours.—If two or
~ three inftanees only has exbalatiop failed to be
followed by pleafurable feeling, it has never been
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.- The only. time I was near rendering myfelf
infenfible to prefent obje@s by very carefully
breathing feveral dofes in quick fucceffion, I
forcibly exclaimed, TonEs !—In fad, befides
a-general thrilling, there feemed to be quick
and ftrong alterations in the degree of iHumi-
nation of all furrounding obje@s ; and I felt as
if compofed of finely vibrating firings. . On this
occafion, the fkin feemed in ‘a ftate of con-
firiCtion and the lips glued to the mouth-piece,
and the mucous membsrane of the lungs con-
tracted, but not painfully. However; no con-
firiGion or corrugatlon of the fkin could be
feen. ' I am confcious of having made a great
number of obfervations while breathmg, which I
could never recover. S
Immediately afterwards I have often caugbt
myfelf walking with a hurried ftep and bufy ia
foliloquy. The condition of general fenfation
being as while hearing chearful mufic, or after
good news, or a moderate quantity of wine. |
Mr. John Cave, Junr. and his three friends,
as well as others, compared the effedis to Cham-
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pagne. Moft perfons have had the idea of the
effeét of fermented liquors excited by the gas.
It were to be wifhed that we had, for a ftandard
of comparifon, obfervations on the. effe® of
thefe liquors as diverfified and as accurate as
we have obtained concerning the gas ; nor would
more uniformity in the action of thefe fub-
ftances be obferved if the enquiry were.
firi&ly purfued. Opium .and fpirits feem, in
particular ftates to ficken and diftrefs in the
firk inftance; how differently does wine
at an early hour and fafting aét upon thofe
who aré accuftomed to take it only after dinner !
I thaught it might be an amufing fpe&acle
to fee the different 'tints of blood flowing from
~ a wound by aleechin ’confeqpen;:c of breathing
different airs. The purple from the nitrous
oxide was very evident. Oxygene, we thought,
occafioned a quicker flow and brighter color in
the blood. Tn another experiment, an inflamed’
area round the pun&ure from a leech applied the-
day before, was judged by feveral fpeQators to

become much more crimfon on the refpiration of
- CL
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about 20 §uarts of oxygene gas, which poffibly
aéts more powerfully on inflamed parts.* Thefe
and many fimilar experiments, require to be re-
peated on the blood of fingle arterics opened in
warm and cold animals, , .

It bas appeared to me that I could hold my
breath uncommonly long when refpiring oxy-
gene gas mixed with nitrous oxide. While
trying this tb-day,. (17th June), I thought the
fenfe of fmell much more acute after the nj-
trous oxide than before I began to refpire at
all ; and then I felt confcious that this increafed
acutenefs had before repeatedly occurred—a

* After writing this, I was prefent when an invalid, in’
whofe foot the gout, after much wandering, had at Jatt fixed,
breathed 12 quarts of oxygene gas. While breathing, he
cagerly pointed to the inflamed leg ; and afterwards faid he
had felt in it a new fenfation, fomewhat like tenfion.—I
never had feen oxygene refpired where there was fo much
local inflammation.

Juog 18.  After four quarts.of oxygene with 6 of nitrens
exide and then 6 of nitrous oxide alone, violent itching of
the wounds made by the leech ; and rednefs and tamour.—
Both had healed, and I did not expc& to feel any thing
more from them.—1 tried this again with two dofes of ni-
trous oxide—The yellow halo round one wound changed
to crimfon, and there was fo much flinging and fwelling
that I feared fuppuration,—Abforption here was rapid.
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fad® very capable, I apprehend, of a pneumalou
Jogical interpretation. o :

Time by my feelings has always appeared
longer than by a watch. '
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ing the living fyflem are conceroed, is with us
in a ftate that would almoft difgrace a nation of
favages.

-IV. ConcLrusioN.

From the falls detailed in the preceding
pages, it appears that the immediate effelts of
nitrous oxide upon the living fyflem, are analo-
gous to thofe of diffufible ftimuli. Both in-
creafe the force of circulation, produce plea-
furable feeling, alter the condition of the organs .
of fenfation, and in their moft extenfive aQion
deftroy life.

In the mode of operation of nitrous oxide
and diffufible flimuli, confiderable differences
however, exift.

. Diffufible ftimuli a® immediately on the
mufcular and nervous fibre.  Nitrous oxide
operates upon them only by producing peculiar
changes in the compofition of the blood.
Diffufible ftimuli affect that part of the fyftem
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moft powerfully to which they are appliéd, and
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By this oxygene and nwiritive matter excita-
bility may be kept up: and exhauftion confe-
quent to excitement only produced, in confe-
quence of a deficiency of fomc of the nutritive
. principles, which are fupplied by abforption.

When nitrous oxide is breathed, nitrogene .
(a principle under common circumftances chiefly
carried into the blood by the abforbents in fluid
compound#) is fupplied in refpiration ; a greater
quantity of oxygene is combined with the bloed
than in common refpiration, whilft lefs carbomic
acid and probably lefs water are evolved.

Hence a {maller quantity of nutritive matter
is probably rcquired from the :abforbents dysing
~ the excitement from nitrous. oxide, than during
' the operation of ftimulaats ; and in confequence,
exhauftion rom the cxpenditure of nutritive

_matter more feldom oceaftoned,

" if abforption could be prevented, it would likewife fpeedily
die. It would be curious to try whether intoxieation from:
fermented liquors: cannot: be prevented by breathing
during their operation, an atmofphere deprived of part of
#s oxygene.
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Since Refearch HI. has beén printed, T have
endeavoured to afeertain the quantities 6f nitro-
gene produced when nitrous oxide is refpired
for a confiderabe time. In one experiment,
when I breathed about four quarts of gas in' a
glafs bell over impregnated water for near
minute, it was diminifhed to about two quarts ;
and the refiduum extinguithed flaine. -

Now the experiments in Refearch 1I. prové
that when nitrous oxide is decompofed by com-
buftible bodies, the quantity' of ni(rbgehc
evolved is rather greater in' volume than the
pre-exifting nitrous oxide. Hence much of
the nitrogene taken into the fyftem during the
refpiration of nitrous oxide, muft bé either
carried into new combinations, or given out
by the capillary veflels through the'fkim.

It would be curious to afcertain whether the
quantity of ammoniac in the faline matters
held in folution by the fecreted fluids is
increafed after the refpiration of nitrous oxide.

. Experiments made upon the confumption of'
nitrous oxide mingled with atmofpheric air

4
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by the fmaller animals, would, go far to.deter-
mine whether agy. pitrogene . is given out
through the fkin. , ' -
The various effe@s of mtrotps oxlde upon
different individuals and upon the fame indi-
viduals at different times, prove that its powers
are capable of being modified both by the pecy-
liar condition of_.organs, and by ‘the «late of
general fee]mg ,
Reafoning from common phaenomena of fenfa-
tion, particularly thoferelating to heat, it is proba-
blethat pieafurable feelingis ur_niforrﬁly conneéted
with a moderate iincreafevc.)f ‘ner‘vo‘us adtion ; and
that this increafe when carried to certain limits,
produces mxxed emotion or fublime p]ealure~
and beyond thofe limits occaﬁons abfolute pain. -
Comparing the fads in the laft divifion, it
is likely that individuals poffefled of high
health and little fenfibility, will generally be
lefs plcafurably affected by. mtrous oxide than
fach as have more fenfibility, in whom the
emotions will fqmet.lmes fo far enter the limits
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with the féelings producedby nitrous oxide, feem
to depend in & great meafare upon' the par-
ticular habits of the individual ; they will ufually
be of that kind ‘which is produced eéither by
common pleafurable feelings or flrong emotions.
Hyfterical affe@ion isoccafioned by nitrous ox-
ide, probably only in confequence of the firong
emotion produced, which deftroys the power of
the will, and calls up feries of automatic motions
formerly conne@ed with a variety of lefs powerful

but fimilar feelings. :
The quicknefs of the operation of nitrous
oxide, will probably render it ufeful in cafes of
extreme debility produced by deficiency of

In voluntary alion, regular affociations of ideas and
mufcular motions exift : as when a chemist performs a pre-
conceived experiment.

In mixed automatic a&ions, the ﬁmplc totions produced
by impreffion are conne&ed with feries of motions formerly
voluntary, but now produced without the intervention of
ideas: as when a perfon accuftomed to play on the harpfi-
chord, from accidentally firiking a key, is induced to per-
form the feries of mouonswhxch produce a well-remembered
tane.

Evidently the mufcular ations produced by nitrous
oxide are mixed automatic motions.
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commen excititig powers. ~Perhaps it may be
advantageoufly appliéd mingled with oxygene
_ or'common &, to the recovery of perfons appa-
| rently dead ﬁ‘om fuffocation by drowmg or
hanging. ¢ - ‘ g '

"Fhe only difcafes in which nitrous oxide has
been hitherto employed, are thofe of deficient -
fenfibility.—An account of its agency in para-
+ lytic affe@ions, will be fpeedﬂy pubhfhcd by‘
Dr. Beddoes.’

- As by its immediate operation the tone of the
irritable fibre is increafed, and as exhauflion
rarely follows the violent mufeular motions
fometimes produced by it, it is not unreafona-
ble to expe¢t advantages from it in cafes of
fimple mufcular debility.

The apparent general tranfiency of its opera-
tion i.n the p'dré’ form in fingle dofes has‘ been
confidered as offering arguments againft its'
power of producing lafting changes in the con-
ftitation. It will, however, be eafy to keep up
excitement of different degrees of intenfity for a
great length of time, either by adminiftering
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the un.mingle‘d gas in rapjd,{@q{ggﬁye.dofes,, or
by preferving a ' permanent,, atmofphere, ;. con-,
taini.n-gAdiﬁ'etent proportions: of -gitrous oxjde
and common air, by means ¢f 3 breathing cham-
ber.* That ﬁnhgle dofes neverthelefs, are capable
of producing permanent effe@s in, fome confli-
tytions, is .evident, .as well from, the hyfterical
cafes as fromn fome of the aetai}gf-epanicularly
that of Mr. M. M. Coates.

As nitrous~oxidc in its extenfive operation
appears capable of defiroying phyfical pain, it
may probably be ufed with advantage during
furgical operations in which no great effufion
of blood takes place. o .

From the firong inclination of thofe who have
been pleafantly affected by the gas to refpire it
again, it is cvident, that the pleafure produced,
is not loft, but that it mingles with the mafs of
feelings, and becomes intellectual pleafure, or
hope. The defire of fome individuals acquainted
with the pleafures of nitrous oxide for the gas
has been often fo firong as to induce them to

« See R. 1V. Div. L. page 478.
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breathe with eagetnefs, the air rema‘ininéjn the
bags after the refpiration of others. . i)
- As hydrocarbonate aéls. as a- fedative, 4 .-aad
diminifhes living a&tion as rapidly- as:aitrods
oxide.increafes it, on the common theory of
excitability} it would follow, that by differently
modifying the atmofphere by means of, this gas
‘an,d nitrous exide, we thould be i‘n;ps)ﬁéﬂion_
of a regular feries of exciting and depreffing®
powers applicabhl_e, to every deviation of the con«
ftitution from bealth : but the :common theory

+ R. IV..Djv. 1. page 467.

1 That of Brown modified by his difciples.

, * Suppofing the increafe or diminution of living action
when ;Sroduced by different agents, uniform, fimilar and
differing only in degree; it would follow, that certain
mixtures of hydrocarbonate .and nitrous. axide, or hydro-
gene and nitrous oxide, ought to be capable of fupporting
the life of animals for a much longer time than pure nitrous
oxide. From the experiments in Ref. I1I. Div. I.'it appears
however, that this is not the cafe. .

It would feem, that in life, a variety of different cor-
pufeular changes are capable of producing ‘phznomena
apparently fimilar ; fo that in the fcience of living ation,
we are incapable of reafoning concerning caufes from effe@s,

[}
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of excitability i8 moft probably founded on 2a
falfe generalifation. The modifications of difx
eafed a@ion may be infinite ‘and fpecific in
different organs ; and hence dat-of the. power
of agents operating on the whole of the
fyftem. ‘

Whenever we attempt to tombine our fcat-
tered phyfiological facls, we are ftopped by the
want of namerous intermediate analogies ; and
fo loofely conne@ed or Yo independant of each
éther, are the different feries of phanomena,
that we are rarely able to make probable con-
je€ures, much lefs certain predi&ions concern-
ing the refults of new expcriments.

An immenfe mafs of pneumatological, chemi-

cal, and medical information muft be colletted,
before we thall be able to operate with certainty,

on the human conftitation.

Pneumatic chemifiry in its applicatibn to
medicine, is an art in infancy, weak, almoft
ufelefs, but appazently poffeflfed of capabilities
of improvement. To be rendered firong and
matare, fhe muft be nourifhed by fadls,
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firengthened by exercife, and cautiouflydirected
in the application of her powers by rational
fcepticifin,






APPENDI_X.
No. I; .

.
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. ' SR
Effecis of Nitrous Ouxide on, Végeiqﬁ_on.

I«N July 1799, I introduced two: fmall -planté
of fpurge into nitrous.oxide, in conta& with. a
little water over mercury ; after Yrémaining in
it two days, they preferved their healthy ap-:
pearance, and I could not perceive that any gas.
had been abforbed. I was prevented by ‘an A
accident, from keeping them longer in .ihe:
gas. ’

A fmall plant of mint introduced into nitrous:
~ oxide and expofed to light, -in three days be-
came dark olive and fpotted with brown ; and
in about fix: days was quite dead.—Another:

fimilar plant, kept in- the dark in nitrous oxide,
‘ Mm
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did not alter in color for five days, and at the
end of feven days, was only a little yellower
than before. I could not afcertain whether any
gas had been abforbed. ’

I introduced into nitrous oxide through
water, a healthy budding rofe, thinking that
its colors might be rendered brighter by the
gas. I was difappointed, it very fpcedily faded
and died ; poffibly injured by the folution of
nitrous oxide in water. .

Of two rows of peas juft appearing above
ground ; I watered one with folution of nitrous
oxide in water, and the other with common
water daily, for a fortnight. At the end of this
time, I could. perceive no difference in their
. “growth, and afterwards they continued to grow
equally fatt.

I introduced through water into fix phials,
one of which cortained hydrogene, one oxy-
gene, one common air, one hydrocarbonate,
one carbonic acid, and one nitrous oxide, fix
ﬁmi_lar‘ plants of mint, their roots being in

i
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eonta@ with watgr ‘and their lqaves expofed to
ligbt

* The plant in carbonic acid begaa to fade in
lefs than two days, and in four was dead.
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" bonate generally increafed vegetation, it wosld
throw fome light upon the ufe of maoure, |
containing putrefying animal and vegetale
fubftances, from which this gas is perpetually
evolved. | .
The chemifiry of vegetation though imme- -
diately conne&ted with agriculture, the art o
which we depend for fubfiftence, has. heen bt
little inveftigated. The difcoveries of Prieflly
and Ingenhoufz, feem to prove that it is withi
the reach of our inﬁmmpnis of experimeat.
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No. IlL
Additional Obﬁervalioh:.

a. In Ref. 1ft. Div. IV. Se&. IIL. in the ana-
Iyfis of nitrous gas by pyrophorus, as no sbforp-
. tion took place when the refidual nitrogene was
expofed to water, I inferred that if any carbonic
acid was formed it was in quantity fo minute,
as to be unworthy of notice. A few days ago,
I compleatly decompofed a quantity of nitrous
gas by pyrophorus, when the refidual nitragene
was expofed to folution of firontian, the fluid
became flightly clouded ; but no perceptible
abforption took place. :

b. If there was the leaft probability in any of
Dr. Girtantrer’s fpeculations on the compofition
of Azote,* the experiments an the exhanfted
_ ¢apacity ¥ of the lungs in Ref. III. might be

" fuppofed inconclufive. But there appears to

* Annales de Chimie, 100; and Mr. Tilloch's Phil. .
Magazine. 34.

1 1 regret much that I could not procure Dr. Menzies's
obfervations on Refpiration, while I was making the ex-

periments on the capacity of the lungs: they would probe-
bly have faved me fome labor.
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be no more reafon for fuppofing that hydro-
.gene is converted into nitrogene by refpiration,

L.._..‘L_-_ ——
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¢. Fromwhat wehave lately heard of the curious
experiments of Mr. Volta and Mr. Carlifle, it is.
very probable that the converfion of nitrous gas
jnto nitrous oxide when expofed to wetted zinc,
copper and tin, in contaét with mercury, as
defcribed in Ref. I. Div. V. may in fome mea-
fure depend on the adlion of the galvanic fluid.
Whilft I was engaged in the experiments-on this
converfion, Dr. Beddoes * mentioned to me
fome curious falls noticed by Humboldt and
Ritter, relating to the oxydation of metals by
the decompofition of water, which induced me

refpired and become ilightly carbonated. .At:leaft there
is as much probability in the fuppofition that carbon in
loofe affinity may combine with hydrogene at 980 as that
it may combine with oxygene. '

* Dr. Beppoes has fince favoured me with the following
account of thefe falts.

‘ Mr. Hamboldt (ueber die gereizte Fafer 1. 473, 1797)
quotes part of a letter from Dr. Afh, in whichit is faid
that if two finek polifhied plates of bomogeneous zinc be mois-
tened and laid tegether, little cffelt follows—but if wnc and’
Phver be tried in the fame way, the whole furface of the
Sikver will be covered with oxydated zinc, Lead amd quick-
Slver ait as powerfully on each other, and fo, do iron and
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to examine the phatnomena with more atten-
tion than I fhould have otherwife done.~—I re-

colle& obferving that fome of the wetted zine

copper.—Mr. Humboldt (p. 474) fays that, in repeating this
experiment, he {aw air-bubbles afcend, which he fuppofes
to have been hydfogene gas from the decompofition of
water—When he placed zinc fimply on moift glafs, the
fame phanomena took place, but more flowly and later.
The quantity of oxyd of zinc upon the glafs alone was i
20 hours to that on the filver as one to three.

“In a. very ingenious but obfcurely written trad
by Mr. Ritter, entitled, Evidence that the galvanmic
afion exifis in organic nature, 8vo. Jema, 1800—The
author obferves, that the care of Dr. Ath and Mr. Hum-
boldt that the metals fhould touch each other in as
many points as poffible was fuperfluous, even if we could
grant that two metallic plates might be made by polithing,
to touch in a number of points. To fhew that it was fuffi-
cient if by touching in one point only they fhould form a
compleat galvauic circle, he dropped a fingle drop of digtiHed
water upon the buft of a largg filver coin. A piece of pure
zinc was placcd with its one end on the edge of the coin,
while the other was fupported by a bit of glafs. The drop
- of water was neither in contaft with the glafs nor with the
point'at which the metals touched. The materials were
left in this ftuation for four hours at the- temperature of ~
680. On taking them apart, the witer had become quite
milky and had half difappeared ; and Mr. Ritter aually
{eparated a quastity of white oxide that had been produced
in the experiment.

The pieces of metal were cleaned and laid together in
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filings in nitrous gas on the fide of the jar not
in conta& with the furface of mercury, were
very flowly oxydated. Whilft on the furface
of the mercury where fmall globules of that
fubfiance were mingled with the filings of zinc,
the decompofition went on much more rapidly;

v

the fame manner, only that now a piece of paper was put
between the metals at their former point of conta@. In
four hours firft, and afterwards in ten, a faint ring of oxide
only had been produced of which the quantity could net
be eftimated, nor could it be feparated. In this cafe, the
ginc had fcarce loft any thing of its fplendour; in the
former it had been corroded. In many repetitions of the
experiment, he found that far more oxide was formed when
the metals touched, than when they were feparated to the
flighteft diftance by an infolating body, even air.

On expofing thefe apparatufes with fomewhat more wa-
ter to a confiderable heat for four minutes, the water in the
interrupted circle continued quite clear, while that in the
other had become mjlk-white.

The fame phznomena were prefented by other pairs of
metals in a degree proportienal to their galvanic aQivity ;
viz. by zinc and molybdena, zinc and bifmuth, zinc and
copper, as alfo with tin and filver, tin and molybd=zna,
and lead and filver. The experiment with tin was parti-
- cularly decifive, for when in conta@® with no other metal
it was fcarcely at all oxydated by water, though oxydation
took place when tin was brought into contact with filver,
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poffibly throagh the medium of the moiftare,

S - R
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From the delicate experiments of Dr. Pear-
fon, on the paffage of the ele@ric fpark through

water, it appears however probable, that much
more than - of atmofpheric air is fometimes
held in folution by that fluid,* poffibly the
whole of the air is not expelled by nitrous oxide,
owing to fome unknown law of faturation by
which an equilibrium of affinity is produced,
- forming a triple compound.

#* Poffibly a ratio exists between the folubility of gafes
in water, and the folubility of water in gafes. It is proba-
ble from Mr. Wm. Henry's curious experiments on the
mariatic acid, that the abfolute quantity of water in many
gafes, may be afcertained by means of its decompofition by
the ele@ric fpark. '
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the wheel H, over which the balance cord ¢ runs
in an oppofite direction in the fpiral groove e,
a front view of the wheel :H is thewn at Fig. 3.

Having loaded the receiver with the weight
I, fomething heavier than may be neceffary
to force it through the mercurxT it is balanced
by the fmall weight K, which 'rhangs from that
part of the fpiral where the radius is equal to that
of the wheel G, from this point the radius-of the
fpiral muft be increafed in fach proportion; that
in every part of its circuit, the weight K - may
be an exad counderpoife to the air-holder. In
this way, fo little fri¢tion will be produced,
that merely. plunging the lowsr orifice of the
tube D under mefcury contained in the finall
vefiel L, will be fufficient to overcome every
refiftance, and to force the gas difcl;arg%d-from
~ the beak of a retort into the receiver, where
whatever may be its quantity, it will be fubje®ed
to a preflure exa@y correfpoading to that of ‘
the atmofphere. The edge of the wheel H being
graduated, the balance cord ¢ may be ‘made to
indicate its volume.

~ Should it at any time be neoeﬂiry to reduce
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the preflure to the medium ftandard of the
barometer, it may eafily he done by graduating .
the lower end of the tube D, and adding to the
weights I or: K, as may be found neceflary ; the
furface of the meroury in the tube pointing out
the increafe or diminution.

The concavity at the top of the internal
cylinder is intended to contain any liquid it
may be thought proper to expofe to the adion
of the gas. .

The upper orifice f, with its ground-ftopper,
is particularly ufeful in conveying air from 'the
retort g, with its curved neck, into the receiver,
without its paffing through the tube D.  In all
cafes wherea rapid extrication of gas-is expected
the retort g, fhould be firmly luted to the ori~
fice, and the weight I, rcmoved from the -top
of the receiver, this by diminithing the pref-
fure, will admit the gas to expand freely in the
air-holder at the inftant of its formation, -and
prevent an explofion of the veffels. The fame-
caution muft be obferved whenever any inflam-
mation of gas is produced by the eleric fpark.

The air may be readily transferred through!
water or even mercury by the tube 4, Fig. 1.
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To prevent an abforption of mercary in cafe
of a condenfation taking place in the wetort
made ufe of for generating air, Mr. Davy has
applied the fiop-cock 4, to which the neck is-
firmly luted. This flop-cock is likewife of great
fervice in faturating water with acid or alkaline.
gafes, whichk may be effefled by. luting one
end of the tube £ to the ftop-cock, and plung-
ing the other into the fluid in the (mall veffel /,
cemented at top, and terminating in the beat
funnel m—the tube % having been previoudly
refnoved, and the lower orifice of the  tube: D-
either funk to a.confiderable depth in mercary,
or.clofed with a ground flopper. The bend.of
the funnel m, may be accuratefy clofed by the
- introdu®ion of a few lines of mercury.

The application of the flop-cock 7, has.
enabled Mr. Davy to perform fome experiments
on refpiration with c?nﬁacrable accuracy.

Notz. This apparatus was firft defcribed in the third part-
of Dr. Beddoes’s Confiderations ; its relation to Mr. Davy's
experiments with the improvements it has lately received,
‘may probably be deemed fufficient to excufe the re-printing -
it.~The weight I. Fig. 2, having been omitted in the.

plate, the reader must fupply the deficiency,
- W.C
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PROPOSAL

©  FoR

THE PRESERVA"I‘I‘ON ’
or

ACCIDENTAL OBSERVATIONS

IN

MEDICINE.

EN times beyond the reach of hiftory, the medi&inal
application of fubftances could have. arifen from no
other fource than accident. Among articles of the ma~ .
teria medica of known origin, we are indebted to acci~

* dent for fome of the moft precious.

Accident is every day prefenting to different mdmduals ‘
the fpeftacle of phznomena, arifing from uncommon
quantities of drugs on the one hand, and on the other,
from uncommon conditions of the {yftem, where ordinary
{V ers only have been knowingly or recently applied.

hat is faid of drugs may be extended to natural agents
and mental affeCtions.

From converfation with a variety both of medical prac-
titioners and unprofeffional obfervers, the author of this
propofal is perfuaded that fuch authentic occurrences
only, as have prefented them{eives to perfons now living
would, if they could be brought together, compofe a body
of fa&, fo inftruive to the philofopher, and ufeful to the
phyfician, that he defpairs of finding a term wortby 'y
charaerize it. A

Nn
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In fome cales, the influcnce of unfufpe@ed powers would
be dete@ed. In others, refources available to the purpofe
of reftoring health in defperate fituations would be
dire@ly prefented, or could be detetted by a fhort and eafy
Yrocefs of reafoning. Somg anomalous obfervations, by
thewing the abfence or agency of contefled caufes, would
perform the office of experimenta crucis—Unufual affe@ions
occur of which an exaét account wonld be among the means
of removing from phyfic its opprobrious uncertainty: for this
uncertainty frequently depends upon our inability to diftin-
guith the fubtler differences in cafes which refemble each
other in their grotler features,

No ftriking fa& can be accurately ftated, in conjun@ion
with its antecedent and concomitant circomiftances, withoat
improving our acquaintance with human nature. Qur
aequifitions in this moft important branch of knowledge,
may be compared to a ntmber of broken feries, of which
we have not always more than one or two members. Bat
every new acceffion bids fair to fill up fome deficiency;
and a large fupply would contribute towards conneing
feries apparently independent, and working up the whele
into one grand all-comprehending chain.

There are complaints, and thofe by far too frequert,
where no known procefs has a claim to the title of remedial.
Here the whole chance of prefervation depends on the phy-
fician’s capacity for bringing together fals that have
heretofore ftood remote. But no power of combination
can avail where there are no ideas to combine.

Every new obfervation therefore, may be confidered # 2
ftandard trunk, fending forth analogies as fo many branches-
crowned with bloffloms, fome of which cannot fail to be
fucceeded by falutary fruits. And were it not abfurd to
extend the illuftration of foplain a point, it might be added,
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that when by the continual interpofition of new trunks,
the branches are brought near together, the produce of each
will be ennobled by the aiion of their refpe@ive principles
of fecundation. '

‘Whenever the author has been able to obtain certain
information concerning any unufual appearance in animal
natare, it has been his cuftom to preferve it; and among
his papers he has memorandums which prove that to
our prefent circumfcribed ideas concerning the dofe
of medicines may be fometimes imputed failures in
pratice ; that certain figns are not to be taken in the
received fignification ; and that many meafures are adopted
or omitted to the detriment of invalids, becaufeit is afflumed
that circumftances are neceflarily conne@ed which may
exift feparately, or that one given natural operation is incon-
fiftent with another, to which it may really be fynchronous
or next in order.

Affiduous obfervation of the daily ftates of the hu-
man microcofm will be the unfailing confequence of atten-
tion to its firiking pheenomena. Such-is the progrefs of
curiofity. Such the origin of all the fciences. The more
uniformly clear the fky under which they tended their
flocks, the lefs likely were the thepherds of Chaldza, to
found the fcience of the ftars. And however the difpofition
to ftudy aftronomy might have been firengthened by the
coincidence between the heliacal rifing of Sirius and the
overflowing of the Nile, it muft, I conceive, bave been
awakened by the afpe of meteors and eclipfes.

Whatever minute and authentic information this im-
perfe& ftatement may produce, as foon as it {h.all amount
to a certain mafs, the author will prefent it to the public
arranged. He flatters himfelf that no correfpondent will eke -
out by fuppofition the defe& of genuine obfervation, withoyt
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tlearly diftinguithing thie one from the other. He fiill miore
confidently hopes that none will be inftigated by this adver-
tifement to exereife his invention in the manner of Pfal-
manafar and Chatterton. Whether any lMterary forgery
can be innocent is queftioned—but a forged medica¥ report
is a drawn dagger which the arm of a credulous phyficiaa
may any day plunge into the heart of his defence-
lefs patient. The author has heard fome inconfiderate
wits avow, that they have tranfmitted to the venders of
quack medicines imaginary cures, attefted by fiitions
fignatures ; and it is not without apprehenfion from the
propenfity of men to difplay ingenuity and to relate
wonders that he announces the prefent defign. But
he fhall be on his guard, and hopes to baffle attempts at
impofition. ' N

THOMAS BEDDQES.

Ronuxt-Px.wn, Clifton, June 1800.

END.




ERRATA.

Page 19 line 15 for is read are
— 85 == 7 — for principle xead principles
— 42 — 11 — for take read takes
— 68 Table5 — for 5,88 read 15,88
1 1
— 94— 4 — t‘ox'll_‘2 l'eat.il..‘i
C e 95 — 4 — for 87 read 30,7
— g6 — s—forasreadl_
38
— 105 — p — for exaflitude vedd exalinefs
-~ 129 — 31 — for 41 read 4,1
- 132 — 4 — for into read in
~— 143 — 18 — for 25 read .25
~~ 186 — 15 —- for 3y read from
~— 208 laftline — for adfiracted read attralled
— 288 —— 5 — for gas read oxide
— 259 — 4 —for12 read 2
~— 283 — 4 — for potq/h read iron
- 315 — 14 — delein
~— 409 — 15 — for refpiration read expiration
—~ 404 — 10 — for latter end read end
— 5§43 = 8  for exhalation reall inhalati

A few literal errars are left to the reader’s correftion.

N. B. The term ignited is fometimes ufed to fignify any tem-
» perature equal to or above a red heat, whether applied to folids,
fluids, or aériform fubftances.

The reafons for the ufe of the terms nitrogene and nitrous
pxidz, are given in Mr. Nicholfon’s Journal for January.
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