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77. Those who maintain, that the carbonic acid
is not directly formed by the union of the oxygen
gas of the air with the animal carbon, but that it
escapes ready formed from the animal system, ought
to point out some other source from whence, in suf-
ficient quantity, the oxygen gas can be derived : to
tell us at the same time what becomes of the oxyge-
nous portion of the air that actually disappears : and
why the production of carbonic acid bears always so
constant a proportion to the loss of this oxygen gas,
To suppose with Spallanzani, that this acid is yield.
ed by the process of digestion, because some snails
which had been well-fed, furnished more of it than
others which had suffered a long abstinence, is by no
means proving the point; for a snail which had
long fasted, yielded as much, In one instance, as
those which had been recently fed, and, in the other
examples, the starved snails fell short only in a small
degree. Every animal function, also, is, cateris pa-
ribus, carried on best in a state of health and wi.
gour, which again depends altogether on a due sup-
ply of food : hence, therefore, the debility succeed-
ing to abstinence, must affect the organs of respira-
tion, in common with the other organs, and conse-
quently their power of acting so completely on the air.
Whatever substances, moreover, are received into
the animal system, suffer or produce some change :
but to suppose, that carbonic acid should be first
formed in the stomach, then taken up by the lacteal
vessels, and carried through the mass of blood to be
again thrown out by the respiratory function, simply
as carbonic acid, is not only without proof, but a-
gainst all probability. It is also to the quantity of aiy
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changed, and not to that of food taken in, that this
acid bears a proportion ; and, provided living action
be equally well maintained, as much air seems to be
required by an animal when he abstains from food
as when he takes it, and as much carbonic acid to
be produced. In as much, however, as a long ab-
stinence from food, debilitates the system, and af-
fects the productinn of carbon, in so much will it di-
minish the quantity of carbonic acid, whu:h the ani-
mal is accustomed to form.

78. But the quantity of this acid, when formed
by the respiration of a given volume of air, does not
seem to exert any noxious operation on the animal
powers ; for Spallanzani found, that animals placed
in a given bulk of air, did not live longer when the
carbonie acid was abstracted by an alkaline solution
as soon as formed, than when it was suffered to re-
main *; and, in all our experiments, where the car-
bonic acid was allowed to remain, the death of the
animals seems to have arisen, not from the over-pro-
portion of that acid, but from the diminished quan-
tity, or total absénce, of the oxygen gas. Since, in-
deed, air is necessary to the continuance of living
action in all animals, and its nitrogenous portion ap-
pears to suffer no alteration, this necessity must arise
from its containing oxygen gas, and from the requi-
site changes which, in respiration, that gas is made
to undergo. 'When, therefore, the greater part, or
the whole of the oxygen gas of the air is so chan-
ged, death ought to happen ;. and then accordingly,

* Memoirs on Respivation, p. 317.
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out of digestion or fermentation in the living body ;
no imagined combustion of phosphorus in the blood ;
nor liberation of the phlogistic, or any other princi-
ple, through the system, can be received as suffi-
cient to account for the uniform height and steadi-
ness of this temperature. As, therefore, the animal
system, by virtue of its own powers, is unable with-
in itself to produce this high degree of heat, to what
external agent shall we have recourse, and to what
organs shall we refer the production of that elevated
temperature, which, in all animals, we have seen to
have place?

189. In our review of the temperature of the in-
ferior animals, it has been observed, that insects,
worms, and fishes, which have no respiratory struc-
ture similar to that of the lungs ; and the amphibia,
the surface of whose lungs, in proportion to that of
the body, is comparatively small, and whose blood,
at each circulation, is but partially exposed to the
influence of the air, possess a degree of heat but
little above that of the medium in which they
live : while the mammalia class has a temperature
considerably higher, and birds, whose lungs bear
the largest proportion to their bodies, are the warm-
est of all animals. The observation of these facts
led naturally to the opinion, that the temperature of
animals was immediately connected with the function
of the respiratory organs; and we have endeavoured
to prove, that the small excess of temperature, which
not only the inferior animals, but which vegetables
also possess, is actually derived from the decompo-
sition of the air by these several classes of beings,
so long as living action continues. No explanation,
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blooded animals possess. It is now very generally
allowed, that the caloric given out during the com-
bustion of bodies, is, like that obtained in respira-
tion, derived from the changes which the oxygen
gas of the air is made to undergo. When, there-
fore, equal quantities of oxygen gas are converted
into carbonic acid by combustion and by respiration,
equal quantities of caloric may be expected to be
set free; and this opinion, too, Dr Crawford at-
tempted by experiment to establish. He found,
that 100 ounce measures of oxygen gas, changed
into carbonic acid by the respiration of a guinea-pig,
shut up in a close vessel, communicated to 31 lb.
7 oz. troy of water, surrounding that vessel, 17.3°
of heat; while the same quantity of oxygen gas,
converted into the same acid by the burning of
charcoal, communicated to a like quantity of water
19.3° of heat; and he concluded, therefore, that
somewhat more heat was produced by the combus-
tion of charcoal, than by the respiration of an ani-
mal *. M. Lavoisier, likewise, made experiments
of a similar nature, but he substituted the melting of
ice, as a measure of the comparative heat given out
by respiration and combustion, for the raising of the
temperature of water ; and the conclusion which he
drew, when equal quantities of oxygen gas were
changed into carbonic acid by the respiration of a
guinea-pig and the combustion of charcoal, made
the quantity of heat produced by the animal, exceed
that by the combustion of charcoal in the propor-

# On Animal Heat, p. 355.
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tion ; for it neither changes the taste, the odour, nor
any other properties of the seed *.

203. To that swelling of the seed which consti-
tutes germination, M. Scheele considered the presence
of oxygen gas in the water to be necessary, and as-
serted that this gas was converted into carbonic acidt.
According, also, to M. de Saussure, peas and other
seeds germinate in water that contains oxygen, but
do not properly unfold their radicles in boiled water,
when the water does not exceed more than seven or
eight times the weight of the seed; but when it is
one or 200 times as great, the radicles have then been
prolonged. This happens, says he, because ebulli-
tion does not entirely deprive water of its air, and
when, therefore, the quantity of this fluid is suffi-
ciently large, enough of air is present to excite a fee-
ble development of the seed {.

204. Water enters into the seed, partly through
the pores of its external coat, and partly through the
small opening placed in the hilum or scar. M. Se-
nebier asserts, that if the opening in this scar be clo-
sed, the swelling or germination of the seed is pre-
vented § ; but in some experiments made by Dr Jones,
this was not found to happen. He placed some large
beans in a saucer of mould with the opening in the
scar uppermost, and watered them in such a manner
that the fluid could not enter it, and yet they seemed

to germinate in the ordinary time.

* Recherches Chim, sur la Vegetation, p. 2.
+ On Air and Fue, p. 167. 1 Recherches, p. 5.
& Mem. Physico-Chimiques, tom, iii. p. 333.
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together 2% of the whole air employed. Thus, says
he, if seeds be made to germinate in 100 cubic inches
of air, which contain 21 parts of oxygen and 79 of
nitrogen gas, it will be found, that, if the germination
has produced 14 cubic inches of carbonic acid, there
remain but seven cubic inches of oxygen in the resi-
dual air 5 or, if only seven cubic inches of acid are
formed, there will then remain 14 of oxygen gas.
The volume of oxygen consumed is, therefore, equal
to that of acid gas produced ; and this result as yet
admits of no exception *. In such circumstances,
the carbonic acid, which seeds are capable of afford-
ing under decomposition, cannot be supposed to mix
with that formed in germination, unless we not only
reject the evidence derived from identity of volume
between the two gases, but admit the apparent absur-
dity of believing, that, in the same body, the act of
decomposition can consist with the function of life.
For these reasons we adhere to our former opinion,
that, in germination, carbonic acid is formed only by
the union of the carbon of the seed with the oxygen
gas of the air, and that the whole of the oxygen that
is lost is to be found in the carbonic acid produced.
214. But though, in germination, the conversion
of oxygen gas into carbonic acid is by no one de-
nied, yet by some it is maintained that a part only of
this gas is so changed, and that another portion of
it is absorbed by the seed. The vague and indefinite
use of the word absorption has, perhaps, contributed
not a little to obscure the reasonings on this subject,

-

* Recherches Chiun. p. 10,
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nished by plants proceeds from the decomposi-
tion of carbonic acid, and since this decomposition
is effected by the joint action of the green parts
of vegetables and of solar light; why, it may be
asked, are these parts so exclusively concerned in
this operation, and what are those peculiarities of
structure or of composition, which thus enable them
to produce changes in the air, so different from those
which all the other parts of the vegetable perform,
even in sunshine, and so contrary to their own pro-
per functions in the shade ! This operation has been
shewn to be in no respect necessary to the life of
plants ; for they live and grow in situations where they
afford no oxygen gas. Neither can it be considered
as a necessary result of vegetable organisation; for
the structure of white leaves, which afford no oxy-
gen, is as perfectly developed as that of green
leaves, which yield it in abundance ; and when plants
are successively rendered green, or white, by the al-
ternate admission or exclusion of the solar rays, in
which states they respectively furnish a pure or im-
pure air, it cannot be supposed that the vegetable or-
ganisation has undergone such material changes as
should qualify it thus rapidly to present such con-
trasted results.

352. This decomposition of carbonic acid, which
thus gives birth to oxygen, we have likewise seen to be
effected in the parenchymatous structure of the leaf,
and the agency of the solar rays appears to be essen-
tial to its completion. But it is in the same part of
the plant that its colourable juices reside, and these
juices, also, acquire their green colour from the di-
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always to be accompanied by the retention of that
gas ? Could we discover the connection between these
facts, it might, perhaps, lead us to an explanation of
the cause of the green colour of plants.

854. As we have before endeavoured to shew
(838.), that the decomposition of carbonic acid by
plants cannot properly be deemed a vegetative func-
tion, so likewise the changes which plants exhibit, in
passing from an etiolated to a coloured state, and the
circumstances under which these changes take place,
equally prove their independence of a living action.
When an etiolated plant is gradually exposed to light,
we first observe, says M. Senebier, the most tender
parts pass from a white to a yellow colour ; the yel-
low then becomes deeper; next, some green spots
are seen at the extremity, and on the borders of the
leaf, and in the angles of its nerves. These spots
muitiply, extend, and meet j the stalk of the leaf af-
terwards becomes green, and, lastly, the stem. The
new leaves are green from the first, and thus upon
the same stem we may see some leaves very green,
others much less so, and a stem that is still white.
In young leaves, the extremity is often greener than
the other parts ; and in the narcissus he often saw
the point of the leaf more green than the rest, and
the plant, which had just issued from the bulb, less
green than that which had been some days exposed ;
whence it seems to result, says M. Senebier, that the
green colour depends absolutely on a combination
effected exteriorly, and which, to a certain extent, is
independent of the internal vegetation of the bulb *,

* Mem, Phys. Chim, t. ii, p. 88. 90,
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discharge of colour to the simple combination of
oxygen.

866. But, if it thus appear, that the muriatic acid
discharges vegetable colours, like other acids, al-
though its oxygen cannot be separated, may we not
presume that these other acids act not in virtue of
the oxygen which they contain, but by reason of
their acid properties alone 7 And since we also know
that oxygen gas readily combines with the carbon of
vegetables, and forms an acid substance, may we not
farther presume, that the oxygen, employed in these
experiments, really entered into such a combination,
and that the acid, thereby formed, contributed to
the discharge of the vegetable colour ?

867. That carbonic acid is really formed, when
oxygen gas is placed in contact with this green solu-
tion, seems almost certain from the following fact.
If, says M. Senebier, sulphuric acid be poured into a
green solution, which has been previously discolour-
ed by light, it occasions a strong effervescence, the
mixture then reddens, and a white precipitate is
thrown down, similar to that which the green tinc-
ture affords, when, in its coloured state, it is made
to combine with the same acid*. There can, we
think, remain little doubt, but that the elastic matter,
which is thus driven off’ by sulphuric acid, is carbo-
nic acid gas ; and hence, when oxygen gas disappears
in these experiments, and combines with the colour-
able matter, the discharge of colour that ensues is
not properly to be ascribed, as M. Senebier supposes,

* Mem. Phys. Chim, vol, iii. p. 44,
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tion ; but it is wellknown that metallic oxides exhibit
every variety of colour, with little or no regard to
the quantity of oxygen they contain. Thus, many
oxides, which contain but little oxygen, are white ;
others, which contain a great deal, are black.
Mercury, with different portions of oxygen, forms a
black and red oxide, but these colours are not pecu-
liar to such combinations ; for sulphur, in union with
mercury, produces compounds, which exhibit simi-
lar colours. Iron, when combined with 27 per cent.
of oxygen, is black ; with 48 per cent. it is red ; and
these same combinations exhibit sometimes green and
brown colours, So many, indeed, and so diversified
are the colours which the oxides of iron are capable
of assuming, that all the fine varieties of colours,
employed in Wedgwood’s pottery, are said to be
produced by the oxides of this single metal *. Hence,
then, it appears, that, although oxygen combines with
metals in various proportions, and the compounds
exhibit various colours, yet no uniform colour, even
m the same metal, accompanies the varying propor-
tion of oxygen. On the contrary, similar colours are
produced by very different combinations of this ele-
ment ; and different substances, by uniting with me-
tals, exhibit similar colours where no oxygen is con-
cerned. Consequently, ne particular colouring pro-
perty belongs exclusively to oxygen, and, therefore,
the colours of metallic oxides must be attributed to
the properties of the compound, and not exclusively
to those of the oxygen they may contain.

* Buncroft on Perm. Colours, p, 17.
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542. In our former work, we ascribed the first
discovery of the specific changes which insects induce
on the air to M. Vauquelin ; but we have since found,
that it ought rather to have been given to Scheele.
He shut up several flies in a phial, and in a few days
they all died, but had not diminished the volume of
air. Milk of lime, however, reduced the bulk of re-
sidual air one-fourth part, and the remaining air ex-
tinguished a taper. He likewise inclosed a bee in a
bottle, containing 20 ounce measures of air. A small
piece of lime was, at the same time, introduced into
the bottle, and in its side, near the bottom, a small
hole was made. The bottle was then immersed in
water, and as the water passed in, a quantity of lime-
water was formed, which attracted the carbonic acid
produced by the insects. As by this attraction of acid
the volume of air continued to diminish, the water also
continued to enter through the hole, until, by the se-
venth day, it had risen to about one-fourth of the
height of the bottle. If two bees were put into the
bottle, the same quantity of air was changed into
carbonic acid in half the time; and he found also,
that caterpillars and butterflies produced similar ef-
tects in the air.

543, To prove that it was the oxygenous portion
of the air that was thus changed into carbonic acid,
he confined two large bees in the same bottle, when
it was filled with oxygen gas; and then set it to
stand in milk of lime. He observed every day the
milk of lime to rise through the hole into the bottle;
and by the eighth day, the vessel was nearly filled
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mer months. All of them, however, changed much
more rapidly, from the permanent continuance of
the heat, than if they had been exposed, even in
summer, to the variable temperature of the open air.
The insects, thus prematurely produced, were per-
fect in all their parts, and the females laid their eggs
as usual ; so that, by this method, butterflies may be
made capable of giving birth to two generations in
the year, though in ordinary circumstances they af-
ford but one. The same results were obtained by expe-
riments made on the pupz of various other insects.

547. M. de Reaumur, likewise, confined several
pupz in a hollow sphere of glass, and placed them,
with the eggs, under a brood-hen, leaving an aper-
ture in the glass, by which fresh air could enter.
The next day, the interior sides of the glass were
covered with vapour that issued from the pupz, and
had collected into small drops of water. These were
removed, and did not appear afterwards, the greatest
transpiration having occurred during the firstday. At
the end of four days, he saw, as he observes, the first
butterfly that had, perhaps, ever been born under a
hen, and the first of this species of pupa that had
ever remained so short a time in that state ; for others
of the same species, in the open air, require from
~ twelve to sixteen days to complete the same series of
changes *.

548. On the other hand, by keeping the pupz of
insects in a vault, where the temperature was only
8 or 10° Reaum. above the freezing point, their e-

EmaEa i

* Mem. pour I'hist, des Insectes, tom. ii. p. 8. et seq.
R 2
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attention was first directed to ascertain the quantity
and composition of the air that exists naturally in
river water. For this purpose, they filled glass-bal-
loons with given quantities of water, taken from the
river Seine, and expelled the air from it by submitting
it ro ebullition. The air that came over was received
in vessels filled with mercury, or with distilled water»
recently boiled, that no foreign air might mix with
that obtained from the water in the balloon. From
the results of ten experiments, conducted in this man-
ner, they found, that the water of the Seine contain-
ed rather less than +5 of its volume of air. This air
they farther found to be composed of about + oxy-
gen, with from six to eleven per cent. carbonic acid,
and the remainder was nitrogen gas. The composi-
tion of the air, contained in river-water, they state to
be as constant in its proportions as that of the atmo-
sphere ; for in experiments continued many months,
in times of drought and during the melting of snow,
the proportion of oxygen in the water of the Seine
never varied more than from 0.309 to 0.314 *,
This estimation of the quantity and composition of
the air, contained in river-water, does not differ so
much as might have been expected from that afford.-
ed by the water of springs; for, according to Mr
Dalton, air expelled from common spring water, after
losing from five to ten per cent. carbonic acid, con-
sists of 38 fier cent. of oxygen and 62 of nitrogen gast.

552. Having thus determined the quantity and
kind of air contained in a given volume of river-wa-

* Mem. de d’'Arcueil, tom. ii. p. 367. et seq.
t+ Chem. Phil. part 1. p. 272.
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ter, these chemists proceeded to ascertain the changes
which it experienced by the respiration of fishes.
With this view, they confined young fishes in bell-
glasses of river-water, inverted over mercury ; and
suffered them to remain till their respiration became
laborious. The animals were then withdrawn, and
the water, in which they had respired, was transferred
into the balloon, and its air expelled, by submitting it
to ebullition, in the manner before stated. Seven
tenches were, in this manner, confined in 4000 cu-
bic centimeters, equal to 250.5 cubic inches of river-
water, where they remained eight hours and a half.
A portion of this water, equal to 2582 cubic centime-
ters, or 161.5 cubic inches, was then transferred from
the glass-bell into the balloon, and its air expelled by
heat.  The air, thus obtained, measured 453 parts,
at temperature 50° Fahrenheit, These 453 parts
were then washed in lime water, by which they were
reduced to 800, so that 153 parts of carbonic acid
were thus removed. The residue was afterwards
analysed by combustion with hydrogen, and by mix-
ture with nitrous gas; and the mean of three analy-
ses afforded 0.035 of oxygen ; wherefore it is con-
cluded, that the 453 parts of air, obtained from wa-
ter which had been in contact with the respiratory
organs of fishes, consisted of 10.5 oxygen, 289.5 ni-
trogen, and 153.0 carbonic acid gas. But by former
experiments, it was found, that an equal volume of
pure river-water afforded 524 parts of air, consisting
of 155.9 oxygen, 847.1 nitrogen, and 21.0 carbonic
acid ; consequently, say these chemists, these seven
tenches have absorbed, in eight hours, 145.4 of oxy-
gen, and 57.6 of nitrogen gas ; and they have pro-
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the great variations in the results which they afford.
In a table, which presents the results of seven differ-
ent experiments, conducted in a similar manner, the
consumption of oxygen to the carbonic acid produced,
is represented, in one instance, as bearing the pro-
portion of 100 to 91 ; in another, the proportion is
as 100 to 50; and in a third experiment, as 100 to
20 * ; so that the same animals appear, at one time,
to have consumed only one-tenth ; at another time,
one-half ; and, at a third time, four-fifths of the oxy-
gen employed j——contrarieties which sufficiently de-
monstrate the existence of some undiscovered sources
of error. These experiments, therefore, can be con-
sidered as proving only the general fact of the con-
version of oxygen gas into carbonic acid by the re-
spiration of fishes; but they do not enable us to de-
termine the actual extent to which this conversion
proceeds. As, however, in the experiment that has
been detailed (552.), nine-tenths of the oxygen,
which disappeared, were obtained in the form of car-
bonic gas, it is, surely, more reasonable to suppose
that the remaining one-tenth was converted into the
same gas, than that it entered into, and was retained
in the animal system. On this point we may be per-
mitted to call in the aid of analogy; for as, in the
respiration of every other class of animals, the bulk
of acid produced is proved to be nearly or exactly
equal to that of oxygen consumed, it may be fairly
inferred that a similar equality obtains in the respira-
tion of fishes, to which, indeed, the volumes of air in

* Mem, d'Arcueil, tom, ii. p. 378.
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the foregoing experiment make a near approxima-
tion.

556. In like manner, from the same table, we
learn, that, in some experiments, the loss of nitrogen
amounted to about +r; in other instances, to one-
sixth ; and in one case, it extended to about 45 of
that gas. This disappearance of nitrogen is, like-
wise, in every instance, ascribed to absorption ; and
the circumstance is pointed out as constituting an
important difference between the respiration of fishes,
and of the mammaha, in whom no absorption of nitro-
gen is conceived to take place. No other evidence,
however, of this absorption of nitrogen is afforded,
than the mere disappearance of a portion of that gas;
and all the differences in the results are at once as-
cribed to variation in the exercise of this supposed
absorbing power. In any investigation purely chemi-
cal, we are persuaded that similar discrepancies would
have led to some attempts to discover their cause ;
but, in the application of chemistry to physiology, the
most contradictory results obtain equal credit, and all
the anomalies which may arise are at once charged,
not to errors in experiment, but to some unknown
operation of the animal system, which is called into
existence for the mere purpose of carrying on some
other operation, that is equally improbable and un-
known. :

557. As the air dissolved in water does not exceed
+5 of the volume of that liquid, and only +% of this
air are pure oxygen, the relation of fishes to the
oxygen contained in water corresponds with that of
an animal breathing in a gasecus mixture, which
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Dr Carradori, also, discovered, that these ammals
lived much longer when they were immersed in wa-
ter that had a free communication with the atmos-
phere, than when the air was excluded *. Accord-
ing to Spallanzani, frogs die sooner in boiled, than in
common water. In their respiration, they consume
oxygen, and form carbonic acid. These which have
been recently fed, consume more of this gas than
those which have suffered a long abstinence. Under
great cold, they become lethargic, but their heart still
continues to beat, and they still, in a smaller degree,
continue to change the air ; but the consumption of
oxygen increases with an increase of temperature.
These animals also change the air by their skin, as
well as by their lungs ; and act upon it after death,
and under putrefactiont. The ova of frogs were
likewise found to require air ta carry on their evolu-
tion. Small tadpoles, while yet attached to the egg,
were confined in vessels half filled with water, while
the other half contained common air, or oxygen, or
nitrogen gas. Those in the two former vessels were
perfectly developed, and became large enough to
swim about ; but those confined with nitrogen per-
ished {.

560. Spallanzani extended his experiments to many
other animals of this class, and obtained similar re-
sults. Different species of serpents he found to die
in hydrogen gas, or when confined under water, but

* Phil. Magaz. vol. xvi. p. 245.
‘l_ Rappurts, &E—- tﬂm- ic Fl 4‘53-
¢ Ibid. p. 466.
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to live in common air, and convert its exygenous
portion into carbonic acid. They became lethargic
from cold, and the heart then beat very slowly or
not at all ; the respiration was then also suspended,
and little or no effect was produced in the air. The
skin of these animals acted upon the air as well as
the lungs * ; and when their blood was reddened by
exposure to the air, its oxygen also disappeared, and
carbonic acid was produced 1. Similar results were
obtained in experiments on the respiration of vipers,
tortoises, lizards, and salamanders {.

561. The preceding facts sufficiently shew, that
various animals, in all the foregoing classes, and in
every stage and form of their existence, require the
presence of oxygen gas to maintain the functions of
life; that this gas, by the exercise of these functions,
is converted into carbonic acid ; and that the degree
in which this conversion proceeds, depends much on
the healthy condition of the animal, and the vigour
of its circulating system. Since, also, in every in-
stance where the experiments have been made with
the requisite accuracy, the bulk of carbonic acid pro-
duced, nearly or exactly equalled that of the oxygen
which disappeared, we may conclude, from analogy,
that such is universally the extent to which this change
in the air takes place in animal respiration; and
since, farther, the nitrogen gas of the air appears to
suffer no necessary change (75.) in the exercise of
this function, we may also conclude, that, as far as

L H:][Jpﬂrtﬂ, &En tom. it P- 21‘9- t lhidi P¢ ?39- ?ﬁﬂu
t lbid. p. 275. 287. 205,353,
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¢olour or shape in nature, which, in their turn, these
philosophers have not made oxygen to exhibit and
assume. And if it was absurd in the Phlogistians to
ascribe effects to an agent which they could not
~ prove any where to exist, it is, surely, not less absurd
in their successors to attribute similar effects to oxy-
en, even where it exists not.

581. It is, farther, an objection to this supposed
operation of oxygen, that, in the lungs, the blood
and air do not come into contact, and, therefore, al-
though the-combination of oxygen with that fluid
might be conceived to happen when they are placed
together out of the body, yet the intervention of or-
ganised membranes may be supposed to prevent
such an union in the living system: In the ordinary
operations of chemistry, such an interposition of ani-
mal substance would be considered sufficient to vi-
tiate the result of any similar experiment in which it
was employed ; but in the application of this science
to the living body, neither membranes nor blood-
vessels are conceived to oppose any obstacle to the
exertion of chemical action, or, in the smallest degree,
to affect its result. In support of this supposed ope-
ration of oxygen on the blood, some experiments of
Dr Priestley have been appealed to, as affording de-
cisive evidence that this substance has the power of
penetrating a compact membranous body, and may,
consequently, penetrate the cells and blood-vessels of
the lungs. The importance which has been attached
to these experiments, in all the late hypotheses which
have been proposed to explain the function of respi-
ration, renders it necessary for us to examine them
T
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with some minuteniess, in order to discover the true
relation which they bear to the present question,

582. Dr Priestley, who, as we shall hereafter see,
supposed that venal blood became red by imparting
its phlogiston to the air, knew well that the bloed in
the lungs was separated from the air by a membra-
nous substance, which, hewever, according to Dr
Hales, does not, in thickness, exceed the y+%5 part of
an inch. To ascertain the effect of this circumstance,
he put some black bloed into a bladder moistened
with a little serum, and then tying the bladder very
close, he hung it in a free cxposure to the air. The
next day, all the lower surface of the blood, which
had been separated from the air by the intervention
of the bladder, had acquired a coating of a florid red
colour, as thick, it appeared, as it would have acqui-
red, if it had been immediately exposed to the open
air ; so that this membrane had been no impediment
to the action of the air on the blood. This experi-
ment was repeated, without previously moistening
the bladder, and with the very same result *.

583, But although, in these experiments, the blood
was rendered red by the agency of the air, yet we are
notentitled toconclude, that this redness was produced
by the combination of its oxygen, unless we can shew
not only that this substance comes into contact with the
blood, but is likewise eapable of changing it to a red
colour. Dr Priestley himself, who believed the blood
to become red by the loss of phlogiston, could draw

——— =

® Obs. on Air, abrideed, vel. iii. p, 369,
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no such conclusion 3 and it is not a little remarkable
that this philosopher, who had before so well obser-
ved the reciprocal effects produced in the air, when it
thus changed the colour of the blood *, should, in
these experiments, have entirely overlooked them.
It is still more remarkable, since these experiments
have drawn so much attention, and seem now to be
the chief or only remaining evidence urged in sup-
port of the hypothesis of oxygenation, that some at-
tempt has not been made to inquire farther into the
actual circumstances which attend them. It is this
examination which we now propose to make, in the
hope, that, if it do not lead us to a knowledge of the
true cause of this phenomenon, it may at least serve to
shew to what it is not to be ascribed.

584. With this view, we procured a quantity of
black blood, and putting it into a sheep’s bladder,
suspended it from the top of a jar containing about
100 cubic inches of atmospheric air. The jar was
inverted in a saucet containing mercury, and within
it a small cup of solution of potassa was likewise
placed. The blood, in a short time, assumed a florid
hue, and a dimness extended over the inside of the
jar. By the next day, the mercury in the saucer
had risen % of an inch into the jar, and it continued
to rise several days ; so that, by the fifth day, it had
reached nearly to an inch in height. The jar was
then raised, and diluted acid being potured upon the
alkaline solution, disengaged from it a large quanti-
ty of carbonic acid gas. By this experiment, thets-

* Obs, on A, vol. iiiyp. 396.
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the Blood. Hence, therefore, when black blood is

reddened by the air, through the coats of a moistened

bladder; the air yields no oxygen to the blood, nor
acquires from it any carbon ; but the carbon of the
bladder, by its combination with the oxygen of the
air, passes into the state of carbonic acid gas.

588. Evep Dr Priestley, who neglected to observe
the effects produced in atmospheric air, by the con-
tact of bladders, was well aware of the action they
exerted on nitrous gas, which we now know to be
composed of the same elements as common air. He
observed an incrustation of lime to appear, when
nitrous gas, which had been previously kept in a
bladder, was mixed with lime water ; or, when this
gas was transferred from one vessel to another
through a bladder, it produced a similar effect, To
prove that this effect arose from the bladder, he put
a bladder into a jar of nitrous gas, and, after it had
continued there twenty-four hours, he transferred

the gas into a glass-vessel of lime-water, which it

rendered turbid *. In other experiments, when ni.
trous gas was left in moistened bladders, it complete-
ly lost its:property of diminishing common air; but
if the bladder was kept quite dry, the gas then under-
went little or nochange 1. He even found that nitrous
gas was, in like manner, deprived of its oxygen, by
being placed in contact with blood, by which it was
rendered unfit for eudiometrical purposes §.

589. The remarks, which have now been made,

me——
® Obs. on Air, vol. i p. 2135,
tObs. on Air abridged, vol. iti, p. 389. 1 ILid. p. 367.
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miode in which the air contributes to change the
colour of the blood, it cannot be by imparting to it
any portion of its ponderable matter. Consequently,
although these facts prove that oxygen gas possesses
the power of changing the colour of the blood, as well
through dead, as through living, animal membranes,
yet they afford no evidence of the combination of
oxygen with that fluid, but shew only the conversion
of that gas into carbonic acid, precisely in the same
manner as this acid gas is formed when the blood is
reddened in the ordinary process of respiration.

595. Even when the air and blood are brought into
contact, they only exert a reciprocal action on each
other, by which carbonic acid is formed, but no oxy=
gen appears to combine with the blood. We have
already given various proofs (97.), that, when the
blood is changed in colour by the agency of the air,
the oxygen gas of the air disappears, and carbonic
acid is produced. These facts are confirmed by the
experiments of M. Berthollet, who confined recenit
blood in a vessel of common air, and, at the end of
twenty-four hours, the air, on analyss, afforded nearly
+5= of carbonic acid. In' two other experiments, si-
milar results were afforded ; and in all these experis
ments, the acid gas produced was exactly equal to the
volume of oxygen that disappeared *. Unless, there-
fore, it be maintained, that the same oxygen can, at
the same time, exist in two combinations, we must
suppose, that, in these experiments, no oxygen coms

* Mem. d'Arcueil, t. ii, p. 467,






301

the nitrogen gas; and in their experiments on human
respiration (571.), the deficiency in bulk was so ex-
tremely small as to preclude all idea that nitrogen is
necessarily retained in the system. Notwithstanding,
also, this small deficiency in the whole bulk of air, yet
its constituent parts, (estimating the carbonic acid as
oxygen ) maintained their usual proportions, the nitro-
gen gas amounting always to %, which could hard-
ly have happened, if any portion of that gas had
been abstracted from the general mass, and retained
permanently in the system. In the late experiments,
also, of M. Berthollet, no deficiency, but rather an
excess of nitrogen appeared in the air expelled from
the lungs *. Lastly, nitrogen gas is not absolutely
necessary to the exercise of this function; for we
have seen (127.) that animals live very well in pure
oxygen; and both M. Lavoisier, and Messrs Allen
and Pepys, found, that hydrogen gas might, also, be
made to supply its place. These facts, therefore,
entitle us to repeat, that nitrogen gas exerts no direct
agency, nor suffers any apparent change, during the
exercise of the respiratory function.

597. We, however, before remarked (107.), that
Drs Priestley and Henderson, Mr Davy and others,
from finding a smaller volume of nitrogen to be, in
some cases, expelled, than had been previously taken
into the lungs, concluded that a portion of this gas
was absorbed in respiration. This opinion we con-
tested, both on anatomical and chemical grounds,
and endeavoured to shew (92.), that the error arose

* Mem. d'Arcueil, tom, ii. p. 459,
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from the embarrassment into which the respiratory
organs were brought by the respiration of an impure
air, which rendered them incapable of effecting so
completely, as usual, the expulsion of the air they re-
ceived, and consequently led to its more abundant re-
tention in the lungs.

598. As it was then our fortune to contend a-
gainst what was called an absorption of nitrogen by
the blood, so now we have to combat what has been
named an evolution of this gas from that fluid. In
most of the experiments related by Messrs Allen
and Pepys, when the same person was employed to
breathe, only a small deficiency occurred in the
whole bulk of air j but, in one experiment, in which
a different person operated, there was an increase of
eleven cubic inches upon the whole bulk of air em-
ployed. As, however, this air contained the usual
proportions of oxygen and nitrogen, no particular
effect could have been exerted upon either of its
constituent parts; and the ¢ excess, therefore, of 11
cubic inches,” to use the expression of these able che-
mists, “ no doubt arose from the person not having
been in the habit of exhausting his lungs, so that
they contained more when he began, than when he
left off *.”

599. But in some cxperiments on the respiration
of oxygen gas, which contained only 2.5 per cent
nitrogen, Messrs Allen and Pepys were enabled to
abtain. nearly all the residual gas from the lungs, by

* Phil. Trans, 1808, p. 256,
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furnishing oxygen gas to supply its place. After has
ving made a forced expiration, the operator began to
respire oxygen, until nearly all the air, previously
existing in the lungs, was expelled. This air, partly
by experiment, and partly by calculation, was found,
at temperature 53°, to amount to 141 cubic inches,
which consisted of 22.56 oxygen and carbonic acid,
and 118.54 nitrogen. Hence, it is inferred, that, af-
ter a forced expiration, the lungs of this person must
have contained 141 cubic inches of air, which, at
temperature 97°, would be increased in bulk to 154
cubic inches *. In another experiment of the same
kind, the volume of air in the lungs is estimated at
226 cubic inches, of which the oxygen and carbonie
acid formed together about ene-fifth 1.

600. The large portion of nittogen gas, which thus
appeared to exist in the lungs after the most forcible
attempt at expiration, induced these chemists to re-
peat their experiments on the respiration of oxygen
gas. The experiment was made with 2668 cubic
inches of oxygen, which contained four per cent. ni-
trogen. The gas was breathed for 13 minutes, and
was afterwards analysed. The total nitrogen in the
gas inspired was 106.72; in that expired, 211.80;
so that 105.08 cubic inches of nitrogen had been ob-
tained from the residual air of the lungs. ¢ The
question, therefore, is, whether this increase of nitro.
gen can be owing to the residual gas contained in the

==
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* Phil. Trans. 1808, p. 266.
+ 1bid. p, 276.
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of the body with varnish or oil. Should this, how-
ever, be done, the emission of the odorous particles
cannot be said to be prevented by the absence of any
cause required to attract them, but by the removal
of those circumstances which were necessary to fa-
vour their separation, or by the interposition of other
bodies which prevent their escape, even although
their separation be made.

634. In like manner, we consider the separation of
carbon from the other elements of seeds, so far to
resemble these operations, that, at the commencement
of germination, it is effected by the spontaneous
changes which arise in the seed, and not by the at-
tractive force of the oxygen of the air. When,
however, oxygen gas is supplied, its superior affinity
for the carbon of the seed leads to its combi-
nation with it, to the exclusion of nitrogen gas ; and,
by a subsequent agency, arising out of that combina-
tion, the development of the seed is accomplished.
Although, however, oxygen gas be necessary to
this particular ¢hange in the seed, we are not from
thence to conclude that it is necessary to every
change ; for we have seen that the seed experiences
other changes when no oxygen gas is present.
Hence, therefore, it appears to us that the carbon
yielded by seeds, both under decomposition and in
germination, proceeds, primarily, from spontaneous
changes excited in the seed itself, and that it is not
removed by the operation of an attractive force, ex-
erted by the surrounding oxygen.

685. What, then, are the circumstances or agents
which favour or promote that spontaneous change in
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chemical properties, penetrate, in a certain degree, the
pores of the seed, and there unite with its carbon,
after it has been brought into a state fitted for such
combination by the spontaneous changes described
above. All that we contend for, is, that the separa-
tion of the carbonic matter from the other clemments
of the seed is not effected by the attractive force of
the oxygen, but that the seed itself must have previ-
ously undergone changes, by which its carbon is re.
duced to a state fitted to combine with the surround-
ing air ; and so far is oxygen from being necessary
to abstract this carbon, that this substance is often
given off by the seed where no oxygen gas is pre-
sent. In ordinary cases, therefore, we believe the
union of carbon and oxygen to take place at the sur-
face, or, it may be, within the pores of the seed or
plant ; but if oxygen be not supplied in due quanti-
ty, to unite with and carry off the carbon, this sub-
stance will escape, in combination with nitrogen or
any gas that surrounds it, according to the laws of its
affinity for it ; or, if no gas be present, it then passes
off in an elastic form in union with oxygen (19.), deri-
ved either from the decompeosition of the seed, or of
the water which it has previously imbibed. Even in
hydrogen and nitrogen gases, carbon not only passes
off in a simple form, but also in combination with
oxygen (5.), derived from one or other of these
sources. \
640. Without attending to the state in which we
have supposed the carbon to pass off from living bo-
dies, some writers have imagined that we considered
it to be afforded in a solid form. It has, however,
been our aim throughout to establish the existence
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662. Besides this exhalation of carbonic matter
by the respiratory organs of animals, many facts tend
to prove, that, during the continuance of living ac-
tion, a similar change is eflected in the air by the
skin. Spallanzani found that some insects, which
possess no stigmata, consumed the oxygen gas of the
air by the medium of their skin; and the same of-
fice must be performed by the skin in many.worms
~and zoophytes, which possess no other distinct respira-
tory organ. Spallanzani farther observed; that the
skins of fishes effected changes in the air similar to
those produced by the gills * ; and M. M. Proven-
cal and Humboldt found, likewise, that the water in
which the bodies of these animals had been confined,
afforded the same aériform products as when they
were permitted to breathe by their gillst. In the
experiments of Spallanzani, the skins of serpents
were found also to consume the exygen of the air,
and to produce carbonic acid like the lungs ; and
frogs, after being deprived of their lungs, still lived
and consumed oxygen gas, which they appeared to
effect by the action of their cutaneous organ §.
Hence, then, the power of the skin to convert the
oxygen gas of the air into carbonic acid seems to be
possessed by all the lower animals.

663. From the results of various experiments by
De Milly, Cruickshank, Abernethy and Jurine, we
were before led to conclude (147.), that carbonic acid

® Rapports, &e. tom. 1, ps 187,

+ Mem. d’Arcueil, tom, ii.

1 Rapports, &c, t. 1. p. 250, § Ibid. p. 469.
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which point it remained stationary for many days.
The apparatus was then immersed in a trough of wa-
ter, and the alkaline solution was withdrawn under
water. A quantity of the residual air was then repeat-
edly washed in lime water, to remove all suspicion of
the existence of carbonic acid in it. Five different
portions of this air were next passed into separate
glass tubes, so as to occupy about half their volume,
and each tube was then filled with oxymuriatic acid
gas, obtained from oxymuriate of potassa and muria-
tic acid. The tubes were then closely corked under
water, and kept inverted in that fluid, and exposed
to the light of day, In 24 hours, one of the tubes
was uncorked under water, and the water immediate-
ly rose into it to a considerable height. A portion
of the remaining gas was then passed into another
tube, filled with pure lime water, but it produced in
it no discolouration, After two or three transmis-
" sions, however, carbonic acid was rendered manifest
by the whitish film which formed on the sides of
the tube, and by the white threads of carbonate
which, after a few minutes, fell down through the
body of the liquid, The gases in the other tubes
were examined in succession, and all afforded the
same phenomena, when transmitted through lime
water.

673. In farther confirmation of these facts we
placed portions of meat in a jar containing equal
parts of atmospheric air and hydrogen, and also in
another jar of pure hydrogen gas. Both jars were
inverted over water, and remained in their respective
positions for ten days. The residual gases were then
washed in lime water, till they ceased to produce
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