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XIV. On the Quantity of Carbon in carbonic Acid, and on the
Nature of the Diamond. By William Allen, Esq. F. L. S. and
William Hasledine Pepys, Esq. Communicated by Humphry
Davy, Esq. Sec. R.S. M.R. L. 4. ‘

Read June 18, 1807.
"T'iix estimates of the quantity of real carbon in carbonic acid

differing very widely, and the experiments of GuyToN DE
MorvEAU upon the combustion of the diamond, detailed in the

g1st volume of the 4nnales de Chimie, being liable to some

objections from the manner in which the operations were con-
ducted, we determined to institute a set of experiments, in
order, if possible, to settle the question.

LavoIsiEr, from the result of experiments apparently con-
ducted with much accuracy, concluded that every hundred
parts by weight of carbonic acid consisted of 28 carbon and 72
oxygene. This was in a great degree confirmed by the very va-
luable researches of SmiTusonN TENNANT, Esq. on the nature of
the diamond, an account of which is printed in the Transactions
of this Society for the year 1797, and which were made previ-
ously to the experiments of GuyTox ; but notwithstanding this,
the result of GuyTon’s experiment, which only allowed 17,88
per cent. of carbon to carbonic acid, has been adopted in all
the systems of chemistry to the present time.

In researches of this nature, the results are much influenced
by slight variations in the quality of the gas ; buthaving had re-
peated experience of the accuracy of the eudiometer described
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in No;’XII.. of this volume, we were enabled to proceed in this
respect with great confidence. |

.- Our object was, to consume certain known quantities of
‘diamond and other carbonaceous substances in oxygene gas,
.and we at-first determined to employ the sun’s rays, by means
of a powerful lens; but considering the uncertainty of a
favourable opportunity in this country, and at the season in
which eur experiments were made, we resolved to employ
the apparatus represented by the drawing.

Description of the Apparatus.

This consisted of two mercurial gasometers, fig. 1 and e,
each capable of containing from 7o to 8o cubic inches of gas.
The 'i'nitérnalcylinder CC is of cast iron, and solid, eXcept the
perforation through its middle; the external cylinder is also
of cast iron; and the glass receiver slides.up and down in the
space between them, which is filled with mercury : not more
than sixteen pounds are required for each, and the small bath
B, fig. 1. | | |

.To _ the top of each-receiver, a graduated scale or register
H, is. screwed, shewing the number of cubic inches of gas,
- measuring from the upper edge of the external iron cylinder.
The level of the mercury is ascertained by a small glass gauge.
The. registers were graduated by throwing up one cubic inch
of gas at a time.
. The gasometers stand upon mahogany stools, perforated
for a socket, to which, according to the nature of the experi-
ment, -a. small receiver R, or-the triple socket TS, or any
other combination, may be united.
P represents the platina tube with its furnance; the ends
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of the tube are mounted with female screws of ‘brass, to one
of which the acommodating screw socket AS was joined.

T is a double section of the platina tray which contained
the substances to be heated. Duri_ng» their combustion, it was
made to slide eaSil_ywithin the platina tube P. - The accommo-
dating socket and platina tray, are drawn considerably larger
in proportion than the instrument.

By means of the triple socket and the cocks, the gas was.
made to pass' freely over the substances in combustion, from
one gasometer to the other; and by shutting off the communi-
cation with the platina tube, while that with the small receiver
was open, any portion of gas in the gasometer, fig. 1. might
be transferred into eudiometers or measures standing in the
mercury bath M, for examination.

In order to discover whether the several sockets were air-
tight, after the apparatus was put together, the communication
with the gasometer, fig. 1, was closed, and the other communi-
cations opened; the receiver of the gasometer, fig. 2, being
raised, drew up a column of mercury in the small receiver R,
equal to two inches: the communication with the gasometer
was then closed, and the column was supported without alter-
ation. This was always tried previous to, and after every ex-
periment. As the joints would bear this degree of exhaustion,
we were confident they would resist a much greater pressure
than we had any occasion to employ. The glass tubes GG,
which connected the platina tube with the gasometers, enabled
us to observe any flash arising from the combustion of hy-
drogene which might be contained in the substances subjected
to experiment. In order to avoid prolixity, we shall generally
state the method which was invariably followed.

MDCCCVH. Nn
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‘We ' soon found - that oxygene?gas',*e'ven when secured in
bottles with ground glass stoppers, was not ‘always to be de-
pended upon, but was sens1bly deteriorated by keeping; and
therefore in all our experiments we made the gas within an
“hour or two of the-time of using it, and always from the hy-
peroxygenised muriate of potash. Its degree of purity was
‘constantly ascertained by the eudiometer before every experi-
ment, and was generally determined in about 10 minutes. The
solution employed was that recommended by Professor Davy ;
namely, the solution of green sulphate of iron saturated with
nitrous gas;* and whenever the diminution had arrived at
its maximum, and the gas began to increase in velume, we
substituted a simple solution of the green sulphate -of iron
for that saturated with nitrous gas, and always had ‘the most
satisfacic}ry results : for the simple sulphate absorbs any
nitrous gas which may have escaped from the saturated solu-
tion, and the residuum in this case enables us to ascertain ex-
actly the quantity of oxygene contained in the gas.

‘We determined to make our first experiment with charcoal,
and as Morozzo and Rouppe had ascertained the absorbing
properties of this substance, and-as our results must obviously
be influenced by it, our attention was directed to this point, the
followmg quantities of different kinds of wood, sawed into slips
2 of an inch were weighed.

White Fir,  goo grains.
Lignum Vite, 8co
Box - - 400
Beech - - 500
English Oak, 250
Mahogany - 200

* This solution absorbs oxygene much more rapidly in warm weather than in cold,
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“These slips. were ‘put: into: small- crucibles; and. completely
covered with: dry: sand.. Heat was.very: gradually applied at
first, until the volatile parts were dissipate(i - they were then
kept about 4o minutes in-a white heat. On _being collected
and weighed, while still warm, the charcoal from ‘each was as
follows :

Fir, - - 54~»5 grs equal to 18,17 per cent
ngnum Vite, 138 """ - - 17,25
Box - 81 - - 2025
Beech - 75, - - 15
Oak - 485 - - 1740

Mahogany 31,5 1575
These being exposed to the air durmg one week increased in
wexght thus

Fir, - - 13 per cent.
Lignum Vite, 9,6

Box - - 14

Beech - 16,3

Oak - - 16

Mahogany 18

Certain quantities being confined in common air increased very
little in wéight, and allin the same proportion; we are there~
fore much inclined to think that #is increase is owing to an
absorption- of water. from the air; and we repeatedly found
that the greatest increase: of weighttook place in the first hour
or two after exposure, and arrived at its maximum in less than
24, hours, as the following' experiment, selected from sevgral
others, will prove.

40 gra,lns of charcoal from willow. wood whlch had been put

.....

an
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“were removed from the fire, were exposed in the scale of a de-
“licate balance, in a room where the thermometer was 62°Fau-

RENHEIT, barometer go,26.
Grains. Total Increase, . Time."

6 oclockP M. 40
Lpast - 40747

7 - - 48+6 = 13 1 hou
LIpast - 41,6+4,3 = 1,6 1 hours.
8 - - 4184, = 18 2 hours.

The pieces were now spread out on paper after every weigh-
ing, to expose them more completely.

Lopast8 - 4254 .7 = 2,5 - 2% hours.
9 - - 42843 = 28 3 khours.k
Zpast - 431 4,3 = 3t 85 hours.

I

3,3 4 hours.
3,4 4% hours.

10 - - 48812
7 past - 4341

Here it was left all night.
10 A. M. - 45 +16

4 P.M. - 45

Al

5 16 hours.

I

6 - - 445— 5 = 45 24 hours
9 - - 44d4— ;1 = 44 27 honrs.
Next day.

; past 8 A. M. 44,9 + ,5 4,9  88% hours..
past 1 P. M. 44,7 — 47  48% hours.
10 - - 4405 — ,2 = 4,5 52 hours.

Hence charcoal seems to act as an hygLometer its greatest
increase was 5 grains on 49, or 12 5 per cent. And in order to
ascertain to what the increase of welght was owing, we put
27,25 grains of charcoal, which hadbeen thus exposed, into a
small bottle and tube connected with a receiver standing in
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the mercury bath, the whole of the vessels being also filled
with mercury in order to exclude common air. Heat applied
by an ArcaND’s lamp produced gas equal to about half the bulk
of the charcoal; but as soon as the temperature of the mercury
rose to 214° FAHRENHEIT, elastic fluid streamed from every
piece of charcoal, which quickly condensed,and 1% inch of the tube
was occupied with water. This proved that our suspicion of
the increase of weight being principally attributable to water,
was well founded. | 4 ' '

The résult of these, and other experiments, plainly pointed
" out the precautions which were necessary in order to obtain an
“accurate result with charcoal ; for if we had weighed 4 grains
of the charcoal a few hours after it was made, we should only
in fact have had 8,5 grains of real charcoal, and our calculations
would have been erroneous. To avoid this source of error,
we subjected our charcoal to a red heat immediately before .
using it, and also weighed it as speedily as possible ; in fact,
while it was still warm. It may be proper to state, that our
weights were such as we could thoroughly depend upon.

‘The volume of gas being so much influenced by temperature
and pressure, these were noted during every experiment; and
thermometer 60° FAHRENHEIT, barmometer go°, were assumed
as the standard. Gay Lussac remarks, that from go°to 212°
FAHRENHEIT, dry air expands 0,00208, or %5 part of its bulk
for every degree of the thermometer. DaLtoN makes it
0,00020%, Or 4= part; we therefore divided the whole quan-
tity of gas by 480, and multiplied the quotient by the degrees
of difference under 60°.

It being of great consequence in these experiments to know
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the exact weight of a given quantity of oxygene and carbonic
‘acid gases, we-resolved to examine for ourselves, whether the
statements already given were quite correct, and accordingly
made carbonic acid over mercury from Carrara marble and
diluted sulphuric acid, which being tried with lime water in
PepyYs’s eudiometer, was all absorbed in g minutes except 1
part in 100. We used two charges of lime water, though one
would have been sufficient.

A glass globe being exhausted by an excellent air pump,
was- exactly balanced on a beam sensible to a minute portion
ofa grain; then being screwed upon one of the glass receivers
of the mercurial gasometer previously filled with.carbonic acid
gas, 21 cubic inches entered. The globe was now increased in
weight by 10,2 grains. In order to be certain we repeated the
experiment, with exactly the same results. The 21 cubic
inches were to be brought to the mean temperature and pres-
sure, as the thermometer stood at 44° FAHRENHEIT, the ba-
rometer 29,86. '

21 480)21,00 (0,043 60’
,68 add for temp. 1 44
21,68 0,688 add for temp. 16 diff.

Correction for Pressure.
g80:29,86 :: 21,68 : 21,58
The volume therefore at mean temperature and pressure would
have been 21,58 cubic inches.
21,58 : 10,2 1 : 100 : 47,26
Consequently 100 cubic inches of carbonic acid gas at mean
temperature and pressure weigh 47,26 grains.
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We next tried oxygene gas from the hyperoxygenised
muriate. of potash made over mercury, and which by the eudi-
ometer left only a residuum of 2 parts in1co. The glass globe
exhausted -as before, and weighed, was screwed on to the
glass receiver of the mercurial gasometer containing oxygene,
and 21 cubic inches entered, by which it increased in ‘weight
7,3 ‘grains. This experiment was repeated with ‘:exyactl_yf the
same- re‘sult. - The thermometer and barometer remainingthe
same; we take the volume as before corrected.

21,58 cubic inches.
21,58 7,8 : : 100 : 33,82
~Then 100 cubic inches of oxygene gas at mean temperature
and pressure weigh gg,82 grains. After these experiments,
we examined Davy’s researches on nitrous oxyde, and had
the satisfaction to find that his estimate, both of carbonic acid
and oxygene gases, agreed almost exactly with ours.

The next point was to ascertain whether lime water would
take the whole .of the carbonic acid gas from. a mixture with
oxygene, or common air ; .we therefore mixed a known quan-
tity of carbonic acid gas with a certain quantity of common air,
and on trying it with our eudiometer and lime water, the whole
of the carbonic acid gas wasin a short time absorbed. We
also found, that though the solution of green sulphate. saturated
with nitrous. gas would not take up the whole of the carbonic
acid gas, yet the simple green sulphate, merely by its water
of solution, absorbed it very readily.

It may be proper to notice here, that thaugh we repea.tedly
tried the oxygene procured from hyperoxygenised muriate of
potash by the eudiometer and lime water, it never gave the
least trace of carbonic acid.
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Ezxperiment with Charcoal from Box-wood.

The thermometer being at 42° FAHRENHEIT, barometer at 30,2,
wekeptsome box-wood charcoal red hot fora considerable time
under sand, and weighed 4, grains as expeditiously as possible ;
this being put into the platina tray, was pushed to the middle of
the platina tube ; the oxygene (made from hyperoxygenised
muriate of potash over mercury) was contained in gasometer
No.1; No.2 was empty. Every thing being adjusted and found
perfectly air-tight, the communication with the small receiver
R was closed, and the common air contained in the tubes and
sockets, amounting only to 2,84, cubic inches, was driven out
by a pressure of oxygene from gasometer No. 1: when several
cubic inches had passed into gasometer No. g, the gas was let
out by opening the cock atthe top of its glass receiver, and pres-
sing itdown ; the cock being then closed, the gasometer No. g,
was completely empty, and the whole of the gas from No. 1
was driven through the tubes into No. ¢, and back again. The
common air having been previously withdrawn from the small
receiver R, we tried the purity of our oxygene bythe eudiome-
ter in the manner before described, and found a residuum of
g parts in 100: we then disengaged as much gas as reduced
the quantity to 47 cubic inches by the register or scale; to this
must be added the contents of the tubes and sockets 2,84, cubic
inches, making the total quantity of oxygene employed 49,84

cubic inches. - ,
Correction for T'emperature.

49,84 480)49,84( 0,103 60°
1,85 for temp. 18 42
51,69 1,854 add for temp. 18 diff.

£ ———— ——
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- Correction for Pressure.
801:80,2: : 51,69 : 52,03.

‘The volume; therefore, at mean pressure and temperature,
would have beeen 52,03 cubic inches.

Wenowlighted a firein the small black lead furnace underthe
platina tube, and as soon as it became red hot, opened the cocks
and passed the gas from No. rto No. 2, when the'charcoal enter-
ed into vivid combustion, and heated the platina tube white hot.
The operation was:repeated: many times during 6 or 7 minutes,
by pressing alternately upon the glasses of the gasometers. Not
the least flash of light was observable in the glass connecting
tubes G G, nor the smallest appearance of moisture. The fur-
nace being removed, the tube was now cooled by the application
of wet cloths ; and when all was reduced to the temperature of
the room, we pressed upon the glass of gasometer No. 2, so as
to force all the gas into No. 1. The cock below being closed,
we tried the tubes, &c. and found them perfectly air-tight. We
next unscrewed the tube and took out the platina tray; but it
only contained a light white ash, somewhat resembling the
shape of the pieces of charcoal, and weighing only ,o2 of a
grain. On observing the register of No. 1, it indicated ex-
actly the quantity of gas that we began with, so that although
3,98 grains of charcoal had been dissolved, the volume of gas
was unaltered by it ; a circumstance which had been remarked
before by Lavoisier. The small receiver R was now nearly
full of mercury; the communication with the gasometer being
opened, the large glass receiver was gently pressed upon,
until several cubic inches were forced through the receiver R,
and tube K, in order to clear the latter of common air. This
being done, on trying our gas with the eudiometer and lime

MDCCCVII, Oo
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water, 56 parts were absorbed out of 100. These of course
were carbonic acid gas ; the test for oxygene absorbed 41, and
a residuum of g was left, which was exactly what we began
with. This is a striking proof that nothing but carbonie acid
was produced in the experiment. \
100 : 56 : : 52,08 : 29,18.
Then 29,18 cubic inches of carbonic acid gas were produced.
100 : 47,26 : : 29,13 : 13,76.

These 29,13 cubicinches of carbonic acid gas would therefore
weigh 13,76 grains.

The charcoal weighed 4 grains.

The residual white ash =~ 0,02

Charcoal consumed ~ 3.98 grains.

Thenif 18,76 grains, the weight of the carbonic acid produced,
contain 8,98 of charcoal, ‘100 grains must contain 28, ge.
13,76 : 3,98 : : 100 : 28,92. |

Then, according to this experiment, 100 grams of carbonie
acid gas contain 28,92 charcoal
The gas before the experiment consisted of

Oxygene 50,47 cubic inches.

Azote 1,56

52,03

After the Experiment,
Carbonic acid 29,13 cubic inches.
Oxygene 21,34
Azote - 1,56

52,03
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Now as the volume of gas was unaltered, it will be fair to
consider the quantity of oxygene gas consumed as equal to
the carbonic acid produced, or 29,13 cubic inches.
Then, if 100" cubic inches of oxygene weigh 33,82 grams,
99,1 3 cublc mches will weigh 9 85 grams
100 : 83,82 : : 29,13 : 9,85.
"I'he weight of oxygene consumed was therefore 9,85 grains.

Charcoal consumed - = - - 3,98
Carbonic acid from this statement 13,83 grains;
Ditto by calculations on carb. acid gas 13,76

07

13,83 : 3,98 : 100 : 28,%77. )
Thus, calculating by the oxygene consumed, 100 grains of car-
bonic acid gas contain 28,74 charcoal.

First Experzment on Diamond.

Thermometer 56° FAHRENHEIT, barometer §o,20.

Our oxygene was made as in the former experiment: it
contained no carbonic acid; and on being tried with the im-
pregnated green sulphate, left a residuum of g parts in 100.

Having selected nine of the clearest and '‘most transparent
Brazil diamonds, we found they weighed 8,95 grains. These
were ranged in the platina tray, which was placed in the tube,
and the whole apparatus, adjusted as before, was perfectly air-
tight. The quantity of oxygene was 49,84, cubic inches, as in
the last experiment. The same precautions were used to secure
accuracy in the results as in the former experiment; and it
would only be an upnecessary intrusion on the time of the
Society to repeat them The platina tube was heated red-hot,

QOoe
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and kept so for»tengmix‘m;es;”durihg this time the gas was
repeatedly passed from one gasometer to the other; “the tube
did not become white hot, as in the experiment with charcoal,
because in this case the combustion went on more slowly.
When every thing was cooled to the temperature of the room,
the gas was all passed into No. 1, by pressing down the receiver
of No. 2, and the volume was precisely the same as when we
began the experiment. On drawing out the tray, we observed
that some of the diamonds were reduced to a minute speck, and
all of them resembled Opake, white enamel: there was_no
discoloration in the tray, nor any residual ash whatever ; the
unconsumed parts weighed 1,46 grains ; the original weight
was 3,95
1,46

consequently 2,49 grains were consumed.

‘'We could not perceive any dullness on the surface of the
mercury in the gasometérs, or any appearance of moisture.
On introducing lime water to 100 parts of the gas in the
eudiometer, a dense white precipitate was formed, and g6 parts
absorbed; the test for oxygene absorbed 60, and a residuum

of 4 was left.
Correction for Temperature.

60° 480)4‘9,8’4}(0,103 49,{84«
56 4 - »41 add for temp.
4, difference. 412 50,25

——

Correction for Pressure.
80 ¢ 80,20 :: 50,25 : 50,58.
“The quantity of oxygene at the mean was 50,58 cubic inches.
100 : 86 : : 50,58 : 18,20 cubicinches.
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The quantity of carbonic acid gas produced was 18,20 cubic
inches. ‘ |
100:: 47,26 : : 18,20 : : 8,60 grains.

8,60 : 2;49 3 100 : 28,95.
Then 100 grains of carbonicacid gas contain 28,955 of diamond.

-..Calculation by Oxygene.
100: 83,82 : : 18,20 : 6,15 grains of oxygene consumed
2,49 grains of diamond.

W——

8,64
Calculation by-carbonic acid 8,60

Semdnieehy

;04 difference.

‘8,64:2,49::100:28,81.
Thus if we calculate upon the oxygene consumed, 100 grains
of carbonic acid gas contain 28,81 of diamond.

Second Experiment on Diamond.

- Thermometer 48° FAHRENHEIT, barometer 30,08. Oxygene
gas made as usual, left a residuum of g parts in 100.

Eleven small diamonds, weighing 4,01 grains, were put into
the tray. We began with 49,84 cubic inches of oxygene ; and
every thing being prop‘érly‘adjusted, kept the platina tube red-
hot for a quarter of an hour, and during this time the gas was
passed from one gasometer to the other, as in the former ex-
periments. When the tubes, &c. were cooled down, to the
temperature of the room, all the gas was transferred to gas-
ometer No. 1. and the volume was exactly the same as before
the experiment. On examining the tray, all the diamonds were
entirely consumed and not a vestige left.
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Lime water absorbed : 57,5 parts from 100,
The test for oXygene 89,5
Residuum - '3

100

Correction for Temperature.

60° 0,103 49:84
48 12 1,23
12 diff. 1,286 add for temp. 51,07

Correctlon for Pressure.
80 : 80,08 :: 51,07 : 51,20.
The volume of gas at the mean was therefore 51,20 cubic

inches, |
| 100: 57,501 1 51,20 20,44
Then 29,44, cubic inches of carbonic acid gas were produced.
| 100 : 47,26 1 : 29,44 ¢ 18,91,
18,91 : 4,01 :: 100 : 28, 82
Then, according to this experiment, 1oo ‘grains of carbonic

acid contain 28,82 diamond.
Calculation by Oxygene.
100 : 33,82 : : 29,44 : 9,95 grains of oxygene consumed
4001 of diamond.

13,96
Calculation by carbonic acid 13,91

,05 difference.

13,96 : 4,01::100 :28,72.
Then, calculating by the weight of oxygene employed, 100
grains of carbonjc acid contain 28,72 diamond,
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"The precipitate in lime water from the gas produced in the
combustion of diamond, appeared to us denser than that from
the combustion of charcoal.

In order to see how far the weight of the precipitate of car=
bonate of lime would agreee with the results of the foregoing
experiments, we drew off 20,5 cubic inches of the gas which
had been thus altered by the combustion of diamond in the
last experiment by the register H, and received it in bottles
over mercury; then admitting lime water, we obtained a co-
pious precxpztate of carbonate of lime, which being drled at the
temperature of 212° FAHRENHEIT, weighed 12 grains, ‘

But as the 20,5 cubic inches require the same corrections to
bring them to the mean temperature and pressure; we say,
as the actual volume of all the gas is to its correction, so is_
the quantity drawn off to that which it would have been at
the mean :

49,84: 51,20 : 20,50 : 21,06, the volume after the corrections
were made.

Then, to find how much carbonic acid was contained in these.
21,06 cubic inches, we state it thus: As the total Aqliantity of
gas after the experiment is to the total weight of carbonic acid
gas found by calculation, so is the quantity of gas experimented
upon to the weight of carbonic acid gas which it ought to have

contained,
51,20 : 13,91 : : 21,06 : 5,72 grains.

Every 100 grains of precipitated carbonate of lime contain
44, grains of carbonic acid; 12 grains were procured in our
experiment. 100 : 44, :: 12 : 5,28
"Therefore the carbonic acid contained in our precipitate of 12
grains weighed 5,28; by calculation it should have weighed
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5,72+ this'is-as near aswe hadra right'to expect from the dif-
ficulty of collecting:the ‘precipitate.

Stone Coal.

- Upon the. suggeﬁﬂo& of our:mutual friend Professor Davy,
we'next-examinedthe results-of the combustion of stone coal
and plumbago ; thermometer 57° FARRENHEIT, barometer
29,65.

The stone coal from Wales; employed by maltsters, is well
known to éontainilittle or no maltha or: mineral pitch; and to
burn without flame.

A portion-of this coal was placed under sand in a crucible,
and:exposed to a.strong heat for one hour; 4 grains of it thus
prepared were put into the tray : our oxygene left a residuum
of 5 parts in:100, and: we:began with 49,84, cubic inches as
usual. The tray being placed in the platina tube was heated
‘to redness-for about 10 minutes. 'When the gas was first pas-
sed, we thought we saw a flash in the glass tubes. On suffer-
ing 'the whole to- c_ool. the quantity of gas still remained the
same, and the tray being drawn out contained only ,5 of a grain
unconsumed. From:the gas thus charged with g,5 grains of
coal,

Lime water absorbed 53 parts from 100.
The tests for oxygene g9

Residuum - '8 oran increase of+g.

100 .

Correction for Temperature.

6q° 0,103 49,84«
57 8 ,80 :

g diff. 0,309 add for temp. 50,14,

S —
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Correction for Pressure,

80:29,651: 50,14 : 49,55
The quantity of oxygene at the mean was therefore 49,55
cubic inches.

100 : 53 : 40,55 : 26 26.
Consequently 26,26 cubic inches of carbonic acid .gas were

produced.
100 : 47,26 : : 26,26 : 12,41 grains.

12,41 : 8,50 : : 100 : 28,20.
Then, according to this experiment, 100 grains of carbonic
acid gas contain 28,20 of coal.
Calculation by Oxygene.
100 : 33,82 : : 26,26 : 8,88 grains of oxygene consumed.

9,50 coal
12,35~
Calculation by carbonic acid 12,41
by oxygene 12,38
difference B ,03

Here, contrary to what happened in other experiments, the
calculation by carbonic acid rather exceeds that by oxygene:

12,38 : 8,50 : : 100 : 28,27. '
Calculating therefore by oxygene, 100 grains of carbonic acid
contain 28,27 of coal.

Ezxperiment with Plumbago.
Thermometer 44° FAHRENHEIT, barometer 29,‘94.
4 grains of plumbago, from a very fine specimen belonging
to Dr. BaBiNGTON, were put into the tray. Our oxygene left
MDCCCVIIL. Pp
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“a residuum of ¢ parts in 100, and we began with 49,84 cubic
inches. The tray, with:its contents, being placed in the platina-
tube, was heated to redness for a quarter of an hour, and the
gas made to pass gver it several times. When all was cool,
the original quantity was nelther increased nor diminished,
and on ‘withdrawing the tray we found only ,e of a grain of
oxide of iron; so that this specimen of plumbago contains
only 5 per cent. oxide of iron.

The gas being now examined,
Lime water absorbed 55 parts from 100
“The tests for oxygene 42
Residuim =~ -~ - goran increase of 1 per cent.

100

Correction for Temperature.

60° 0,108 49,84,
44 16 1,64
16 diff. 1,648 add for temp. 51,48

Correction for Pressure.

80:29,94° 15148 : 51,87
The quantity of oxygene at the mean would be 51,87 cubic
mches '

100: 55 51,87 :28,25.
Therefore 28,25 cubic inches of carbonic acid gas were pro-
duced. ,

 100: 47,26, :: 28,25 18,45 grains.
18,35 : 8,3 11 100:: 28,46,

Then, according to this experiment, 100 grains of carbonic
acid contain 28,46 of the carbonaceous part of the plumbago.
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Calculation by Oxygene.
100 : 33,82 : : 28,25 : 9,55 grains of oxygene
consumed 3,80 plumbago.

13,85
Calculation’ by carbonic acid 13,35

First Ex’perz’ment on animal Charcoal.

. Thermometer 60° FAHRENHEIT barometer go,23.
Muscular ﬁbre dlstllled in a coated glass retort left a black

shmmg coal, 4 grains of which were put into the ‘tray. Our
oxygene left a residuum of ¢ parts in 100. The tray and its
contents being- placed in the platina tube, was heated to red-
ness for 8 minutes. The first time the gas was passed, a lam-
bent flame filled the whole length of the glass tube, and the
gas became turbid or milky, It was passed frequently through
the heated tube, but we observed no repetition of the flashes.
Hence we conjecture that if the diamond had contamed hy-
drogene, we should probably have had a similar appearance.
After the expemment all the apparatus was, as usual, perfectly
tight, and the volume of gas unaltered. On examining the
platina tray a minute portxon of charcoal remained, and a quan-
tity of saline matter adhered to it so. firmly, that it became
difficult to ascertain the quanntv of carbon consumed, and we
fox‘bore to make the calculation; we however examined the
‘gas‘,

Lime water absorbed = 40 parts from 100

The tests for oxygene 54

Residuum - - 6 oran increase of 4 per cent.

100

Ppe
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Second Experiment on animal Charcoal.
Thermometer 59° FAHRENHEIT, barometer 29,45

Some of the animal charcoal of last. experlment was heated
to redness under sand for one hour. 4 grains were placed in
the platina tray ; and as We were so much embarrassed in the

last experiment with the-saline matter thch adhered to the
tray, we exactly balanced it with its'contents.''Our oxygene,
made as usual, lefta res1duum of 2 parts in 100, and we began
with 49,84, cubic inches. When every thmg was adjusted, and
the platina tube red hot, én passmo the oxygene flashes resem-
bling llghtnmg ran anng the glass tube ; “and this was repeated‘
‘5 or 6 times. The whole of the gas became Very cloudy, ex-
hibiting a turbid mllky appearanoe "The tube was rendered
white hot by the combustion of the carbonaceous matter m
oxygene. The fire was kept up about 8 minutes, and the gas
passed several times. When all was cool, we could observe
no alteration in the volume of gas by the register. . The tray
contained a mixture of salts ; and being weighed, was lighter
by 8,2 ‘grains. This loss was not wholly carbon, for it is well.
known that animal substanceé contains a variety of salts, as
phosphates, muriates, &c. some of which, though not volatile
in a low red heat, might be deecomposed and dissipated in the
intense “white heat produced by the combustion of the car~
bonaceous matter in oxygene; and we accordingly found the;
internal parts of the gasometers and tubes very slightly co+
vered with a sort of efflorescence. On examining the gas after
the experiment,,
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Lime water absorbed 41 parts from 100

The tests for oxygene 55

Residuum - ° - 4 or an increase of e.
100

Correction for Temperature.

6o~ 49,84
59 ;10 add for temp..
3, diff. or 0,108 49,94

~ Correction for Pressure.
80: 29,45 - : 49,94 : 49,02
The quantity of oxygene at the mean would therefore’ be:
49,02 Cubic inches.
100 : 41:: 49,02t 20,09
The carbonic acid gas produced was therefore ‘20 ogictibit
inches.
100 : 47,26 : : 20,09t 9,49’
and this carbonic acid weighed 9,49 grains.

Now the coal in the tray had lost g,2 grains ; butias the
‘whole of thiswas not carbon, but part of it :volatile 1saline’
matter, &c. we shall endeavour to estimate the carbon by the;
experiment on plumbago. When 13,35 grains of carbonicacid:.
eontained g,80 grains of carbon,

, 13,85 : 3,80 : 1 9549 : 2,70.:

The quantity of carbonic acid produced in this experiment,.
thierefore, contained 2,70 grains of carbom.

Loss 3,20

Carbon. 270

Leaves ngfor volatile saline matter, &
So that this being——g?anted, the present experiment agrees:
with the foregoing.
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In two of our first experimerits- with- box~wood charcoal,
the calculations gave us in one case 29,75 parts of carbon in
100 of carbonic acid, and in the other 3o,68; but we were not
then fully aware of the absorption of water by charcoal, which
rendered the quantity of real carbon employed less than in-
dicated by the weight. Also in another experiment, in which 4
grains of diamond were consumed, the calculation gave us 29,06
per cent. of diamond in carbonic acid ; but apprehending that
a slight degree of inaccuracy had crept into this experiment;
we have not detailed it with the rest; but we have thought it
right to give a simple statement of matters of fact; in no one
instance have we endeavoured to strain or accommodate these
to suit any particular theory, being fully aware that every ex-
periment, carefully made and faithfully recorded, will remain
an immutable truth to the end.of time, while hypotheses are
constantly varying, and even the most heautiful theories are
liable to change.
The experiments above related give us the following results.

. By carbonic Acid, By Oxygene.
Box-wood charcoal . 28,92 28,77
istexpt. diamond 28,095 28,81
od expt. diamond 28,82 2872
Stone coal - .28,20 28,25
Plumbago - 2846 28,46

5)14885 51458

mean 28,67 28,60

L s d

Hence we conclude that 100 grains of -carbonic acid contains
28,60 of carbon, which does not greatly differ from the results
of the experiments of Smitnson TENNANT, Esq. on the nature
of diamond. See Phil. Trans. 149%.

This gentleman made his experiment in the following
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manner. A quarter of an ounce of nitrate of potash was ren-
dered somewhat alkaline by exposure to heat, in order that it
might more readily absorb carbonic acid; it was then put into
a gold tube with % grains of diamond, and being subjected to
heat, the diamond was converted into carbonic acid, by uniting
with the oxygene contained in the nitric acid. The carbonic
acid thus produced combined with the potash, and on pouring
a solution of muriate of lime into a solution of this salt, he
obtained a precipitate of carbonate of lime : this being decom-
posed by muriatic acid, gave as much carbonic acid gas as oc-
cupied the space of 10,1 ounces of water. The thermometer
was at 55 FaurenueiT, the barometer 29,80. In. a second
experiment he procured a larger quantity, or equal to 10,3

ounces of water. A . ‘ _

+ If we therefore consider an ounce of water as consisting of
480 grains, and a cubic inch of water equal to 253 grains, and
then make the proper corrections for temperature and pres-
sure, one of his experiments will give about 2% per cent. the
other about 27,80 for the carbon in carbonic acid, which is

somewhat less than our estimate ; but the difference may easily

be accounted for, from the different methods employed.

‘The experiments of GuyToN, as detailed in the Annales de
Chimie, vol. XXXI, page 476, are liable to very strong objec-
tions ; but at the same time the candid manner in which he
has related every circumstance merits considerable praise. It
is impossible, however, not to observe, that the quantity of
gas before and after the experiment could not, from the con-
struction of his apparatus, be very rigorously ascertained. We
object also to nitrous gas as a test for oxygene; and as it is
acknowledged that the wooden support included in the oxy-
gene gas took fire, the product of carbonic acid must have
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been influenced by it ; so that if no chance of error had existed.
in estimating the carbonic acid gas from the residuum after
barytic water had' absorbed a part, still the result would not
have been satisfactory.
The experiments which we have had the honour of laying
“before this Society prove several important points :
~1st. That the estimate given by LAvoisier, of 28 parts of
~«arbon in every-1oo parts of carbonic acid, is very nearly cor-
rect; the mean of our experiments makes it 28,60.
adly. That the diamond is pure carbon ; for had:it contained
“any notable proportion of hydrogene, it must have been dis-
covered, either by detonating with the oxygene, as in the case
of animal charcoal, or by diminishing the quantity of oxygene
gas. |
gdly. That well burnt charcoal contains no sensible quantity
of hydrogene; but if exposed to the air for a few hours it
absorbs ‘moisture, which renders the results uncertain.
4thly. That -charceal can no longer be considered..as an
oxide of carbon, because, when properly prepared, it requires
quite as much oxygene for its -combustion .as the diamond.
"This is also the case with stone coal and plumbago.
sthly. It appears that” diamond. and all carbonaceous sub-
stances:(as far as our present methods of analysis are capable
of demonstrating the£ nature) differ principally from-each
other in-the state of aggregation of their particles. BERTHOLLET
~ has well remarked, that in proportion as this is stronger, de-
composition is more difficult: and hence the variety of tempe-
ratures required for the combustion of different inflammable
substances.
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