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Heats of Combustion and Formation of Cyclopropane!
By John W . Knowlton 2 and Frederick D. Rossini
The data of this investigation give tJ.Hco = - 2091.38 ± 0.54 absolute ki lojo ul es (or
-499.S5 ± 0.13 kcal) per mole, at 25 ° C for the heat of combustion of gaseous cyclopropane
in oxygen to form gaseous carbon dixoid e and liquid water. i~Tith this value, the heat of
formation of gaseous cyclopropane, from solid carbon (graphite) and gaseous hydrogen
each in its thermodynamic standard reference state, is calculated to be tJ.Hr = + 12.74
± 0.14 kcal/ mole, at 25 ° C. The heat of isomerization of gaseous cyclopropane into ga eous
propylene is calculated to be tJ. 1'[ 0 = - 7.86 ± O.lS kcal/mole, at 25 ° C.

I. Introduction
Two determinations of the heat of combustion
of cyclopropane are reported in the li terature; one
by Thomsen (1] 3 in 1886 and one by Berthelot
and Matignon [2] in 1893. The values differ by
7.5 kcal/mole or l.5 percent of Lhe measured valu e.
B ecause of the increasing importance of cyclopropane in science and industry, it was desirable
to determine the heat of combustion of cyclopropane wi1h present-day apparaLu and materials.
This r eport gives the resulLs of m ea urem ents of
the heat of combustion of cyclopropane and calc ulations of its h eat of formation from the clemen ts
and its h eat of isom eriza tion to propylene.

II. Unit of Energy, Molecular Weights,
Uncertainties
The unit of energy upon which values reported
in this paper are based i the absolu te joule,
derived from mean solar seconds and absolute
ohms and volts, in terms of which certification of
standard resistors and cells is made by this Bureau.
For conversion to the conventional thermochemical
calorie, the following relation is used (3,4]:
1 calorie=4.1840 absolute joules.
The molecular weight of water, the mass of
which was used to determine the amount of
1 This investigation was completed in 1940, but the preparation of the rc'
s ults for publication was delayed by the transfer of th e senior author to work
in the U . S. Bureau of Agricultural and lndustrial Engineering and the
U. S. Bureau of Mines.
2 Deceased.
3 Figures in brackets indicate the litera ture references at t he enel of this
paper.

r eaction, was taken as 18.0160from the 1947 table
of international atomic weights [5].
Th e uncer tainties assigned to the various quantities deal t with in this paper were derived, where
possibl e, by a method previously de eribed [6] .

III. Method, Apparatus, and Materials
The same method and apparatus were used as
in the Lllvestigation on the h eat of combustion
of propylene previously reported by the sam e
authors [7] .
The cyclopropane was prepared from commercial
cyclopropane of anesthetic grade manufactured by
the Monsanto Chemical Co. In this laboratory,
the cyclopropane was purified by fractional distillation with the sam e apparatus and procedure
as was used for propylene [7]. The center half of
the distillate was selected as the "best" portion.
The purity of this cyclopropane was determined
from measurements of freezing points, according
to a procedme previously described (8,9,10],
with the following results: freezing point of the
actual sampl e, in a ir at 1 atmosphere, - 127.53
±0.01 deg C; calculated freezing point for zero
impurity, in air at 1 atmosphere, - 127.42 ± 0.04
deg C; calculated amount of impurity, 0.0034±
0.0012 mole fraction. It is calculated that the
effect on th e heat of combustion of this amount
of the most probable impurity, propylene, would
be 0.005 percent.
In the combustion of cyclopropane, the products contained carbon monoxide in an amount,
on the average, corresponding to 0.00028 ± 0.00007
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TABLE

1.

Calorimetric results of the electrical en ergy experiments for cyclopropane

I

Energy equivalent ca.Iorim-

eter system a

Number of

k

t:.R '

experiments

min- l
0.ooJ949

Ohm

12

{

0.389772

K

Electrical

U

energy 2

Ohm

Ohm

0.009668

0. 000234

abs j

57, 087.5

Mass of calorimeter water

q
3542.85

to

to

to

to

to

to

0.413989

0.002000

0.010434

0.001080

60,918.3

3551. 41

Standard

Mean

deviation of

abs j/ohm

abs j fohm

} 150, 746.2

±9. 9

the mean

1 The average temperature of the calorimeter was between 24.97° and 25.03° C in all experiments except one in whicb tbe average temperature was 25.09° C.
• Tbe time of electrical energy input was 1500.00 sec. in eacb experiment except one wbere tbe time was 1440.00 sec.
a Adjusted to 3550.00 g of water and an average temperature of 25.00° C.

TABLE

2.

Calorimetric results of the reaction ex periments f01' cyclopropane

Number of
I!.R l

experi -

K

k

ments

U

Electrical
energy
equivalent
of calorim-

eter
system '

Heat of combustion '
uGas"

energy a

"Vaporizat..ion"

e nergy

( -U-Ic )

Mass of
water form ed
in the reaction

t

Standard

Mean

de\' iation

I
14

{

Ohm

rnin- 1

Ohm

Ohm

abs j/ Ohm

j

j

0.395633

0.00]951

0.009555

0.000237

150,453

-5.3

-268.8

q
1. 50845

to

to

to

to

to

to

to

to

0.397962

0.001999

0. 010429

0.000609

150,833

11. 7

-310.0

1. 51795

abs kjfmole

}

2091. 33

of tbe mean
abs kjfmole

±O.IS

,
The average temperature of the calorimeter was between 25.01° and 25.02° C in all experiments.
Corrected to the actual mass of water in tbe calorimeter can in each experiment and including tbe b eat capacity of one-half the mass of water condensed in
tbe reaction.
a Tbe "ignition" energy was 22.4 j in each ex periment except in two experiments where it was 31.4 j and 33.6 j due to the nse of sparking times of 14 and 15
sec, respectively, instead of the usual 10 sec .
• 'rhe amount of reaction was determined from the mass of water formed in tbe combustion.
, Inclndes a correction of + 0.011 ±O.003 percent because of the presence of a small amount of carbon monoxide in the exit gases.
1

2

mole fraction of the total carbon. 4 This necessitated a correction (see next section) of + 0.01l
± 0.003 percent to the observed heat evolved in
the calorimetric combustion experiments in order
to obtain the heat that would have been evolved
had all the carbon appeared as carbon dioxide.
In eleven experiments in which the masses of
water and carbon dioxide formed in the combustion were determined, with correction made for
the 0.00028 mole fraction of carbon not formed
as carbon dioxide, the mean value of the ratio
of ~he number of moles of carbon dioxide to the
number of moles of water was 0.99989 with a
standard deviation of ± 0_00006_

IV. Results
The experimental results on the determination
of the energy equivalent of the calorimeter system
are summarized in table 1, which gives the following data: the number of experiments performed; the minimum and maximum values of
• The tests for carbon monoxide were kindly made by E. C. Creitz of tbe
Gas Chemistry Section of t his Bureau.
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flR, k, I{, U, electrical energy, mass of calorimeter
water; and the energy equivalent of the calorimeter system, the mean value of the energy equivalent of the calorimeter system and its deviation.
The symbols have the same significance as III
earlier reports [7, 13].
The "ignition energy" was determined to be
22.4 joules for a time of sparking of 10 sec.
The experimental result of the calorimetric
combustion experiments are summarized in table 2,
which gives the following data: the number of
experiments; the minimum and maximum values
of flR, k, K, U, energy equivalent of the calorimeter system (calculated from the mean value as
given in table 1, corrected to the actual mass of
water in the calorimeter can in each experiment,
and including one-half the mass of water condensed in the reaction), "gas" energy, "vaporization" energy, mass of water formed; and the mean
value of the heat of combustion in absolute kilojoules/mole cyclopropane and its standard deviation.
Conversion of the observed mean value of the
Journal of Research

heat of combustion to the value for the standard
heat of combustion, with each substance in its
thermodynamic standard state, involves addition
of 0.05 kilojoules/mole to the mean value of
-f:;Hc given in table 2.
This correction is taken
to be the same as that for propylene [11]. Accordingly, the present investigation yields for the
standard heat of combustion at 25° C:

TABLE

3.

Comparison of the present with previous results
on cyclopropane

- 2091.38 ± 0.54 kiloj oules/mole
- 499.85 ± O.13 kcal/molp (1).

or

Combination of the value in eq 1 with the
values for the heats of formation of water and
carbon dioxide [12] yields for the standard heat
of formation at 25° C:
3C ( olid, graphite) + 3H2 (gas)= CaH 6 (gas, cyclopropane) ;
f:;Hj029B'16=

+ 12.74 ± 0.14 kcal/mole .

(2)

Combination of the value in eq 2 \\ith the value
for the heat of formation of propylene [11] yields
for the heat of isomerization of cyclopropane in to
propylene:
CaH6 (gas, cyclopropane) = C 3R 6 (gas, propylene) ;
MJ029B'16=

- 7.86± 0.18 kcal /mole.

(3)

Comparison of the results of the present inves~
tigation with the data previously r eported by
Thomsen [IJ and Berthelot and Matignon [2]
is given in table 3.

propane, tJ../-IJ at

at 25° C

'!'bomseo [ll __ ___ ____ __ ______
Berthelot aod Matignon [2l _
Present. _____ _____________

CaR 6 (gas, cyclopropane) + 4% O2 (gas) = 3C0 2
(gas) + 3R20 (liquid);
f:;Hc O2gB '1 6=

H eat of comb us·
tion of eyclo·

Investigators

keal/mole
-499.2
- 506. 7
- 499. 85±0. 13

Heat of isomeriza·
tion of cyclo·
prOI)ane to pro·
pylene, M-I at
25° C

kcal/mole
-7. 0
- 7.8
-7. 86±0. 18
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