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Kinetics of the Thermal Isomerization of Cyclopropane 

BY THOMAS S E ~ ~ L  CHAMBERS AND G. B. KISTIAKOWSKY 

I. Introduction 
’The alicyclic hydrocarbon cyclopropane has 

been reported to be thermally converted into its 
open chain ethylenic isomer propylene both 
homogeneously and under the influence of 
heterogeneous catalysts. The catalytic reaction 
has been studied by a number of investigators.’ 
Trautz and Winkler2 have reported kinetic data 
on the homogeneous uncatalyzed reaction, but 
doubt as to the validity of their results has been 
expressed by a t  least two  author^.^ They 
worked chiefly between 3.50 and 630°, and inter- 
preted their data to mean that the isomerization 
is unimolecular and predominantly homogeneous 
within this range. But the worth of these con- 
clusions suffers first from the fact that they em- 
ployed a flow system, the inadequacies of which, 
particularly a t  high pressures, are only too well- 
known; and second from the fact that their 
method of analyzing the reaction products (low 
temperature density determinations) may easily 
lead to erroneous results. Finally, their work 
was carried out before the advent of modern 
statistical theories of unimolecular reactions, and 
lacks data concerning the dependence of the rate 
constants on pressure. The present investigation 
was carried out in order to secure results accurate 
enough to be applied to a quantitative study by 
one of us (T. S. C.) of the reactions of three-carbon 
rings. 

The reaction was studied in a static system over 
a temperature range of 49’, from 469.6 to 518.G0, 
and was found to be homogeneous and unimolecu- 
lar, with the velocity dependent on the pressure of 
the reacting gas. 

11. Preparation of Cyclopropane 
Cyclopropane (b. p. -34”) was prepared from zinc and 

trimethylene bromide in aqueous alcohol by the method 
of Lott and Christiansen.i It was freed of propylene by 
shaking for several hours in large flasks with 3y0 aqueous 
neutral permanganate, and then passed slowly through a 
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train of potassium hydroxide and phosphorus pentoside 
towers into a distillation tube cooled in liquid air, where 
i t  solidified to a white crystalline mass. It was alternately 
warmed above the melting point and frozen several times, 
evacuating each time after freezing in order to  remove per- 
manent gases. The liquid hydrocarbon was distillrd 
several times, each time discarding the first and last frac- 
tions. In  this way cyclopropane of undoubted purity 
was obtained. After the final distillation, the liquid 
cyclopropane was allowed to evaporate into a large storage 
flask. 

111. Experimental Details 

This storage bulb was directly connected with the all- 
glass line leading to  the reaction chamber, the pumping 
system, and the analytical apparatus. Adjacent to  the 
storage bulb was a smaller flask provided with a small side 
arm, so that gas could be condensed therein and the 
pressure in this “pre-furnace bulb” adjusted to any desired 
value. Both flasks were connected to  an open-arm 
mercury manometer. Gas was allowed to  flow from this 
last bulb into the reaction vessel in the furnace, an elee- 
trically heated air-bath thermostat with hand temperature 
control. To the reaction vessel was attached a capillary 
manometer, from which the pressure of the reacting gas 
could be determined. Capillary tubing was necessary in 
order to  minimize the amount of cold “dead” space outside 
the furnace, for which a suitable correction was applied in 
calculating the results. Upon completion of an experi- 
ment the gas in the reaction vessel was allowed to expand 
rapidly into a large flask, from which it was transferred to  
small thermostated storage bulbs by means of a Topler 
pump. The entire system was capable of evacuation to 
1 0 F  mm. by a mercury vapor pump. 

The pressure in the “pre-furnace” bulb necessary to  
produce some definite pressure in the reaction vessel was 
determined by trial. I n  making a run, then, this pressure 
was adjusted to the desired value, and the gas was allowed 
to expand as rapidly as possible into the reaction vessel; 
after remaining here for the desired interval, measured by 
a stop watch, i t  was allowed to expand into the large flask 
and collected and stored prior to  analysis. 

Kew spherical Pyrex bulbs of liter and half-liter volume 
were used as reaction vessels. The quantity of cold gas 
suddenly admitted to  the hot vessel was in some cases 
sufficient to require as much as one minute to  be heated 
completely to  the furnace temperature; in no case, how- 
ever, was as much as one degree fall in temperature noted. 
The fall was appreciable only in the case of experiments 
a t  half atmospheric pressure and over. In  these cases the 
temperature was taken a t  such frequent intervals that  no 
correction in the ultimate results was necessary. 

The temperature was measured by a calibrated chromel- 
alumel thermocouple placed in a well extending t o  the 
center of the reaction vessel. Measurements were made a t  
frequciit intcrvals during thc cnursc of a run, and the 
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average of these was taken as the temperature of the 
experiment. The relative precision of the temperatures 
may be safely placed a t  *0.25". 

IV. Analysis of the Product Gases 
Thc most serious experimental difficulty arises from thc 

necessity of determining the amount of propylene produced 
during the course of an experiment. Manometric methods 
are obviously of no use, since the isomerization involves 
no pressure change, and there are no appreciable concurrent 
or consecutive reactions. Trautz and Winkler5 found a 
linear density-con~position relationship at -80" for liquid 
mixtures of cyclopropane and propylene, but the deter- 
niinations are not as accurate as desirable for the present 
work and require so much material that  the use of a static 
system becomes impractical. 

Cyclopropane was found to  be unattacked, and propy- 
lene quantitatively absorbed by a 3% aqueous neutral 
solution of potassium permanganate. This observation 
is in harmony with certain statements in the literature,6 
and not in agreement with others.' It is probable thst  
these latter authors have neglected the rather large solu- 

bility of the gas in the a b  
sorbing solutions. This can 
easily account for the mis- 
understanding, inasn-u- h F S  

the determinations wcre fc-r 
the most part made with 
apparatus having a large 
volume of aqueous solution, 
in comparison with the vol- 
unic of gas to  be examined. 
By minimizing the ratio of 

0 VACUUM LINE 

these two volumes, i t  was 
found practical to  use pcr- e U c ~ s  

I/ -AIRVENT manganate absorption as a 
method of analyzing cv- 
clopropan-propylene mik- 
tures. 

In order to  establish dcfi- 
nitely that the small absorn- 
tion of cyclopropane by 3% 
neutral aqueous perma II- 
ganate is simply a matter of 
physical solubility, blank 
analyses were run using 

TO MERCURY both water and saturatcd 
salt solutions in place of the 
reagent solution. Average 

0.65 (satd. salt soh.)  wcre 

Fig. 1 .-Apparatus for analy- percentage solubilities4 a t  
sis of the product gases. 23.5" of 2.ii (water) and 

found, using 5.5 cc. of absorbent and varying gas pres- 
sures in a 45 cc. volume. This is to  be compared with 
absorptions by permanganate varying from 2.4 to 3.0%, 
depending on the particular preparation of gas employed. 
It is obvious that practically all of the absorption is due 

RESERVOIR b 
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simply to solubility. There is a possibility that the sam- 
ple showing 3% absorption reacted to  a small extent, since 
traces of manganese dioxide were noted on the walls of 
the analysis chamber. I t  is more likely, however, that a 
minute fraction of propylene was present, and that this 
was responsible for the small excess noted. I n  any case, 
the amount of gas absorbed was found to be constant and 
small for a given sample, so that  an empirical correction 
could easily be applied to the analysis of the product gases. 

The analytical apparatus is illustrated in Fig. 1. A 
flask provided with a drainage tube was attached to a 
mercury manometer by means of capillary tubing long 
enough, and therefore flexible enough to withstand shaking 
by means of a small eccentric. This absorption apparatus 
was connected with the main all-glass train through a 
suitable stopcock. The reagent solution was introduced 
into the absorption flask through the tube in the bottom, 
and the system was evacuated as far as possible. After 
thermostating the flask, the manometer reading (at  con- 
stant volume) was taken. By using this as the zero for 
pressure measurements, one obviates the necessity of 
measuring the vapor pressure of the solution. The gas 
to  be analyzed was allowed to flow rapidly from a thermo- 
stated storage bulb into the absorption flask, and the 
manometer was read immediately. Thc thermostat was 
removed, and the flask shaken effectively by the eccentric. 
One hour was found to  be sufficient for the quantitative 
absorption of the propylene, during which the mercury 
in the manometer was raised and lowered in order to  allow 
the gas in the Capillary to  be in contact with the absorbent. 
The flask was shaken for two hours in order to  provide an 
ample margin of safety. The vapor pressure of the 
reagent solution was found to  be unchanged after ahsorp- 
tion. 

The average deviation from the mean for duplicate 
experiments was very close to  0.1 cc. for every 10 cc. of 
gas absorbed. Since the empirical corrections involve no 
great error, this method of analyzing cyclopropane- 
propylene mixtures is quite satisfactory for the purposes 
of this investigation. 

V. Nature of the Reaction 
The principal, and beyond a reasonable doubt 

the only, reaction measured is the transformation 
of cyclopropane to propylene. This requires that 
the proportion of reacting molecules to reaction 
products be strictly unity; the best evidence that 
this is realized is offered by the absence of any 
pressure change during the course of the reaction 
a t  various stages of completion, and a t  varying 
temperatures and pressures. Any variations 
noted are always less than 1% of the total 
pressure, and occur quite a t  random; this is 
within the accuracy of the capillary manometer 
employed. It does not rule out, however, the 
possibility of nicely balanced concurrent de- 
composition and polymerization reactions, which 
propylene might be expected to undergo. The 
complete lack of trend in the rate constants dur- 
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ing the course of a run indicates that even if such 
reactions do occur, the unsaturation of the prod- 
ucts is not changed sufficiently to invalidate the 
results of the permanganate analysis. The data 
reported by Hurd and Meinertg on the pyrolysis 
of propylene in Pyrex a t  600' are not well-suited 
for extrapolation to our temperatures; a rough 
calculation indicates, however, that not more 
than 1% of the propylene formed will escape 
detection. The only evidence of any thermal 
degradation observed was a brown film about 1 
cm. in length which appeared in the capillary 
just outside the furnace after several experiments. 

In view of the lack of experimental data on the 
subject, we must consider the possibility of the 
reverse reaction, i. e., the conversion of propylene 
into cyclopropane. The exact position of the 
equilibrium a t  the temperatures which concern 
us cannot be calculated a t  present, since the 
measured heat of combustion of cyclopropane is 
acknowledged to be uncertain; and, further, 
since the specific heat and entropy of cyclopro- 
pane are not known. It is not likely that the 
specific heats of the two compounds will be much 
different; if we assume that the difference be- 
tween the measured heats of combustion for 
cyclopropane10 and propylene'O represents a 
minimum, due to the possible presence of the latter 
in Thomsen's cyclopropane, and if we follow 
Parks and Huffmanl' in adopting S e. u. as the 
entropy change in the reaction cyclopropane + 
propylene, we find that the free energy change 
at  the lowest temperature investigated is -6600 
- 743 X S = -112,000 cal. Thus the maxi- 
mum fraction of cyclopropane which might be 
present a t  equilibrium is less than 1 in 1000. This 
means that the detection of the reverse reaction 
is beyond the range of the analytical procedure. 
The lack of trend in the constants bears out this 
conclusion. 

I t  should be pointed out that any possible errors 
arising from this source and from polymerization 
of propylene will be additive, and will not cancel 
each other. This is based on the probability that 
the latter process will result in the formation of a 
mono-olefin. We have no reason for suspecting 
that cyclopropane undergoes any change other 
than the measured one a t  the temperatures in- 
vestigated, although Trautz and Winkler report 

(9) Hurd and Meinert. TIXIS JOURNAL, 52, 4978 (1930). 
(10) Kharasch, Bur. Slds. J. Res., 2, 374, 376 (1929). 
( 1 1 )  Parks and Huffman. "Free Energies of Some Organic Com- 

poun~ls , ' '  Chemical Catalox Company, Nen- York, 1032, pp. 81, !)ti. 

that  it is slightly less stable to thermal degrada- 
tion than propylene in porcelain tubes a t  600". 

TABLE I 
Press., Time, fi, Vessel, 

N O .  cm. sec. set:.' X 101 cc.  

12 70.26 i 2 0  5.95 3f)i t 
13 71.04 720 5.94 500 
14 37.43 720 5.79* 5 O l l  
fi 37.91 480 5.74 500 
I 37.22 1800 5.76 <500 
9 38.03 900 5.73 3 1 

11 19,54 720 5 .  GO 301 1 
1 -5 19.32 i 2 0  5.42 .iOO 
16 10.86 720 5 .12  5O(l 
17 9.94 720 5.12 50( 
29 10. '70 i 2 0  5 .  08 1000 
18 5.36 i 2 0  4.84 1000 
21 5.53 720 4.70 1000 

4.42 1000 49 3.75 720 
50 3.64 720 4.74 1000 
19 2.44 720 4 .11  1000 
20 2.52 720 4.  14 1000 
27 2.59 1800 4.05 1000 
28 2.42 1800 4.26 1000 
34 2.57 720 3.96 I000 packed 

35-36 2.45 720 4.17 1000 packed 
23-24 1.30 720 4.06 1000 empty 
25-26 1.41 720 3.93 1000 

31-32-33 1.27 720 3.36 1000 

Temp., 499.5' 

- 

501 O 

1 38.57 900 6.35* 500 empty 
2 38.29 900 6.26 500 rinsed 
4 38.99 900 6.55 500 packed 
5 36.55 180 6.59 500 empty 

4 9 . 6 "  
53 76.27 3000 1.13 500 
54 75.70 3000 1.09 500 
51 38.81 3000 1.07 500 
52 38.91 3000 1.10 500 
55 20.76 3000 1.05 500 
56 21.37 3000 1.04 500 
45 11 .02 3000 0.955 1000 
46 10.90 3000 0.961 1009 
42 5 . 0 5  3000 0.846 1000 
18 3 63 3000 0.840 1000 
43 2.66 3000 0.767 1000 
13 2.67 3000 0.812 1000 

37-38 2 .  59 3000 0.791 1000 packed 
39-40 2.66 3000 0.809 1000 packed 

518.6' 
61 76.49 300 16 .7  5ou 
62 76.35 300 17.3 500 
59 37.45 300 16.4 500 
60 37.14 300 16.1 500 

20. 10 300 14. ( j  5( )( ) 
58 20.34 300 l ( i 3  3 )I I 

-- a(  
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There is every reason to believe that we are on 
safe ground in assuming that the reaction meas- 
ured is the conversion of cyclopropane to 
propylene. 

VI. Evaluation and Interpretation of the Data 

The experimental results are presented in 
Table I. The unimolecular constants have been 
calculated by inserting the fraction of propylene 
(corrected for dead space in the reaction system) 
into the ordinary integrated equation k = 

(1 if)ln(a,'n-x), and then adjusting for small 
temperature differences (less than 1 ') between 
separate experiments. The separate groups rep- 
resent experiments performed in the same pressure 
and temperature ranges. The only experiments 
omitted are those performed under unfavorable 
conditions, for which the manually controlled 
furnace temperature was chiefly responsible. The 
agreement between duplicate experiments is in 
the aggregate quite good. The experiments in the 
neighborhood of 1.3 cm. had to be run a number 
of times in order to collect enough gas for even 
one analysis; the results are uncertain, and have 
not been considered in any of the calculations. 
Experiments marked with an asterisk were made 
with a different preparation of gas from that 
used in other runs in the same group. 

It is evident from a comparison of experiments 
made in packed and unpacked reaction vessels 
that there is no appreciable amount of hetero- 
geneity present. The surface/volume ratio was 
increased 6.2 times and 4.6 times when packed 
liter and half-liter vessels, respectively, were 
substituted for the empty flasks, and in one 
experiment a flask rinsed with 10% aqueous potas- 
sium chloride solution was used. In no case 
was a change in rate greater than the experi- 
mental error observed. That this was found a t  
thc lowest temperature and pressure studied as 
well as in other regions is good evidence that the 
reaction is really homogeneous. 

From an inspection of the data it is a t  once seen 
that the reaction is unimolecular as well as 
homogeneous. Remarkably good values are ob- 
tained for the unimolecular constant a t  499.5' 
and 3'7.5 cm. pressure; here the reaction was 
followed from 23 to 6.5% completion, with no 
appreciable trend in the constants. Similar, 
though not as striking, results are obtained in 
the neighborhood of 2.5 cm. The lack of trend 
in these constants furnishes confirmatory evidence 

for the assumption that polymerization and 
decomposition reactions are absent, or a t  least 
occur in such a manner that they do not vitiate 
the analytical results. Since all the measure- 
ments were made in regions where the calculated 
constants are dependent on the pressure of the 
reacting system, it is evident that propylene must 
be as eeective as cyclopropane in maintaining 
the rate of activation. It should be pointed out 
that the unimolecular course of the reaction was 
investigated a t  one temperature only. 

The dependence of the rate on pressure is evi- 
dent a t  a glance. A thirty-fold decrease in 
pressure is accompanied by a drop in the uni- 
molecular constant of slightly more than 30% 
a t  both 499.3 and 469.6'. Because of this de- 
pendence of the rate on pressure, it is necessary 
a t  each temperature to arrive a t  the high pressure 
rate constant, designated as K,, by extrapola- 
tion to infinite pressure. This is conveniently 
performed by plotting l/e against l / k ,  and 
determining the point of intersection of the 
apparent asymptote with the l / k  axis. Points 
a t  the four highest pressures investigated in each 
case apparently determine a straight line; the 
equation of this line was evaluated by the method 
of least squares, and its intersection with the I l k  
axis determined. This method has an advantage 
over choice of the asymptote by mere inspection 
in that it gives perfectly definiteI2 results which 
serve as convenient minima for the high pressure 
constants. The straight line is a limiting line; 
any appreciable deviation from it should be in 
the direction of increasing K,. This provides 
for the contingency that the experimental curve 
may still have appreciable curvature. Of course 
this assumes reasonable accuracy in the in- 
dividual experimental constants. The extrapola- 
tion a t  499.5' is presented graphically in Fig. 2 .  

The second row of the following table con- 
tains values for K ,  at  various temperatures ob- 
tained by this essentially objective method. 

TABLE I1 

Temp,  "C .  469.6 499.5 515.0 

K ,  , calcd. 1.14 6 . 2 5  17.35 
K,, sec: X lo4 1.14 6.08 1 7 . 8  

When the logarithm of these constants is 
plotted against inverse absolute temperature, 
the points fall very near a straight line. If the 
slope and position of this line is weighted to favor 

(121 Cf. Prcntis.; ;~m1 Scatchard, Chem. Reo., 13, 1 (1033). 
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the more certain results a t  the two lower tem- 
peratures, we find that the high pressure con- 
stants are given very nearly within experimental 
error by the equation 

log K ,  = 13.17 - G3,000/2 3RT 

The third row in Table I1 contains these calcu- 
lated values. The crossed circle in Fig. 2 repre- 

2150 

1950 

5 i 

1750 

1550 
0 1000 2000 

Fig. 2.-Extrapolation to the high pressure 
rate a t  499.6". The point in the crossed circle 
is calculated from the equation log K ,  = 15.17 

104/Pcm.. 

- 05,000/4.578 T.  

sents this calculated constant for 499.5'. Unless 
we are sure that the experimental points in this 
figure should fall on a straight line, we are not in a 
position to choose between this point and the 
asymptotic intercept. The discrepancy be- 
tween the values a t  51S.6' attended by greater 
experimental uncertainty is probably due to 
errors in the extrapolation. The value for the 
activation energy is certainly correct within 
*2000 calories. Figure 3 is simply a plot of log 
K ,  against reciprocal absolute temperature. 

The decrease in the rate constants with de- 
creasing pressure is sufficiently large to justify 
the application of the detailed theories of uni- 
molecular reactions in a comparison of theoretical 
with experimental results. By adopting suitable 
values for the parameters in the equation pre- 
sented by Kassel, l3  and performing the necessary 
graphical integrations, it is possible to draw curves 

(13) Ksssel, J .  Phys. Chcwt., 32, 235 (19%) 
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which fit the experimental data in a very satis- 
factory manner. In Fig. 4 a log-log plot of 
pressure versus K / K ,  is presented; the curves 
are theoretical, and the points represent averages 
for experiments in a definite pressure region. 
When the high pressure rate constants found by 
extrapolation are employed in calculating the 
experimental points for this graph, the results for 
the two temperatures are found to be practically 
superimposed. The obvious uncertainties in the 
extrapolation justify the adoption of values for 
K ,  which lead to more reasonable results; for 
this purpose the calculated constants in Table I1 
have been used. These differ from the ex- 
trapolated values by 0 and 3% a t  469.6 and 
499.5', respectively. 

The curves presented in the plot have been ob- 
tained by setting the number of degrees of free- 
dom in the molecule equal to thirteen, and choos- 
ing 3.9 X lo-* cm. as the molecular diameter. 
Since this value has been obtained from gas 
viscosity measurements, l4 we have no assurance 
that i t  represents the diameter for collisional de- 
activation. The agreement between the cal- 
culated and experimental values is quite good. 

+ 1.60 

+l.OO 

4 + 
d 
kc 
2 +0.40 

-0.20 
1250 1293 1330 1370 

1/T X loG. 
Fig. 3.-Log K ,  plotted against reciprocal absolute 

temperature. 

Slightly better agreement can be obtained by 
using a diameter of 5.6 X lo-* cm., and twelve 
degrees of freedom. The curves now fall away a 
bit more rapidly, but the diameter necessary is 
probably too large. Neither the experimental 
accuracy nor the drop in rate observed are suf- 

(14) Tilani, Bull. Chvnt 5oc J a p n n ,  5, 98 (lq30).  



ficient to establish either of these values for the 
number of degrees of freedom. It is particularly 
desirable to  have rate constants for a wider pres- 
sure range, since local variations in the trend of 
the points are sometimes observed. For the 
present the question can be satisfactorily settled 
by expressing the results as squared terms in- 
stead of degrees of freedom, whereupon the value 
2 3  becomes the obvious choice. The maximum 
allowable variations in the activation energy shift 
this number by only about 2 in either direction. 

0.00 r 

I / " Q  , 

- ' )  P I I I 
(1  .O( 1 0.70 1 .*(I 2.10 

Fig. 4.-Dependence of the rate constants on pressure. 
The curves are theoretical; circles and crossed circles rep- 
resent experiments a t  469.6 and 499.5", respectively. The 
values for K ,  have been adjusted as described in the text. 

Log Pan. 

VII. Discussion 
Just how the reaction occurs is not certain. 

If the structure the organic chemist assumes for 
cyclopropane is the correct one, then we can be 
sure that a t  some stage the reaction involves the 
breaking of a carbon-carbon bond. In  this re- 
spect the reaction does not differ in kind from 
paraffin hydrocarbon cracking; furthermore, the 
bonding energies of carbon atoms in paraffins and 
in the lower polymethylenes probably do not 
differ by more than 6-8 kcal. The agreement 
between the activation energies for the cyclo- 
propane reaction and for the cracking of the 
lower paraffins probably is significant, and makes 
i t  reasonable to seek similar mechanisms for the 

two reactions. This is possible in two ways. 
If we assume that the first step involves the 
direct rupture of one of the carbon-carbon bonds, 
the remainder of the reaction can be represented 
as a rearrangement of the radical initially pro- 
duced. A rearrangement of this type is not a t  
all unexpected; i t  is quite analogous to the com- 
monly observed disproportionation of free radi 
cals, and can be formally applied to both cyclo- 
propane and paraffin cracking On the other 
hand, we must also consider the possibility that 
the initial step in the former reaction may be 
1,2-unsaturation, as has been recently suggested 
in the case of the paraffins.'j For the cyclo- 
propane reaction this is written 

H--CH CH 

HiC-CHt HsC CH2 
A - /\ 

The available evidence does not permit a choice 
between either of these reaction mechanisms. 
One must be careful not to push the analogy be- 
tween cyclopropane and the paraffins too far, 
since the highly efficient internal energy exchange 
in the former (as discussed in the following para- 
graphs) is probably not realized in straight chain 
hydrocarbons. 

From the number of degrees of freedom neces- 
sary to account for the observed decrease in rate 
with decreasing pressure, i t  is evident that a 
larger proportion of the potential oscillators are 
excited in the cyclopropane isomerization than 
in most other unimolecular reactions The 
number of oscillators needed when the calcula- 
tions are made on the basis of a classical localized 
energy theory is usually equal to or less than half 
the total number possible; or, what turns out to 
be nearly the same thing, the maximum number 
of oscillators excited may be given by three times 
the number of heavy atoms. Reference to the 
slowly accumulating literature on unimolecular 
reactions will show that this generality is in the 
main true, remembering, of course, that com- 
parison can only be made between results arrived 
at  on the basis of like theories. Sow half the 
total number of oscillators in the cyclopropane 
molecule is 21/2, or 10-11, while three times the 
number of heavy atoms is of course nine. These 
figures are to be compared with the 12-13 oscilla- 
tors necessary to fit the experimental data. 
The difference between these last two sets of 
figures is undoubtedly real, although it may be 

,131 Ka,,el, J Ch<m P k t s ,  1, 740 ( 1 ' J i l )  
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due in part to uncertainties in the measured 
heat of activation. When one considers the 
high degree of symmetry of the cyclopropane 
molecule, the unusually large number of os- 
cillators becomes understandable; the intimate 
structural association of the three methylene 
groups and the consequent interdependence of 
vibrations which the atoms composing the mole- 
cule carry out make it probable that a t  least the 
carbon-carbon oscillators will be excited more or 
less as a unit. I t  will be of interest to note the 
effect of reducing the molecular symmetry on the 
number of oscillators in the various methylated 
cyclopropanes; kinetic studies on these com- 
pounds are now in progress. 

One must regret that Heckert and Mack16 did 
not obtain unequivocal results from their studies 
on the decomposition of ethylene oxide, making 
possible a kinetic comparison of the two-carbon- 
oxygen ring with the three-carbon ring. 

Further discussion of a theoretical and specula- 
tive nature can be made more profitably after the 
accumulation of additional data on the kinetics of 
cracking in small organic rings. 

There is one striking difference between the 
data brought to light in this investigation, and 
as reported by Trautz and Winkler. the tem- 
perature independent factors in the rate equation 
differ by more than a power of ten. Trautz and 
Winkler report 1.00 X while we found 
1 . I S  X The activation energies, G:3,!)0O and 
(i.i,000 calories, are in good agreement, although 
this is probably fortuitous, particularly since the 
former value is an average of six, varying from 
54,800 to 70,440. The only approximate homo- 
geneity in the earlier work may have been due 
to an unfortunate choice of the material for the 
reaction vessel. In order to bring the individual 
rate constants into harmony, however, one must 
assume that the temperatures reported by Trautz 
and Winkler are nearly 40" too high. There is a 
likely factor which contributed to this discrep- 
ancy, which is that the contact times of the 
experiments which the authors chose to derive the 
kinetic equation are in no case grcater than 

16) 1 f i i 5  Ju i  RZ. 11 51, 2700 l l l . ? l  

seventeen seconds. It is generally recognized that 
serious errors in temperature measurement arise 
from the use of these short contact times in flow 
studies, particularly when (as in this case) the 
gas entering the furnace is not preheated and i q  

nearly 600' below the thermostat temperature. 
The fact that the thermocouples were placed 
outside the reaction tube, thereby measuring the 
temperature of the furnace, and not that of the 
reacting gas, makes this argument all the rnc;rc 
sound. This source of error probably acccuiits 
for most of the discrepancy. Furthermore, in 
the upper part of the temperature range used by 
Trautz and Winkler polymerization and de- 
composition reactions were seriously complicating 
factors, and i t  is doubtful whether accurate allow- 
ance could have been made for them in the com- 
bination of gas analyses and low temperature den- 
sity determinations which served to determine the 
reaction products. The situation can probably 
be best expressed in the statement that the con- 
clusions of the earlier workers as to the homo- 
geneity and unimolecularity of the reaction have 
been substantiated, but on the basis of widely 
different data. 

VIII. Summary 

1. The thermal transformation of cyclo- 
propane to propylene has been investigated in a 
static system and found to be homogeneous and 
unimolecular. The rate constants are dependent 
on the pressure of the reacting system. The 
high pressure constants may be calculated from 
the equation 

log K ,  = 15.17 - 65,000/2.3RT 

2. To account theoretically for the dependence 
of the rate on pressure on the basis of classical 
localized energy theories of unimolecular reaction 
i t  is necessary to assume 25 squared terms in the 
energy function of the molecule. 

A detailed discussion of the reaction process 
is deferred until completion of similar studies on 
derivatives of cyclopropane now in progress in this 
Laboratory. 
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