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The Thermal Decomposition of Perfluorocyclopropane 
By B. ATKINSON and D. MCKEAGAN 

(Chemistry Department, Imperial College of Science and Technology, London, S .  W . 7 )  

WE have found that perfluorocyclopropane de- 
composes thermally to tetrafluoroethylene and 
difluoromethylene. The fluorocarbon is much less 
stable than cyclopropane. 

Perfluorocyclopropane was prepared by the 
mercury-photosensitized reaction of tetrafluoro- 
ethylene' and purified by gas-solid chromato- 
graphy. Reaction products were separated by 
gas-solid chromatography and identified by 
infrared spectra. At  276' the sole product at  70% 
decomposition of perfluorocyclopropane is tetra- 
fluoroethylene : the amount of perfluoropropene 

formed, if any, was less than 0.1%. At 375" 
octafluorocyclobutane is formed in significant 
amounts through the dimerization of tetrafluoro- 
ethylene. In quantitative studies of the reaction 
at 253-276" a pressure transducer was used in 
recording pressure changes and the material 
balance was checked by terminal analysis. The 
stoicheiometric reaction is 2C,F, + 3C,F4. The 
variation of initial rate with initial pressure 
indicates a unit order of reaction, but the rate 
during a run decreases a t  a higher order because 
of the vital influence of tetrafluoroethylene on the 
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rate. Pressure-time curves can be fitted quantita- 
tively to an integrated rate equation derived from 
the following mechanism, 

k. 

(111) CF2 + CZF4 2 (CFJ3. 

The fitting process involved a graphical integration 
of the differential rate equation. 

where Cy is the molar concentration of reactant. 
Accurate values of k ,  were obtained, but we hope 
to reduce the present error (&lo%) in k3/k2& by 
using a computer, and the ranges of temperature 
and pressure covered are being extended in current 
work. 

The presence of CF, in the reaction mixture has 
been confirmed by performing the reaction in the 
presence of perfluoropropene and ethylene. With 
perfluoropropene present a substance giving the 
6.6,~ and 1 1 . 9 ~  absorption bands expected for 
perAuoromethylcyclopropane2 is formed. The 
same substance is formed when the mercury- 
photosensitized reaction of tetrafluoroethylene is 
performed in the presence of perfluoropropene. 
With ethylene present small amounts of a substance 
believed to be 1, l-difluorocyclopropane are formed. 
The poor yield indicates that CF, does not add to 
ethylene as rapidly as i t  does to tetrafluoroethyl- 
ene, or that the activated CF2C,H4 initially formed 

is unstable a t  the temperature and pressure of the 
experiment. 

Experiments a t  253-276" gave R, = 1013-as 
exp( - 38,60O/RT) sec.-l, no variation with pressure 
being detected in the range 2-16 cm. Values of 
k3/k9* in the above temperature range were com- 
bined with the value of 1.1 x 10-2-8 at  30" from the 
mercury-photosensitized reaction of tetrafluoro- 
ethylenel to obtain the expression k,/kz* = 102.8 
Ti exp( - 7900/RT) M-bec.-* There is possible 
error of f l  kcal. in the activation energy. With 
the value of k ,  = Ti exp(-l200/RT) 
M-lsec.-l found by Dalby3 we obtain k ,  = 106.09 
Ti exp( - 8500/RT) M-lsec.-l Combination of K, 
and k3 gives for [CFJ, 3 CF, + CzF4, A H ,  m 31 
kcal. 

For the reaction (CH2)3 + CH3CH=CH,, 
k = 1015.3 exp(-6!5,084/RT)se~.-~ and similar 
constants have been found for methylcyclo- 
propane,S dimethylcyclopropaneJ6 and mono- 
fluorocyclopropane.7 For the isomerization of 
1, 1,2,2-tetrafluorocyclopropane,8 k = 10'6.27 exp- 
(-48,48O/RT)~ec.-~ Reaction (I) above has a 
lower activation energy and a "normal" pre- 
exponential factor. 

Using AH! for C2F4 (-152 k ~ a l . ) ~  and CF, 
(>-40 kcal.)lo and the above value for AHl  
we obtain for perfluorocyclopropane - AH! 
<223 kcal. With AH! for perfluoropropene 
(-259 kcal.)g this gives [CF,], + CF,CF=CF,, 
-AH >36 kcal. This figure is very high in com- 
parison with [CH213 +- CH,CH=CH,, AH = 
-7-8 kcal. The high heat of isomerization of the 
fluorocarbon is probably associated with repulsion 
between the comparatively bulky fluorine atoms. 
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