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PHOTOLYSIS. 

The energy associated with methylene pro- 
duced by the vacuum ultraviolet (Wy) photo- 
lysis of small hydrocarbon molecules is of 
interest for several reasons. The fate of the 
rather large amounts of excess energy deposited 
in the photolyzed molecule has not been eluci- 
date& Little is known about partitioning of this 

energy among the fragments produced in the 
photolysis, or in what degrees of freedom the 
partitioned energy is likely to be deposited 

The first photolytic reaction is 98 kcal endo- 
thermic, leaving 133 kcal to be distributed be- 
tween the fragments, ethane and methylene. The 
second photolytic reaction is 93 kcal endo- 
thermic, leaving 80 kcai to be distributed among 
the products, ethylene and methylene. Thus, 
significant amounts of energy may be carried by 
methylene whether generated from propane or 
cycloprogane. 

Methylene generated by the photolysis of 
ketene or diazomethane at several wavelengths 
has been used as a reactant to produce chemical- 
ly activated species [l, 31. Small hydrocarbons, 
especially cyclopropane, may be useful in ex- 
tending this technique to higher energy ranges. 
Perhaps more important is the observation that 
certain of the reactions of methylene, notably 
the v%ertion of methylene into C-H bonds, have 
been found to be energy independent [2,3). The 
range of energies over which such reactions 
show no dependence has not been determined at 
this time. Since the methylenes produced by VUV 
photolysis of propane and cyclopropane fall into 
the energy independent category for this reac- 
tion, it is important to determine the energy 
carried by these methylenes. 

Unimolecular rate constants have been determined for the decomposition of R- and Co-butane pro- 
duced by the insertion of methglene into propane. Blcthylene was produced by the photolysis of propane 
at 1’23.6 nm and cyclopropane at 165 run. From these rate constants estimates have been made of the 
enerw carried to the insertion reaction by the respective methylenea. These estimates provtde the 
first indication of how energ); is partitioned in the photolysm of small hydrocarbon molecules. 
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The methylene insertion reaction into propane 
is 100 kcal exothermic (forming isobutane). The 
butane formed will carry this energy plus what- 
ever energy is brought to the reaction complex 
by the reactants. only thermal energy will be 
contributed by the propane and significant ener- 
gy in excess of the exothermicity of the reaction 
must be ascribed to the methylene. Both kinetic 
energy and intern& energies of the methylene 
will contrt&ute t3 this excess. The rate of uni- 
molecular dissociation of the butane will pres- 
umably reflect ‘;he total energy of the butane. 

We have determined unimolecular rate con- 
stants for the dissociation of butanes formed by 
the insertion of singlet methylene into propane. 
The singlet methytene was generated by the 
photolysis of propane at 123.6 mu and the photo- 
lysis of cyclopropane at approximately 165 mn. 

Johnson et al. (JEIS) have measured unimo- 
lecular rate constants for the dissociation of 

isobutane formed by the insertion of methylene 
into propane 131. They generated methylene by 
the photolysis of diazomethane at 435.8 nm and 
366.0 nm respectively. For the isobutanes re- 
sulting from the methylene insertion at each 
wavelength, they measure dissociation rate 
constants of 1.8x IO? set-1 and 3.6 X 10’ set-l, 
respectively. Jas then calculate the dissocia- 
tion rate constant as a function of energy of 
isobutane. 
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Fig. 1. @ - [$H&i-CaHl0]. cyclopropane photoipsis. 
L - (C~H6J/[r-C4Hloj. propsne photo_lysis. Collision 
frequency used to calculate w was 10’ torr-1 se&. 
Rate constants quoted rn the te.xt are slope/intercept 

oi these plots. 

In the photolysis of propane and cyclopropaue- 
propane mixtures, rate constants for the dis- 
sociation of methylene produced isob.&me are 
calculated from the data of fig. 1 to be 8.2 X 10’ 
set-1 and 7 X 107 set-1, respectively. When 
these points are placed on the calculated curve 
of JHS, they correspond to total isobutane ener- 
gies of 132 kcal and 131 kcal. Assuming the cor- 

rectness of the energy axis of the calculati& of 
JES, this corresponds to energies carried by 
the methylene produced in the VW of 32 kcal 
fo:.- propane au: 31 kcal for cyclopropaue. 

Even if one is not willing to grant that the 
absolute values of the energies of VUV produced 
methylenes are correct, it is probably quite 
safe to conclude that the WJ produced meth- 
ylcnes carry approximately 1.5 times as much 
energy as those methylenes produced in the 
diazomethane photolysis. This, in turn, implies 
that a considerable fraction of the excess energy 
remaining after the primary photodecomposition 
of propane and cyclopropane goes to the methy- 
lene. More, in fact, than might have been pre- 
dicted on the basis of statistical energy parti- 
ticuing. This last aspect is presently under 
study and will be the subject of future reports. 
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