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T F m  radiation chemistry of solutions of chloroform 
arid carbon tetrachloride in cyclohexane has bcen 
studied by Stone and Dyne.l From the nature of 
the product yields, a strong case was made for 
energy transfer from the solvent, which absorbed 
the primary radiation, to the solute. However, it  
was not possible to distinguish the exact nature of 
the transfer mechanism, i.e., whether via thermal 
electrons or excitation energy. In an attempt to 
clarify this problem a comparative study of the 
y-radiolysis of cyclohexane solutions containing 
methyl chloride, methylene chloride, chloroform, 
and carbon tetrachloride is reported here. Methyl 
chloride would seem to be of special interest since 
gas-phase studies indicate that i t  does not attach 
thermal electrons,2 whereas chloroform and carbon 
tetrachloride undergo dissociative electron capture 
readily. 

The sole radiolytic product gaseous a t  liquid-air 
temperature in solutions of CH,Cl,, CHCl,, and 
CC1, was hydrogen ; while in the CH,C1-cyclohexane 
systcni methane was identified in addition to 
hydrogen. Of the higher-boiling products only 
hydrogen chloride was analysed (by amperometric 
titration of chloride ions), and was found to be a 
product with all four solutes. 

G(H,) decreased and G(HC1) increased with 
increasing solute concentration in the solutions of 
all four solutes (see Table). The three polychloro- 
methanes fit a similar G(€12) against [solute] 
plot, while the plot for CH,C1 is shallower; for a 
given [CH,Cl] the decrease in hydrogen yield 
compared with that from pure cyclohexane, 
AG(H,), is significantly lower than that observed 

with the polychloromctiianes. JVithin the limits 
of the experimental error AG(H,) = G(HC1) in 
the CH,C1-cyclohexane system a t  all concentra- 
tions. This cquality is not observed with the 
other solutes. 

In order to ob!-ain a measure of the importance 
of electron-scavenging processes, solutions con- 
taining both nitrous oxide and a chloromethane 
were studied. Nitrous oxide has been shown to 
react with electrons produced in irradiated cyclo- 
hexane,, and it has been suggested that the yield 
of nitrogen is a specific measure of the electrons 
scavenged by nitrous o ~ i d e . ~  A second solute, S, 
which competes with nitrous oxide for electrons 
would thereforc decrease G( N,), the relative 
reactivity, K N , ~ ,  being given by cxpression (A) .4 

In the radiolysis o f  equimolar solutions of a given 
chloromethane and nitrous oxide significant 
decreases in G(N,) compared with that from a solu- 
tion containing nitrous oxide alone were observed 
only with the polychloromethanes. The decrease 
with CH,Cl was small, and i t  was found that the 
presence of an excess of this solute was required 
to bring about a sizeable decrease in G(N,). 
Calculated kN20-T-alues are listed in the last column 
of the Table. 

It has been pointed out elsewhere5 that the ability 
of aromatic solutes to  diminish the hydrogen yield 
in the radiolysis of cyclohexane solutions may be 
correlated with their reactivity towards electrons 



490 CHEMICAL COMMUNICATIONS 

Solute, m M  
- - - - 
- - 

CH,Cl 5.0 
11 50 
# a  I 1  

,, 
1d.b 

I S  56’ 

ldb 

CH2C1, 5.0 
I 1  

# #  

CHCl, 5.0 
I ,  

I D  5d’ 
I ,  

1;o 

I ,  5d’ 

I1  l(50 

Cdi, 5.0 
8 ,  

, 

TABLE. y-Radiolysis of cyclohexane solutions 

Nitrous Oxide 
r n M  G(H,)a G(CH,) * G(HC1) b 

5.6 
5.0 4.9 

50 4.1 
- 5.1 0.25 0.30 
- 4.3 0.83 1.3 

50 4.2 1.2 0.20 
50 3.7 0.74 0.88 
- 4.0 0.94 1.6 
- 4.9 - 0.45 
5.0 4.9 - 0.40 

- - - 
- - 
- - 

1.8 
1.7 

- 3.3 - 2.3 - 4.9 - 0.80 
5.0 4.7 - 0.80 

- 3.4 
50 3.2 
- 

- 

2.3 
2.1 

- 3.2 - 2.6 
- 4.7 - 1.1 
5-0 4.6 - 1.0 

3.1 - 3-3 - 
50 3.1 - 2.7 

3.8 

- 3.4 
50 3.6 
- 

- 

- 2.9 - 
a Total dose, 6.0 x l O l 8  ev mL-1; dose rate, 4.0 x 10’’ ev rnl.-l min.-l 
b Total dose, 7.2 x lo1@ ev ml.-l; dose rate, 4.0 x lo1’ ev ml.-l min.-l 
C Calculated from expression (A). 

(as measured in competitive radiolyses with 
nitrous oxide). The same correlation may be 
seen for the four chloromethanes. 

The increase in G(CH,) on the addition of 5 x 
M- 

CH,C1 requires comment. Dyne1 has pointed 
out that  the presence of an electron acceptor in 
irradiated alkanes increases the yield of radicals. 
This could be an explanation for the enhancement 
of the yield of methane in the presence of 5 x 

M-nitrous oxide. However, on the basis of 
this argument it is not clear why the presence of 
5 x M-nitrous oxide does not increase G(CH,). 

It has been pointed out that  in a molecule 
R-X dissociative electron attachment is favourable 
whenever the electron affinity of X exceeds the 
bond dissociation energy of R-X.6 This situation 
prevails with the chlor~methanes.~ It is therefore 
tempting to write a dissociative electron-capture 
mechanism for the formation of hydrogen chloride, 
e.g., 

CCI, + e-  + CCI,. 1- C1- 

M-nitrous oxide to a solution of 5 x 

followed possibly by 

Howevcr, the observations that nitrous oxide does 
not appreciably decrease the yields of hydrogen 
chloride would appear to be inconsistent with this 
ixechanism being of major importance. Further- 
more, it would be difficult to attribute the yields 
of HCI in the radiolysis of CH,CI solutions to an 
electron-capture process in view of the low electron 
affinity of CH,Cl. 

It may be concluded that while it is possible to 
explain at least part of the reduction in hydrogen 
yields brought about by the presence of the 
chloromethanes by an  electron-capture process, 
the latter cannot be of major importance in the 
formation of hydrogen chloride. Some other 
enei-gy-transfer process must be involved in the 
formation of this product, and presumably the 
other chlorine-containing products. 
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