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depend, both on the rate of collapse of the solvent 
separated ion pans a and b (relative proton transfer 
ability of each component of the medium) and on the 
stability of these ion pairs 

The stability of the Ion pans will be mainly related 
to the followmg propertles of the two components 
of the solvent (I) ablhty to solvate the leavmg group 
via hydrogen bond, (II) ability to solvate the catlomc 
center, (zzr) bulkmess of the solvent molecule (which 
enforces the mmlmal value of charge separation m 
the ion pan) The latter factor will be more lmpor- 
tant in the less dlssoclatmg medmm We will show 
how the mteractlons of the components of the 
solvent with the catlomc center and the leavmg group 
(coupled with their dlelectrlc constant and acldlty) 
account for the select1vlt.y observed m the three 
considered mixtures and also for Its varlatlons with 
respect to water content 
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A series of arylahphatlc hydrocarbons (C6H5-R 
with R- = C2H5-, n-C3H7-, l-C3H7-, n-C4H9-, 
set-C4Hs--, and n&H,,-) were submitted to photo- 
chlormatlon m pure and muted liquid phase The 
various mono-chlormatlon isomers, generated during 
the reaction, were separated by G L C , and identified 
by N M R Kmetlcs are expressed m terms of rela- 
tive reactivity, r r (a/b), of a hydrogen (a) versus 
another one (b), r r (a/b) = kJkb = R,/n,/R,/nb 
where R, and Rb are the observed percentages, and 
n, and nb the number of hydrogens, on each posi- 
tion, a and b [l] 

Substitution of hydrogen by chlorine, m the 
radical chain reaction mltlated by light, exclusively 
takes place m R-, and at the same time at the dlf- 
ferent positions but predominantly m the (Y posl- 
tlon, indicating selectlvzty For instance, pure C6H5- 
C2H, gives 90% of C6Hs-CHClCH3 and 10% of the 
/3 isomer, thus r r (cx/@ = 13 5 Indeed chlormatmg 
these pure hydrocarbons, m a temperature range from 
20 to 98 “C, differences of activation energies of the 
chlormatlon of two hydrogens, H, and Hb, can be 
measured The fact 1s that for ethylbenzene, (Ea - 

Eb) amounts 3 130 Cal mol-‘, a value relatively 
high, accountable for the observed selectlmty 

On dllutlon by Ccl4 the selectivity decreases, 
actually, the relative reactivity varies wth the con- 
centratlon, accordmg to (1) 

r r (a/b) = 2; + kalKl [ChHs-R] (1) 

including a complexatlon constant, Kl, (related to 
the charge-transfer complex R-&Hs***Cl’), a 
specific rate, k,,, and a relative reactivity k,,/kb,, 
at mfmlte dllutlon Equation (1) seems to be vahd 
for R- being C2H5-, n-&H,-, 14X-, set-C4Hg- 
For all the other terms R = n-C4H,-, n-C5H11- 
eqn (2) holds 

k 
r r (a/b) = a*0 

+ k,lKl &&-RI 
kb,o + kblKl [GHs-R] 

(2) 

with benzene, selectlvlty 1s enhanced, on the 
contrary, m the presence of chlorobenzene It IS 
depressed The best selectivity 1s reached with C&, 
as solvent 

All experimental results can be correlated by 
means of (3) 

log r r (a/b) = p*(Cu: - Xub*) + $, + J/b (3) 

accountmg for the inductive (a*) and mesomerlc 
effects ($) of the sub tltuent acting upon the rela- 
tive reactivity of the 9 C-H bond, the last one (J/) 
1s only affectmg the cr posltlon The absolute value 
of both parameters (p and $) increases with the 
concentration of the aromatic substrate m a surtable 
solvent (CC&) 

One may conclude that solvents are affectmg the 
mtenslty of the substltuent polar effects of the sub- 
strate and modlfymg the dlpolar characterlstlcs of 
the transition state of the radical reaction 
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Numerous reactions catalyzed by acids show a 
rate maximum m moderately concentrated acids 


