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depend, both on the rate of collapse of the solvent
separated 1on pairs @ and b (relative proton transfer
ability of each component of the medium) and on the
stability of these 1on pairs

The stabihity of the 10n pairs will be mainly related
to the following properties of the two components
of the solvent (7) ability to solvate the leaving group
via hydrogen bond, (1) ability to solvate the cationic
center, (z1) bulkiness of the solvent molecule (which
enforces the minimal value of charge separation in
the 1on pair) The latter factor will be more impor-
tant 1n the less dissociating medium We will show
how the interactions of the components of the
solvent with the cationic center and the leaving group
(coupled with their dielectric constant and acidity)
account for the selectivity observed in the three
considered mixtures and also for 1ts variations with
respect to water content
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A series of arylaliphatic hydrocarbons (C¢Hs—R
with R— = C2H5—, n-C3H7—, 1'C3H7—, ﬂ'C4H9—,
sec-C4Hg—, and n-CsH;;—) were submitted to photo-
chlornation m pure and mixed liquid phase The
various mono-chlorination isomers, generated during
the reaction, were separated by G L C, and 1dentified
by NMR Kinetics are expressed mn terms of rela-
tive reactity, rr (a/b), of a hydrogen (a) versus
another one (b), rr (a/b) = ky/k, = R,/n,/Ry/ng
where R, and R, are the observed percentages, and
n, and ng, the number of hydrogens, on each posi-
tion,aand b [1]

Substitution of hydrogen by chlorine, 1n the
radical chain reaction mtiated by light, exclusively
takes place n R—, and at the same time at the dif-
ferent positions but predominantly in the « posi-
tion, indicating selectivity For instance, pure C¢Hs—
C,H;s gives 90% of C¢Hs—CHCICH; and 10% of the
g 1somer, thus rr (e/) = 135 Indeed chlorinating
these pure hydrocarbons, 1n a temperature range from
20 to 98 °C, differences of activation energies of the
chlormation of two hydrogens, H, and Hy, can be
measured The fact 1s that for ethylbenzene, (E, —
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E,) amounts 3 130 cal mol™, a value relatively
high, accountable for the observed selectivity

On ddution by CCl, the selectivity decreases,
actually, the relative reactivity varies with the con-
centration, according to (1)

ka o
rr(a/b) = k—i— *+Kka1K[CeHs—R] )

b,o

mncluding a complexation constant, K, (related to
the charge-transfer complex R—CgHs**+Cl), a
specific rate, Ko, and a relative reactvity k, o/kp o
at infinite dilution Equation (1) seems to be vahd
for R— being C;Hs—, n-C3H;—, 1-C3Hy—, sec-C4Ho—
For all the other terms R = n-C4Hy—, n-CsH;,—
eqn (2) holds

ka0 ka1 Ky [CeHs—R
Ir (a/b) = a,o at™1 [ 6115 ] (2)
kb.o + kblI(l [C6H5"R]

with benzene, selectivity 1s enhanced, on the
contrary, in the presence of chlorobenzene 1t 1s
depressed The best selectivity 1s reached with CS,,
as solvent

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

log rr(a/b) = p*(ZoF — Zag) + ¥a + Yy 3)

accounting for the mnductive (0*) and mesomeric
effects (Y) of the substituent acting upon the rela-
tive reactivity of the 2C—H bond, the last one (¥)
1s only affecting the o position The absolute value
of both parameters (p and ) increases with the
concentration of the aromatic substrate in a suitable
solvent (CCl,)

One may conclude that solvents are affecting the
intensity of the substituent polar effects of the sub-
strate and modifying the dipolar characteristics of
the transition state of the radical reaction
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Numerous reactions catalyzed by acids show a
rate maxiumum 1n moderately concentrated acids



