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Abstract: Solvent effects on the bond cleavage in three aromatic radical anions are described in an uniform way
applying the Savéant model: the intrinsic rate constants, obtained from experimental data measured recently by Jensen
and Daasbjerg after the substraction of a thermodynamic contribution to the activation barrier, depend linearly on the
solvent Pekar factor. Calculations of the solvent reorganization energy support the correlations found.

© 1999 Elsevier Science Ltd. All rights reserved.

Solvent effects on the kinetics of bond cleavage in aromatic radical anions have attracted considerable
attention. ' Earlier results'? have been discussed in terms of a specific solvation of a transition state but later
a dominant role of leaving anion solvation (through a thermodynamic free-energy contribution AG® to the
activation barrier®) has been emphasized.>* Very recently the solvent effect on the intrinsic activation barrier
AG¥, (i.e. a barrier for AG°=0) has been experimentally found’ for the cleavage of 4-chlorobenzophenone
radical anion. The last effect was proposed by Savéant in the theoretical model® describing the bond cleavage
of a radical anion as a concerted process with intramolecular electron transfer of the unpaired electron from
the 7" orbital of an aromatic ring into the C-Cl ¢* orbital. This new approach allows the description of solvent
effects on the cleavage rate constants k,, of different anion radicals in an uniform way as is shown in this letter
for data recently reported by Jensen and Daasbjerg. They proposed® separate correlations of k. values for
radical anions of 9-chloroanthracene 1, 3-nitrobenzyl chloride 2 and 3-chloroacetophenone 3 with the solvent
acceptor number AN, donor number DN and Kamlet and Taft " parameter, respectively. However, no
physical meaning for the use of #' parameter is offered and the explanation for the use of DN based on the
counterbalance of a solvation of a nitro group and the developing chloride ion is not cogent.

The Savéant model predicts® the relationship® between the activation barrier and the reaction driving force
AG* =AG*, +0.5AG® and a solvent affects both terms. The main solvent effect on AG® is described®’ by the
difference in standard potentials AE°= E°(CI/CI') - E°(ArCl/ArCl”) for the halogen couple and for the
formation of a radical anion from the parent halide ArCl, respectively. The solvent effect on AG¥, is given
by the solvent reorganization energy 0.25)\,, describing a non-equilibrium solvent polarization in the transition
state as in the Marcus theory: A,=e 2(1/2a,+1/2a,-1/d)y, where e, is the electron charge, a, and a, are the
radii of spheres approximating the region where the charge is initially located in the radical anion and on the
leaving anion, respectively, d is the distance between the centres of charge at the transition state and y =
(l/ey, - 1/g)) is the Pekar factor, described by the optical &,, and static & electric permittivity of a solvent.

For 1 E°(ArCl/ArCl) is solvent independent because of a spin delocalization; for other reactants they
correlate linearly with the solvent AN, but a dependence of E°(CI/CI’)° against AN is three times stronger.
Substracting 0.5AE° values from experimental RTInk, gives RTInk,-0.5AGy,, the solvent dependent

0040-4039/99/$ - see front matter © 1999 Elsevier Science Ltd. All rights reserved.
PII: S0040-4039(99)01109-0



5772

contribution to the intrinsic rate constant k,, which should be a linear function of the Pekar factor if solvent
variations of AGy,;, (which is the Gibbs energy change for the homolytic bond dissociation of ArCl) is small,
as pointed out by Savéant.” Reasonable correlations are indeed observed for all three reactants as is shown
in Fig.1. The lowest slope found for 1 is in line with the charge delocalization at this big radical anion. Thus,

for 1 the solvent effect on AG® is dominant originating the observed correlation of logk, vs. AN.'*?
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Fig.1. Variation of the intrinsic rate Fig.2. Plots of the intrinsic rate constants
constants with the Pekar factor. against the solvent reorganization energy.

The quantitative support of the correlations shown in Fig. 1 can be obtained from calculations of the solvent
reorganization energies. It was done using crystallographic data and Van der Waals radii'® for system geometry
and assuming the tinal charge localization lies at the Cl atom (a,=175pm'®) and is initially on the O atom in
radical anion 3 (a,=150pm," d= 520pm from geometry of similar compounds'') and on the aromatic ring of
1 (a,=345pm', d= 345+175pm). For 2 there are no crystallographic data. The correlations of the intrinsic
rate constant RTInk,-0.5AGy,, against the calculated 0.25), values' for 1 and 3 are shown in Fig.2. Slopes
of both correlations (-1.0 with the standard deviation 0.2 for 1 and -0.840.1 for 3) are close to the
theoretical value, supporting that the bond dissociation energy is not strongly solvent dependent.
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