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The solvent reorganization energy, Eg, 18 an important parameter of the quantum theory
of chemical reactions involving charge transfer or redistribution; it is an important factor
for the activation energy of the processes. In the long-wave approximation, Eg; 1s determined
by the expression [1]
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where egt and eop are the solvent's static and optical dielectric permittivity, Bi and Bf
are the vectors of the electric induction set up in the solvent by the charge distributions
in the initial and final state of the system. The integral in (1) is taken over the entire
solvent volume. In [2-9], the energy of solvent reorganization in outer-sphere charge-
transfer reactions has been calculated in terms of different models. In the case of inner-
sphere charge transfer, which occurs in a wide range of chemical and biological processes,
a calculation of reorganization energy has been possible in terms of the very simple model
where the charge is transferred between two centers lying on a single diameter inside a
spherical cavity placed into a dielectric medium [10].

In the present work we report the results of a calculation of solvent reorganization
energy where the charges in the initial and final state are located in an arbitrary number
of centers distributed in an arbitrary manner within the reactant. It is assumed that the
reactant has the shape of a sphere of radius R with a dielectric permittivity e,, and is
placed into a polar medium with the dielectric permit ivity €a. Suppose that in the initial
state, charges zxl (1< k < N) are located in polnts dy (ldk] < R), while in the final state
the same points contain charges zif (specifically, some of the zpl or zxf can become zero).
Then the difference between the induction vectors set up in the solvent by the initial and
final charge distribution can be written as
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where ¢4 and ®f are the potentials of the electric fields set up in the solvent by the charge
distributions in the initial and final state.

Using the solution of the electrostatic problem of charge in spherical cavities [11] we
shall write ¢4 —9¢ as

N .
Pi—@y = 2 62,0,
rw— (3)
= 2np+1 dpmx
= P,,(cos 0). ' (4)
A 2 nhe|+(nk+1) gy roxtt h( h) .

Here ¢ is the potential created by a unit charge located in the point Ek; r is the distance
from the center of the sphere to an arbitrary point within the solvent; 8k is the angle be-
N

tween vectors Ek and ?; P, (cos 8) are Legendre polynomials; 6zy = zki —-zkf; and :E:sz==a

Using (2) and (3) we can reduce (1) to R
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Fig. 1

The integrals of the diagonal terms (k = 1) in (5) are conveniently calculated when the axis

of the spherical coordinate system is chosen so as to pass through polnt dg. Then Vog can
be written as
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while the product VeyRVey can be written as
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Using the orthogonality relationships of the Legendre polynomials in the integration of (N
we obtain
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In calculating the integral of a nondiagonal term (k # 1) we choose a spherical coordinate
system linked to, for example, charge di (Fig. 1). Then, in order to write down the gradient
of potential @7 in this system of coordinates one must use the "addition theorem for Legendre
polynomials' [12]
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Here 67 is the angle between vectors 'x.t and Zz; 6z 1is the gngle between vectors Ek and 51;
o and @ are the angles specifying the direction of vector r in the coordinate system with the

polar axis pointing along Ek; and P,®(cos 6) are associated Legendre functions. The gradient
of g7 in this coordinate system can be found from (4), (9), and the relation
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Further integrating over the angular and radial variable we obtain
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Combining (8) and (9) we can reduce (5) to
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Considering that usually the dielectric permittivity of the reactants, £; ~ 2, is much

lower than that of the polar solvent (for water €, ~ 80), one can neglect terms of the order
of e1/ea in the square brackets in (12). Summing over n we finally obtain
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Expression (13) for the solvent reorganization energy serves as generalization of the result
obtained in [10] for the case where charge transfer occurs between two centers located on a
single diameter, and for N = 2 and cos 6,5 = #1 one can readily pass from (13) to relation
(6) of [10].

The author thanks L. I. Krishtalik for coanversations stimulating the realization of the
present work, and for discussion of the results.
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