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Table 1  Structural parameters of Co(H.0)2%7+ system (in nm)

e roenet Ar re -Ar! Ar,af Ar./Ar.
UHF/6-311G 0.2135 0.2011 0.0124 0. 2064 0.0071 0. 0053 1. 34
UMP2/6-311G 0.2118 0. 2008 0.0110 0. 2056 0. 0062 0. 0048 1.29
Expt. © 0.212 0. 195 0.017

* the Co — O distance in the equilibrium state; * Ar= r, — r,.1> ¢ the Co — O distance in the transition state;

¢ the nuclear configuration displacements from the equilibrium state to the transition state; © ref. [17].
%2 ColH0)3+/3+ FLBTEMAE S MESL AT LA (k] - mol 1)

Table 2  Theoretical and experimental activation energy for Co(H.0)2*/** redox pairs(in  kJ ‘mol ")

AE" uue* AE" pup2* AE" oot AE" o AE" gon®
52.97 48. 83 48. 41 61.92 66. 94

* solvent contribution, A E* .. =28.79 from ref. [18] is involved; " ref. [19]; © obtained by assuming k. =1;
¢ ref. [18].
%3 ColE,0)3+/ WHEEMHE (10-0 Jm-1) BFRHET o THEHH 4,
Table 3 Values of the slope of potential energy surface, electronic factor and rate constant
for ColH,0)2*/* system

UHF/6-311G* UMP2/6-311G* Morse”

-5 6. 623 6.011 7.889

So 6. 629 6. 008 5. 044

I'S: = Silin 26. 504 24. 038 25. 866

IS = Sil ol 27. 594 25.128 26. 959

Ke 0. 042 0. 0473 0. 0434
ke/mol ' "L " s7! 2.27(3.3)¢ 13.19(3.3)¢

“ this work; " ref. [21]; ¢ 1S:— Silow=1.09 from ref. [11]; ¢ experimental value in parenthises, ref. [22].
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Theoretical Study of Self-Exchange Electron Transfer Reactions for
Co(H,0)3*/3+ System*

Zhang Dongju ~ Hu Haiquan  Liu Yongjun  Bu Yuxiang Liu Chengbu
( Institute of Theoretical Chemistry, Shangdong University, Jinan — 250100)

Abstract A theoretical scheme is presented which is based on an activation model for calculating
the rate of the electron-exchange reaction between transition metal complexes in aqueous solution
and applies to Co(HZO)Z” ** electron transfer system. The activation parameter and activation en-
ergy of the system are obtained via the activation model. The slopes of the potential energy surfaces
(curves) of the reacting system at the separated reactants are calculated from the fitted potential
energy curves. The coupling matrix element is determined by using the perturbation theory and
numerical integral method. Theoretical rate constants are obtained for the system at both UHF/
6-311G and UMP2/6-311G levels. The agreement of the theoretical results with experimetal values
is excellent. This fact indicates the scheme proposed is feasible and accurate in studying the

self-exchange eletron transfer reaction.
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