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According to Franck-Condon principle, the nuclei do not have the time to
gove when the system passes from the reactant to product surface due
io electron transfer so that electron transfer can take place

(b

AGP

‘_'\ i
A\ |

P’L - r
9; 9 ¥

Drsplacement. g —

Fig. 31. The Gibbs energy
surfaces of the complexes

DA and D°A” involved in

only after thermal fluctuations and bring the geometry of DA DA
tog" [Fig- (31)], the value of nuclear coordinate at which the 2
two parabolas intersect. 5

The factor kv is a measure of the probability that the R
system will change from reactants DA to products D*A™ at @)
¢ by electron transfer within the thermally excited DA DA
complex. For understanding this process, we consider the '
effect that the rearrangement of nuclear coordinates has %
dlectronic energy levels of DA and DA™ for a given distance 32
rbetween D and A. [Fig. (32)]. In the beginning, the electron T
to be transferred occupies the HOMO (highest occupied (®) )

molecular orbital) of D and the overall energy of DA is lower
than that of D*A™ [Fig. (32a)]. During the rearrangement of
nuclei to a configuration shown by q* in figure (31), the
highest occupied electronic level of DA and the lowest
unoccupied electronic level of DYA™ become, degenerate and
electron transfer becomes energetically feasible [Fig. (32b)}.
Over a short distance, r, the mechanism of electron transfer
is tunnelling through the potential energy barrier sh_own in
figure (31). The height of the barrier increases with the

ionisation energies of DA and D'A” complexes. When an
electron moves from HOMO of D to LUMO of A, the system

relaxes to the configuration expressed by q{; [Fig. (32)]. From
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Fig. 32. Mechanism of electron
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figure 32(c), it is clear that the energy of D*A™ is lower than that of A, showing the ther modynag,.
tendency of A to remain reduced and for D to remain oxidised. ’

The rate of electron tunnelling from an energy level mentioned by the Wa"efunc*-iﬁhn ¥oto,
level mentioned by the wavefunction ¥, is proportional to the matrix element <‘{‘A|HD Al"‘[,;—

A -
where H), is Hamiltonian that mentions the coupling of the electronic wavefunction. Wheq ¢,

coupling is weak, then
A A
|<¥AlHp, |¥p>]2= |<¥s|HY, | ¥p>i2 e . (2)
where r is edge to edge distance between D and 4, cis a parameter that gives the sensitivity
of the coupling matrix element to distance and <¥ | ¥00a | > is the value of electronic couplin,

matrix element when r =0, i.e., when D and A are in contact. The dependence of exponentia] g

distance in equation (2) is the same as the exponential decrease in transmission probability

through a potential energy barrier that we generally encounter in tunnelling through barriers.
The rate constant for electron transfer, ke is given by the following equation

A
- 21<¥s 1 H | P> )27 o8 \02 -
S T A'""DA! "D _ 0
et i 4nRT exp | — AG"/RT
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