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Theoretical Study on Inelastic Electron Tunneling through Molecular Wire
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[ Abstract ] Contributions of inelastic channels to the electron tunneling in
donor-bridge(wire)-acceptor systems, ZnP-COPVn-Cg, have been theoretically investigated.
The golden-rule rate constants were evaluated on the basis of the quantum chemical
calculations of vibronic couplings and Franck-Condon weighted density of states. We show
that the rigid COPV bridge does not have any advantage over the flexible OPV bridge
regarding the strength of vibronic coupling, and hence, the contribution of inelastic channels.
We found that the inelastic/elastic ratio of rate constants amounts to 0.3-0.4 in these systems.
This quantity dramatically increases along with decreasing solvent reorganization energy (As)
when the intramolecular vibrations of donor and acceptor are classical, while the quantum
nature of high-frequency vibrations reduces the influence of As.
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Table 1. Calculated inelastic/elastic ratio of rate constants for L .
the charge recombination reactions in the DBA syatems. x 04r . ]
70 KE“ (/K | ki @)/ ki o2 QUANTUM s =3 :
A =
COPV1 (R=H) 0. 22 0.03 00 . . . . .
00 02 0.4 06 08 10
COPV1 (R=Ph) 0. 26 0. 06 2 (eV)
OPV1 0.25 0. 05 . . .
Figure 2. Dependence of the inelastic
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