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Abstract

In the present work a quantum mechanical model, depending on the Fermi’s
golden rule has been derived according to the perturbation theory. The model
has been utilized to calculate the electron transfer rate constant through a
donor-acceptor system, which consists of a semiconductors with dyes
dissolved in a variety solvents.

Ti02 and SnO2 semiconductors are used as the donor state, and thiopyronine,
methylene blue, and safranine T dyes which are dissolved in different solvents
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like, acetonitrile, ethanol, acetone, 1-propanol, 1-butanol, 1,2-dichloroethane,
dichloromethane, chloroform, and dioxane to form a complex, are used as an
acceptor state. The reorganization energies between TiO2 and SnO2

semiconductors , donor state, and the complex, acceptor state, are calculated.

For non-adiabatic system of donor-acceptor, a program in visual basic has
been written to compute the reorganization energy, a program in MATLAB
also has been written to compute the driving force. Coupling matrix element
and the prior parameters, have been used in the program to compute the
electron transfer rate constant.

The quantum mechanical model has been used to calculate the electron
transfer rate constant for Ti0O2 and SnO2 semiconductors at different
wavelengths and different coupling matrix element. These values are high for
solvent possesses high dielectric constant.

The electron transfer rate constant is a function of the reorganization energy.
Our results show that the ET rate increases with increasing the reorganization
energy.

The rate constant is the maximum when using thiopyronine dye( 2-N
atoms), while it is lower for methylene blue (3-N atoms) and safranine T (4-N
atoms) dyes. In these dyes the number of electrons increases as the number of
N-atoms increases, but the ET rate is decreased. We think that is because of
the competition for possessing the electrons by each nitrogen atom in the dye
molecule.

The maximum ET rate for SnO2 semiconductor is smaller than that of
Ti02 semiconductor with the same dyes and the same solvents, since Ti02
semiconductor has a large volume of unit cell compared with that of SnO2.

The value of the electron transfer rate obtained by using dioxane with
different dyes and semiconductors is approximately zero compared with the
other solvents, this is due to its high height barrier.
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