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Theoretical Studies on Redox Potential of Molecules by Molecular Dynamics Simulation
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abstract

The goal of this study is to estimate redox potential of molecules including proteins
and to elucidate the mechanism of the electron transfer reaction between the molecules.
The purpose of this thesis is to present a simple calculation method to evaluate the redox
potential of the molecules by sampled configurations obtained from molecular dynamics
(MD) simulation in order to estimate the redox potential including the fluctuation of
conformation in long time order. For the MD simulation, optimized structures of simple
small organic molecules, acetone and 3-pentanone, in the neutral and radical cationic
states and the force field parameters have determined by density functional theory (DFT)
calculations with high level basis set. From the MD simulations and the free energy
calculations by the energy representation (ER) method, the structure and hydration
properties of these organic molecules are investigated in the neutral and radical cationic
states. These results show that the ionization effect of these molecules on the estimation
of excess chemical potential is significant in both of molecules. The redox potential of
the molecules calculated by the present calculation method have been discussed in
relation to the difference of the redox potentials. The different value of the redox
potentials between the acetone and 3-pentanone is in agreement with the experimental
value within the standard deviation. These results suggest that the redox reaction with
electron transfer between molecules by using the present computational method might
be discussed from the viewpoint of the difference of the redox potential.
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molecular E(l\tl) E(N) AE A/“(Nl) Aﬂ(N) AG
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