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Solvent effects are particularly strong when the reacting solutes are charged and the reaction
takes place in a polar solvent (foremost water). Solvation affects the reaction free energy change as
well as the free energy barriers. The effect on the equilibrium constant is due to stabilization of
charged species and is studied with the solvent orientation (polarization) fully equilibrated to the
charge distribution of the solute. However, the same approach is not always appropriate for
understanding the solvent effect on the free energy of a transition state. Non-equilibrium solvation
becomes important when the motion of the solvent is dow in comparison to the time scale of the
rearrangement of the solute charge densities. In that case the solvent must move first and its
configuration must be treated as an explicit reaction coordinate. Electron and proton transfer in
water are familiar examples where these conditions are realized. This type of non-equilibrium
solvation has been extensively studied using a continuum representation of the solvent and
simulated numerically using valence bond models. Both approaches go back to the Marcus theory
of electron transfer. After a short introduction about non-equilibrium solvation, we will highlight in
this talk some of the issues encountered when a similar approach is extended to density functional
theory based ab initio molecular dynamics (“Car-Parrinello”) simulation which treats solute and
solvent at the same level of electronic structure calculation and statistical mechanical theory. As
illustration we will use some of the results of recent work on the Car-Parrinello ssmulation of redox
reactions in solution. In the same context we will comment on the simulation of proton transfer by
Car-Parrinello methods.
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