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ABSTRACT

Understanding photo-induced biological processes, such as photosynthesis, and controlling materials
development for opto-electronic applications, such as photovoltaics, both fundamentally rely on the
manipulation of charge-carriers to result in interfacial charge-transfer. For describing electron transfer
rates there are two limiting scenarios: when changes to the charge-carriers dielectric environment are
‘weak’, as described by Redfield theory, or ‘strong’, as described by Marcus theory. Marcus theory
predicts that electron transfer processes depend on the donor-acceptor energy difference and the
reorganization energy of the dielectric environment. Redfield theory treats the reorganization energy
perturbativity and predicts that rates are linear with reorganization energy while Marcus theory
describes a non-linear dependence giving the empirically observed ‘inverted regime’. The perturbative
treatment of reorganization energy in Redfield theory can result vastly overestimating charge-transfer
rates' and providing qualitatively wrong trends for atomistic simulations. So called modified-Redfield
remedies this situation by including the diagonal elements of the electron-phonon interaction, which
describes nuclear reorganization, into the explicit Hamiltonian while still treating the off-diagonal
elements perturbatively. Here we implement modified-Redfield into ab Initio atomistic simulations to
model photo-induced charge-transfer. Initial test systems are donor-acceptor molecules which result in
intra-molecular charge-transfer after photo-excitation.
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