How does structure affect interfacial charge transfer?
— isonicotinic acid on rutile(110)
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Abstract

Charge transfer processes at interfaces in photovoltaic systems are strongly affected by
temperature. In this context we analyze the effects of heat-induced structural fluctuations
from a modeling perspective. In our approach we extract lifetimes of localized states on
dye molecules attached to semiconductor substrates. The atomic motions of the adsor-
bate and substrate are sampled by taking snapshots from ab-initio density-functional-theory
molecular-dynamics trajectories [1]. We effectively extend the slabs utilized in our dynamical
calculations to full semi-infinite substrates with the use of a Green’s function approach [2,3].
At this level of theory we obtain time-averaged values of the charge injection times using sev-
eral snapshots of the Car-Parinello simulations. We compare our results with core-hole-clock
experiments of the same system finding a good agreement [4]. To include the perturbation
inferred by the measurement technique we consider core-excited molecules in our simulations.
This results in a lowered dependency on structural fluctuations of the energetic positions of
the molecular level as compared to the non-excited molecule. This study enables the search
for direct connections between structural parameters, resonance energies, and elastic charge
transfer times scrutinizing the configurational space covered by the molecular dynamics sim-
ulations.
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