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Charge transport in organic semiconductors has puzzled the experimental and theoretical
community for several decades. Transport measurements on ultrapure organic crystals
showed a decrease in the charge mobility with increasing temperature, a hallmark of band
transport, while at the same time electron paramagnetic resonance and vibrational
spectroscopy data suggested the existence of localized charge carriers hopping from one
site to the next [1]. In the last ten years spectacular progress has been made in the theory
and computer simulation of charge transport in organic semiconductors that has allowed
us to reconcile and understand these puzzling observations at a molecular level, including
transient localization theory [2], polaron transformed Redfield theory [3], finite
temperature time-dependent density matrix renormalization group [4] and non-adiabatic
molecular dynamics simulation [5]. In my talk | will explain the methodology we have
introduced to propagate charge carriers in these materials, fragment orbitals based surface
hopping, that has substantiated the view that transport in these materials occurs in a
unique transient delocalization" regime [6], mid-way between band and hopping. | will
also explain how dynamic, structural and electrostatic disorder in thin films lead to
localization[7] and how transient delocalization manifests in the thermoelectric transport
of organic semiconductors [8].
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