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Vibronic effects in single molecule conductance1

MICHAEL THOSS, Department of Chemistry, Technical University of Munich

Recent experimental advances have allowed to study the conductance properties of single-molecule junctions and revealed
a wealth of intriguing transport phenomena. An important aspect that distinguishes nanoscale molecular conductors from
mesoscopic devices is the influence of the nuclear degrees of freedom of the molecular bridge. Due to the small size of
molecules, the charging of the molecular bridge is often accompanied by significant changes of the nuclear geometry that
indicate strong coupling between electronic and nuclear (in particular vibrational) degrees of freedom. In this contribution,
the effect of electron-vibrational (vibronic) coupling on the transport properties of single molecule junctions is studied. The
study is based on a combination of first-principles electronic structure calculations to characterize the system and different
transport methods including inelastic scattering theory, master equations and nonequilibrium Green’s function theory. The
basic mechanisms of vibrationally coupled electron transport are analyzed for a generic model of a molecular junction as well
as benzenealkanethiolates between gold electrodes. The results show that vibronic coupling can have a significant effect on
the conductance of molecular junctions. It manifests itself in pronounced structures in the current-voltage characteristics.
Moreover, the current-induced excitation of vibrational modes mays result in a significant deviation of the vibrational degrees
of freedom from their equilibrium distribution.
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