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Inelastic electron tunneling via molecular-scale junctions can induce a variety of
fascinating dynamical processes in the molecular moiety. These include vibration, rotation,
inter-mode energy flow and reaction. Potential applications of current-driven dynamics in
heterojunctions range from new forms of molecular machines and new modes of conduction, to
new directions in surface nanochemistry and nanolithography.

Interface reactions play a central role in determining not only the structure and the
conductivity of molecular heterojunctions but also the likelihood, nature and outcome of current-
driven dynamics in nano-devices. Whereas strong molecule-electrode coupling often gives rise
to delocalized electronic orbitals, small equilibrium displacements and at most weak vibronic
coupling, weak molecule-electrode interactions tend to spatially localize the molecule-derived
orbitals and thus enhance the equilibrium displacements, increase the resonance lifetimes, and
encourage inelasticity.

In the talk I will discuss the qualitative physics underlying current-driven dynamics in
molecular-scale devices, outline the theory we developed to explore these dynamics, describe the
results of ongoing research on surface nanochemistry and molecular machines, and sketch
several of our dreams and plans in these areas.
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