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Controlling metal-surface reactions via vibrational excitation by
plasmon-enhanced infrared near-fields
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A high-resolution pump-probe spectroscopy system using an_intense
mid-infrared femtosecond laser has been constructed for the rovigrational excrtation of molecules in
the gas and liquid phases. Through the strong interaction of the molecules with the intense pulsed

electric field, multi-step excitation approaching a vibrational quantum number of 10 is
demonstrated. For the gas-phase molecules, oscillations of the absorbance changes with respect to
the pump-probe delay time are observed, which are found to result from rotational coherence
generated by the pump irradiation using nonlinear response function theory. Moreover, to enhance
interactions between molecules and mid-infrared pulses, we have designed and fabricated metallic
nanostructures exhibiting plasmon resonance in the mid-infrared range. It has been demonstrated that
the enhanced electric field associated with plasmon excitation enables efficient vibrational
excitation of molecules on a metal surface.
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