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Advanced vibrational spectroscopy using infrared plasmonic nano-structures
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Nonlinear vibrational spectroscopy using infrared ultrashort pulses gives
valuable information concerning the function and structure of molecules, such as molecular
vibration, structural dynamics, mode coupling etc. However, due to the weakness of the signal, the
measurements require large amount of identical molecules and yet the observable vibrational modes
are limited. In order to solve these problems, we have developed surface enhanced - nonlinear
vibrational spectroscopy. We designed metal nanostructures with resonance in the infrared region and

performed infrared pump-probe spectroscopy, achieving remarkable signal enhancement. We also
succeeded in demonstrating the same principle for the reflection geometry. These results are
significant in expanding the mode species observable in nonlinear vibration spectroscopy and opening
up the possibility of analyzing monolayers and interfaces.
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