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A theoretical study of plasmon enhanced Raman spectroscopy
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[Abstract] Plasmonic fields are widely utilized to enhance Raman spectroscopic signals up
to 10" times because the plasmon excited at the metal nanostructures enhances the incident
light and scattered light for the Raman signals from molecules by several orders of magnitudes.
In addition, it is known that the field gradient changes the Raman selectivity. Previous studies
investigated the effect of quadrupole interaction that couples the molecular quadrupole moment
and the first-order derivative of an electric field. However, the quadrupole interaction is not
necessarily sufficient to deal with the strongly varying electric fields at the molecular scale
correctly. In this study, we developed a theoretical method to calculate Raman spectra with
plasmonic fields by using the multipolar Hamiltonian which includes all of the multipolar
interactions. With this method, we investigate a model system for a tip enhanced Raman
spectroscopy of benzene. The spectra reflected the effect of spatial structure of the electric fields
around the tip modeled by tetrahedral Au,g cluster, which cannot be considered with just the
quadrupole interaction term.
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Fig. (a) Computational model. (b)(c) Electric field intensity and lines of yz plane. (d) Raman spectra

by uniform electric fields and plasmonic fields. (e)(f) XYZ components of peak intensity.
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