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Probing Collective Molecular Vibrations and Infrared Material
Excitations with Nano-Spectroscopy and Nonlinear
Optical Microscopy

Vibrational spectroscopy and microscopy are powerful tools to characterize structure-
property relationships in molecular and solid-state platforms. In my talk, | will give an
overview over work we have been pursuing with surface-enhanced Raman spectroscopy
(SERS) and nonlinear optical microscopy.

In the first part, | will show how we can detect collective vibrations in molecular monolayers
with SERS, making use of the tight confinement of optical fields by plasmonic nanocavities.
It is usually assumed that SERS detects molecular vibrations individually. Here, instead, |
show different mechanisms how molecular vibrations can be synchronized, which includes
infrared dipole-dipole coupling [1], an optomechanical interaction of the Raman dipoles [2],
and the driving with coherent anti-Stokes Raman scattering [3].

In the second part, | will show recent work with sum-frequency generation (SFG) microscopy
combining ultrafast mid-infrared and visible lasers. The infrared laser excites a material
resonance and the upconversion with a visible laser enables imaging with sub-diffractional
spatial resolution in a visible light microscope. We use this approach to visualize the crystal
structure of monolayers of hexagonal boron nitride — a 2D material that is usually optically
invisible [4]. Moreover, we image the propagation patterns and dispersion of phonon
polaritons, which are nanophotonic excitations that enable nanoscale waveguiding of
infrared light [5].
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