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The utilization of metallic tip in near-field optical microscopy [1] opened the doors for high
resolution optical microscopy through plasmonic enhancement at the apex of a metallic tip,
which was latter utilized in tip-enhanced Raman scattering (TERS) [2]. With the advances of
this technique, we demonstrated that tip-enhanced Raman microscopy can image a sample
with extremely high spatial resolution much beyond the diffraction limits of the probing light.
In particular, the spatial resolution for tip-enhanced CARS microscopy was demonstrated to
be as high as 15 nm [3]. The primary mechanism of tip-sample interaction in tip-enhanced
Raman microscopy is electromagnetic, which is based on the excitation of localized surface
plasmon polaritons. However, when the tip is close enough to the sample, typically at
molecular distances, the mechanical and chemical interactions between the tip and the sample
become important. These interactions add new interesting phenomena in tip-enhanced Raman
microscopy, which goes beyond the simple plasmonic effects. When a sample is pressurized
in a controlled manner by the tip apex [4], highly localized structural deformation of the
sample perturbs Raman modes at a much higher spatial resolution. This can potentially enable
TERS to achieve extremely high spatial resolution. On the other hand, chemical interactions
between tip molecules and sample molecules can even indicate the possibilities of single
molecule imaging [5]. We have demonstrated that, when a sample molecule gets adsorbed at
the tip molecule, strong temporal fluctuations of Raman scattering could be observed. Sensing
this temporal fluctuation, tip-enhanced Raman microscopy can achieve very high spatial
resolution, ideally, single molecule imaging. This would open new doors for TERS
microscopy with super resolving capabilities beyond the limits of plasmonic enhancements.
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