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Tip-Enhanced Raman Spectroscopy
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Raman Enhancement Mechanisms

There are several mechanisms that can enhance Raman signals

Molecular Resonance
Resonance Charge Transfer
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ong-Distance Approximation

Recently, we have developed a new and efficient method to compute TERS images
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~ Long-Distance Approximation

If the tip and substrate are a few angstroms apart, we can solve the electron
dynamics for the tip independently




Litman, et al. J. Phys. Chem. Lett. 14,6850 (2023)
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Calculation of Polarizability with DFPT

Within Kohn-Sham density functional perturbation theory, we have

hks = hid + A, + ...
hyga =+ + i) + 0 -+

where
hKS¢p — €p¢p hKS = ts + Dext + i}H + i)xc

The solution of the Sternheimer equation gives

ol Zf () [P () (1) + w0 ()l ()],
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~ Calculation of Polarizability with DFPT

In standard Raman calculations we have,
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For the substrate-molecule we then have,
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TERS image

Raman Simulation
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A small tutorial to run DFPT local field calculation and plot TERS images with the FHI-aims code. Corresponding
publication can be found here

https://github.com/sabia-group/TERS _Tutorial/tree/master



Control.in

Standard Raman

DFPT polarizability

TERS input

DFPT local polarizability nearfield

DFPT local parameters numerical zeros.cube zeros.cube tipA 05 vh_ft 0049 3221meV_x1000.cube
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The case of Benzene Molecule
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Determining Molecular Orientations with TERS
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Raman Enhancement and Simulations
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® New first-principles simulation method of tip enhanced Raman scattering
(available in FHI-Aims)

® Substrates can play an important role on TERS experiments

® TERS can be used to determine molecular orientations

® Implementation with periodic boundary conditions,

® Investigate finite temperature effects at the single molecule level
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