Effect of gold substrate on the excitonic properties of MoS.: a
final state sum frequency spectroscopy study
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Introduction

* Transition metal dichalcogenides (TMDCs) in both monolayer and few layer form are promising materials for application as optoelectronics, nonlinear optics and
photocatalysts because of their direct bandgap in visible region of spectrum, large nonlinear optical response, pronounced activity for water splitting, and reasonable

stability in ambient condition.

e Building devices with MoS, typically requires combining it with metals. Optimizing such devices thus requires understanding the
metal-semicounductor interaction which determines the performance of these TMDCs devices. Gaining such understanding

requires methods that are interface specific.

« Sum frequency generation (SFG) spectroscopy is a laser-based 2™ order nonlinear technique that can be applied to characterize

the interfacial electronic structure and symmetry of optical response.

Sample preparation

Mechanical exfoliation procedure
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e Large flakes of monolayer MoS,
can be obtained by both the
mechanical exfoliation and
chemical vapor deposition
(CVD)!
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Method

Azimuthal dependent final state sum frequency spectroscopy
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Azimuthal dependent results of MoS.,/SiO, and MoS./Au

MoS,/SiO, at different polarization combinations
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e All patterns show six-fold rotational symmetry

* The patterns can be divided into two groups based on the azimuth angles
of the SFG maximum intensities

 The SFG intensities are polarization dependent
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(2) |2

Iviin'r

MoS./Au at different polarization combinations
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e The patterns show dramatic difference compared to MoS, on SiO,
* The three-fold symmetry patterns can be categorized into three types based on

the shape and R (I__/I ) ratio
* The absolute maximum intensities vary significantly from each other

Point group of ML MoS,/Au —C,,
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 The SFG intensity was manipulated by the thickness dependent interference
* The influence on the measured optical response from the dielectric substrate

IS negligible
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°  PVD gold substrate Axzx = Xyzyr Xxxz = Xyyzr Xzxx = Xzyyr Xzzz

Point group of PVD Au —C_,
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Conclusions

Different laser polarization dependent symmetries have been observed on
MoS,/Au in comparison with that on dielectric substrate. These novel features
can be exploited for the fabrication of nonlinear optoelectronics.

The contribution to the SFG signal from the TMDC monolayer and that from the
substrate can be well separated via azimuthal symmetry.

The substrate-TMDC interaction can lift the symmetry of the optical response.
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