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2D materials: Literature Overview
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Synthe5|s of 2D materials
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Characterization in 2D limit: Challenging!
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SIMS for Elemental anaIyS|s of 2D materla|S
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Versatility of Elemental Mapping
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I\/Iappmg on heterostructures
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Thickness mapping via Depth Profiles
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TOF SIMS: THE M6

ToF-SIMS uses a pulsed primary ion beam (Bin+, Cs+, Ar+, etc.) to impact on a sample surface and induce a fragmentation cascade. The result is
the desorption of neutrals, secondary ions (+/-) and electrons from the first few monolayers of the sample. The secondary ions can then be
accelerated into a "flight tube" and their mass is determined by measuring the exact time at which they reach the detector

1. High lateral resolution (< 50 nm) with the new Nanoprobe 50

2. Mass resolution > 30,000

3. Unique delayed extraction mode for high transmission with high
lateral and high mass resolution simultaneously

4. Unmatched dynamic range and detection limits

5. TOF MS/MS with CID fragmentation for molecular structure
elucidation

6. New flexible, push-button, closed-loop sample heating and
cooling system for long-term operation without user interaction

7. Sophisticated SurfacelLab 7 software including fully integrated
Multivariate Statistical Analysis (MVSA) software package
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https://www.iontof.com/m6-tof-sims-technology-mass-resolution-secondary-ion-mass-spectrometry.html

XPS & UPS: An overview s
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UPS: An overview

UPS spectrum of Au surface
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XPS and UPS: FeCoP,S; & MnCoP,S,
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XPS indicates distinct suppression of Fe and Co 2p,,, and 2p;,, peaks in both Fe and Co-rich samples.
UPS indicates two distinct work functions with both Fe and Co rich systems exhibiting a higher work function shift.

N UANCE Inorg. Chem. 2021, 60, 17268-17275
“ Northwestern University Atomic and

Northwestern

Nanoscale Characterization Experimental Center

EXPLORING INNER SPACE



XPS of 2D materials on different substrates
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Depth Profiling
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Example: Depth Profile of TiO,-Si
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RAMAN for 2D materials
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Thickness dependent Raman
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Examples of Raman

Fe-CoP,S, Cu,Te
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Polarization dependent Raman
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Polarization dependent Raman: NiP,Se,
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Tip Enhanced RAMAN Spectroscopy (TERS)
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ERS overcomes these limitations as the Raman Nanoscale TER imaging of carbon nanotubes see
spectrum  obtained  originates  primarily  from structural heterogeneity, characterize defect sites,
the molecules within a few tens of nanometers of the tip. chirality variations, and electronic behavior.
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https://en.wikipedia.org/wiki/Raman_spectrum
https://en.wikipedia.org/wiki/Molecules

Conclusions

e XPS can be used to determine elemental composition of
layered 2D materials

* UPS can be used to determine work function of layered
structures

 TOF SIMS is an important tool to determine thickness
dependence mapping and elemental composition map

* Polarized Raman can determine the anisotropy in the layered
system.
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THANK YOU!

Contact: (847) 467-6499
Arslan: arslan@northwestern.edu
Xingi Chen (KECK I1): xchen@northwestern.edu
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Questions

Would you please share information on the characterization of 2D materials heterostructures? Particularly, can
Raman, XPS, or other surface analysis tools give us information on the twist angle between adjacent 2D layers,
for example, the twist angle between graphene layers in bilayer graphene? Thank you!

Application of XPS and Raman in identifying cement hydration mechanism.

Quantitative techniques for Raman and SIMS
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