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6. Analytical Tools for 2D Materials
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Analytical Tools for 2D Materials: SPM
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Analytical Tools for 2D Materials: SPM
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Magnetic Force Microscopy

Laser Interference l

Wu et al. AIP Advances 8, 055016 (2018)

Friction Force Microscopy
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Analytical Tools for 2D Materials: Raman Spectroscopy
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A. J. Pollard et al. “Characterization of the structure of graphene”, NPL, (2017)

Raman is powerful tool to analyze quality of
graphene. To avoid damaging the graphene, laser
spot power of less than 1 m\W must be used for a
laser spot diameter of 500 nm or greater and
acquisition times of less than 30 seconds and it is
recommended to include a range from 1150 cm-?
to 3100 cm-”

Disorder of graphene

= The values of I/l should be recorded as the measurands for
the level of disorder of the graphene. For low and moderate
defect density, /5/l; increases with an increasing defects
density.

Evidence of monolayer graphene

1. 2D-peak must be a single Lorentzian peak

2. FWHM of 2D of <35 cm-', where I/l < 0.2.

3. lyp/lg >2 (However, this ratio can be reduced by other factors
such as the level of disorder and doping and as such it cannot
be explicitly used as an indication of single layer graphene.)

Mismatch of bilayer graphene

Mismatch angle is low (<5°) : the presence of additional peaks at
either 1370~470 cm' or 1540~1620 cm™' must first be assessed.
If these peaks are not observed, the sheet could be single layer or
twisted-bilayer with a higher (>5°) mismatch angle between the
two layers
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Intensity (a.u.)
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G : high-frequency E 4 phonon, stretching of the C-C bond. highly sensitive to strain.
2D : two phonons with opposite momentum in the highest optical branch near the K.
D : breathing modes of rings, degree of defects

D’ : double resonance

C : interlayer coupling (direct probe of N)

A. C. Ferrari et al. Nature nanotechnol. (2013) & Y. Hao et al. Small (2009)
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Doping and strain of graphene
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MoS, Out-of-plane A,; mode
= The interaction between sulfur atoms of neighboring layers can influence the frequency.
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A. C. Ferrari et al. Nature nanotechnol. (2013) & F. Bonaccorso et al. ACS Nano (2013) & C. Lee et al. ACS Nano (2010)
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Layer dependence WS,
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P. Tonndorf et al. Optics Express (2013) & Yamamoto et al, ACS Nano (2014) & Zeng et al. Sci. Rep. (2013) & W. Zhao et al.
Nanoscale (2013)



£2l0|E 12

S4 peak?Zt Zt4, B12g peak2 & layer THH
Sojung_NCML, 2020-05-18

S5 polarized Raman
Sojung_NCML, 2020-05-18

S6 AlgZt BE AXIBM SAlOf

1-2Lo| A= single line
3-4L0 A= 27Y, 5LOI M= 370 2 splitE (Davydov split) B12g= 1L0f| 8111, 2LOIA 7}E prominent®t
Sojung_NCML, 2020-05-18



Analytical Tools for 2D Materials: Raman Spectroscopy

Defect induced Raman
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Polarized Raman
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Layer dependent PL
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Mak et al. PRL (2010) & Radisaviljevic et al. Nat. Nano (2011) & Splendiani et al. Nano Lett (2010) & Kappera et al Nat. Mater. (2014)
& Tran et al. PRB (2014) & Yang et al. Light Sci. Appl. (2015) & Castellanos-Gomez et al. J. Phys. Chem. Lett. (2015)
& Mak et al. Nat. Mater. (2012) & Ross et al. Nat. Commun. (2013)
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Analytical Tools for 2D Materials: Photoluminescence
Low temperature PL of MoS, (50 K)
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. Nano Lett. (2019) & Amani et al. Science (2015)
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Analytical Tools for 2D Materials: Raman & PL mapping

Raman mapping of CVD-grown graphene
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Hydrogenated graphene
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Second harmonic generation (SHG)

Polarization-resolved SH intensity
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Y. Li et al Nano Lett. (2013) & W.-T. Hsu et al ACS Nano (2014)



Analytical Tools for 2D Materials: TEM

Transmission Electron Microscope (TEM) HAASDF-STEM
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P. Huang et al. Nature (2011) & G. H. Lee et al. Science (2013)



Analytical Tools for 2D Materials: TEM

TEM image of graphene
Monolayer graphene Bilayer graphene

Moolayr graphe e outer hexagon intensity is similar with inner on. On the other hand, bilayer
graphene the outer hexagon intensity is greater than the inner one.

Thickness of graphene flakes Misoriented angle (8) of graphene layers

Misoriented bilayer graphene regions are easily identified by the
presence of 12 spots in each ring rather than the 6 observed for
single layer graphene or AB stacked graphite. The misoriented

o bilayer graphene also reveals a Moiré pattern.
A. J. Pollard et al. “Characterization of the structure of graphene”, NPL, (2017)



Analytical Tools for 2D Materials: TEM

Crystal Structure of Graphene
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A. van der Zande et al. Nature Mater. (2013) rasiten



Analytical Tools for 2D Materials: TEM

Diffraction pattern

Fluorinated graphene
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Kashtiban et al. Nat. Commun. (2014) & G.H. Lee et al. in preparation



Analytical Tools for 2D Materials: TEM

Defect observation of WS, MoS,
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Reknitting graphene

Carozo et al. Sci. Adv. (2017) & Zhou et al. Nano Lett. (2013) & R. Zan et al. Nano Lett. (2012)



Analytical Tools for 2D Materials: TEM

a) AAstacking6=0'  b) AB stacking 0=0"
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Bottari et al. Chem. Soc. Rev. (2017)



Analytical Tools for 2D Materials: TEM, STM

Moire pattern Twisted angle of CVD graphene
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P.-Y. Chen et al. Adv. Mater (2019) & Brown et al. Nano Lett. (2012) & S. Xie et al. Science (2018)



