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Outline

v’ Different types of excitons and excited states in MoS,,
WSe, and WS, by resonance Raman spectroscopy

v The double resonance Raman features and disorder
induced bands in MoS,

v Unusual angular dependence of the polarized Raman
spectra of Black phosphorus



Raman spectroscopy in graphene and 2D materials

Disorder, defects, charges, edge structure, strain, number of layers, etc...

M. A. Pimenta et al., Phys. Chem. Chem. Phys. 9, 1276 (2007)
L. M. Malard et al. , Phys Rep. 473, 51-87 (2009)

Resonance Raman spectroscopy

Probes the electronic structure excitons and exciton-phonon interactions

- Ar-Kr laser, Dye laser
(Rhodamine 6G, 110, DCM),
Ti-sapphire, He-Cd, VERDI
and Ar pump lasers

325 a 850 nm
(1.45 a 3.81eV)
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Raman scattering
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Comparing Raman spectra of Graphene and MoS,

M. A. Pimenta et al. Acc. Chem. Res. Vol. 48, 41-47 (2015)
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Optical transitions in MoS,, WS, WSe,

MoS, bilayer MoS, monolayer
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Double resonance Raman process in Graphene and MoS,
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Effect of disorder in the Raman scattering of single-layer MoS,
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S. Mignuzzi et al., Phys Rev. B (2015), Vol. 91, 195411
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X = E’ or A", reveals that C(E") = 1.1140.08 nm* and C(4";) = 0.59+0.03 nm".



Excitons and exciton-phonon coupling in MoS, by RRS
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Excited Excitonic States in WSe, observed by RRS
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Resonance Raman studies in single layer WS, and WSe,
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Unusual angular dependence of the Raman response in Black Phosphorus
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Unusual angular dependence of the Raman response in Black Phosphorus
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Unusual angular dependence of the Raman response in Black Phosphorus
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