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GEEEE: Deep-UV optical studies of two—dimensional materials

GEAM : Prof. Hsiang-Lin Liu  (Department of Physics, National Taiwan Normal University)

355 : We present the deep—UV optical studies of two—dimensional materials, including graphene
and transition metal dichalcogenides. Our experimental techniques are deep—UV Raman and
spectroscopic ellipsometry. First, the Raman intensities from the second-order phonon modes
of monolayer graphene and monolayer MoS, and WS, are revealed to be decreased or enhanced
anomalously by the deep—UV excitation wavelength [1-3]. We demonstrate theoretically that
such resonant behavior correlates with the absorption properties and electron—phonon
interactions in these materials. Second, the optical absorption spectra of monolayer and
bilayer graphene exhibit two broad bands over the UV spectral region. Based on the
first—principles calculations, we assign the observed two absorptions to an excitonic
transition at the saddle point (M) in the band structures and collective excitations of the
surface plasmons [4, 5]. These results advance our understanding of the double resonance Raman
scattering process, quasiparticle band structures, and collective excitations of
two—dimensional materials
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ultraviolet Raman scattering” , Physical Chemistry Chemical Physics 17, 14561-14568 (2015).
[3] H. L. Liuk, T. Yang*, Y. Tatsumi, Y. Zhang, B. Dong, H. Guo, Z. Zhang, Y. Kumamoto, M.
Y. Li, L. J. Li, R. Saito, and S. Kawata, “Deep-ultraviolet Raman scattering spectroscopy
of monolayer WS2” , Scientific Reports 8, 11398-1710 (2018).

(4] D. P. Gulo, N. T. Hung, T. J. Yang, G. J. Shu, R. Saito, and H. L. Liu¥, “Exploring
unusual temperature—dependent optical properties of graphite single crystals by
spectroscopic ellipsometry” , Carbon 197, 485-493 (2022).

[5] H. L. Liu%x, B. D. Annawati, N. T. Hung, D. P. Gulo, P. Solis—Fernandez, K. Kawahara,
H. Ago, and R. Saito, “Interference of excitons and surface plasmons in the optical
absorption spectra of monolayer and bilayer graphene” , Physical Review B 107, 165421-1"10
(2023).
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BEH : Band-center metal-insulator transition in bond-disordered graphene
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S : We study the transport properties of a tight-binding model of non—interacting fermions
with random hopping on the honeycomb lattice. At the particle-hole symmetric chemical
potential, the absence of diagonal disorder (random onsite potentials) places the system
in the well-studied chiral orthogonal universality class of disordered fermion problems,
which are known to exhibit both a critical metallic phase and a dimerization—induced localized
phase. Here, our focus is the behavior of the two—terminal conductance and the Lyapunov
spectrum in quasi—1D geometry near the dimerization—driven transition from the metallic to
the localized phase. For a staggered dimerization pattern on the square and honeycomb lattices,
we find that the renormalized localization length & /M (M denotes the width of the sample)
and the typical conductance display scaling behavior controlled by a crossover length—scale
that diverges with exponent v =1.05(5) as the critical point is approached.
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BHH : Selected Two-Fluid Effects in Soft Condensed Matter
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AW : Helmut R. Brand (/A mA hRER)

B55 : Key question addressed in this seminar: importance of two—fluid effects on macroscopic
and mesoscopic scales in complex fluids. Topics of central importance are immiscibility and
velocity differences. Two—fluid hydrodynamics can be applied to materials with two subsystems,
which can move relative to each other. The additional macroscopic variables always include
the concentration of one component and the relative velocity. The three specific systems
covered here are:

1) Smectic clusters in nematic phases: breakdown of flow alignment and sign change of the
anisotropy of electric conductivity [1].

2) Clusters above the glass transition in polymer and low molecular weight materials [2].
3) Magnetorheological fluids (MRFs): onset of column formation in magnetic fields [3].

[1] H.R. Brand and H. Pleiner, Phys. Rev. E 103, 012705 (2021).
[2] H. Pleiner and H.R. Brand, Rheol. Acta 60, 675 (2021).
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