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Fig. 1. (a) Schematic illustration of the in-situ high pressure polarized Raman measurement system; (b) optical image of the ReS,

flake being measured (The green arrows indicate the polarization directions of the incident laser); (c) illustration of a diamond an-

vil cell (DAC) loaded with the ReS, sample; (d) top view of

the ReS, crystal structure (The black rectangle indicates the Re-Re

chain. 6 is defined as the angle between the polarization of the incident laser and the b-axis of ReS,. ® represents the incident dir-

ection of the laser (into the page)); (e) side view of the ReS, crystal structure.
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Fig. 2. Raman spectra of an ReS, flake with the incident
laser polarized parallel (top, o = 0°) and perpendicular
(bottom, @ = 90°) to the z-axis of the experimental system.
The wavelength of excitation laser is 532 nm. « is defined
as the angle of the incident laser polarization direction
(white arrow) with respect to the z-axis (white dotted line).

1 ReS, KM 18 M IRah By a1k
Table 1. Assignment of 18 Raman active modes in

ReS, crystal.

Serial number Symmetry ~ Raman frequency/cm !

1 A, like 137.5
2 Alike 142.6
3 E,like 150.2
4 E,-like 160.4
5 E,like 211.0
6 E,like 233.8
7 C, 274.6
8 C, 280.9
9 E,like 305.0
10 E,-like 307.8
11 C, 317.4
12 C, 321.7
13 C, 345.6
14 C, 365.9
15 C, 375.4
16 C, 404.5
17 Alike 426.4
18 Alike 436.1
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Fig. 3. In-situ high pressure Raman measurements of ReS, crystal (0-30 GPa): (a) a = 0% (b) @ = 90°. The bump labeled with * is

the Raman signal from silicone oil. The dark blue, green, and orange dotted lines represent the evolution of the key Raman modes

revealing the first, second, and third phase transitions, respectively.
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Fig. 4. Pressure dependence of Raman mode frequencies for the ReS, sample (0-30 GPa): (a) a = 0°% (b) a = 90. The dark blue,

green, and orange data lines represent the variation trend of featured Raman modes at the first, second, and third phase transitions,

respectively. The gray data lines represent Raman modes that can be observed throughout the entire pressure range.
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In-situ high pressure polarized Raman spectroscopy of
rhenium disulfide’
Zhang Mao-Di  Jiao Chen-Yin = Wen Ting Li Jing
Pei Sheng-Hai  Wang Zeng-Hui! Xia Juan'!

(Institute of Fundamental and Frontier Sciences, University of Electronic Science and Technology of China, Chengdu 610054, China)

( Received 9 January 2022; revised manuscript received 17 March 2022 )

Abstract

Pressure engineering is known as an efficient, continuous and reversible technique capable of tuning
material structure, as well as its electrical, optical, and other physical properties. Raman spectroscopy is used to
perform efficient and non-destructive analysis of material structure, and is compatible with the application of
external tuning fields. In this work, we combine in-situ pressure engineering and polarized Raman spectroscopy
to study the pressure-induced evolution of 18 Raman-active modes in ReS, crystal. We find that the ReS,
undergoes a structural transformation from 17" to a distorted-17" phase at 3.04 GPa, followed by an intralayer
deformation of Re, clusters occurring at 14.24 GPa. Interlayer transitions from disordered to ordered stacking in
different in-plane directions are observed at 22.08 GPa and 25.76 GPa when the laser is polarized in different
directions, which reflects the pressure-enhanced in-plane anisotropy, i.e. the anisotropy of ReS, crystal becomes
more prominent under high pressure. Our findings demonstrate the effectiveness of pressure in tuning material
properties, and shed light on potential applications of ReS, crystals in anisotropic optical and optoelectronic

devices.

Keywords: pressure engineering, rhenium disulfide, Raman spectroscopy, anisotropy, phase transition
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