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Layered transition metal dichalcogenides (TMD’s), 

MX2 (M: Mo, W, Ti, Re etc.; X: S, Se, Te) have attracted 

renewed attention due to their interesting mechanical, 

electronic, and optical properties [1,2]. Layered TMD’s 

crystallize in hexagonal lattice, in which the layers (X-M-

X) are held together by a weak van der Waals force and 

within each layer (X-M-X) atoms have a strong covalent 

bonding. Exfoliated [3,4] single or multiple two 

dimensional (2D) layers of these materials show novel 

opto-electronic properties [4]. Beside hexagonal structure, 

these materials can adopt octahedral (tetragonal - 1T), and 

their distorted (1T’) crystal structure [1,4]. Electronic 

properties seem to get modified depending on the type of 

structure [4] TMD's adopt. Structural and hence electronic 

properties of these materials are afected either by doping 

or by the application of pressure. There are several reports 

suggesting metallization of TMD’s under pressure [5,6,7]. 

  

In the present work a detailed high pressure Resonance 

Raman (RR) Spectroscopy and X-ray diffraction (XRD) 

studies are carried out on exfoliated MoSe2. Exfoliated 

MoSe2 is obtained by liquid exfoliation. The sample is 

found to consist of three to four layers. The analysis of 

ambient resonance Raman spectra and XRD pattern reveal 

that the triclinic phase is embedded with its parent 

hexagonal phase from the ambient condition. For the 

generation of high pressure we used piston cylinder type 

diamond anvil cell (from easy lab, UK). High pressure 

Raman study reveals emergence of new modes M1, M2 at 

12.3 GPa and M3 above 33 GPa. Pressure evolution of 

Raman modes and their full width at half maximum 

(FWHM) of prominent modes of the exfoliated sample 

show slope changes at about 13 GPa and 33 GPa. Pressure 

evolution of full width at half maximum (FWHM) of 

prominent modes are shown in Fig.1. Slope change in the 

linear behavior of reduced pressure (H) with respect to 

Eulerian strain (fE) is observed at about 13 GPa in both the 

phases, which clearly seen from the Fig.2(c & d). A 

minimum in the FWHM values of E1
2g and A2

2u modes as 

evident from the Fig.1 at the same pressure indicate to an 

Electronic topological transition (ETT). Above 33 GPa the 

sample completely gets converted to the triclinic structure, 

which indicates the importance of strain in structural as 

well as electronic properties of two dimensional materials.   
 

 
 
Figure. 1. Pressure evolution of FWHM of A1g, E1g, E1 

2g, and A2
2u Raman modes are shown in (a), (b), (c), 

and (d), respectively. FWHM of A1g and E1g show a slope 

change around 13 GPa followed by a minimum at about 

33 GPa. FWHM of E1
2g and A2

2u soften with pressure and 

reach a minimum value around 13 GPa followed by a 

linear behavior and sudden jump around 33 GPa.  
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Figure.2. (a) The evolution of lattice parameters with 

pressure for both the hexagonal and triclinic phases of 

exfoliated MoSe2. (b) Pressure dependence of relative 

volume of both the hexagonal and triclinic phases of 

exfoliated MoSe2 with respect to the ambient pressure 

value. (c) Plot of reduced pressure (H) versus Eulerian 

strain (f) in the hexagonal phase of exfoliated MoSe2, 

showing discontinuous change in their linear behavior 

around 13 GPa. (d) triclinic phase of exfoliated MoSe2, 

showing discontinuous change in their linear behavior 

around 13 GPa. 
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