
Exciton binding energy and hydrogenic Rydberg series in layered ReS2 
 

J. Jadczak
 1

, J. Kutrowska - Girzycka
 1

, T. Smoleński
 2
, P. Kossacki

 2
, Y. S. Huang

 3
, 

L. Bryja
 1
 

 
1 

Department of Experimental Physics, Wroclaw University of Science and Technology, 

Wroclaw, Poland 
2
 Institute of Experimental Physics, Faculty of Physics, University of Warsaw, Warsaw, Poland 

3
 Department of Electronic Engineering, National Taiwan University of Science and 

Technology, Taipei, 106 Taiwan 

 

Unlike monolayers of transition metal dichalcogenides (TMDs) such as MX2 (M = Mo, 

W; X = S, Se), which possess high in - plane symmetry, layered ReS2 exhibits reduced in-

plane crystal symmetry with a distorted 1 T structure. This unique symmetry leads to 

anisotropic optical properties, very promising for light polarization devices.  

Here, we report on low temperature (7 K) polarization-resolved emission and absorption 

measurements of excitons in ReS2 from bulk to monolayer [1]. In photoluminescence (PL), 

photoluminescence excitation (PLE) and reflectivity contrast (RC) spectra we distinguish two 

strongly polarized excitons X1 and X2 with dipole vectors along different crystal directions 

(Fig. 1 (a)), which persist from bulk down to monolayer. Based on the PL and RC spectra of 

bulk crystals we determine the energy of the ground and first four excited states of both 

excitons, which follow the usual hydrogenic Rydberg series of energy levels of 3D excitonic 

states (En = Ry*/n
2
). From the numerical fit we estimate that the energy gap is direct and equal 

to Eg = 1671.7 meV and binding energy of X1 and X2 excitons is equal to Eb1 = 117.5 meV 

and Eb2 = 86.6 meV, respectively (Fig. 1 (b) and (c)). In magneto-photoluminescence spectra 

of bulk ReS2 performed in the fields up to 10 T we detect a very small shift of all the observed 

peaks, below 2 meV, which confirms strong Coulomb binding of excitons. In optical spectra 

of the few and monolayer ReS2 we can distinguish only the ground states of X1 and X2 

excitons, which experience a strong blue shift on reducing the crystal thickness from bulk to 

monolayer. 

 

[1] J. Jadczak et al., Scientific Reports. 9, 1578 (2019).  

 
 

Fig1. (a) Polarization - resolved PL and RC spectra of bulk ReS2 recorded in two linear 

polarizations. (b) and (c) Experimentally and theoretically obtained transition energies 

for the 3D exciton states as a function of the quantum number n, for the X1 and X2 

excitons, respectively. 


