
Inducing the exciton-to-trion conversion in monolayer WS2 under pressure 

B. D’Alò,1 M. Capeccia,1 L. Boeri,1 P. Postorino,1 E. Stellino2 

1Department of Physics, Sapienza University of Rome, Piazzale Aldo Moro 5, 00185 Roma 

2Department of Basic and Applied Sciences for Engineering, Sapienza University of Rome, 

Piazzale Aldo Moro 5, 00185 Roma 

 

In two-dimensional (2D) materials, the in-plane spatial confinement and reduced Coulomb 
screening result in the formation of many-body systems of bounded charge carriers, such as 
the excitons (electron-hole pairs) and trions (three-body electron-hole systems) at the heart of 
the optoelectronic response of 2D semiconductors. Switching from an exciton to a trion-
dominated material marks the transition from a neutral-boson to a charged-fermion-based 
optoelectronics, with a significant impact on transport and spin/valley-related properties. 
Hence, several studies have been devoted to the understanding of the exciton-to-trion 
conversion process, realised in field-effect transistors under gate voltage, chemically doped 
samples, and non-uniformly nanoscale-strained materials. In this talk, we introduce the 
pressure application as a novel approach to achieve the conversion from an exciton to a trion-
dominated optoelectronic response in monolayer (1L) WS2, a 2D semiconductor belonging to 
the Transition Metal Dichalcogenides class. Studying the photoluminescence (PL) spectra of 
monolayer 1L- WS2 under different excitation powers and up to 8 GPa, we demonstrate that 
pressure drives a substrate-independent, partially reversible exciton-to-trion conversion, 
resulting in a trion-dominated PL emission above 3 GPa. The observed mechanism does not 
rely on external charge injection but involves the pressure evolution of intrinsic doping levels 
within the band structure. Our results indicate that trion-based emission is achievable by 
reshaping the periodic crystal potential via modulation of interatomic interactions, offering a 
novel approach to the study of exciton-to-trion conversion in 2D materials. 

 

 

 
 


