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In two-dimensional semiconductors, the reduced dimensionality and reduced dielectric screening 
causes many-body interactions to play a central role in the materials’ electronic and optical 
properties. As a consequence, excitons dominate the optical excitations. Here, we describe advances 
in understanding and modifying the excitonic and many-body properties of 2D semiconductors 
consisting of monolayers in the transition metal dichalcogenide (TMDC) family.  

One important factor in understanding the optical properties of TMDC monolayers, which exhibit a 
direct-gap at the K point, is the presence of spin-forbidden dark states [1]. In some of the transition 
metal dichalcogenides, the dark states lie below the bright excitons and consequently significantly 
alter the emission properties of the material. We have been able to clarify the role of dark exciton 
states both indirectly through thermal activation studies [1] and directly through observation of 
emission from dark states that have been brightened by the application of an in-plane magnetic field 
[2]. Higher-order excitonic states have also been observed in these materials. In particular, in the 
presence of free carriers, charged excitons, the so-called trion states, are formed.  These species have 
significant binding energies (of tens of meV) and can appear in room-temperature spectra. At higher 
exciton densities, biexcitons are also stable and give rise to new emission features. 

The strong many-body interactions in these monolayer systems are significantly modified by the 
external dielectric environment in which the TMDC monolayers are embedded. We have 
investigated this effect by measuring the Rydberg series of excited excitonic states in TMDC 
monolayers prepared using different surrounding van-der-Waals layers. We find that the exciton 
binding energy is strongly reduced when highly screening layers, such as graphene, are placed 
adjacent to a TMDC monolayer. In addition to tuning the exciton binding energy, this approach also 
permits tuning of the quasiparticle band gap by several hundreds of meV [3]. This new method thus 
opens the possibility of modifying the band structure of the material through engineering its 
dielectric environment. 
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