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Abstract 

 
Because of their weak Van der Waals interlayer bonding, certain unconventional semiconductors 
can be fabricated into atomically thin two-dimensional (2D) crystals. The most studied of 
these materials has been graphene.  In addition, other materials such as transition-metal 
dichalcogenide (TMDC) with substantial ~ 1-2 eV bandgaps have been explored. One example of 
this family, monolayer MoS2 consists of a single layer of Mo atoms sandwiched between two 
layers of S atoms in a trigonal prismatic structure. The TMDC 2D system has attracted great 
interest because of its distinctive electronic and optical properties, such as a transition from 
indirect-to-direct band gap in going from the multilayer to monolayer crystal. In addition, a strong 
spinorbit-coupling-induced split valence bands, due to broken inversion symmetry makes TMDCs 
interesting for spin-physics physics and devices. In this talk, we describe direct observations of 
the thickness-dependent electronic-band and crystal structure of these 2D materials. These 
measurements rely on the use of micrometer-scale, angle-resolved photo-emission spectroscopy 
(micro-ARPES) and diffraction studies.  Our results show an evolution in band structure, which is 
consistent with an indirect-to-direct bandgap transition in going from few-layer to monolayer 
TMDC and can be attributed to changes in quantum confinement as the number of layer 
decreases. In addition, our microARPES and, subsequently, higher resolution nanospectroscopy 
data provide clear measurements of the hole effective mass, the strain present in the monolayer 
crystal films, and the valence-band spin-orbit splitting.  
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