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Electronic band structure of 2D materials 
Two dimensional materials are a fast-emerging class of new materials with a wide range of 
electrical properties and potential applications. The most well-known is graphene, already 
being investigated for a large range of applications such as membranes, composites, sensors, 
transistors, Li-ion batteries, transparent conductive films and supercapacitors [1]. 
 Other materials are also gaining increasing attention because of their unique properties. 
Layered dichalcogenides such as MoS2 have a direct bandgap due to quantum confinement 
and thus potential applications in optoelectronics. 
An important group of 2D materials are strongly correlated transition metal oxides such as 
rare earth nickelates. The characteristic up-up-down-down spin ordering along the direction 
[111] in LaNiO3 gives rise to a Dirac semimetal with the characteristic linear dispersion 
similar to graphene. Such 2D oxides are of particular interest because of the spin polarized 
bands suitable for spintronics and compatibility with oxide substrates. 
2D electronic structure can be measured using angle-resolved photoelectron spectroscopy. 
However, integration of such materials requires characterization of their electronic structure 
on or near to the scale of actual devices. Photoelectron emission microscopy (PEEM) 
provides just such a capability. Microscopic areas of a sample surface can be selected and 
imaged in both direct and reciprocal space with high spectroscopic resolution. 

 
Graphene band structure as seen by PEEM 

  
The student will use a state of the art PEEM called the MesoXcope to carry out systematic 
imaging of a selection of 2D materials and apply in-house procedures to provide full analysis 
of the electronic structure. 
[1] Science and technology roadmap for graphene, related two-dimensional crystals, and hybrid systems, 
European Graphene Flagship, 2014 
[2] Lopez-Sanchez et al. Nature Nanotech 8, 497 (2013) 
[3] Yang et al., Phys. Rev. B 84, 201104 (2011) 
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