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Two-dimensional atomic crystals (2DACs) are materials that are only one or few atoms thick. 
Graphene, a two-dimensional form of carbon, was the first such material to be discovered. 
Now, almost ten years later, hundreds of metallic, semiconducting, ferroelectric, and 
topological insulator 2DACs such as monolayer boron nitride, monolayer molybdenum 
disulfide (MoS2), and phosphorene are known. The best conductors of heat and electricity, the 
strongest materials ever measured, and the likeliest candidate for high-temperature 
superconductivity belong to the family of 2DACs. Potential applications of these materials 
range from ultrathin membranes and coatings to transparent screens and electronic 
components. In this talk, we explore some aspects of physics of 2DACs we particular 
emphasis on phenomena related to electron wavefunction confinement and electron-electron 
interactions. 

 
First, we touch upon mechanics of graphene and other 2DACs. We will discuss the 
experimental approaches designed to bend, stretch, cut, and fold atom-thick sheets that are 
2DACs.  Very high strength of carbon-carbon bonds in graphene will be shown to lead to 
extraordinary in-plane stiffness and breaking strength of that material. We will also discuss 
the modification of effective mechanical constants of 2DACs due to out-of-plane crumpling.  

 
Second, we discuss electrical transport in 2DACs focusing on experimental approaches to 
reduce carrier scattering and increase carrier mobility. Different symmetries of clean low-
scattering 2DACs will be shown to lead to topological phases seen in transport experiments. 
In particular, we cover minimum conductivity, weak localization, and Quantum Hall effects in 
graphene and spin/valley Hall effect in monolayer molybdenum disulfide (MoS2) 

 
Finally, we review optical properties of 2DACs. Strong interaction between electrons 
resulting from miniscule thickness of 2DACs will be shown to lead to formation of tightly 
bound electron-hole pairs or excitons. These excitons, in turn, strongly modify optical 
response and optoelectronics of 2DACs. 

 
 
 


