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 Abstract – The recent synthesis of the graphene shows that strictly two-dimensional crystals are indeed stable [1]. Besides, 

its high crystal quality makes of this a potential material for future devices. Theoretical and experimental studies have showed that not 
just the graphene can be stable and show interesting properties, but also other 2D materials such as the Si, Ge, ZnO and BN [2] can 
exhibit stable 2D graphene-like structure. In this work we present a systematic study of the electronic and structural properties of 2D 
semiconductors of type IV and type III-V, and we compare with those obtained for the bulk material.  

 
Perfect two dimensional crystals were believed to be thermodynamically unstable until a few years 

ago. However, new theories and many experiments have been proving that these crystals can indeed exist 
[1]. Graphene, a single atomic plane of Carbon, has been recently synthesized and isolated, revealing an 
abundance of new physical properties and great potential for several technological applications. Besides 
Graphene, several different two dimensional materials are being studied both theoretically and 
experimentally. For example, ZnO nanosheets and 2D BN [2] have already been experimentally observed, 
whereas two dimensional Si and Ge (with graphene-like structure) have already been theoretically studied. 

In this work, we will present a wide variety of results for most known semiconductor, but within the 
graphene-like structure. For this, we will perform ab initio calculations based on the Density Functional 
Theory and on the pseudopotential method. We will present the structural and electronic properties of type 
IV (C, Si and Ge) and type III-V (BN, GaAs and InN) semiconductors with graphene-like structure and 
compare their stability to their bulk counterparts (table 1). The same will be done for II-VI semiconductors, 
such as ZnO, ZnS, ZnSe and CdSe. 

We have observed that most of these materials are semiconductors, but they are more stable in their 
bulk (zinc-blende or wurtzite) structures. Furthermore, a break in the symmetry of the lattice is observed due 
to the presence of different atomic species (figure 1), resulting in two different distances between the nearest 
neighbors (table 2).The next step of our work will consist on the study of 2D semiconductors of the type II-VI. 
Besides the differences of energies among the structures, we will also study the band structure of these 
materials. 
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Table 1: Energy difference between 2D 
and zinc blende structures. 

Table 2: Distances between the nearest 
neighbors. 

Figure 1:  Break in the 
symmetry of the hexagonal 
lattice due to presence of 
different atoms. Distance 
represented by the full lines is 
larger than those represented 
by the stippled lines. 


