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Topological Properties of Graphene and Related 2D Materials 
 
In atomically-thin materials such as graphene and transition metal dichalcogenide nanosheet, the electronic 
properties crucially depend on the size, edge structures and topological properties of the system. It is well-
known that graphene zigzag edges possess edge states at Fermi energy. The presence of edge states in 
graphene provides peculiar magnetic properties and perfectly conducting channel for electron conduction [1].  
 
The origin of edge states can be understood from the topological properties of bulk wavefunctions. There are 
two fundamental topological quantities i.e. Berry curvature and Berry connection, which are understood as 
magnetic field and vector potential in momentum space, respectively. The origin of graphene edge states is 
attributed to the existence of nonzero Zak’s phase (integration of Berry connection) of bulk wavefunction. This is 
distinct difference from conventional topological insulators where the existence of topological edge states is 
guaranteed by the nonzero Berry curvature owing to the presence of spin-orbit interactions.   
 
In my talk, I will briefly give overview of edge and nanoscale effects on electronic transport properties of 
graphene nanostructures [1]. After that, we shall discuss a two-dimensional lattice model which exhibits a 
nontrivial topological phase in the absence of the Berry curvature on the basis of two-dimensional Su- 
Schrieffer–Heeger (SSH) model [2]. Since this system possesses both time-reversal and inversion symmetries, 
Berry curvature is zero but finite Berry connection. In spite of the absence of Berry curvature, the system leads 
to the robust edge states. Also, we discuss possible candidates of topological 2D materials, e.g. A3B biatomic 
sheet on the basis of first-principles calculations [3], and 2D photonic crystals [2]. Our approach will serve to 
design the topological 1D and 2D materials in absence of spin-orbit interactions.  
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Figure 1: (a) 2D SSH model and (b) corresponding energy dispersion for ribbon structure in nontrivial phase. 


