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Graphene is a two dimensional array of carbon atoms on a honeycomb lattice. It is physically
quite characteristic due to the peculiar electronic structures such as massless Dirac dispersions. In
graphene ribbons, there exist unique electronic states which are localized at the zigzag boundaries
at the Fermi energy [1][2]. Also graphene flakes have been a subject of recent research interest
from a viewpoint of possible future nanoelectronics devices. The edge states in graphene flakes are
nontrivial, since their edges are composed of zigzag and/or armchair edges to connect at various
angles. We here investigate the edge states in graphene flakes using quantized Berry phases that are
topological order parameters of dimerized bonds [3][4][5]. If the system is invariant under charge
conjugation and the state is unique, the Berry phase γ is quantized to 0 or π in modulo 2π [4]. This
Z2 Berry phase has topological stability in the sense that small but finite perturbations can not
modify the Berry phase unless the excitation gap is closed. In graphene flakes, dimerized bonds
with γ = π can be adiabatically decoupled as isolated dimers by deformation of the Hamiltonian
preserving the gap remains open. It implies that the Z2 Berry phases successfully identify the dimer
structure of the graphene flakes. We find that the dimerized bonds appear along the armchair
edges [See Fig. (a)], whereas we can not identify the Berry phase stably at the zigzag edges
since the excitation gap is small and unstable against for the twists to define the Berry phases.
Series of aromatic hydrocarbons composed of several benzene rings are considered as well [See
Fig. (b)(c)]. With particle-particle interaction, we also calculate the Z2 Berry phases with the
mean-field approximation of the bond-order type.

Figure : Z2 Berry phases of graphene flakes. The double lines are γ = π links, and the single lines
are γ = 0 links. (a)The graphene flake enclosed with armchair edges (b)Hexacene and (c)Coronene
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