
Motivations
Bulk graphene is a semimetal with zero
bandgap, limiting its usages in electronic
and optoelectronic devices. Graphene nano-
ribbons, structurally defected graphene, and
other approaches have been proposed to
open up a sizable bandgap, but none of
these are suitable for practical devices.

A recent publication [2] reported a new semi-
conducting graphene nanostructure, the
graphene nanomesh (GNM), created by
punching a high-density array of nanoscale
holes in graphene (Fig. 2). GNMs have the
potential to overcome the hurdles plaguing
other nanostructures; however, the values
and origin of the bandgap remain unknown.

Introduction
Graphene, a flat monolayer of carbon atoms
tightly packed into a two-dimensional honey-
comb lattice (Fig. 1), was first isolated in 2004
[1]. Graphene has attracted a great deal of
research interest due to its many amazing
properties, including its high electron transport
speed which could be very useful for charge
transfer in photovoltaic cells.
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F igure 1: A layer of graphene.

F igure 2: A layer of graphene nanomesh.

Project Goals
 Study the mechanisms of bandgap

opening in GNMs

 Compute electronic structures of GNMs
and determine the dependence of the
bandgap on hole size, distance, edge, and
arrangement

 Specifically, we study electronic properties
of complex, ferromagnetic GNMs

Method
 First-principles calculations within the

density functional theory [3].

 Planewave basis and pseudopotential
implemented in the VASP package. We
use VASP to examine the accuracy of
SIESTA.

 Atomic basis and pseudopotential
implemented in the SIESTA package.

 Double-zeta plus polarization (DZP) basis
used by SIESTA predicts similar band
structures in GNM to those by VASP.

Results
 In general, increasing the neck width (the

nearest distance between two neighboring
holes) of the GNM generally results in a
smaller bandgap.

 However, the bandgap in GNM is very
sensitive to hole size, edge, shape, and
arrangement, as seen in Tables 1 and 2.

 GNMs with an odd number of Carbon
atoms in their unit cell are ferromagnetic
(FM), while with an even number they are
anti-ferromagnetic (AFM).

 An FM GNM generally has larger bandgap
than a similar AFM GNM (Tables 1 and 2).

F igure 4: The unit cell (top left) and band structure for a 
2x2 nm rhomboidal 1Y GNM. 

Conclusion
Our results indicate that the bandgap
opening in GNM originates from quantum
confinement, the strength of which is
determined by the neck width. But as in
graphene nanoribbons, the band structure
and bandgap depend on not only the neck
width, but also on the detailed atomic
structure of the GNM. We are developing a
tight-binding model to understand the relation
and predict the trend.

Table 1: Bandgap (eV) for various FM GNMs

Table 2: Bandgap (eV) for various AFM GNMs

GNM 2x2 nm 
square 

3x3 nm 
square

2x2 nm 
rhombus 

3x3 nm 
rhombus

1V 0.11 0.07 0.91 0.64
2V - 0.14 - 0.74
1Y 0.09 0 1.10 0.71
2Y - 0.03 - 0.92

GNM 2x2 nm 
square 

3x3 nm 
square

2x2 nm 
rhombus 

3x3 nm 
rhombus

1H 0.32 0.17 0 -
2H 0.54 0.34 0 0
3H 0.63 0.39 0 0
4H - 0.49 - ～0

F igure 3: The unit cells for 3x3 nm square GNMs. Top 
row from left: 1V, 2V, 1Y, and 2Y GNM. Bottom row 

from left: 1H, 2H, 3H, and 4H GNM.


