Tunable gap in bilayer beta-graphyne
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Abstract

Among the large variety of carbon allotropes there are graphene-like structures which can be
constructed by replacing some bonds =C = C = in graphene by acetylenic linkages - C = C -, called
graphynes (GYs) [1], or by diacetylenic linkages - C = C - C = C, called graphdiynes (GDYs) [2]. These
non-natural carbon allotropes include both, sp2 - and sp1 -hybridized carbon atoms. After the theoretical
prediction of these flat structures, with exceptional electronic, thermal and mechanical properties,
several experimental studies have been performed to achieve their large-scale synthesis [3]. Due to
their intrinsic semiconducting properties, GYs and GDYs have been proposed as promising candidates
in many electronic and photoelectronic applications and also with potential applications as membranes
to separate molecules, hydrogen storage media, and anode materials in lithium-ion batteries [4,5].
According to first-principles calculations [6] some particular types of graphynes-like networks possess
Dirac cones, as the case of graphene. One of these structure the so-called B-graphyne, has a Dirac
cone not located at the K and K’ points of the Brillouin zone but on lines between the high symmetry T’
and M points. In this work we show a theoretical study based on DFT of the electronic properties of
bilayers of B-graphyne, for different stacking configurations. In Fig. 1 it is shown a scheme of the (3
graphyne and the unit cell with the different stacking considered. Our results show that the bilayer is
semimetal or semiconductor, depending on the staking mode. The system changes from a metal, for A-
A stacking, to a semiconductor with a small gap of 0.15 eV for A-B stacking, being this most stable
configuration according to the study of total energy and stability (Fig.2).

By applying an electric field perpendicular to the layers, the gap of semiconductors can be closed and a
metallic state is obtained (Fig.3). This behavior is contrary to that reported for the case of a-graphyne [7]
for which the semi-metallic systems become semiconductor with a gap that increases with the field
intensity.
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Figures

Fig.1 Scheme of a 3-graphyne
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Fig.2 Band structure and DOS for a 3-graphyne A-B bilayer (gap ~0.15 eV)
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Fig.3 A B-graphyne A-B bilayer for different electric field intensities.




