Document Type: Full length research Paper

Pages: 41-55

Journal of Research on Many-body Systems, Volume 13, Number 4, Winter 2024 41

Comparison of electron transport in Graphyne ring and
benzene using tight-binding model and density functional
theory

Mohammad Qasemnazhand®, Farhad Khoeini*, Elham Mirzaii

Department of Physics, University of Zanjan, P.O. Box 45195-313, Zanjan, Iran

Received: 12.9.2020  Final revised: 30.07.2023  Accepted: 09.10.2023
Doi: 10.22055/jrmbs.2024.18894

Abstract

In this paper, we study the electrical conductance of a molecular bridge consisting of a graphyne
ring with the chemical formula CisH¢ connected to two cumulene electrodes using the tight-
binding model. We then compare its conductance to a similar system in which the graphyne ring
has been replaced by a benzene molecule. To do this, we first obtain the structural characteristics
of the studied rings using density functional theory, and then use the method of matching levels,
to obtain the tight-binding parameters, i.e., the on-site and hopping energies for the benzene and
graphyne rings. Using these parameters, we study the electrical conductance for these two
molecules, the benzene and the graphyne rings. We conclude that when these two molecules are
in the same position between two cumulene electrodes, they exhibit the same electrical properties.
However, in the graphyne ring, a phase transition from metal to semiconductor or vice versa can

be created with less energy than in a benzene ring.
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