
Electronic Transport and Thermopower Propertiesof α-phographeneDenner F. S. Ferreira , Mayra Moura Moreira , Marcelo R. S. Siqueira , and Jordan Del Nero¹ ¹ ² ³ Programa de Pós-graduação em Engenharia Elétrica, Universidade Federal do Pará - Belém/PA¹ Faculdade de Fı́sica, Universidade Federal do Amapá - Macapá/AP² Faculdade de Fı́sica, Universidade Federal do Pará - Belém/PA³The study on new materials made from carbon allotropes has gained prominence due to thediverse  applicability  that  these  materials  have  given  to  electronics  [1,  2].  Among  theseallotropes, two-dimensional materials play a leading role in the future of electronics due toversatility and wide application [1]. Recently, a class of metallic and semi-metallic materials,called Phographenes,  was proposed as a promising for bi-dimensional nanoelectronics. Theyconsist of structures with carbon rings formed by 5-6-8 atoms. In this work, we report theelectronic and thermal transport properties of metallic α-phographene [1] obtained by first-principle  methods.  We  used  the  Density  Functional  Theory  (DFT)  combined  with  Non-Equilibrium Green’s Function (NEGF) as implemented in the computational package SIESTA[3] to obtain the results of electronic transport and the GOLLUM [4] package was used toobtain thermal properties. The results for electronic transport in a voltage range from -0.5 Vto 0.5 V shown the metallic feature of the α-phographene with a maximum current value ofaround 4.00μA. Negative Differential Resistance (NDR) was observed at 0.25V, 0.56V, and0.82V. The density of states confirms the metallic behavior of the device.  The maximum valuefor the dimensionless Figure of Merit (ZT) is aligned with the Fermi level at 0.15 in 0.0 V andis followed by a small contribution of ≈ 0.02 in 0.05V. It indicates the maximum efficiency forheat transfer and the current generation. The shifted to the left demonstrates that the thermalconductance σ becomes lower while increasing the Seebeck coefficient. It implies an increase inthe thermoelectric voltage of  the device.  Finding good values for ZT is a challenge, sinceconventional devices with good applicability have these coefficients above 3 [4], comparatively,the  performance  of  the  α-phographene  structure  is  higher  than  the  devices  consisting  ofgraphene nanoribons [4].References[1] X. Fan, J. Li, and G. Chen. New carbon allotropes with metallic conducting properties: afirst-principles prediction. RSC Advances, 7(28):17417–17426, 2017.[2] A. Rajkamal and R. Thapa. Carbon allotropes as anode material for lithium-ion batteries.Ad-vanced Materials Technologies, 4(10):1900307, 2019.[3] J. M. Soler et al. The siesta method for ab initio order-n materials simulation. Journal ofPhysics:Condensed Matter, 14(11):2745, 2002.[4] J. Ferrer et al. Gollum: a next-generation simulation tool for electron, thermal and spintransport.New Journal of Physics, 16(9):093029, 2014.
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Figura 1: Results to α-phographene, in (a) the density of states (DOS), (b) Current-Voltage and
differential conductance-voltage, (c) Seebeck coefficient, (d) ZT coefficient and (e) Geometry
of electronic device.
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