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Abstract

In this study, we investigate the electronic and mechanical properties of pristine and fully hydrogenated
AIN monolayer by first principles calculations. Two different states of hydrogen adsorption on AIN
monolayer are considered: (1) adsorption of hydrogen atoms on Aluminum and Nitrogen atoms at the same
side of AIN sheet (AIN-2H) and (I1) adsorption of hydrogen atoms on Aluminum and Nitrogen atoms at
the two opposite sides of AIN sheet (H-AIN-H). At the first, we calculated the electronic band structure and
density of states based on density functional theory (DFT) and using the QUANTUM ESPRESSO
computational package. Remarkable changes are observed in the electronic structure of fully hydrogenated
AIN. The hydrogenated AIN nanosheet is semiconductor and its energy band gap changes relative to the
pristine AIN sheet, so that, the band gap values (indirect band) were obtained as 3 eV and 4.3 eV for H-
AIN-H and AIN-2H, respectively. Then, based on the calculated electronic properties, density functional
calculations in the harmonic elastic deformation range are performed to obtain the mechanical elastic
constants of pristine and fully hydrogenated AIN monolayer. It is shown that the hydrogenation has
significant influences on the mechanical properties of AIN sheet. Energetically, Compared with the pristine
AIN, hydrogenation AIN is more stable. Also, by calculating the formation energy of the structures AIN-
2H and H-AIN-H, the results indicate that the structure of H-AIN-H is more stable than the structure of
AIN-2H. In particular, it is found that the in-plane stiffness of hydrogenated AIN is significantly smaller
than that of pristine AIN, so that, the in-plane stiffness was obtained as 82 N/m for H-AIN-H.
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