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Abstract Advances in artificial intelligence (Al), particularly machine learning and deep learning, have
sparked interest in using computer calculations to predict material properties in material sciences.
Density functional theory was used to propose a method for predicting the electrical properties of
hexagonal boron nitride (h-BN) in the presence of vacancy defects. Three types of defects in the h-BN
monolayer (boron vacancy, nitrogen vacancy, and boron-nitrogen vacancy) were considered. The
pristine h-BN monolayer had an electrical band gap of 4.6 eV, indicating its insulating properties. A
monovacancy with boron or nitrogen defects introduced a new energy level within the band gap. In the
case of divacancy by boron and nitrogen defects, two energy levels emerged (i.e., 1.3 eV and 1.8 eV from
the conduction band, respectively) between the band gap, producing an environment conducive to
electron excitation from the valence to the conduction band. As defects in the h-BN monolayer
increased, the band gap filled gradually with new energy states. Consequently, the electrical properties
shifted from insulator to conductor. This research contributes a methodology for predicting the material
properties through computational calculations, providing insights into the evolving electrical behavior of
h-BN with varying defect densities.
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Fig. 1. Relaxed structures of h-BN monolayer with (a) no vacancy, (b) boron
vacancy, (c) nitrogen vacancy, and (d) boron and nitrogen vacancies.
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Fig. 2. Electronic band structure of h-BN monolayer with (a) no vacancy, (b)
boron vacancy, (c) nitrogen vacancy, and (d) boron and nitrogen

vacancies.
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Fig. 3. Density of states of h-BN monolayer with (a) no vacancy, (b) boron vacancy, (c)
nitrogen vacancy, and (d) boron and nitrogen vacancies.
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