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Figure 1 The atomic structure model of NiBr,
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Study on the Electronic Structure and Optical Properties of NiBr, Using
First-Principles Method

LI Shize"*,CEN Weifu®, YANG Yinye’
(1. School of Physics and Mechanical and Electronic Engineering, Guizhou Minzu University, Guiyang 550025,
China; 2. School of Materials Science and Engineering, Guizhou Minzu University, Guiyang 550025, China)

Abstract: The electronic structure and optical properties of monolayer and bulk NiBr, are studied by first-principles methods
which based on density functional theory. The result show that the conduction band edge and valence band of spin-down
monolayer and bulk NiBr, are indirect bandgap semiconductors. In contrast, both the spin-up monolayer and bulk NiBr, are
direct bandgap semiconductors with bandgaps of 4. 25 eV and 3. 97 eV, respectively. Moreover, the spin-down band structure
is different from spin-up band structure, it shows that monolayer NiBr, is magnetic. State density analysis shows that the
valence band of bulk NiBr, is mainly contributed by s-state electrons, and the conduction band is mainly contributed by s-state
and p-state electrons, the d-state electron contribution is least, however because monolayer NiBr, is not bound by the interlayer
Van der Waals forces, bring about in the conduction band, the spin-down state density moves towards the high energy,
resulting an increased band gaps. Indicating that when NiBr, changes from a bulk to a monolayer, the excitation energy is
improved and the band structure is effectively regulated. The optical properties show that: With the increase of incident light
energy, the contribution rate of the bulk NiBr, displacement current to the magnetic field and the contribution rate of the
conduction current to the magnetic field as a whole tend to be larger than that of the monolayer NiBr,, so the electron
transition probability of the monolayer NiBr, is larger than that of the bulk NiBr,, however, when the incident light energy
increases to nearly 10eV, the contribution of the displacement current to the magnetic field changes. With the increase of
incident light energy, the reflectivity, refractive index and absorptivity of bulk NiBr, are higher than those of monolayer NiBr,,
the absorption capacity of bulk NiBr, on photons is stronger than that of monolayer NiBr, in the visible light range. Bulk NiBr,
and monolayer NiBr, have the strongest absorption peaks at energies of 12.66 eV and 12.55 eV , with peaks of 2. 99X 10°
and 1.84X10°, it shows that reducing the dimensionality of NiBr, is beneficial to improve its optical properties.

Keywords: NiBr,; semiconductor; density of states; band structure; dielectric function; photoelectric properties; density function

theory; first-principles
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