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Figure 1 (Color online) Schematic illustrations of 2D antimony nanostructure. (a) Top view; (b) side view.
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Table 1 Bond length and bond angle of Sb material with different layers

K (A)

ZEy
L ML ML 4L shp 6" L

L ML ML 4L 5L 6" L

Sb-1L 2.893 - - - - -
Sb-2L 2.921 2.920 - - - -
Sb-3L 2.929 2.925 2.928 - - -
Sb-4L 2.933 2.928 2.928 2.933 - -
Sb-6L 2.934 2.935 2.937 2.937 2.935 2.934
Sb-bulk 2.940 - - - - -

91.259 - - - - -
94.042  94.048 - - - -
94.681 94.838  94.681 - - -
94986  95.171 95.171 94.986 - -
95.686  95.638 95579  95.581 95.637 95.684
96.274 - - - - -
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Figure 2 (Color online) Band structure of antimony bulk, the Fermi
surface is set to zero potential energy surface.
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Figure 3 (Color online) Electronic band structure of 1-4 layers amtimonene. (a) PBE method; (b) HSE method; (c) PBE method with the amendment

of van der Waals.
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Table 2 Band gap (eV) of the 14 layers antimonene before and after
van der Waals modification

5 18
Tk
1L 2L 3L 4L
DFT-PBE 1.27 0.13 0 0
DFT-HSE 1.87 0.32 0 0
DFT-PBE+VDW 1.30 0.05 0 0
DFT-HSE+VDW 1.90 0.07 0 0
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Figure 4 (Color online) DOS of 14 layers antimonene.
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Figure 5 (Color online) Comparison of real part (a) and imaginary part (b) of dielectric function between few layers and bulk Sb material.
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Figure 6 (Color online) Comparison of reflectivity (a) and absorption (b) between the few layers and bulk Sb material. Inset in the upper right corner
of the figure (b) is the energy band value of the monolayer antimony estimated by the “Tauc” method.
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Figure 7 (Color online) Phonon band dispersion of monolayer
antimonene.
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Two-dimensional (2D) antimonene has similar physical and chemical properties as graphene, BP, MoS, and other typical
2D materials. It has shown good application prospects in many fields such as nano-optoelectronics, biomedicine and
attracted wide attention of the scientific community. In this paper, the crystal structure, electronic structure and optical
properties of antimony with few-layers have been systematically studied by the first-principles method based on density
functional theory. The results show that the bond lengths of antimonene in few-layers are shorter than those of bulk
except monolayer, and the bond lengths and bond angles are smaller with the decrease of layers. In addition, with the
increase of the number of layers, the antimonenes are transited from semiconductor to conductor, in which the monolayer
is a semiconductor with indirect band-gap, the two and three layers are transitional states, and the four layers are
completely transitional to metal state. This conclusion has been proven by PBE method, hybrid HSE06 method and van
der Waal’s correction. It is also consistent with the results of density of states. The dielectric function analysis of the 2D
antimonenes shows that, with the increase of layers, the polarization ability of antimonenes is stronger, and the static
dielectric constant is larger. The imaginary part of dielectric function changes with the change of energy, and with the
increase of the number of layers, the curve red-shifts and the frontal value increases. Overall, in the low and high energy
regions of photons, with the increase of layer number, the reflection coefficient of antimonene is relatively larger, and in
the middle region, the phenomenon of relative aggregation occurs. In addition, the absorption curve corresponds to the
imaginary part curve of dielectric function. With the increase of the layer number, the red shift also occurs. For long
wavelength light, the fewer number of layers, the worse absorption. But for the ultraviolet region, they all have good
absorption. This conclusion is helpful for us to understand the physical and photoelectric properties of two-dimensional
antimonene with few layers more comprehensively, and provides a good theoretical basis for the application and research
of antimony photoelectric materials and devices.

two-dimensional antimony, electronic structure, optical properties, first principles
PACS: 31.15.A-, 31.15.es, 31.15.ae, 31.10.+z
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