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Abstract: Graphene and other two-dimensional (2D) materials have attracted extensive attention in the field of
science and engineering because of their unique physical and chemical properties. To explore novel 2D material
system and expand its application range is a hot research hotspot. Among them, the 2D group-VA monoelemental
Xenes (phosphorene, arsenene, antimonene and bismuthene) have narrow adjustable energy band width, high
charge carrier mobility, excellent light transmission and outstanding photonics properties, which obtained a great
attention in 2D materials. Similarly, bismuthene has also attracted attention in their optoelectronic applications. In

view of this, this paper analyzes the relevant theory and experimental research progress of bismuthene from the
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aspects of basic physical structures, material preparation methods and optoelectronic applications. In the aspect of

controllable preparation of materials, electrochemical exfoliation method of bismuthene is mainly discussed. Fina-

lly, the application status of bismuthene in optoelectronic field are discussed, including ultrafast optoelectronic

devices, and the future development of bismuthene is prospected.
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Fig.1 Schematic illustration of theoretical predictions, preparation methods and applications of bismuthen
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Fig2 (a) Top view of five honeycomb structures and four non-
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Tab.1 Band gap value of single layer o and p-bismuthene (in eV, direct band gap is D, indirect band gap is I)

2D material PBE HSE Reference
a
bismuthene 0.16 (I) 0.36 (D) [56]
0.16 (I) 0.14 (D) [42]
0.17 (SOC-I) 0.03 (SOC-D)
0.49 () 0.99 (D) [38]
g 0.55 (D) 0.80 (D) [42]
bismuthene 0.51 (SOC-I) 0.32(SOC-D)
0.56 (I)
0.50(SOC-T) 1571
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Fig.4 (a) Schematic illustration of physical vapor deposition (PVD); (b) LEED of 1T-TaS,; (¢) LEED of Bi(111) film'"; (d) Sketch of bismuthene on

the SiC(0001); (¢) STM overview map; (f) Substrate step height profile!®”
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Tab.2 Summary of bismuth alkene stripping under different stripping conditions

2D material Intercalation agent Solution Voltage/V Number of layers Reference
Bismuth nanosheets - Isopropanol solution - Few [43]
Bismuth nanosheets - NMP solution - Few [44]
Bismuth nanosheets HSO4 SO4° Water - - [45]
Bismuth carbonate nanosheets 0.5M Na,COs3 Water 10 Few [46]
Bismuthene TPA™ DMF solution 15 1-6 [47]
Bismuthene Na” Water - Few [63]
Bismuthene TPA® Acetonitrile solution 10 Few [39]
Bismuthene 0.2M Na,S0, Water -10/-6 Few [48]
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Fig.7 (a) Schematic illustration of liquid phase exfoliation; (b) HRTEM image; (c) SEM image; (d) AFM image; (e) Schematic of mode-locked fiber

laser with a microfiber-based bismuthene SA*!
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