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Table 1.  Adsorption energy ( E,q ) and adsorption distance ( have ) of Oy molecules on perfect §-InSe monolayer surface.

Ty, site Ty site Ty site Tq. site
O-InSe Rave/A Eaq/eV have/A Eag/eV have/A Eug/eV have/A Eaq/eV
0,//6-InSe 3.19 ~0.078 3.30 ~0.076 3.59 -0.064 3.65 -0.049
0, L 5-InSe 3.46 ~0.070 3.82 -0.060 417 -0.047 419 -0.036
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Fig. 1. Crystal structure, band structure, and density of states diagram of perfect d-InSe monolayer: (a) Supercell structure of per-
fect §-InSe monolayer (top view and side view), where green represents Se atoms and purple represents In atoms; (b) band struc-
ture of perfect J-InSe monolaye, where the blue solid arrow represents the band gap (F,) and the green dashed line represents the
Fermi level (Ep); (c), (d) TDOS and PDOS of perfect 6-InSe monolayer.
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Fig. 2. Different adsorption sites of Oy molecules on the perfect -InSe monolayer surface (side view and top view), with red repres-
enting O atoms: (a)1 (e) TIn; (b)7 (f) TSeQ; (C)7 (g) TB; (d)7 (h) TSel-
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Fig. 3. Reaction pathway for an O, molecule to dissociate

into two O atom on perfect §-InSe monolayer.
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Fig. 4. Crystal structure, band structure, and density of states diagram of d-InSe-Vg,: (a) Crystal structure diagrams of §-InSe-Vg,

(top view and side view); (b) band structure of §-InSe-Vg,, where the blue solid arrow represents the band gap (E,) and the green
dashed line represents the Fermi level (Ey); (c), (d) TDOS and PDOS of §-InSe-Vg,.
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Fig. 5. Crystal structure, band structure, and density of states diagram of §-InSe-Vy,: (a) Crystal structure diagrams of 6-InSe-Vy,
(top view and side view); (b) band structure of é-InSe-Vy; (c), (d) TDOS and PDOS of §-InSe-Vy,.
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Fig. 6. Adsorption sites of O, molecules on the §-InSe-Vg, and §-InSe-Vy, (top view and side view): (&) Tyge1; (P) Tyse2; (€) Tyt
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F 2 0,43 THE 6-InSe-Vg, Fl 6-InSe-Vy, R HIWRTEE ( Eag ) FIRMMIEES (have )
Table 2.  Adsorption energy ( Eaq ) and adsorption distance ( have ) of O, molecules on §-InSe-Vg, and 6-InSe-Vy, surfaces,

respectively.
Tysge1 site Tygeo site Ty site Tyino site
have/A Ey/eV have/A Ey/eV have/A Equ/eV haye/A Eqy/eV
1.83 -0.152 2.65 -0.097 2.63 -0.093 2.97 -0.077

(a)
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B 7 Oy 43 F WK HE 6-InSe BfLJZ 1 25 43 v fnf 25 B, #8 (0,300 4 2 /s o A B 3R DX, 30 €00 3800 40 22 /o o Ay 0L B DX (AL THT 15 1.5 %
10 * ¢/Bohr?)  (a) Oy 4> FTESEFE 5-InSe [ 243 HLimf & & ; (b) O, 43 F7E 6-InSe-Vig, [ 2253 Hi faf 2 & ; (c) O, 58 F1E 6-InSe-Vy, 1)

4P

Fig. 7. Differential charge density of O, adsorbed on §-InSe monolayer, where yellow regions indicate charge accumulation and blue

regions indicate charge depletion (the equivalent surface is set to 1.5x10* e/Bohr?) : (a) Differential charge density of O, adsorbed

on perfect 6-InSe; (b) differential charge density of O, adsorbed on §-InSe-Vg; (c) differential charge density of O, adsorbed on

6-InSe-Vy,,.
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Fig. 8. Reaction pathway for an O, molecule to dissociate into two O atom on §-InSe-Vg,.
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Effect of single vacancy defects on two-dimensional
5-InSe stability”

Miao Rui-Xia® Wang Ye-Fei  Xie Miao-Chun  Zhang De-Dong
(College of Electronic Engineering, Xi’an University of Posts & Telecommunications, Xi’an 710121, China)

( Received 31 May 2023; revised manuscript received 26 September 2023 )

Abstract

The two-dimensional (2D) semiconductor material of InSe has received much attention due to its excellent
electrical properties and moderate adjustable bandgap. The vacancy defects in the material affect not only the
optical and electrical properties, but also the environmental stability. Compared with other phases in InSe
materials, d-InSe has superior material properties, however, the effect of environment on this material
stabilityhas not been reported. In this work, we systematically investigate the stability of 2D §-InSe material
under oxygen environment based on density functional theory. The results are shown below. Firstly, in an
oxygen environment, the perfect §-InSe surface exhibits good inertness and stability, for O, molecules need to
overcome an exceptionally high energy barrier of 1.827 eV from physical adsorption to chemical adsorption on
its surface. Secondly, the presence of Se vacancies (Vg,) promotes the oxidation reaction of é-InSe, which only
requires overcoming a low energy barrier of 0.044 eV. This suggests that the stability of §-InSe in an oxygen
environment is significantly reduced because of the presence of Vg,. The Oy molecules oxidized §-InSe monolayer
is beneficial to the dissociation and adsorption of HyO molecules. Finally, the oxidation rate of §-InSe with In
vacancies (Vy,) is slower, with the adsorption energy and charge transfer involved in the physical adsorption of
0O, molecules on the Vi, surface being similar to those on a perfect surface. The oxidation process needs to
overcome a higher energy barrier of 1.234 eV. The findings of this study will provide theoretical guidance for
better understanding the oxidation behavior of single vacancy defects in monolayer 6-InSe, and reference for

experimental preparation of high-reliability 2D é-InSe devices.
Keywords: 6-InSe, O,, single vacancy defect, stability

PACS: 31.15.es, 68.43.-h DOI: 10.7498/aps.73.20230904
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