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Table 1. Standard chemical potential of MoSSe

materials with different proportions.

/)5 PRl u®/ev
MoSSe -2.21
Mo,S,Seg -8.357
Mo,SsSe, 9.721
Mo,SSe; —7.990
Mo,S;Se -10.038

# 2 Mo, S Hl Se STTRTEAKR I H AT HETE B0y 25
TR 5T B HpR A 23

Table 2.  The possible ionic state substance of Mo,
S and Se elements in aqueous solution and their

standard chemical potentials.

L7 FRAEAL 0 feV Sk
Mo?+ -0.60 [30]
MoO,2 -8.02 [31]
MoQ,2+ ~4.24 32]
s 0.89 33]
Sy> 0.82 34]
SO -5.04 34]
SO ~7.72 (33]
HS 0.13 33]
HSO, ~7.84 (33]
HS,0, ~6.37 [35]
Se? 1.34 [34]
SeOy? -3.83 34]
Se04* —4.57 34]
HSe 0.46 34]
HSeOy ~4.26 34]
HSeO, ~4.69 34]

1(Mo,,0,,) = E{(Mo,,0,,) — m x E{(Mo)

— g x Ey(0,), (2)

Hrp, EMo,,0,), E(Mo)fl E(0,) & DFT il &
H i Mo,,0,, #IJT. LI Mo FLETE AL A Mo
JEFF1 Oy 43 FHURE R

# 3 Mo, S Hil Se TTEIE B [E A M 5 1) 28 ] B

FELE L E

Table 3. The space group and theoretical chemic-

al potentials of solid substances formed by Mo, S and

Se elements.

W FREAL Al feV Z3 [l
Mo 0 Im3m
MoO, -5.53 P4y /mnm

MoOs —6.92 P2;/c
S 0 P2/c
Se 0 P2/c
MoSe -0.23 P6m2
MoSe, -6.92 P3m1
MoS, -2.34 P63 /mmc

# 4 Mo, S H Se JLEAE/K W P Al RETE WUV
WOIRZEW) T B HAb R AL A3

Table 4. The The possible aqueous state sub-
stance of Mo, S and Se elements in aqueous solution

and their standard chemical potentials.

/15 FrifEf - Fiul /e V SCHR
H,S(aq) -0.29 [33]
H,S0,(aq) -7.72 [34]
H,Se(aq) 0.23 [34]
H,S05(aq) —4.43 [34]
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(8.314 J/(mol-K)), T >~298.150 K, ® 1.0 mol/L,
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Fig. 1. Calculation flow chart.
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Fig. 2. Pourbaix diagram of MoSSe material(Refer to Ta-
ble 5 for the different colored areas in the figure correspond

to possible substances).
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Table 5. Numbering reference table.

G Yy ()
1 MoO3; + HSO, + HSeO4
2 MoO; + HSO, + SeO,?
3 MoO; + SO2 + SeO >
4 MoO4* + SO4* + SeO4*
5 MoO,* + SO,* + SeO;?
6 MoOj; + SO,* + SeO3?
7 MoOj3; 4+ SO,* + HSeO3
8 MoOj3; + SO,* + H,SeO;
9 MoO3 + HSO, + H,SeO;3
10 MoOj3 + HSOy + Se
11 MoOj; + SO,* + Se
12 MoO,* + SO,* + Se
13 MoO,* + SO,*> + HSe
14 MoO,* + SO,.* + Se?
15 MoO,* + S? + Se*
16 MoO,* + S* + HSe
17 MoO,* + MoSe, + S?
18 MoO,* + MoSe, + SO,?
19 MoO;3 + MoSe, + SO2
20 MoO3 + MoSe, + HSO,
21 Mo** + HSO4 + Se
22 Mo?** + MoS, + Se
23 Mo?** + MoSe, + H,S
24 MoSSe
25 Mo + MoSe, + S?
26 Mo + MoSe, + HS
27 Mo + MoSe, + H,S
28 Mo + H,S + H,Se
29 Mo + H,S + HSe
30 Mo + HS + HSe
31 Mo + S* + HSe
32 Mo + S? + Se?
33 Mo?** 4+ MoSe, + HSO,
34 MoO,* + HSe + Mo,SsSe;
35 Mo** + Se + MoySsSe;
36 Mo + HSe™ + Mo,S5Ses
37 Mot + Se + Mo,SgSe,
38 MoO3 + Se + Mo,S5Ses
39 Mo,S,Seg
40 MoO,* + MoSe, + HS™
41 MoO; + MoSe, + HS
42 MoOj3; + MoSe, + HS
43 Mo,SSe;,
44 Mo,SgSe,
45 MoyS;Se
46 Mo,S5Se;
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Fig. 3. Diagram of gibbs free energy variation with elec-

trode potential variation of MoSSe material under different
conditions: (a) pH = 0; (b) pH = T7; (c) pH = 14.
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Fig. 4. Pourbaix diagram of Mo,S,Seq and Mo,SSe; materials (Refer to Table 5 for the different colored areas in the figure corres-
pond to possible substances): (a) Mo,S,Seq material; (b) MoyS,Seq material.
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Abstract

MoSSe material is a very promising photoelectric material, and its application environment is aqueous
solution. However, there is no research of the electrochemical stability of MoSSe materials in aqueous solution.
In this work, the Pourbaix diagrams of monolayer MoSSe with different atomic ratios of molybdenum, sulfur
and selenium are constructed based on density functional theory, and the thermodynamic stabilities and
electrochemical corrosion behaviors under different pH values and electrode potentials are studied. The study of
the pourbaix diagram of MoSSe shows that part of the corrosion-free region of MoSSe exists within the stable
region of water in the Pourbaix diagram, indicating that the MoSSe can exist stably in the water environment.
Compared with alkaline solutions, MoSSe has good corrosion resistance in acidic solution and neutral solution.
The Pourbaix diagram of Mo,S,Seq, MoySgSey, Mo,S;Se and Mo,SSe; show that in the case of high molar
fraction of sulfur in monolayer MoSSe with different atomic ratios of molybdenum, sulfur and selenium, the
conditions for the stable existence of materials in aqueous solution can have a larger range, and the corrosion
resistance becomes better. In the case of high molar fractions of selenium in monolayer MoSSe with different
atomic ratios of molybdenum, sulfur and selenium, the range of conditions for the stable existence of materials
in aqueous solution becomes smaller, and the corrosion resistance becomes worse. In this work, the stabilities
and corrosion behaviors of monolayer MoSSe with different atomic ratios of molybdenum, sulfur and selenium in
aqueous solution are predicted, and the degradation behaviors of MoSSe materials are further explored, which

can provide theoretical guidance for the application of MoSSe materials in the field of optoelectronics.
Keywords: first principles, Pourbaix diagram, MoSSe material, stability

PACS: 64.75.—g, 71.15.Mb, 74.25.Bt, 82.45.Bb DOI: 10.7498 /aps.72.20221567

* Project supported by the Natural Science Basic Research Program of Shaanxi Province, China (Grant No. 2022JZ-04), the

State Key Development Program for the National Natural Science Foundation of China (Grant Nos. 11704298, 61904138 ) .

1 Corresponding author. E-mail: xcma@xidian.edu.cn

046401-12


http://doi.org/10.7498/aps.72.20221567
mailto:xcma@xidian.edu.cn

Chinese Physical Society

%fg%"—*&Acta Physica Sinica

Institute of Physics, CAS

BB A RBETCER R T H B i) 3 EMoSSe B4k 2 Pourbai xAH &
3 L oA "

Electrochemical Pourbaix diagrams of monolayer MoSSe with different atomic ratios of chalcogens
LiYan Ma Xiang-Chao  Huang Xi

5 Fi{5 B Citation: Acta Physica Sinica, 72, 046401 (2023) DOI: 10.7498/aps.72.20221567
TEZE[R]1E View online: https:/doi.org/10.7498/aps.72.20221567
I N2 View table of contents: http://wulixb.iphy.ac.cn

FEAT ARG HoAh S

Articles you may be interested in

SAE A A ST P FL B S S A PR B AR E M S LR I ) 26— PR D AT 5
A first—principles study on environmental stability and optoelectronic properties of bismuth oxychloride/ cesium lead chloride van der

Waals heterojunctions

PFEEEAR. 2022, 71(19): 197901 hitps:/doi.ore/10.7498/aps.71.20220544

SRR FEMAB 2 X LiCoO, IR AT A AR RE 1 S L T4 A ) R
First—principles study of effect of Mg doping on structural stability and electronic structure of LiCoO, cathode material
PPz, 2021, 70(13): 138201  https:/doi.org/10.7498/aps.70.20210064

A G R B RE PR R S — PR BRI

Stability and electronic structure of hydrogenated two—dimensional transition metal dichalcogenides: First—principles study

PIFRZEAR. 2019, 68(3): 037102 https://doi.ore/10.7498/aps.68.20181597

—JCNbZ HITa R WER ALY RE E PEAN YT ERPEREAY 25— PR I BRI

First—principles calculations of stabilities and physical properties of ternary niobium borocarbides and tantalum borocarbides

WIFRZEAR. 2020, 69(11): 116201  https://doi.org/10.7498/aps.69.20200234

TERFLXUBZXT v -TiAIE S AR E PEAIPT AL A5 R
Effects of Si and Y co—doping on stability and oxidation resistance of y-TiAl based alloys
Y=L 2019, 68(19): 196101 https://doi.org/10.7498/aps.68.20190490

B2-FIB19'-NiTi& )5 T . KIMAE, L T45H LERERYBE AT
Theoretical study of atomic relaxation, surface energy, electronic structure and properties of B2— and B19'-NiTi surfaces

WIFEAEAR. 2019, 68(5): 053101  https://doi.org/10.7498/aps.68.20181944


https://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.72.20221567
http://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.71.20220544
https://doi.org/10.7498/aps.70.20210064
https://doi.org/10.7498/aps.68.20181597
https://doi.org/10.7498/aps.69.20200234
https://doi.org/10.7498/aps.68.20190490
https://doi.org/10.7498/aps.68.20181944

	1 引　言
	2 计算方法
	2.1 基础数据整理与计算
	2.2 计算Pourbaix图

	3 结果与讨论
	3.1 MoSSe材料的Pourbaix图
	3.2 Mo4S2Se6和Mo4SSe7的Pourbaix图
	3.3 Mo4S6Se2和Mo4S7Se的Pourbaix图
	3.4 不同原子比例MoSSe材料的光电特性分析

	4 结　论
	参考文献

