% 46 % % 10 4 Afe Tl K F IR Ca KA FE R Vol. 46 No. 10
2023 4 10 A JOURNAL OF HEFEI UNIVERSITY OF TECHNOLOGY (NATURAL SCIENCE)  ()ct, 2023

DOI.:10. 3969/j. issn. 1003-5060. 2023. 10. 021

MoX,/MgPSe; (X=S.Se)H 745 5
et AR BB
KA. KA. EEE. ARE. KEH. FTE

CHIETAE 2 s 2 A IS 230601)

W OE USRI B RIS T 9T 2 4E MoX, /MgPSe; (X=S,Se) 5 Ji 45 1 i F 25 H FG# P e . fiE
A AN B L 707 A MoSe, /MgPSe; #ll MoSSe/MgPSe; _ [l B4 1Y [ BURETT 451 . I HiZ 5 Bias i
547 )iE (conduction band minimum, CBM) #1417 T (valence band maximum, VBM) 43 Hi| 7E 7K #) AL 18 T H,
(—4.44,—5. 67 VOB ZRET G5H 6 R T2 M BHEGREALHT 0 I R R . 33 X MoX, /MgPSe; Jifi il
Y — g XU R 5 5 5 OBUM N A2 X MoX, /MgPSes 187 Bt A7 B I Fy 2 1 91 42 0 1T 2 e 1 4 A T 7 s A A Tk
D5 AR R E . SIS R BT &K I, MoSSe/ MgPSe; 18 58 #0 1 DX 3 iy W SO B2 AH L %58 B 1 Mg PSes
il MoX, A i3 M4& = » B 7 B4 % T RCE MRt M e B AR

KIS s AL s R AR 5 25 5 DIk

hE4SES.0484. 1 MEkbRRER A X EHS:1003-5060(2023)10-1435-06

Theoretical study on electronic structure and optical property
of MoX;/MgPSe; (X=S,Se)

ZHANG Dong, QIU Huaili, LI Guojun, ZHENG Yahui, ZHANG Zherui, LI Zhongjun
(School of Physics. Hefei University of Technology, Hefei 230601, China)

Abstract; The electronic structure and optical property of 2D MoX,/MgPSe; (X=S, Se) is studied by density
functional theory. The analysis of energy band structures and density of states indicates that MoSe, / MgPSe;
and MoSSe/MgPSe; || heterostructures have significant type-]l band, and the conduction band minimum
(CBM) and valence band maximum(VBM) of heterostructure are on both sides of the redox potentials of wa-
ter(—4. 44, —5. 67 eV) respectively. This energy band structure is conducive to the application of the mate-
rial in photocatalytic water splitting into hydrogen and oxygen. By applying uniform biaxial stress to MoX, /
MgPSe; , it is found that biaxial strain has an obvious linear regulating effect on the band gap of MoX,/
MgPSe; , and this linear regulating effect has application value in pressure transducers. The calculation of the
light absorption coefficient finds that the absorption intensity of MoSSe/MgPSe; in the ultraviolet region is
significantly higher than that of MgPSe; and MoX; alone, indicating that heterostructures play an important
role in improving the optical property of the material.

Key words: heterostructure; photocatalytic; biaxial strain; vacancy; light absorption

HASBGA TEL I il s DOk, 48k (MoX, . X=S,Se) L H Ttk 7579
PRISCH T &S A AT, o Z 4k ) LA AR DGR R SRS 2
)@ W B AL 5 ) (2D TMDCs) M XCpd L 40 RIS . i 4e ke A WF 50 & AL 2 LR DT

e fE B #7:2020-11-20; &[5 H#1: 2020-12-24

EE£WH : ERH AR 4TI H (61805064)

EHER A9k HRA997—), B P E A AR Tl K2 A
PRI Q977 , 53 IR B A=, A HE Tl K2 R 8082 A2 50 Sl F /E 3 E-mail ; hlqiu@hfut. edu. cn;
ZERZEA976—) B LB T A Tl K= B8z, Wi+ A: R i,



1436

ATk K FIRCH KAF RO

746 %

(chemical vapor deposition, CVD) 4% R 7& 8. 2
MoS, 5 MoSe, [ b EITZR » AT BLE i
£ T 4k MoSSe iR, #t— 27 T TMDCs 1E
SR

TESGHEAL T, F 2 SR R T 45 2 32 06
MEALTE P — R ORI . i 2 FOASTR] o S
TACHE BT S J5 245 A1 4F BB 1 AH X 6 B T L3 Sy
3 FhRHY, H P REAT B AR HES CLLAD /Y 53 BT 45
X A A B B A AR 3
BRC10 T3 3ok 55 — M 5 3 11 55 T MoSSe/WSeTe
SEAEHOCHEAL RE 1 % 5 B g HoAA B Ry 1 A
REHT 28 o I HL 8 25 7 R 3G I PR s 42 7 T
B DG AT SR . 5 R, A1 TR
BN AE VAR 37 B AR B SRR R A Y 4 T
PP RMAERE X 20 T3

THES SRR IS Y (APX, , A=V,
Mn.Fe.Co,Ni,Cd, Mg, Zn; X=S, Se) H. G il }F
P REHEFIDGAFRePE  v] LAS oAt — 4R RL BoAb s A
AN, S RHRHEAT ZAREE M 72 S A AN
Wb 3R B UG S PR RE L PRLG S2 B T 0 SR
CEN R A I 4 Wl A AL 3 o
AR TEHFBR L. 77~3. 94 eV) P EHIF K BT
HRAT DGR W RE g 55 - H LS 46 Je i I A &
YR S B4 D T S A

AT R B R B 1A il K Mg-
PSe; 5 MoS, .MoSe, ,MoSSe 2 — 4k Sk 41 K}
P LS B, o He L S5 M RO 2 PR RE A T 0
I HATFE bl e ROk R 22 %] BT S5 A4 52 0]

o

(a) X2-Mg

e
& LT

o
O\

1 HE&EBNTE

L1 &SR

WHE T » MgPSe; . MoS, . MoSe, . MoSSe
BTN e AR HEA 482 450 . B MoX,
SRR T 2X2X 1 PR B & A 12 D1
i, It 5 MgPSe; HUMIIE B B4l . TERFSE S5
R0 F R HZ ) MgPSe; il MoX, [
FEHE a0 FT L ETFREE R IR 1 5.

R 1 T4 MoX, f1 MgPSe; By R#& 2 8K

B gk g A E./eV
SRR AR MO ARSCZER MR
MoS; 3.17 3. 19016 1.76 1. 74007
MoSe; 3.29 3. 32016 1.55 1. 55018]
MoSSe 3.21 3. 240191 1. 66 1. 68r20]
MgPSe; 6. 44 6. 45041 2.01 2. 0304

HE 3] MgPSe; . MoS; . MoSe; . MoSSe [}
A i T BORIAT B2 /N5 AH 6 SCHR I 18 e As — 3,
HE AT b A R e 2 43 5 R 1. 504, 2. 2%,
1. 0%, BLEAPI# Z IRl A& Bo MR # 47

TE MoX, /MgPSe; (12 [A] Ft i AL . A 3075 &
3 st 42y =X FLARFAL L AL T L 1 R L 41
Bk X2-Mg. X2-P.X2-Se. Kl MoSSe H.4 [
SMEXTFR P BT LLEE XF MoSSe/MgPSe; % J& T
2 i Yt B 45 44, 43 9 S MoSSe/MgPSe; _ [
MoSSe/MgPSe; 1T, f{ii# MoSSe ZH 1) Se JF. T
[l 5h JE & 1 N .

Q. T r’%QO Q ) O%O QO
= - ~ QN AR
0 O 90 ol AR 0

D

“o°
O,

‘,\_)//Q

> !
(¢) X2-Se

(b) X2-P

B 1 XF MoXz/MgPSes3 76 /= 6] % 1 77 3 B 4AF 470 ) i ) 40

N T 2 e RS I A5 A8, AR SO 45 57t o
LA R S5 HE AT T8 BURE BT AR 3T A
W

E; :EMoX2 /MgPSe, 7EMUX2 7EMgPSe3 (D

Ho EMox2 /MgPSe, ~ EMOXZ N EMgPsc3 53 3 2h MoX, /
MgPSe; 5 Jii4h F Sz {9 512 MoX. \MgPSe; 58
B R SRER. PRI 2 Bl fiak
2 AT BRERR N, A R



% 10 #

% .5 . MoX,/MgPSe, (X=S.Se) W, F £ #) 5 & 3 M 46 09 2L AF 5 1437

%2 4 MoX,/MgPSe; BFSEBE Er

Ei/eV
S x4
X2-Mg X2-P X2-Se
MoS; /MgPSe; 0.096 4 0.142 4 0.122 3
MoSe; /MgPSe; 0.629 1 0.700 1 0.660 0
MoSSe/MgPSe; _ T 0.716 9 0.773 0 0.748 9
MoSeS/MgPSe; _ 11 0.704 5 0.759 0 0.738 6

M 2 AT LLF Y TC SR WD S Bl L 2 3 A
X HE 5 2T IR AT A f K1Y TE B X R X 4 07
IRAasE . I TSR e T X Fhoof 7
AT o
L2 HHEFGE

ARSI THEHREE T35 B2 ek BB O 28
% (projected augmented wave, PAW) J5 i, 1
F VASP (Vienna abinitio simulation package)
AL SE R o HL - 22 10 () 52 40 DG L Aol Y
ATEAETC/R B L) SO BE I BL T A BE B 1

3 s
2 _<
! - MgPSe;_1
e [
3 e
ﬂﬂﬂ 0 0SSe
=
-1 - =
1
2 /\/
3 T e =
G M K G DOS

(¢) MoSSe/MgPSes. [

PR%L (perdew burke ernzerhof, PBE) & 403, H
TR L T2 A TR A A LI X 43 S BORE
TXTXTH9XIXT, BT RE WL SR ey
1077 eV, JEFRIfE U 8cbniish 0. 001 eV/nm,
iR il 7SacRAg vt e Gt NI IEE E 52 s
FRIZERE o T ) ST T R R A A T i e 1A B
> 500 eV,

2 HERHW

2.1 BFEEN

B PBE 55331515 2 i) MoX, /MgPSe; %
SRR AR EEE 2 s

& 2 H MoS,/MgPSe; #l1 MoSSe/MgPSe; _
I RAFBRIE S 52 1. 72 eV Fl 1. 65 eV a4z
B2 S, T MoSe, /MgPSe; Fil MoSSe/MgPSe;
RABE 3 A 1. 24 eVAL 1. 32 eV H AT B
ik,

{ - : -
MgPSe;_II
— — —MoSSe
\
3 b
G M K G DOS

(d) MoSSe/MgPSe;. 11

B 2 MoXz/MgPSe; MR HEEFRSEE

S A 1) AT BB A L 1 R B
i+ 1] LA SR RO IOER
SV BT LR L 2 )2 ) S Ab S S-Se Al

Se-Se I 57 JRUZE 53 53l X I8 g Te] 46717 Bt o
PRFI B HAT BF SR HBEE MoX, H Se il 9
BN S JoEE B B M 0/ B Ah . MoSe, /



1438 ST K FFHCH RFFZR % 46 %
MgPSe; # MOSSG/MgPSQS, Il HA B I A Tﬁﬁa It 23 XN
RE 45 A0, AR e A %% B W] LU M 3 4 i A s Tl p= (a—ay/a, (2)

(valence band maximum, VBM) FZ lj MoS, &t
fik » 5% i (conduction band minimum, CBM)
F %l MgPSe; BTHk,

N T ik — PRI MoSSe/MgPSe; _ I 78t M
At 207 T8 R W AR SO HSE06 5303 %
HLFE5 AT . %5 B4 i) VBM, CBM £
HHESHIN—4. 23 . —6.26 eV, FAKM AL
L (—4. 44, —5. 67eV) M HL A, 1 B 3 Fl — 4
MRS K 2L 7 T A W Y )

SN T DA RO — e AR
THEH ARG, A SCEFXFIX 4 R B4 L i
L AR bR SR Tt I — PR XU T L SRS 2
R g R HE DR R e A Ale ] ES S T o

L5r m

NI -\-\-\-\-\-\-
> 0.5F — . MoS\.
N 2
2 ol —A— MgPSe,
Kund

0.5 l/l—l—l~l—i<‘;.;t\:—\:;:—\:

1.0

3 2 1 0 1 2 3
w1%

(a) MoS,/MgPSe;

oy aova 53000 JELAE A RS 0 SRS D A8 2 S Y
& B

MoX,/MgPSe; 5 i 45 i MgPSe; #il MoX,
i) CBM 5 VBM Fifi i Bz o e i 284k an &l 3 B
7R+ H1 Pl 3, Pl 3b A A1, MoS, 1 MoSSe 7 i il
JEARIPIRAETT . H VBM 5 MgPSe; JEAAH[H] L 13
H1T Se-S X Fh &5 #4 1 2 [ AH BAE TS 0 . B
K £ S 45 T B it 2 IO ) 8 1 g s/ ) o

MoX, /MgPSe; iy Bt i it b A Lo 1822 £k
4 . B4 RTEN AN T 6 5 5t 45 i Bt
AW ZPEREAE R BAE BIARIEEHZ IS
FELE BB ) A BRI e A8 . X R v R 4%
Y FIAE A2 A5 BT A W AE B AN .

R & & e e,
0.5 —®— MoSe,
_ A
> of MgPSe;

i
ﬁ 05 8 g 58S sgeSgel

qm

wi%
(b) MoSe,/MgPSe;

e .
[ ll\.\

10 AH&HH*%

0.5 —m— MoSSe

2 A
_‘E'] o- MgPSeg,H

i/eV

o9
qm

05+ g g gnESggEN

/%
(d) MoSSe/MgPSe;_II

B 3 MoX;/MgPSe; &R CBM 5 VBM RERZ YL

1.5F H“\A/‘—‘\‘\‘\‘\‘\A\‘\A
g mEEE
Lol == 1\1'
-y
% 0.5F -
L —®— MoSSe
gl]g ol —A— MgPSe; |
05F W
-1.0r
1 1 1 1 1 L 1
3 2 1 0 1 2 3
w11%
(c) MoSSe/MgPSe;_I
1.8
> 16 B
2
14 .
2l [ WER i
A AT
1.2+
1.0 ‘ ‘ ‘

w1%
(a) MoS,/MgPSe;

1.25 |-

1.20 |
& ® 3. i A
_‘% [ J E?ﬁ'm’f‘ﬁ‘:
o9 115 - A AT

1.10 |-

32 4 0 1 2 3
/%

(b) MoSe2/MgPSe;



% 10 #

% .5 . MoX,/MgPSe, (X=S.Se) W, F £ #) 5 & 3 M 46 09 2L AF 5

1439

>14¢ ® LT
i PN
212

1.0

w1%
(¢) MoSSe/MgPSes_ 1

> o
2 12 A BB

w1%
(d) MoSSe/MgPSe;_II

4 MoXz/MgPSes P i & 3l 4 R L Y 34K

BEAN AR SC A3 I AE 45 5 ST 45 1) MgPSe; J2FI
MoX. JZ1ET S fa. HZ5# & 5 frR, MoX,/
MgPSe; 125 %52 gty B A 6 o, Hovb Z2 i
i MgPSe; 24 Se 43 A1 MoX, 2 X1 %34,

G M
(g) MoSe/MgPSe;

131eV

._1‘

2

G MK G MK G
(d) MoSSe/MgPSe;_II

MgPSe; €2880®

(c) MoSSe/MgPSe; 1
MoX, G330

6 MoX;/MgPSe; R Ik F e E

1P 6 R, 7R 5 A ) MgPSe; JZ 25 Se
Z e s HA BN EOR FEA R A . SRS B X
FJZ MgPSe; fif Se 25 i, B AT B EEA LR EF A
A2 AT MePSe; BATRGRFENE. BEoh,

1E MoX, JZ75 i X1 Ji5 . gl it 3L 17 W] 8 Ay e
BeaRESL . S5k 10 Tt iR g —2k.
2.2 XFMER

BEE 4P T R R G 27 U AS W7 1
AR B o — A O A P T A E 2
SR BT A SO A 2 MoX, \Mg-
PSe; 1 MoX;/MgPSe; L iEiobit eS8

MoX,/MgPSe; 5t J5i 45 5 #.JZ MoX, . Mg-
PSe; BPOEW IR BN 7 fron. W 7 W] LLFE
A LT HZ ) MgPSes , B MoSe, /MgPSe; L)
SN AL 3 Foh 5 Al B LI R B A W 4R
F . HH MoSSe/MgPSe; [ #l MoSSe/MgPSe;
TSRS AR 52 A0 DX A R A i B A W S By ek
3 R HAR WO T RAFPERE.

sk MOSZ
--~ MgPSe;
6 MoS,/MgPSe; /\/\/—
4l o
~~ 27 ’
.,S g, MoSe,
S -~ MgPSe;
= 6 7 MoSe,/MgPSe;
ﬁ 41 7
= 2f P
0 ——
32 g+ —MoSSe/MgPSe; |
6 " MoSSe/MgPSe; |
MoSSe g
4
2 -
0 ~ -
1.5 20 25 3.0 35 40 45

&

AE/eV

B 7 MoXz/MgPSes \MoX; MgPSe; HISEHRIT 5 %1

3 #

AR HE T % B vz R S 1 25— PR B B
B 9T T MoX, /MgPSe; (X=S.Se) [ Hi T
ZE RO E M RE. TR 45 R K W], MgPSe; #l
MoX, [ 5% Bl ZAE 2. 2% LATF , H WG % 51 %o
700 X2-Se B e k2 € . 38 3 X MoX, /Mg-



1440

ATk K FIRCH KAF RO

746 %

PSe; B84 4514 1Y 734 & L, MoSSe/MgPSe; _ I
BATI W 11 BUGRH 4544 . H A HSE06 ikt
HAFER) VBM Al CBM 55 G A A 7K S i i) 22
SR UE B X AR LE G A A U A T e v AN
(B BUAHH N A2 X6 5SS 2517 B A ) S i e M 5 A
i, H MoS,/MgPSe; 1 MoSSe/MgPSe; 2 i 53
FTAETE b AR ), A BRI 2 RIS BAEHT. it
Ahs OG0 R By 1 5 45 2R 15 31, MoSSe/
MgPSe; T Fl MoSSe/MgPSe; I 57 Jfi 45 78 45 b
S DI P W SR B LR 1 MgPSe; Fil MoX, A7
b AR T S O 0 T R AR Y DY A
AERA HEAE,

(& % x k]

[1] GEIM A K.NOVOSELOV K S. The rise of graphene[]].
Nat Mater,2007,6(3):183-191.

[2] WANG X, MAEDA K, THOMAS A, et al. A metal-free
polymeric photocatalyst for hydrogen production from water
under visible light[ ] ]. Nat Mater,2009,8(1) ;76-80.

[3] CHEN X, WU Z,XU S, et al. Probing the electron states
and metal-insulator transition mechanisms in molybdenum
disulphide vertical heterostructures [ J ]. Nat Commun,
2015,6:6088.

[4] LUAY,ZHU H,XIAO J,et al. Janus monolayers of tran-
sition metal dichalcogenides [ J]. Nat Nanotechnol, 2017,
12(8) :744-749.

[5] ZHANG J,JIA S,KHOLMANOV I, et al. Janus monolayer
transition-metal dichal cogenides [ ] ]. ACS Nano, 2017,
11(8):8192-8198.

[6] LIH,ZHOU Y,TU W,et al. State-of-the-art progress in
diverse heterostructured photocatalysts toward promoting
photocatalytic performance[J]. Adv Funct Mater, 2015,25:
998-1013.

[7] WANG M, JU P,LI W, et al. Ag:S nanoparticledecorated
MoS; for enhanced electrocatalytic and photoelectrocatalytic
acti-vity in water splitting [ J ]. Dalton Trans, 2017, 46
483-490.

[8] JANG ] S,CHOI S H,KIM H G,et al. Location and state
of Pt in platinized CdS/TiQ, photocatalysts for hydrogen
production from water under visible light[J]. ] Phys Chem
C,2008,112:17200-17205.

[9] LIC,YUAN J,HAN B,et al. TiO, nanotubes incorporated
with CdS for photocatalytic hydrogen production from split-
ti-ng water under visiblelight irradiation[]J]. Int J Hydro
gen Energy,2010,35:7073-7079.

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

ZHOU Z,NIU X,ZHANG Y,et al. Janus MoSSe/WSeTe
heterostructures: a direct Z-scheme photocatalyst for hy-
drogen evolution[ ] ]. Journal of Materials C hemistry A,
2019,7(38):21835-21842.

GUO S D,DONG ]J. Biaxial strain tuned electronic struc-
tures and power factor in Janus transition metal dichal-
chogenide monolayers [ ] ]. Semiconductor Science and
Technology,2018,33(8):085003. 1-085003. 9.
CHAURASIYA R, DIXIT A,PANDEY R. Strain-media-
ted stability and electronic properties of WS, , Janus WSSe
and WSe, monolayers[ ] ]. Superlattices Microstruct, 2018,
122.268-279.

HU T, JIA F, ZHAO G, et al. Intrinsic and anisotropic
Ras-hba spin splitting in Janus transitionmetal dichalco-
genide monolayers[ J ]. Phys Rev B Condens Matter Mater
Phys,2018,97.23.

HASHEMI A, KOMSA H P,PUSKA M ], et al. Vibra-
tional properties of metal phosphorus trichalcogenides
from first principles calculations[ J]. The Journal of Physi-
cal Chemistry C,2017,121(48).:27207-27217.

GUSMAO R, SOFER Z, SEDMIDUBSKY D, et al. The
role of the metal element in layered metal phosphorus
triselenides upon their electrochemical sensing and energy
applications[ ] ]. ACS Catalysis,2017,7(12):8159-8170.
KAR M, SARKAR R, PAL S, et al. Tunable electronic
structure of twokdimensional MoX; (X=S, Se)/SnS; van
der waals heterostructures[ J ]. The Journal of Physical
Chemistry C,2020,124(39):21357-21365.

ZHANG R, JIAN W, YANG Z D, et al. Insights into the
photocatalytic mechanism of the C;N/MoS; heterostruc-
ture:a firstprinciple study[ ] ]. Chinese Chemical Letters,
2020,31(9):2319-2324.

YANG Y, TOKINA M V,FANG W H,et al. Influence of
t-ungsten doping on nonradiativeelectron-hole recombina-
tion in monolayer MoSe; with Se vacancies[ ] ]. ] Chem
Phys,2020,153:154701.

ZHAO T T,CHEN J,WANG X D, et al. Probing the elec-
tronic structure and photocatalytic performance of g-SiC/
MoSSe van der waals heterostructures: a firstprinciple
study[ ] . Applied Surface Science,2020,536:147708.

LEI X L, OUYANG C Y, HUANG K. A first-principles
inve-stigation of Janus MoSSe as a catalyst for photocata-
lytic wate-rsplitting [ ] ]. Applied Surface Science, 2021,
537:147919.

BLICHL P E. Projector augmented-wave method [ ] ].
Physical Review,1994,50(24):17953-17979.

(GifEami 5k #iD



