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Abstract

Transition metal dichalcogenides (TMDs) exhibit diverse physical and chemical properties, making
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them highly promising two-dimensional materials for various applications. In particular, MoS; has
attracted significant attention, but its lack of intrinsic magnetism largely limits its utility. Hetero-
structures may serve as a potential method to modulate the magnetic properties of MoS,. The
atomic structures and magnetic properties of MoSz/VS: lateral heterostructure, together with the
modulation effects of intrinsic vacancies (Mo, V, and S vacancies) on the magnetism of MoSz/VS:
lateral heterostructure have been investigated by means of first-principles calculations based on
density functional theory (DFT) in this study. Our calculations reveal that the atoms located at the
interfacial sites possess more significant relaxation compared with those far from interface and
MoS2/VS: heterostructure was predicted to be a half metal based on our DFT + U calculation. The
magnetism of MoSz/VS:z heterostructure can be modulated by intrinsic vacancies. Both Mo vacancy
and V vacancy can induce the transform of MoS:z/VS: heterostructure from half metal to metal, and
reduce the total magnetic moments of the supercell by 3.79u, and 2.96p,, respectively. S vacan-

cies increase the total magnetic moment of the supercell by 2.0y, .

Keywords

Transition Metal Dichalcogenides, Magnetism, Intrinsic Vacancy, First-Principles Calculation

Copyright © 2025 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).

http://creativecommons.org/licenses/by/4.0/

1. 5|8

ELN 2004 447 S804 B OB U R BV R 1], IESE T 4R Rl a] DO S7 HARGE AFTE . B JERHIFA
GURE R BT S B (h-BN). 3% 4 J& 5 AL ¥)(Transition metal dichalcogenides, LA R f&i#% TMDs). it
W B BRI TRAC ) R B SE AR ARL, Hh DO S R AL Y BURARER . TMDs i  Jad
EEREITEMo W, V) SEEILE(S. Se Te) LM HIHA, TEHCEFh AR A BT T . MoS, 1E
N TMDs H SRR 24k 2 W78 [2] (3], —4E MoS, 2 1) = B¥R EIREi M, S-Mo-S #ERXE 2
2], EGUKEB T FHEHME REARE M 788 A S S U B A T2 RN H .

{RJFAG 52 MoSy Ao B A HINE, T EFF KA K S ARG 7, DU )2 MoS, 78
I 4E B e AR E R A . BT R, BT AR BRI 36, BABRIEE A S A K bkl
R B [4]-[7],  H A0 f s 4 0 B AL I i G 3 B35 o, X R AL T IR S4B RHAYE R 20T
%e H MoS, 54 £IEHTAEF A RMAAAE, & Mo MM S AL HJZ MoS, & dEMETERT, Wt
12 S AHUTAR % (chemical vapor deposition, CVD)H A KT HLZ MoS, HH I & W %2 31 FRUAR 25 A B 25461
5, WANREAE B2 MoS, 1 5 NRETE[7].

T 25 S5 8 O S BIARE S AR T A AT BRI DR B3R, 7E R L 2R S U R
VR R EENMER[8] [9]. 4t 2kl nT L LA B HES S @V a4 7 L, ] 76 1 4 o i 42
TE R 7] S J5i 45 . WF TR0, JOiAe e L4 R o 2 B sl W R 1, HL O R 2 Pl R v e i
70, BRI S R A5 A0 0] B e AR A N A I AR ) 3B SRS BTS¢ [10] [11], JEI2 TMDs )it 4515 21
TIREFRRE, MR [12]. mol R kg 1315,

HAT, FHBEFEFRA A AR EOR[14] & H T 20 20 487 Fi45 . Chen 55 Nl i i<
AR ) A iR AR Tl i — 5 A K T T MoSy/MoSes AME i 45[15]. Gong 25 it #E CVD
TEAEKH T WSex/MoSe, i 4h, HAEMK/NATEE] 169 um, HEAMXE S T#[16]. Zhang
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SENK R A TRNE, D78 R TR AP HE5T), B A 1 LR 57 5 45 MoSo/WS, Al
MoSex/WSe [17] Lee 55 NAE SiO 4 J&& b FLHE A AR 1 S T I A K RSB ) MoSo/W'S, St i 45 5. 731 JiE
RAFHIik 160 pm,  HBA REFIIFEERFFE[18]. CVD A RKEARARIR AL SR 4R ma R )2
K. HERBG I T A AN A (/] 0 AT S5 BT R HE k. UARORM SRt Ay b s k. ELAR H R
THEMBLR A T L IS T BB R, ERZSIEIAT V2 B, AT T AR R A
FrVEA V2 005 . ASCEREL 1 A& T B 1 38 MoS, HUZ ML 3K VS, BEMFIFFIL, K
P2 — PR BT HO I R GEHTE TT T MoSo/V Sy Bl 7t ot 45 [ S5 M AT L PR, JF ELAE SRR Al BRI T 7oA
fIE A RE 0T e Jo 22 A AP 5 ) B2

2. iEEE

FRATH T S FH 2 2 B R IR R ME SR AL VASP [19] [20], RS MIEBCN R 407
T (FRIFR PAW)o THEZ b K AR5 MoS, Al VS, FUZ RN 15 x 15 x 1, Pl sl ie A
500 eV, JIHIREIARER 0.01 eV/A, BEEWSIFRHEN N 1 x 107° eV, £t 48+ V, Hubbard %
B F R A L Pl s Al BAEH[21]. DFT + U HFE S V EFH U MR HE Cococcioni and Gironcoli $2
R AR 2R M) S T VR[22 3RS R Uere (8N 3.4 eV, P HTHEER 2 B RARALIN o £ 2 7 ) (FE B T R i 45
H A DR 15 A BB, DUk G rE AR B 7 1 A AR

3. GRMIHR
3.1. MoSy/VS; ¥[8 3 B4 B R T 45 4 R v

T VS, 2= N e T3 2H 45#4[23], AL MoS, A1 VS, (17 2H S5 H R 501 7 7 i 2
FATHI T B4 L U B 2 MoSy (SR AR H 40N 3.183 A, FAJE VS, IS 8 3.175 A, 5EH MIF Tt 4s 5=
FHVI G [24]0  BEARABATTHIAN IR s o B AL, H2 S-Mo-S AT S-V-S R F 2 =AW, S-Mo-S Ji¥
JZ1 3.126 A, S-V-S JRTFJEEE 3.023 A. A T 558 MoSy/V Sy 8 [m) 57 Ji 45 PR A Ee e, FRATTTHER T
U2 MoS: 1 VS, I HLF 45 . 45 B 45 TR B 12 MoSy /2 R KZI N 1.58 eV KISk, 12 VS, A2
W BRZIA 0.40 eV LM 4K, A V T IBAE R 138, » B4 S R TR N -0.17 1, » VS, 51
MR ER N 1,000, , IXANTHEZE R S BUHTE LK S Duan 2O IR THE S5 RAHW) &24].

H T P M) A S RN T 0.3%, A T P84, FRATLha =3.183 A, b =3a NIERIIEE T HTE
(BT R RS RY, Gl 1 B DACAR TR R MO il , F%E T MoS, HLc H AT VS, By H ik it &
EER— e —HI(VS2)u/(MoS2)u(n = 1 = T)Bi I S L 45 454, FEXFIX Se i fudh AT 7 45t thide. v 1 R BIR A E
SRS B T 454, BATTHEE T (VS2)/(MoSa)u(n =1 = )RR MIITE R EE(E, ), HHEAXN:

- E,—n (EI\:SZ +Eys, ) 0

Horh B, MU G 57 A5 ML) S BERE, n NI MoS, HCE VS, UITHIBH , By, A1 Eyg, 70 AN L
A MoS, M1 VS, i RE R . ] 2 5t T THEAS B AT BB RE n (AR Ak 5, mT B 5 768 A ) AN B 38 o
MoS/VS, 575 45 1T R (E AN WT b FEAEG, bR T8 M RS s8R R, B R n=5 MR REES n=
6 Fl n=7 MERAEMHZECE/NT 001 eV, FILBRATES T (VS2)s/(MoS2)s 1 7] 57 it 45 8 i (b i
MoSo/VS)IE R G T I T4 44, a1 o

FEHLE MoS, BY VS, 1 Mo-S UKy 2.412 A, V-S HIBEK N 2.360 A, TIAEMRALIE ) MoS2/VS, 7
JREGEERI R, R AL Mo-S I KAE AT 2.409 A 5K 2.417 A, V-S FIHEKA N T 2350 A, B 7 HEK AN
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TS
Q © O -9 0 O o Q0 ©o
d@g—’d—l—qhﬁ)’d}az%l‘*’o‘éﬂ;)‘b“o‘b“o‘b“o
) o ‘d\g id?“:\@ 0. ’Lié‘——j mlSz‘b“ o ‘é’o o, o 2. o £

L
Ny

oA A AR QAL AP
X g g O O
o U O /0 N O U e

3.13”0A 3.011 A

Figure 1. Top view (upper panel) and side view (lower panel) of atomic structure of relaxed (MoS2)s/(VSz2)s lateral hetero-
structure. The rescaled unit cell of MoS. monolayer is indicted by rectangle in dashed line
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Figure 2. Formation energy of (MoS2)./(VS2)x lateral heterostructure as a function of n

& 2. (MoS2)u/(VS2)n Ha[8) 57 BREEHI T R BERE n BYRIL

ATV 7L 1 R MoSo/ VS, i 1m) 57 5 25 24 1 e Re A5 % FE LA R ST AL ) MoV BLA S 57 (4]
1 73 5bRid o Mo Vi ST, S2)HJRIR B ieRe 8% [, AR E 3 Prox. ORISR RS E A
3(a)) E B ) LB A B E ) NS IE B A PR, 5] MoSo/VSy M) 7 i 45 B R, LB BEin) BASE
FEBKBEPALBAT 73 A1, 2 BRKZI08 0.20 eV, 111 [ e ) T I8 IE AE oK REAL A BN 7041, KB MoS»/VS,
M A A SR IE. A TR MoSy/ VS, i &5 HIEFERS, AT 1 R S KIMERE(AE,): AE,=
Ery = Earvo o Epy NERRIGSIRE R, Eane NREENGSIREE . THEZE RN AE, = -0.242 eV, XU
FM e L AFM REEAK 0.242 eV, WHLZ UL MoSo/VS, F R 45 BASMINE. 9 1 0 H 7 i 45 REPE k2
U, FATE 7 E L R ETARER A AL Mo V. S JR TR I B R AEASE E(E 3(b). HEIFTDEH V
JAT\ Mo J&¥ S JR 7 HIEE E Bgm B N8 B REREASE AN, ¥l T V. Mo Ml S JETH#HAEA
WaNE, IXPRASOTRR L L f& S AR 0 S5 R AEARUCAC I (B 42 1 PR VR IR ELBOR, Mo AT S J51

DOI: 10.12677/japc.2025.143048 515 Ly PR R=Svi


https://doi.org/10.12677/japc.2025.143048

BT

=

ES

K

WA EEEL/N) . BATHITHE IR R W], MoSy/VS, 55 45 BN B S AR 9 10.00, » LS FHHALHITH VT
MIREAE N 1520, » L VS, BT V R F IR ER 0140, , EFTHT V R TFRIRE N340, , 5 VS,
Bg vV EF R ZEAKR, X2l TR v IEF R REE 45 S 2 A AR E SRR, TS
AbHT Mo [+ EA TN FIREFE R 29759 0.10 4

(a) (b)

150

100 -

50

0

|
—_
o

1

~50 -

TDOS (States/eV)
LDOS (States/eV)

-100 1

-150 4

14 12 10 8 6 4 -2 0 2 4 4 12 -10 8 6 4 2 0 2
Energy (eV) Energy (eV)

Figure 3. Total (a) and local (b) spin-polarized density of states (DOS) of MoS2/VS: heterostructure
3. MoSo/VS: R RERLEHINI(a) B BHRERERSEEM (D) BB BERRESERE

N T HEEMHER MoSo/VS, 57 B 45 h EFE /- A 00, AT 1 57 B 45 9 B ke 2 P &I (14 4(a)
B e € SON EIE R LA B IEA R THEZ ZZE: Ap=p,, = Py » HIE 4(a)F 5 B4 HTETE
FERIET VIR, Fak Mo JFU TR S BT ORI DR, 38R DA AL VR B e T
WA S ARV RTEN, RRSEATHEA RN VIR T REEAECE 1), ZRhER
E BRI I SRR T S AN R SR -

(a)

Figure 4. (a) Spin density and (b) charge density difference of M0S2/VS: heterostructure, Isosurface level is 0.005 e/A*
[E 4. MoSy/VS: #EEIFRLEM(a) BHEFRFEE, (b) BEIZESHE Isosurface level A 0.005 e/A3
N T HEIFHRAEH MoSy/VS, 4T MoS, Fl VS, Mas&1EM, FRATTHE T S B 45 10 22 7 v A 2%
B, ZEo i R A KON
Pair = P~ Pmos, ~ Pvs, 2)
FBIE, pyes, NI MoS, HIBETBIE, pyg, A
Si = A B T, AT DA H i T R A T A R R T

Hrr p, 9 MoSo/VS, 75 45 ) 2
VS IR E . K 4(b)RR T R
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Table 1. Total magnetic moment (M) and atomic magnetic moments of atoms located at the interface/vacancy sites (Mv,
Mwmo, Ms) in MoS2/VS: lateral heterostructure

52 1. MoSo/VS: 1 [6] T FREE B B HERE Mo FN B E AL AL MHE IR F AV IR

Clean Mo ZEfL vV 20 S Zf
SR Mot (us/cell) 30.00 26.21 27.04 32.00
V JEF My (us/atom) 1.52,1.39, 1.42 1.17,0.56 1.59,0.76, 1.51,-0.90 1.93,1.84
Mo JE-F Mo (us/atom) 0.03 0.10 -0.06, 0.18 0.06
S J&-F Ms (us/atom) -0.18,-0.17 -0.17,-0.11 -0.20, 0.04, —0.09 -0.17,-0.20

3.2. MoS»/VS; ¥R R RERTR E

SEEG b BT AN AR KR & 4P SR A RS, D R 2B S
FUkpeml & HE R KT WS2/MoS:. MoSex/WSeaw WSy/MoSes S5 1 5 i 45 . #EHiIl % it #2
B I — 2 IR RE S IR B AR 55— P SR 507 3 11 22 (AIMD)Y B T 600 K iR & T, MoS»/VS,
PR R 5 ZEARA . FATRIFH AT 0 K FOLAGH I MoSo/VS, “F I S i 5 S5 M (14] 1 o) ¥ i Js i)
NAE NI A (K] 5 BT BEAT 5313 1 2 440
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Figure S. Energy and temperature evolution of MoS2/VS: lateral heterostructure as a function of simulation time
[E 5. MoSo/VS: #& [ 5% TR 45 HY BE 8 AR FE FEAR HU B (B] AR 1L i £ (5]
£ Nosé-Hoover 1Hifi 3 F XS iGNk, AR th A AR HE Verlet Sk AT R B
WFEITALRE O 1 WD (fs), FEAEAN 1 10000 22, SHIITAIDY 10 BeAb. 155 g5t 17 il 5 M0 A B Hc il v 1) 475
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e, RGRERIFARMIIE KR AIRG, HMABSURGE R (K 5 PR ARIZE B AT LLE 1, MoSy/VS, B
[6) S5 S 45 P SR 1 S5 R A AR W O L AT S 0L, ORI IZ R LA AE 600 K Bt T B Rz g 1

3.3. AEZEAIX MoS:/VS, B R REHEAIF N

IS ALAT MoSo/VS, T S A HIRE M, AEELE 180 A1~ (B M B AL _FAHBR — > Mo JR 1.
ST ELV R T, FEIE SN MoSy/ VS, IR A5 IR S5 FATWETT 1 FR Ak FE3w 5 i Az 25 5 i
IO E, Al T RS~ Moy VI S FARIRER &AL, HRAER R RAH R 6 Pir).
H S ALK Mo S REA2EE BT 5 FE I T Mo AL 85 H iR ARE I (K] 6(2)), V BALAES FHEL AR AL 4544
A (1 6(b)), S B ALERARE RSN TSk v 5 HIRIEK V R T Z B A B (5 6(c) T HEAL), X
SRR VS, 1S AL TE BLAE L MoS, H T BURE EAR (142 2 FTR).

(2) (b) (©)

A A A 4 h* 2+ i * g ¢ O 9

Figure 6. Relaxed structure of MoS2/VS:2 heterostructure with a (a) Mo, (b) V, and (c) S vacancy
6. WEBRAIE () Mo =L, (b) V ZAL. (0) S LAY MoSy/VS: B 5 REELEH

N T I RIR P R A Gl A, JRATE 3 T S R RAE B, ... JGHEAR
R: By = By~ Eypy — By o« o1 By 9 MoSa/VS, 3R 45 A . MoS: HIZ80H VS, HIZHIMINALR, B,

AE Mo AL, V AALEE S FALH MoSo/VS, it 4. MoS B Z i # VS, 1 Z @ Ee R, E,, W
NEA ST Mo JRFEE VIR T 15A x 15 A x 15 A KB rIRE R, TH5E4RpIER 2 F.

Table 2. Vacancy formation energy ( E; .. ) of MoS2/VS; heterostructure, MoS2 and VS2 monolayer
7 2. MoSy/VS: #EE R FRLE. MoS: 1 VS: B BRI ZS IR A2

S ZE 4 Mo Zfir V 2L
MoS2/VS: FJFi&hi(eV) -5.07 -19.15 -8.22
MoS: HE(eV) —6.66 -17.76
VS2 HE(eV) —4.82 -11.23

WA 2 AL, AE=MARE AL S AR A 5 T ORI BELE XA (B B /N ), Mo 2 ST R (T AR
RELZEXEARN), IFH RIS S AL HITEBCEE L 5 MoS, TR REEE /N 1.59 eV, {HIEEL VS, FZ
S LKL HLBEEENE K 0.25 eV, UL S5 B AE MoSy/V Sy Mifa] 57 145 1 LB = MoS, A S 1% S A
MoS,/VS, i 45 H1 Mo 25 Az FITE FCRE LE 502 1) MoS, IR RREEE R, BB Mo 43 (S0 7E 57 Jo 45 T SE A
o MoSy/ VS, & V BN I RAEE L R VS, IR RAEZE/ 3.01 eV, HELRBES T Mo i)
TERAEE/N 10.93 eV, XU IREE T V B0 AE 5 - B LB IR Fefa g & 2 ALK MoS,/VS, 57
g, BATHE VIR R A5, RS A REA R LU AL TR B Moy V A S JRTHI(IE 6 AR
) SR Ik B e REA 5 S
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BREAEE. Mo ZALMHEN Mo V HI S JE 7RI F iERE AT A i ) BRI E BE ) T BARAXFR, Mo
2 I BT IR SR 45 I REYE, Mo S 6IAL Mo V AL S JEF# LA RLME . MAEASEE (A 7 (al))n] LIS
5N, Mo ZENLIAFAE T8 MoSo/VS: 5 4t Y- & IR 8 N4 & « B Mo 507 MoSo/ VS 575 45 45 14 (1 1 Jie
(P 8(a) T LG H B R 45 (R EERIE T V R TSN S JRF, S abi) Mo JEFOUE
TR, H Mo JE-T I R AR A X4l MoSo/VS, S 45 I RERE A e B K, S ERA 15 211
G AL ) JEFREFE A B 1 (1 BT B 0.03 4, KM 0.1042, ), T FHTHIALR) S JE 7 BOREFE AHG T-4015
MoSo/VSy R Z5 &k /N, Mo LRI I —A VIR TR B E N, NN 0.560, , SEGH M SR
NG S JR 45 1 30.00 2, U8/ K 26,2,
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Figure 7. Total and local spin-polarized density of states (DOS) of the MoS2/VS: lateral hetero structure with a (al~a3) Mo
vacancy, (b1~b3) V vacancy and (c1~c3) S vacancy
7. &(al~a3)Mo ZHI. (b1~b3) V B, (cl~c3) S Z{IH MoSo/VS: BB RGN RSB EMEEESZE

K 7 (b1~b3)52 & V AL MoSy/VS, 55 45 BL ) H e REAS % AR e R 3 2, T AW R
5 Mo ZALAEL, & V ELLH) MoSo/VS, 45 Fe A N )R . S H V 2K MoSy/ VS, R4 H
JiE% FE (& 8(b))FI LA Hh 5 B A5 A PE - ERVE T V R T/ S JR T, R EE R AR MM I EEL MoS,
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Figure 8. Spin density of MoS2/VS: lateral heterostructure with a (a) Mo vacancy, (b) V vacancy and (c) S vacancy, Isosurface
level is 0.005 e/A?
8. &(a) Mo ZiL (b) V F{ii(c) S FNLAY MoSo/VS: B R REEM B IR FEE, Isosurface level 4 0.005 e/A°

Kl 7 (c1~c3)NE S AL MoSo/VSy it 45 s 1) B e REAS 25 FE ARtk B R REAS 2 B, PR AR
JE R ULE B AR BE R AR B R A RR,  HE e B RS A BN, KAN
0.21eV, HHEHJEN FRIMHEEME, XERHE Mo SAA V BAIAR, S BALIHRKAE MoSy/VS, 7 i
g JE e, & S B MoSy/VS, 7l 451 H i JE 88 SU A W AE IS o HIEE T AR F H S &
ALAER) Mo V F1S J5-F H Jie lm) EATE g T 1K) B e 2% B AR R A FRIN, S LA Moy V HI S
JE PR, LR TREEATESR | e B 8(0)R/R T & S BALHI MoSy/VS, 57 Jii 45 45 4 ) 1 Jie 25 15
K, WTULUE B R ERET VIR S ET, Fan Mo JEFIUCAERUNM TR, JEE S AL v
B R R R KT i v S TG B S OB R (1,52, 385K 30 1.93 1, 801,841, ), Mo JEFHIRIME A
PRI, T B PR R 3 K 32,0

L ERIBHEZE R AT I, Moy V I S =HFAE S A (A7 E I RE — EFEIE LRI MoSy/ VS, B [ 57t i
SERIRETE, Foh Mo AT V S ALRE M MoSo/VS, 55t 4588 M (1 SRR /N, T S AL A MoSo/VS: 7
JR G MRS BRI R . REPEAS R ESRIE T V TR AL MR S T Mo JRT. Mo ARl V 4L
115 MoSo/ VS, 5 45 WL & R A N SR I, & S AL MoSo/VSy 7l 45 WA FF 1 2F & @ (R
ST BRI T 0.20 eV), BEH T A0 RIS S AL TR S5 7E E eI I T A T E IR .

4. &g

ARSORI 2 T8 FETZ o0 FAR (R 35— PR IRUER DT VAT 9 1 MoSo/VS, 1 1] 57t 5 46 1A S 1~ K AR A R I
FHF MoSo/VSy B[ 5 i 45 R 7 AAEE i (Mos V. S A0 F FLRiME . WF 7o 45 L W MoS»/ VS, B [F]
ST 45 5 THI Ak 1 JiR T A S TR AL R R T BRI SR T30 7%, H MoSo/V Sy B R 57 R 45 9~ 42 s« AAESS
P fE—EFEE E kAR MoSo/VSy 1 1) i 45 B AE , Mo A R1 V 25 LIS AEAE MoSo/VS, ) 5 i 45 H 2
SRR IRENE SR, T H Mo LA VAL AE MoSo/ VS 8 [7] S5 57 45 i L i) SV REFE FEAIR 17 3.79 1
296, o S ARLAKAL MoSo/V S, 1 1) 57 51 45 e @, AR M A SRR N 1 2.0, o X LEAR AL

DOI: 10.12677/japc.2025.143048 520 WAk A


https://doi.org/10.12677/japc.2025.143048

BT, Bl

SEAAR R B ARG, TR MoSy/ VS IR 4E . 35 S A3 AL MoSo/ VS, 18 [ 5 i 5 7 H i
I JE AR U AT T AE LT o

SE

(1]

(2]

(3]

(4]

(3]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

Novoselov, K.S., Geim, A K., Morozov, S.V., Jiang, D., Zhang, Y., Dubonos, S.V., ef al. (2004) Electric Field Effect in
Atomically Thin Carbon Films. Science, 306, 666-669. https://doi.org/10.1126/science.1102896

Reidy, K., Varnavides, G., Thomsen, J.D., Kumar, A., Pham, T., Blackburn, A.M., ef al. (2021) Direct Imaging and
Electronic Structure Modulation of Moiré Superlattices at the 2D/3D Interface. Nature Communications, 12, Article No.
1290. https://doi.org/10.1038/s41467-021-21363-5

Yin, Z., Li, H., Li, H., Jiang, L., Shi, Y., Sun, Y., et al. (2011) Single-Layer MoS2 Phototransistors. ACS Nano, 6, 74-80.
https://doi.org/10.1021/nn2024557

Ataca, C., Sahin, H. and Ciraci, S. (2012) Stable, Single-Layer MX> Transition-Metal Oxides and Dichalcogenides in a
Honeycomb-Like Structure. The Journal of Physical Chemistry C, 116, 8983-8999. https://doi.org/10.1021/jp212558p

Coleman, J.N., Lotya, M., O’Neill, A., et al. (2011) Two-Dimensional Nanosheets Produced by Liquid Exfoliation of
Layered Materials. Science, 331, 568-571.

Zhou, W., Zou, X., Najmaei, S., Liu, Z., Shi, Y., Kong, J., ef al. (2013) Intrinsic Structural Defects in Monolayer Mo-
lybdenum Disulfide. Nano Letters, 13, 2615-2622. https://doi.org/10.1021/n14007479

Zheng, H., Yang, B., Wang, D., Han, R., Du, X. and Yan, Y. (2014) Tuning Magnetism of Monolayer MoS2 by Doping
Vacancy and Applying Strain. Applied Physics Letters, 104, Article ID: 132403. https://doi.org/10.1063/1.4870532

Kroemer, H. (1982) Heterostructure Bipolar Transistors and Integrated Circuits. Proceedings of the IEEE, 70, 13-25.
https://doi.org/10.1109/proc.1982.12226

Ohno, Y., Young, D.K., Beschoten, B., Matsukura, F., Ohno, H. and Awschalom, D.D. (1999) Electrical Spin Injection
in a Ferromagnetic Semiconductor Heterostructure. Nature, 402, 790-792. https://doi.org/10.1038/45509

Pospischil, A., Furchi, M.M. and Mueller, T. (2014) Solar-Energy Conversion and Light Emission in an Atomic Mono-
layer p-n Diode. Nature Nanotechnology, 9, 257-261. https://doi.org/10.1038/nnano.2014.14

Baugher, B.W.H., Churchill, H.O.H., Yang, Y. and Jarillo-Herrero, P. (2014) Optoelectronic Devices Based on Electri-
cally Tunable p-n Diodes in a Monolayer Dichalcogenide. Nature Nanotechnology, 9, 262-267.
https://doi.org/10.1038/nnano.2014.25

Hong, X., Kim, J., Shi, S., Zhang, Y., Jin, C., Sun, Y., ef al. (2014) Ultrafast Charge Transfer in Atomically Thin
MoS2/WS2 Heterostructures. Nature Nanotechnology, 9, 682-686. https://doi.org/10.1038/nnano.2014.167

Kappera, R., Voiry, D., Yalcin, S.E., Branch, B., Gupta, G., Mohite, A.D., et al. (2014) Phase-Engineered Low-Re-
sistance Contacts for Ultrathin MoS» Transistors. Nature Materials, 13, 1128-1134. https://doi.org/10.1038/nmat4080

Zhang, T. and Fu, L. (2018) Controllable Chemical Vapor Deposition Growth of Two-Dimensional Heterostructures.
Chem, 4, 671-689. https://doi.org/10.1016/j.chempr.2017.12.006

Chen, T., Ding, D., Shi, J., Wang, G., Kou, L., Zheng, X., et al. (2019) Lateral and Vertical MoSe2-MoS: Heterostructures
via Epitaxial Growth: Triggered by High-Temperature Annealing and Precursor Concentration. The Journal of Physical
Chemistry Letters, 10, 5027-5035. https://doi.org/10.1021/acs.jpclett.9b01961

Gong, Y., Lei, S., Ye, G., Li, B., He, Y., Keyshar, K., et al. (2015) Two-Step Growth of Two-Dimensional WSe2/MoSe:
Heterostructures. Nano Letters, 15, 6135-6141. https://doi.org/10.1021/acs.nanolett.5b02423

Zhang, X., Lin, C., Tseng, Y., Huang, K. and Lee, Y. (2014) Synthesis of Lateral Heterostructures of Semiconducting
Atomic Layers. Nano Letters, 15, 410-415. https://doi.org/10.1021/n1503744f

Lee, J., Pak, S., Lee, Y., Park, Y., Jang, A., Hong, J., et al. (2019) Direct Epitaxial Synthesis of Selective Two-Dimen-
sional Lateral Heterostructures. ACS Nano, 13, 13047-13055. https://doi.org/10.1021/acsnano.9b05722

Kresse, G. and Furthmiiller, J. (1996) Efticiency of Ab-Initio Total Energy Calculations for Metals and Semiconductors
Using a Plane-Wave Basis Set. Computational Materials Science, 6, 15-50.
https://doi.org/10.1016/0927-0256(96)00008-0

Kresse, G. and Furthmiiller, J. (1996) Efficient Iterative Schemes for ab Initio Total-Energy Calculations Using a Plane-
Wave Basis Set. Physical Review B, 54, 11169-11186. https://doi.org/10.1103/physrevb.54.11169

Dudarev, S.L., Botton, G.A., Savrasov, S.Y., Humphreys, C.J. and Sutton, A.P. (1998) Electron-Energy-Loss Spectra
and the Structural Stability of Nickel Oxide: An LSDA+U Study. Physical Review B, 57, 1505-1509.
https://doi.org/10.1103/physrevb.57.1505

DOI: 10.12677/japc.2025.143048 521 Ly PR R=Svi


https://doi.org/10.12677/japc.2025.143048
https://doi.org/10.1126/science.1102896
https://doi.org/10.1038/s41467-021-21363-5
https://doi.org/10.1021/nn2024557
https://doi.org/10.1021/jp212558p
https://doi.org/10.1021/nl4007479
https://doi.org/10.1063/1.4870532
https://doi.org/10.1109/proc.1982.12226
https://doi.org/10.1038/45509
https://doi.org/10.1038/nnano.2014.14
https://doi.org/10.1038/nnano.2014.25
https://doi.org/10.1038/nnano.2014.167
https://doi.org/10.1038/nmat4080
https://doi.org/10.1016/j.chempr.2017.12.006
https://doi.org/10.1021/acs.jpclett.9b01961
https://doi.org/10.1021/acs.nanolett.5b02423
https://doi.org/10.1021/nl503744f
https://doi.org/10.1021/acsnano.9b05722
https://doi.org/10.1016/0927-0256(96)00008-0
https://doi.org/10.1103/physrevb.54.11169
https://doi.org/10.1103/physrevb.57.1505

BTE, Bl

[22] Cococcioni, M. and de Gironcoli, S. (2005) Linear Response Approach to the Calculation of the Effective Interaction
Parameters in the LDA+U method. Physical Review B, 71, Article ID: 035105.
https://doi.org/10.1103/physrevb.71.035105

[23] Komsa, H., Kotakoski, J., Kurasch, S., Lehtinen, O., Kaiser, U. and Krasheninnikov, A.V. (2012) Two-Dimensional
Transition Metal Dichalcogenides under Electron Irradiation: Defect Production and Doping. Physical Review Letters,
109, Article ID: 035503. https://doi.org/10.1103/physrevlett.109.035503

[24] Luo, N., Si, C. and Duan, W. (2017) Structural and Electronic Phase Transitions in Ferromagnetic Monolayer VS; In-
duced by Charge Doping. Physical Review B, 95, Article ID: 205432. https://doi.org/10.1103/physrevb.95.205432

DOI: 10.12677/japc.2025.143048 522 Ly PR R=Svi


https://doi.org/10.12677/japc.2025.143048
https://doi.org/10.1103/physrevb.71.035105
https://doi.org/10.1103/physrevlett.109.035503
https://doi.org/10.1103/physrevb.95.205432

	第一性原理研究MoS2/VS2横向异质结的磁性及其调控
	摘  要
	关键词
	First-Principles Study of the Modulation of Magnetism of MoS2/VS2 Lateral Heterostructures
	Abstract
	Keywords
	1. 引言
	2. 计算方法
	3. 结果和分析
	3.1. MoS2/VS2横向异质结的原子结构及磁性
	3.2. MoS2/VS2横向异质结的稳定性
	3.3. 本征空位对MoS2/VS2横向异质结磁性的影响

	4. 结论
	参考文献

