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Figure S1. A schematic diagram of top and side views of MoSe2/TisCz heterostructures for different
stackings. (a) the ZM_SA Configuration: Se and Mo atoms of MoSe: are on top of Ti and C atoms of
TisCy, respectively; (b) the ZM_AA Configuration: Se and Mo atoms of MoSez are on top of C and
Ti atoms of TisCz, respectively; (c) the ZM_AS Configuration: Se and Mo atoms of MoSe: are on top
of Ti atoms and hollow sites of TisCz, respectively; (d) the MZ_SA Configuration: Se and Mo atoms
of MoSe: are on top of C atoms and hollow sites of TisCz, respectively; (e) the MZ_AA Configuration:
Mo and Se atoms of MoSe: are on top of C atoms and hollow sites of TisCz, respectively; (f) the

MZ_AS Configuration: Mo and Se atoms of MoSe: are on top of Ti atoms and hollow sites of TisCs,
respectively.

Energy(eV)

|
] “ .
3 1 . . . . ; . .
r ™MKk ' o 1 2 3 4 0 1 2 3
DOS(electrons/eV)

Figure S2. Band structures and densities of states of the MoSz. The Fermi level is set to 0 eV. The
vertical dashed line gives the location of the Fermi level.
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Figure S3. Band structures and densities of states of the MoSez. The Fermi level is set to 0 eV. The
vertical dashed line gives the location of the Fermi level.

10 3 10 3
E= -0.9V/A MoSg,/TiyC3Br;. E=-0.9V/A MoSg,/Ti,C3CI7]
3 15 12
a 5P b 5P
0= 0 0 b= 0
E=-0.6V/A 1, =-06VIA | 1,

5 \/\\_—;,\| Tota) | ; 5 \N\—'—)\i\ TO}]_ i ;
0 1 Y g S0 j 0 g
.i>:£ — -03V/A : <S£ 4p 12 § % E _OSV/A :_ S/C-Z-])/-t 2 §
5° Mo g §° .\/"Mmm,lg
Bo A | 07 8o : 07
T |E=0.0V/A | 1, & 3 [E=0.0V/A : 1,2
85NN | " 3 s . &
5 N s 3 N / 1
% 0 1 N 02 % 0 1 7 < 02
= |E= o.iwA :/ Y, 2 o [BR03VA / 1, 2
2> . L& 2% . I
EION NS BN\

0 } 0= 0 f 0-=

R AN E-06VA 1 SV, E

. \ ,://\ ' . \_/_/: '

E= 0.2\///& | / 1, E= 0\.9V/A | 15
5N I 5~ I

N 41 \ /\ 1

-3 -2 -1 0 1 2 -3 2 1 0 1 2

Energy (eV) Energy (eV)



30of 7

~
(@)
~

Densuty of States(electrons/eV)

10 3
E=-0.9V/A MoSe,/Ti;C,Se
\/\\_:V Nl

Y
F=00VA  '—Toul /,

5 \_/\.’\ 1 ;

0 ¥ 03
E=-03VA TR/, 8

5% 1,8

0 07
E=0.0V/A 1 3
'\_/\_— . E

ol \ / 0 ;
- 03V/A 1, @

SE " | )

\ /1 E
<

] 4 0-Z
E=0.6V/A | 1, &

ST TN | .

(g : /u
E= Ogva 1 12

5 -_/\ 1 |

0 . |\l / 0
3 -2 -1 0 1 2

Energy (eV)

Densuty of States(electrons/eV)

5N

0 "
E=-0.9V/A M0$02/T13C£SZ_ ,

E=-0.6V/A

é

=)

]

P

Energy (eV)

Partial Densuty of States(electrons/eV)

Figure S4. The DOS of MoSez/TisC2X2 and PDOS of MoSez in MoSe2/TisC2X2 heterostructures under
different electric fields. (a) X-Br, (b) X-Cl, (c) X-Se and (d) X-S.
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Figure S5. Density of states of the MoS2/TisC2Clz heterostructure with different biaxial strains. The
Fermi level is set to 0 eV.

Figure S5 shows the DOS of MoS:/TisC2Cl2 heterostructure, under tensile and com-
pressive strain, the Fermi energy level is always located at the conduction band minimum
(CBM) of MoS2. Under compressive strain, the monolayer MoS: retains its band gap. While
when the tensile strain reaches to 6%, the band gap of monolayer MoS: disappears. It in-
dicates that the tensile strain can significantly improve the interaction strength between
the monolayer MoS: and TisC2Cl.
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Figure S6. Density of states of the MoSz/TisC252 heterostructure with different biaxial strains. The
Fermi level is set to 0 eV.

According to the DOS of MoS:/TisC2S2 heterostructure (see Figure S6), with the in-
crease of compressive strain, the monolayer MoS: can still preserve its band gap, while its
band gap disappears when the tensile strain is applied, which is very similar to the
Mo5:/TisC2Clz heterostructure.

15 15 15
! 1 et |
MoSe,/Ti,CCl, | MoSeyTi,CoCly 1 5=6% MoSe,/Ti,C,Cl - e=9%
10 | : ST T I
I I
| | |
s I I I
= ! = ! = !
By - 1 - |
E | Se 4 E I Se 4p 2 | :f? 4:(]
L 1o ! e 2y ! Mo4d| Z 10 ! 0
= A\ L Modd 2 //\ | AN |
z 2 I i I
205 : 205 | 205 |
= = | =] I
5 | 5 | 5 |
Eoo ! Eoo | Eoo
3 ! g - | 5 |
—Cl4 Clap )
e — ¢ 2pp | e —cCp | Y : Cl4p
Tidd ' Ti3d T C2p
| t T Ti3d
0.5 | 0.5 ! 0.5 |
| 1 1
0.0 : - + /,P\ 0.0 : = t G 0.0 . .\ . ‘A
3 2 a 0 | 2 3 2 a 0 2 3 2 A 0 | 2
Energy(eV) Energy(eV) Energy(eV)



6 of 7

b 15 15
| ! - Ti ! —_go,
MoSe; Ti,C.CL | s=3% MoSe,ThC,Cly | s76% MoSeyTi,CCL, 9%
’ 104 10 I
I X !
! ! Total |
l 5 | <] |
2 I = ! = |
-2 o L |
% T % 0 T % 0 ;
= I E X g |
B0 ! Sedp | B | I Scdp | B, —— Sedp
2 I Modd| 2 I Modd| 2 I Mo 4d
£ ' Z | z .
2 I 20 | §nsf‘/\/\ |
= ] Pl | 2 |
5. I z | s \ I_/_/
oo } o0 . oo .
ol ! 5 1 3 |
e Clap | e —Cl4p S0 I j——Cl4p
Cp | —C2p [ —c2p
isd ) Tizd | Ti3d
0.5 | 0.5 | 0.5 /
g~ B~ -~
uo J T i T 0.0 T T i T 0.0 . : 7 -
3 2 1 0 I 3 3 2 | 0 I 2 3 5 a o | 5
Energy(eV) Energy(eV) Energy(eV)

Figure S7. Density of states of the MoSe2/TisC2Cl2heterostructure with different biaxial strains. The

Fermi level is set to 0 eV.
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Figure S8. Density of states of the MoSe2/TisC252 heterostructure with different biaxial strains. The

Fermi level is set to 0 eV.
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Table S1. Optimized structural parameters for the TMDs/TisC2Xz (X =S, Se, Br, Cl) heterostructure.
S1 and Sel are surface functional groups.

Formula Atomic positions

Til (0,0,0.573)  Ti2(2/3,1/3,0.496)  C (1/3,2/3,0.529)
Mo (0.338,0.673,0.361) S (0.671,0.34,0.414)

Til (0,0,0.405)  Ti2(2/3,1/3,0.328) C (1/3,2/3,0.363)

MoS2/TisC2

MoS/TRCBE b (05,050541) Mo (1/3,2/3,0.695) S (2/3,1/3,0.644)
wamea B, BERLE, b,
MoS/TisC:52 21%%%?09?5)33) Tizl\/([i/?éfl)ﬁgiao.gé)l /3,28/9210(?.6?21552).301,0.627)
s DO OO WD s
MoSe>/TisC2 E,}i (81/(;/,02./637,3_)489;12 (52532;/2%3)17/23425 (2B07)
e DL TSI TR
MoSe:/TisC25 ;1(?.)6(,)(’)(.)6%3.532?2 (?\/I/sc;l(/o?j.fl.i,log.)634,g6(;)/3,2/§é0{3.56?8,0.301,0.634)
MoSeTHCCl: ' ) Mo (rar0038) S @Is1150399
MoSex/TiCigen 111 (000631)  Ti2 (2/3,1/3,0552)  C (1/3,2/3,0.589)

Sel (1.0,0.0,0.769) Mo (1/3,2/3,0.32)  Se (2/3,1/3,0.373)

Table S2. Mulliken charge (electron), bond length (A) and bond populations of MoSz/TisCo.

Species Charge (e) Bond Lengths (bond populations)
C(1) -0.75 C-Ti 2.05894 (0.77) 2.06713 (0.90) 2.22905 (0.65) 2.23631(0.25)
C(2) -0.75 S-Ti  2.46514 (0.48)
S(1) -0.02 S-Mo 2.39760 (0.91) 2.39760 (0.05) 2.41895 (0.83)
S(2) -0.03
Ti(1) 0.42
Ti(2) 0.38
Ti(3) 0.75
Mo -0.01

Table S3. Mulliken charge (electron), bond length (A) and bond populations of MoSez/TisCa.

Species Charge (e) Bond Lengths (bond populations)
C(1) -0.75 C-Ti 2.06351 (0.80) 2.11855 (0.88) 2.19880 (0.20) 2.26001(0.66)
C(2) -0.71 Se-Ti 2.69638 (—0.83)
Se(1) 0.14 Se-Mo 2.51199 (1.32) 2.51224 (-0.00) 2.56317 (-0.19)
Se(2) 0.23
Ti(1) 0.73
Ti(2) 0.34
Ti(3) 0.38

Mo -0.35




