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Fig. 1 Schematic diagrams of graphene/MoS, heterojunction structures with different twist angles: (a) graphene/MoS,
twisted structure; (b) twisted graphene/MoS, heterojunction and Brillouin zone of its primitive cell
(where purple represents graphene and red represents MoS,)
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Fig. 2 Six graphene/MoS, heterogeneous structures with different twist angles
16 HABEMS, RRENEINSH
Table 1 Structural parameters of six graphene/MoS, heterojunctions

0/(°) E,/meV D/A o /% 6/(°) E/meV D/A /%
0 -37.2 3.173 2.90 19.1 -38.6 3.482 2.14
5.2 -36.6 3.224 4.98 27.0 -36.1 3.218 4.98
10.9 -38.8 3.468 1.13 41.0 -36.8 3.250 2.14
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Fig. 4 Band structures and density of states of graphene/MoS, heterojunction structures with different twist angles

052201-4



9538 & JE SRS ORIV A AT B AR MOS 5 BUAS WL T 4540 5 0 A PE BT N 55— M SRR 5 55 5 )

Ak o 0 S TH ) A THE G AR B R 001 10,998, 2k v sa 4E 7T B MosS, 345 JiS; 11 M e i 1 5 R 5.2°. 19.1°,
27.0°1 41.0°0F, 2k i s HEFE T MoS, F47 IS, 23 5 T2 KRS 177 0.331, 0.210. 0.355 1 0.098 eV 4t

(EAR RS, t T Al X BRI 8 B B3R, A BRI T — A/ D B . 18 S(a) SBon T AR AR &
Ak S AN BR A AR A, R R B A BE R 2.37 meV, 5 % [E SOC (spin-orbit coupling) % v/ J& fr #5-48 F 01
FEARMY . S AR 10.9°0F, i s AR RS B O, B AR, A R BERE TR S T 9.3 meV, LI
E, IR KAE R 11.67 meV. 1% fAAREHE K E 19.190F, KB se 56 B % K 0, /Nl 1.28 meV.

SRS, A7 B S MosS, B X ERUE 23 B0 MosS, B4 B, X Al LAUA K T 22 MosS, i B 4 2
L ) v B SRR, A7 SRR 5 Mo, =[] P AF X B 1] A8 A P Bl 25 S TR T 54 8%, 52 T Mo— S 48K, A
A2 T REA 45407, &1 5(b) A TSRS /T MoS, 2R ¢ 5 H M E BRI S R b4, v LUE

=1

TESE LS, MoS, M HL T4 PR B T 52 A5 A I (30 0 R A, Bl B2 ¢ OB N, [ 12205 Bt S ek o
12t@ o 1.4 () 10.9°
AN
10 1 E~11.67 meV >
2 £
g 8 g
- 6 r o
2 k3]
|83 (@] (@] 2]
41 E=237 meV b
E,=1.28 meV =
2 o
]
O 1 1 1 1 1 1 1 1 1
0 10 20 30 40 3.02 3.04 3.06 3.08
Angle/(°) A

5 (a) AEIMAEE R AT s AL BEATBRINE L, (b) AR MoS, JEEEFNFE M T A1 8B45/MoS, 5S4 454 ) B

Fig. 5 (a) Direct bandgaps at Dirac point for different twist angles; (b) bandgaps for graphene/MoS,
heterojunction structures with different twist angles and thicknesses of MoS, layer
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(d) 6=19.1°

(f) 6=41.0°

6  AIRFEA T A8/ MoS, S BAS 4 Y 2273 1 4 13 CHR (AU A AT B I IX I,
fr AU AL X AR, SF{E T p=0.002)
Fig. 6 Difference charge density of graphene/MoS, heterojunction structures with different twist angles (Purple represents
the area of increased charge, while green represents the area of decreased charge, the iso-surface p=0.002)
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Fig. 7 Models of hole carrier density of graphene in graphene/MoS, heterojunction structures with different twist angles
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Fig. 8 Absorption coefficient and loss function of graphene/MoS, heterojunction structures with different twist angles
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(1) Bt 25 2 B2 38 0, MoS, ()[Rl 37 BRFF LRI K o A S0 78 $ K BE S BRI AR IH O FR L RR IR i 2 Pk (2
BUREAT &5 40, ELTEERE F A 10,99, 2k 47 5 ik 1 5 K 207 IR 11.67 meV .,
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First Principles Study on the Electronic Structure and Optical Properties
of Graphene/MoS, Heterojunctions with Different Rotation Angles

ZHOU Xiao'?, SONG Shupeng'~, LIU Huiqi'?, LU Ze'?

(1. State Key Laboratory of Refractories and Metallurgy, Wuhan University of Science and Technology,
Wuhan 430081, Hubei, China;
2. Faculty of Materials, Wuhan University of Science and Technology, Wuhan 430081, Hubei, China)

Abstract: Based on the density functional theory (DFT), first-principles calculations were performed to
investigate the electronic structures and optical properties of graphene/MoS, heterostructures at several
different twist angles. The results indicate that the twisted graphene/MoS, heterostructures still preserve
some characteristics inherent in monolayer structure. Near the Fermi level, the characteristic linear dispersion
band structure of graphene layer is retained, and the direct bandgap (£,) at the Dirac cone is influenced by
interlayer rotation modulation. The bandgap of MoS, layer exhibits a high sensitivity to layer thickness that
the indirect bandgap continuously increases with the increase thickness. At a twist angle of 10.9°, the
maximum value of £, reaches 11.67 meV. The calculated differential charge density result indicates that with
the interlayer rotations the Mo—S bond length is changed by the electron transfer between Mo and S atoms,
resulting in a increasing of S-S interlayer distance. Simultaneously, the carrier concentration of graphene is
increased when it forms a heterostructure with MoS,. The rotation at the heterojunction interface increases
the hole-doped carrier concentration to 9.2x10'> cm™?, approximately six times higher than that without twist
angle. The results of the optical property calculations for the heterostructures indicate that at a twist angle of
27.0°, its absorption edge undergoes a redshift to the lower energy by 0.233 eV. At a twist angle of 10.9°, the
absorption edge undergoes a blue shift, moving towards the higher energy by 0.116 eV. Within the visible
light range, the loss function of graphene/MoS, heterostructure decreases by 0.007. This study can provide a
theoretical basis for the design of new rotation graphene heterostructures optical nanodevices.

Keywords: graphene/MoS, heterostructure; optical properties; electronic structure; twist angle; carrier

concentration
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