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Fig. 1. Top view and side view of (a) Sb and (b) SnC monolayer; band structure of (¢) SnC and (d) Sb monolayer.
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Fig. 2. Top view and side view of Sb/SnC vdWHs with different interlayer rotation angle: (a) 8.95° (b) 10.89°% (c) 13.59°%
(d) 19.11°% (e) 23.41% (£) 30°.
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Table 1. Structure information of Sb/SnC vdWH with six interlayer rotation angles.

JiEt £ 8.95° 10.89° 13.59° 19.11° 23.41° 30°
ShitR fifd 5x5 4x4 V13 x V13 VT X VT V19 x V19 V3 x V3
SnCi# i V31 x V31 V21 x /21 4x4 3x3 5%5 2% 2
JRFEL 112 74 58 32 88 14
7% 0.99% 0.91% 1.2% 0.23% 0.99% 1.4%
JZIRIH /A 3.2 3.26 3.46 3.41 3.31 3.38
E,/meV —79.4 -80.6 ~76.6 -80.0 ~79.3 -80.2
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Fig. 3. Band structures of Sb/SnC vdWHs with different interlayer rotation angle: (a) 8.95°% (b) 10.89°% (c) 13.59% (d) 19.11°%

(e) 23.41°% (f) 30°.
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Fig. 4. Orbital projected density of state of Sb/SnC vdWHs with different interlayer rotation angle: (a) 8.95°% (b) 10.89°%; (c) 13.59°%

(d) 19.11°% (e) 23.41°%; (f) 30°.

3.3 Sb/SnC BRI FHFMHE

MR WA 28 B2 A AR A X D' g I WA R T ) —
SR, ] o R B

a(w) = VB[R @ T ) e (wﬂm, @)

X, w FREK, e Al ey SR MBHE A LR
B SRR

TR 6 FhZ 5 M T Sb/SnC 5= 4k KA
IO AR AR R BN IE 5 B, K 5(a) R m IR
8] S T80 A 7 1w (e yy J7 1)) BRSO 2R 8, 141 5(b)
RSN (22 7 10)) BYWCHCR B, —4ERA R IH

PR AT 215 1] B SISO YA E A B iRk
i, Fer R AT T e R (TN 7
[]) A BT —HEAPRE I (A7) B, AR
JERYMACIRBL. AN, X T 7 ) RN =
HASPERP I TT AR -, Ot
TR B L BRIE AR AR AR T A
HTIEL 5 AT, ZERT WOGIX, Jeie W P ik e T
SRI7 1), Sh/SnC 5[4 14 W W B AN AR
BT Sb R SnC FZFHA WERTE, MAER
R ] 52 M BE S R4 3 e 7S H HE 5 PR O IR A RE
7. BEAMERT WOEIX, 6 Fift 53 Jo 4 1 W i i 14 2 2
AR LRGSR, SRR S MNMBE, #5157 B4t i

227101-5


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 2 3R Acta Phys. Sin. Vol. 73, No. 22 (2024) 227101

W fE 77 22 B ) %5 A B . 4N, 6 A Sb/SnC 5 5
SEAETI AN T IR] 120 nm Zb3A4T — N ficig, Hod 2
[5G £ R 19.11°8 S B4 i W (A /N, TR T Ay
1] 150 nm A1 215 nm &b, FHUEE N K. [IE,
75 6 FhZ 8] £ 1 Sb/SnC S B 4% v, J2 18] £
M 8.95°F01 13.59°H Sb/SnC S J5i 45 i1 W i £ BUAE
AR P B Bl s fee /.

BeAh, HIE 5 A& B, T Sb 2 . SnC
FLZE RS Sb/SnC 7 5t 45 1Y) T A W W 38 B50RI T A
WS R B B AN [, R 7 A ) 45 1) S . 2
WERRGIR WSRE 7 45 1) S T LAVA R A
T P HES 5%, T RS e Y S B AR R BT
TR 7 1) b, A RS SO s r 7 A B2 22 [T R A FE
FHXTALES, SR L E Ay, 3XRh A% ) S ST
HeD) B4 S 80T MORHEAS R 7 1) LT Y
2250, T ARG R0 5 S, AR AR
SE R RIS B I A 45 1) S T T ) L, R
SEF Y HA SR A, BT RE R RE K 1A
|

—— Sb monolayer

—— SnC monolayer

—— Sb/SnC vdwH with 6 = 8.95°
—— Sb/SnC vdwH with 6 = 10.89°

6] @

Sb/SnC vdwH with 6 = 13.59°
—— Sb/SnC vdwH with 6 = 19.11°
—— Sb/SnC vdwH with 6 = 23.41°
—— Sb/SnC vdwH with 6 = 30°

a,/(10% cm—1)
w

100 200 300 400 500 600 700 800 900

Wavelength/nm

—— Sb monolayer
—— SnC monolayer
— Sb/SnC vdwH with 6 = 8.95°
—— Sb/SnC vdwH with 0 = 10.89°
Sb/SnC vdwH with 0 = 13.59°
—— Sb/SnC vdwH with 6 = 19.11°
—— Sb/SnC vdwH with 0 = 23.41°
—— Sb/SnC vdwH with 6 = 30°

6l ®

a,/(10° cm—1)
w

100 200 300 400 500 600 700 800 900
Wavelength/nm

Bl 5  Sb ¥z SnC ¥ JZ M Sb/SnC 5 45 1Y (a) i P Al
(b) T FM 7 1] 9 56 W AR 4

Fig. 5. Absorption coefficients of Sb monolayer, SnC mono-
layer, Sb/SnC vdWHs in the (a) in-plane and (b) out-of-

plane directions.
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W WS TR RRURT B 5 ) R MSCRE 7, A R 1 R BRI i %
FIHH.

3.4 Sb/SnC SHREEHAPRALFNSE AL AL A

WIHRTETR, J2IA/5E£f R 8.95°F1 13.9°) Sb/SnC
SRS LR T AGe HES), H B A W
SR AT CRE 7, 1 B O R BH BE AL R
AL D7 T BV . 2452 BRI 11 78 55 o &%
HBUR T2 O s B B A E 2 ) AR
A BH B HL LIS, BTN AT L[] s ) 1
ol SR R 2 f it b, DTt o o' A 28
EEBCR. — b, BERHEHEAECR (power conv-
ersion efficiency, PCE) F I x5 3:

 Jon (w
0.65(Ey — AEc —0.3) / Jphﬁ(w )
Eg

d (Fw)

3)

n= )
A Jon (o) d(1)

Hidr, 0.65 2 MRt Shockley-Queisser % B 4 5 H
AR, Ey WA, AEC A,
(By— A —0.3) WEKTFEHL R (Hop
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PO B (30 Won 2oV 1), /QX)JF%S?“>d(ﬁw)

R BV, B U R B, HOOG T A R
WA B S B, T LABUS 9 TR
[t ) it AN 15 it R
PR BT X 2 E) % £ ol 8.95°FN 13.59°1Y S i 4511
BT PCE 435 0 17.48% i 18.59%. J2 6]’
B0 5 T 2 LT AR R S 3 B A B, A3 AR IR
J2 ] 5 A 19 Sb/SnC 5 4% AT AR ) PCE. W
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U, DAL TN [ 14 22 [ 4 ff # 11 7R Ry HE 51
(S BT 4, W) DA 3 B T T A 0 O L AR A
AT A 4 5 T4 T (WLER 2), 2]
FEAN 8.95°F1 13.59°H Sb/SnC 5 Jfi 4% 2 B H 4
w11 PCE, HAG S KA R ).

2 LR TR LT R RAS RO R
Table 2.  Power conversion efficiency of some 2D van der

Waals heterostructures.

2D vdWHs PCE/% Ref.
AsP/CdSe 13 [34]
ZrS;/MoSeTe 16 (35]
Sb/InSe 17.2 (21]
g-CyN,/WTe, 17.68 [36]
GeSe/SnS 18 [37]
Sh/SnC (6 = 8.95°) 17.48 This work
Sb/SnC (6 = 13.59°) 18.59 This work

BEAb, AT 2o R F s RO Y TR S e 25
W) V2 0 T OGHE A K 43 i 45 8. FRATT A,
JCAEAL A e i A 1 30 2 2 F A2 O 58K 1
AR X RF 5 S 1Y T i FL AL
5 T H Rl U o LA A5 12 5 08 IR ™
Az Hy, WA T B AL 2 T O AL Lz
22 XS S EAACRE 7 O, S B4 i 4ty T
A h LR AR B0

1

ECBM =X Ee - gEga (4)

1
Evgm = x — E. + §Eg7 (5)

Horp Ecpn M By 7351378 52 B 1 A1 I A
i I0 HL AL b Mulliken HL fUPE, E, J& K/NH

4.5 eV IEMH, E, N5 RES a0 B, /K e E b L
L B HE pH (B pRIN T B1:

Byt ju, = —4.44 eV +pH x 0.059 ¢V, (6)

Bwy0/0, = —5.67 eV + pH x 0.059 eV.  (7)

WKl 6 o, X T 2 a5 /28 8.95°F1 13.59°
) Sb/SnC 451 7, H VBM fil CBM ¢ 45
#T pH 4 0 /K AR I HL A7, (45 Sb/SnC
Sl DL SC A fg oK B (6) AnT AR, X4 pH(E
h 1, KB I8 JF LA R -4.38 eV, A AL HLA
~5.61 eV, PiFhEEF Y Sb/SnC S T4 a1 o B
58k 5 T AR SRR T 24 pH {E R 2 B, iR
JHLA Sh-4.32 eV, JZ [ 7% ff 24 8.95°H Sb/SnC
SEIRES A T Tk B S LA, 7T L& AR IR R
NE, T2 TRV o0 13.59° 0 S5 2% B A TR T
WIE AL, ANBERE HHIR =4 Hy. I, J2 5 A
h 13.59°H4 S 25 AT LAXT pH A 0—2 A 7K 5¢ 21
A3, )2 18)5E /o4 8.95°H Sb/SnC FFi4h 2
REXT pH o 0 F1 1 7K 58 Ak 7, 3 156 BH J2 ]
B AR AR TRt 2 0 S B 45 1 S AR TR g 7= A B
M), S I A2 S o 23 R A P I

(HAE A, ARG B i 3
T SERAS IR YERE. S SCRE A T
PG IR T2 5K AR R, T
PRI AT K RCR. AR 2R R T A 7= A R
T OET 58 B AN BRAE 2S5y AT 525 7008
B, XA S bl B/ IR ) A A B
FIR/NETRE R, B BRI SRS R A
BEREDEWTE R, 22 3 51128 T HoAh 7 R4l
AN BRI, BT DL & BHAS B AR X F Sb/SnC

1t — CBM
— VBM
—3.96
_ H+/H
pti=2 { -435 _suC___-43 _SnC_ 74./322
> Op oo e e R —4.44
© pH=0 >
> I 5 > >
o0 200 ° o e
E M : chn w3 qug
) o i — 02/H,0
1t =
—5.55
Sb Sh | —5.67
—5.74 —5.74 —5.69
—6.16
Sb/SnC vdWh Sb/SnC vdWh
2r Sb SnC with 0 = 8.95° with 8 = 13.59°

Kl 6 Sb, SnC K Sb/SnC 55t 45 i 4 45 0N Sl IS I s L. 2 (0 (5 () Sk AR 2k 0 3 3871 pH o 0(2) I, 7K 73 ik B b o S8 A

P A7 A3 S L A7

Fig. 6. Potential of valence band maximum and conduction band minimum of Sb, SnC, and Sb/SnC vdWH. The green (purple)

solid line and dashed line represent the standard oxidation potential and reduction potential of water decomposition at a pH of 0(2),

respectively.
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Table 3. Band gap and the maximum absorption coeffi-
cients in infrared and visible region of some type-II van der

Waals heterostructures.

R /eV IR Ref.

ZnO/Blue P 1.83 2x10* [42]

PG/AlAs; 2.13 2.2x10° [43]

MoS,/BSe 1.80 1.6x10° [44]

WS,/BSe 2.14 2%10° [44]
Sb/SnC (6 = 8.95°) 1.44 3x10° This work
Sb/SnC (6 = 13.59°) 1.34 3x10° This work
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Abstract

The discovery of novel properties in twisted bilayer graphene has opened up new avenues of research in

physics and materials science, making the twistronics a new research hotspot. In this paper, based on two-

dimensional tin-based materials and antimonene monolayers, six types of Sb/SnC two-dimensional van der

Waals heterostructures (vdWH) with different interlayer twist angles are constructed, and their optoelectronic

properties and applications are studied by first-principles calculations. All modeling and calculations are

performed using the density functional theory (DFT) software Quantum-ATK. The results show that the

Sb/SnC vdWHs with six different interlayer twist angles have various band gaps, and when the interlayer twist
angles are 10.89°, 19.11°, 23.41°, and 30°, the Sb/SnC vdWH exhibit a type-I band edge alignment, while at
8.95° and 13.59°, they present a type-II band structure. The results of the orbital-projected band structures of

227101-9
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the Sb/SnC vdWHs reveal that the variation in interlayer twist angles changes the atomic stacking in the
heterostructures, thereby modifying orbital coupling and further tuning the electronic structure of the
heterostructures. Additionally, the calculated absorption spectra indicate that comparing individual Sb and SnC
monolayers with Sb/SnC vdWHs, the latter’s absorption coefficient r is significantly enhanced in the visible
light region, and the optical absorption characteristics of the heterostructures with different interlayer twist
angles vary markedly. In terms of applications, as materials for solar cells, the Sb/SnC vdWHs with interlayer
twist angles of 8.95° and 13.59° exhibit photovoltaic conversion efficiencies of 17.48% and 18.59%, respectively;
as photocatalysts for the complete water splitting, the Sb/SnC vdWH with an interlayer twist angle of 8.95°
can catalytically decompose water across a pH range of 0-2, while a twist angle of 13.59° confines its catalytic
activity to a pH value between 0 and 1. Therefore, Sb/SnC van der Waals heterostructures have special
rotation angles and have multifunctional application prospects in the fields of solar energy and photocatalysis.
More importantly, our research demonstrates that in addition to traditional methods such as strain, doping, and
defects, adjusting the interlayer twist angle provides a new degree of freedom for manipulating the
optoelectronic properties of materials.
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