e F R T

ACTA CHIMICA SINICA DOI: 10.6023/A24120382

FAERERIH/SNS, LR REAE R EIES BRI
B
Fotite EBA EAEC WBEI B8

(R RREE SRR BN 121007)
CTARAT%EARSEE TSR T 510450)
CENERFET RIS TSR #H 121007)
(@ EEE T REHF S50 L 201209)
(P EESRER LT P RIE S K 300192)

WE FHEREE Z-B R RGN  FKEIE, BOA AR MR BRIR SIS in) A Jug itz —. AL
1ER P T 25 52 s BEAS (DFT) 28 — MR RIS 57, ST I — 4EA 46 R A (HP)/SnS TR BT 454, 6
SVERR DSOS ERE TR T ARG, JAZ MBI R E Y, HP/SnS: FR 4 N E AR Sk, HAABRE N
1.30 eV. sZEE RS 4514 R L2 M R 5 R % S N B I B R M B Z- B T BiLH, 2 BHRENELE
JERE 151 R ICHK I RBE. YRR, HP U #5642 B 70 SnS I )23 7CHE AL 41 H 35 Rk 65 IR B2 PR MR HP/SnS2 7R 45 4T
ZUR ML (HER) AT 4R S (OER) I &5 A1 17 1 B, M BAT /N T4 H B AR 5 A5 7 B ehse, RO IR AT
SUR AT R, BEAh, XU RS FT LA R HP/SnS: S BR 45 G AL RE /7 DA RO CIR ISR, 78 RAR A — 10% [ A
i, HP/SnSa 57 J5 45 75 ] W6 ¥8 el 4 (1 6 WA BB ik 215, RIS R T ik 1.71 X100 em™. @3 HEAOK I UG IE R
ML R B, 248028 7E — 10% ~ 8% [l 22 [8] RN i, HP/SnS 57 J5f 45 ¥4 7T ik 2 S Ak A MR K 1 6 4F, K B RE B A e
(Solar to Hydrogen, STH)#% #3055 Al 1A F] 54.90%, /B 10% MR ER. 48 LATIR, HP/SnSo5% i 45 & —Fp B A i
FANEFIRL I 7 1 A KOG AT L

KR Z ARG LMK, BN, HEZ RS

Theoretical Construction of Hittorf’ s Violet Phosphorene/SnS, van der Waals
Heterojunction as Direct Photocatalyst for Overall Water Splitting

Lu, Yi-Lin**  Dong, Shengjie*”  Cui, Fangchao® Bo, Tingting”  Mao, Zhuo®
(¢ College of Physical Science and Technology, Bohai University, Jinzhou 121007, China)
(> Faculty of Electronic Information Engineering, Guangdong Baiyun University, Guangzhou 510450, China)
(¢ College of Food Science and Engineering, Bohai University, Jinzhou 121007, China)
(@ School of Mathematics, Physics and Statistics, Shanghai Polytechnic University, Shanghai 201209, China)
(¢ Peking Union Medical College, Chinese Academy of Medical Sciences, Tianjin 300192, China)

Abstract Seeking efficient direct Z-scheme heterojunction photocatalysts for water splitting and hydrogen production is an
effective way to solve energy crises and environmental problems. Here, we used first-principles calculations based on density
functional theory (DFT) to systematically study the electronic structure, optical properties, and photocatalytic performance of
the constructed two-dimensional Hittorf’s violet phosphorene (HP)/SnS: heterojunction. To achieve more accurate results, the
Heyd-Scuseria-Ernzerhof (HSE06) calculations are performed to verify the results, especially for the calculations of the elec-
tronic structure and the optical properties. The hybrid functional computational results showed that the HP/SnS: heterojunc-
tion is a direct bandgap semiconductor with a bandgap value of 1.30 eV. The staggered band structure and the built-in electric
field induced by interlayer charge transfer result in a direct Z-scheme carrier migration mechanism, giving it a stronger oxi-
dation-reduction ability to trigger water-splitting reactions. Under illumination conditions, the external voltage provided by
the photogenerated electrons on the HP side and the photogenerated holes on the SnS: side can significantly reduce the Gibbs
free energy of hydrogen evolution reaction (HER) and oxygen evolution reaction (OER), which is substantially lower than
Gibbs free energy required for single-layer HP and two-dimensional SnS; to catalyze the same reaction, resulting in excellent
hydrogen evolution activity and oxygen evolution activity. In addition, theoretical calculations showed that biaxial strain can
effectively regulate the photocatalytic ability and light absorption characteristics of HP/SnS: heterojunction. We found that at
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a strain of —10%, the HP/SnS; heterojunction exhibits the strongest light absorption ability under visible light, with a light
absorption coefficient of up to 1.71 X 10° cm™'. By comparing the oxidation-reduction potentials of water, it was found that
HP/SnS:> heterojunction can meet the conditions for photocatalytic overall water splitting when the strain ranges from —10%
to 8%. Its solar to hydrogen (STH) conversion efficiency can reach up to 54.90%, far exceeding the commercial requirement
of 10%. In summary, HP/SnS heterojunction is an excellent candidate material for overall photocatalytic water splitting un-

der visible light.

Keywords Z-scheme heterojunction; photocatalytic overall water splitting; biaxial strain; density functional theory
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Figure 1 The top view of (a) HP monolayer and (b) SnS, monolayer crystal structure. The electronic band structure calculated by HSE06 functional of

(c) HP monolayer and (d) SnS, monolayer
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