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Abstract

With the increasing global energy crisis and environmental pollution, the development and utilization
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of renewable energy sources such as solar energy have become critical pathways for sustainable
development. Photocatalytic technology, which converts solar energy into chemical energy using
semiconductor materials, has shown great potential in areas such as water splitting for hydrogen
production and pollutant degradation. The rational construction of two-dimensional van der Waals
heterostructures with efficient charge separation and excellent redox capability is considered an
effective approach for designing high-performance photocatalysts. In this paper, we design a novel
two-dimensional CrSez/InN heterostructure and investigate its potential for photocatalytic water
splitting based on first-principles calculations. The results show that the CrSez/InN heterojunction
exhibits a type-II staggered band alignment with a direct bandgap of 1.21 eV. Under the influence of
the built-in electric field and band bending, the interlayer charge carrier migration follows a direct
Z-scheme mechanism. Optical absorption spectra reveal that the CrSez/InN heterostructure exhib-
its significantly enhanced visible-light response compared to InN and CrSez monolayers, achieving
a solar-to-hydrogen (STH) conversion efficiency of 13.33%. These theoretical predictions suggest
that the CrSez/InN heterostructure holds great potential for solar-driven water splitting applica-
tions.
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R, AN T ADE RS RIS 13]. 53— 5 TR A AR & R AR R AL S D 2l it
SKESEIL, W0 4 CrSe fE BT HLER - T4, BAmREiSRENE. R, ZENTEY, CrSe 1
JEICE M S (HER) AT 48 S S (OER) e L HUL BESR [14], PR 1 FLAE G AL ST F

BT InN M CrSe FRMBHOPERFFE, ASCBE T — 8 CrSeo/InN )51 45, JFilad 2 — 1k I 2
THRINERGHII 7 A T A 50 BT,  DAVP Al H A K BH BE SRS /K 73 8 B H o ) T 4T 12

2. WEEE

AHIE TR P T 0z R B AR 1) 5 — 1 R B S5, A TSR I VASP B SB[ 15] [16].
THE AR A T SO EEIEAUAESE R 1Y) PBE 72 R IR ACH R BRAE I [17], FF5I N DFT-D3 J5 % LAHEff AL 3
KAEVO AR A HAE 18] KA LL T SN 9 x 9 x 1k IR kA BLIH X AT RAE, 1 1 a8k b e
W 500 eV, BERASHIWSFRUE S BIBEE N 1075 eV AT 0.001 eV/A . i 4 & 1 0 7 44 51 N8
BAEAER, IWEAETHEE T 20 A MESE. £ T PBE Z W2 RGIERA 2 SR, FA1HE—D
K HH HSEO6 Z b3z bR 0 BE 4544 . iy AL B RO 2 1 o 45 R B vl R PR BEAT RS AT H 5, LR DR AT FE &5
AT EEME[19].
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Figure 1. (a) Top and side views of optimized CrSez2 monolayer; (b) top and side views of optimized InN monolayer; (c) band
structure of CrSe> monolayer; (d) band structure of InN monolayer
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Figure 2. Top and side views of three stacking configurations of the CrSe2/InN heterostructure.
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Table 1. Lattice constant (a), interlayer distance (d), and binding energy (E») of the CrSez/InN heterostructure under different
stacking configurations

= 1. FNEHEEBLEHT CrSe/InN RRENRIRER (). BEEEMEEEE(E)

Stacking structure a(A) d(A) Eb (eV)
M1-stacking 6.31 3.33 —0.90
M2-stacking 6.31 3.37 —-0.89
M3-stacking 6.31 3.34 —-0.89
3.2. EFHE

i€ T CrSey/InN 7 J5i 45 [ fefa g A AL 2 J=, &l 3 Fion, SR HSE06 4:4kiZ B TR IR 7T T R
CEM e E MRS 28 . CrSey/InN 451 CBM F1 VBM 2 B A7 T4 LM IX 1 K SR A, R 1.21
eV MM, ZME /DT HA A R Z A B seAh, ATLAE H CrSey/InN F 5451 VBM #5312
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Figure 3. (a) Projected band structure and (b) projected density of states of the CrSe2/InN heterostructure
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Figure 4. Band edge positions of CrSez and InN before and after contact
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Figure 5. (a) Average electrostatic potential of CrSez, (b) InN monolayer, and (c) CrSe2/InN heterostructure; (d) Differential
charge density of the CrSez/InN heterostructure along the Z-direction
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Figure 6. Band alignment and charge carrier migration pathway of the CrSe»/InN heterostructure
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Figure 7. (a) Light absorption efficiency of CrSez, InN monolayers, and the InN/CrSez heterostructure; (b) Comparison of
solar-to-hydrogen (STH) conversion efficiency of the CrSe»/InN heterostructure with other direct Z-scheme heterostructures.
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