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First-principles Study of Direct Z-scheme In,SSe/Sb Heterostructure as
Photocatalyst for Water Splitting
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Abstract The photocatalytic properties of two-dimensional In,SSe/Sh van der Waals heterostructure were investi-
gated via first-principles method. The results show that In,SSe/Sb heterostructure possesses the staggered band align-
ments with a direct band gap of 0.82 eV. As the built-in electric field is pointing from Sb to In,SSe at the interface,
the In,SSe/Sb heterostructure exhibits type-Z mode, which is beneficial for effective electron-holes separations.
Moreover, its band edges straddle water redox potentials and a strong optical absorption spectrum from visible light to
ultraviolet light is obtained. Our study would offer theoretical understanding for designing In,SSe/Sb van der Waals
heterostructure.
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Fig. 1 Top and side views of crystal structures for In,SSe(A) and Sb monolayers(B)
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Fig. 2 Electronic band structures for In,SSe(A) and Sb monolayers(B)
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Fig. 3 Top(top panel) and side(bottom panel) views of 12 possible stacking configurations of In,SSe/Sb

heterostructures
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Fig.4 Ab initio molecular dynamics(AIMD) simulations of In,SSe/Sb heterostructure at 300 K
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Fig. 6 Electrostatic potential of In,SSe monolayer(A), Sb monolayer(B) and In,SSe/Sb heterostructure(C),
the averaged charge density difference of In,SSe/Sb heterostructure along z axis(D)
(D) Yellow and cyan represent the accumulation and loss of the electron, respectively.

Inset: the 3D averaged charge density difference.
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Fig.7 Schematic diagram of photoexcited charge carrier transfer dynamics(A) and optical absorption
coefficients of In,SSe/Sb heterostructure(B)
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