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Fig. S1. (a-b) Top and side views of schematic structures for In,Se; and Sb monolayer,
respectively. (c-d) Band structures of In,Se; and Sb monolayer based on PBE level, in

each panel, the Fermi levels are marked with horizontal black dashed lines.
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Fig. S2 . (a-f) Side view of different stacking modes for In,Se;/Sb vdWH, with the

alignment of atoms being marked by red dotted lines.



TABLE SI. Total energies (E) of In,Ses/Sb vdWH under different stacking modes.

Stacking AA AB AC AA’ AB’ AC

E(eV) | -27.3817 | -27.4833 | -27.4916 | -27.4817 | -27.3824 | --27.3818
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Fig. S3 . (a) Phonon band dispersion curves of In,Se;/Sb vdWH. (b) The variation in

total energy of the 3 X3 In,Se;/Sb vdWH supercell as a function of time under 300 K.

Insets: top and side views of snapshot for the vdWH after evolution of 5 ps.

—

>

Energy(eV)
=

Fig. S4 . Band structures of In,Se;/Sb vdWH under various interlayer distances d at
PBE level. In each panel, the energy bands projected on In,Se; and Sb components are

colored in red and blue, respectively; The Fermi levels are marked with horizontal green



dashed lines; and the negative/positive sign indicates corresponding decrease/increase

of d.
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Fig. S5 . Optical absorption coefficients versus incident light energy for monolayer
In,Se;, Sb and In,Ses/Sb vdWH at PBE level.

Solar-to-hydrogen (STH) efficiency for Z-scheme vdWH

Regarding the cacculation method of solar-to-hydrogen (STH) efficiency is

defined as follows:

NstH = Nabs X Neu (1)

where "abs and "eu are the efficiency of light absorption and carrier utilization,

respectively, in which "abs is estimated by:

P (hw) d (hco)

gA—

g

Naps = o
f P (hco) d (hco)
0 (2)

where P(ho) is the solar flux at AM1.5 photon energy h® and E, is the band gap of

the material.



According to Ref.[1,2,3], only half of the photo-generated carriers can be

converted to hydrogen energy in Z-scheme photocatalytic water splitting. The Neujs

defined as:

(00]

AG f P(hm)d(hm)

ho

Moy = 0.5 X

f P (hm) d (hm)
E
g

3)
where AG is the potential difference 1.23 eV for water splitting, and E is the actual
photon energy used for water splitting. For a direct Z-scheme vdWH consisting of A
and B systems, to achieve the Z-scheme mechanism for water redox reactions, the
driving force from photo-generated electrons and holes must enable both the hydrogen
evolution reaction (HER) in system A and the oxygen evolution reaction (OER) in
system B. E can be estimated by:

max(E 4 E ;p), ()(A(HZ) > 0.2,)(3(02) > 0.6)
. max(E g, + O.Z—XA(HZ), Egp), ()(A(Hz) < O.Z,XB(OZ) = 0.6)
max(EgA,EgB + 0.6—)(3(02)), ()(A(HZ) > 0.2,)(3(02) < 0.6)
max(EgA + O'Z_XA(HZ)’EgB + 0.6—)(3(02)), ()(A(HZ) < 0.2,)(3(02) < 0.6) @
where XA(HZ) and XB(OZ) represent the overpotentials for HER in system A and

OER in system B, respectively. Considering the energy loss during carrier migration
between different materials, the required over potentials for HER and OER are assumed

to be 0.2 eV and 0.6 eV, respectively.

In addition, the intrinsic interlayer built-in electric filed does positive work for the
electron—hole separation during the process of photocatalytic water splitting. Therefore,
this part of work should be added into the total energy, and then the corrected STH
efficiency of photocatalytic water splitting for 2D material with intrinsic E;, is

calculated as:



(o)

f P (hm)d(hm)
, 0
sty = Nsta X o
P (hw)
P(ho)d(ho) + AD h—d(hm)
(0]
0 E (5)
where A® is the vacuum level difference on the two single component layers of
this 2D In,Ses/Sb vdWH.
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