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Figure. S1. Zeta Potentials.

Note: The CoAl-LDH nanosheets have a positive zeta potential of +49.3 mV, 

whereas the In2S3 nanosheets have a negative zeta potential of −19.6 mV and the 

ZnIn2S4 nanosheets have a negative zeta potential of -8.1 mV.
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Figure. S2. XRD patterns of the synthesized In2S3, In2S3@CoAl-LDH, ZnIn2S4, and 

ZnIn2S4@CoAl-LDH.

Note: As shown in Figure. S2a, The XRD patterns of In2S3@CoAl-LDH and pristine 

In2S3 could be indexed to the cubic phase of In2S3(JCPDS No. 65-0459)1, the peaks at 

2θ = 14.2°, 23.3°, 27.4°, 28.7°, 33.2°, 43.6°, 47.7°, 56.6°, 59.4°of bare In2S3 are indexed 

to the (111), (220), (311), (222), (400), (511), (440), (622) and (444) crystal planes, 

respectively. Figure. S2b shows the XRD patterns of ZnIn2S4 and ZnIn2S4@CoAl-LDH 

heterostructure, wherein obvious diffraction peaks at 20.5°, 27.6°, 47.6° and 56° 

correspond to the (006), (102), (112) and (202) crystal planes of hexagonal ZnIn2S4 

(JCPDS No. 01-072-0773)2, respectively.
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Figure. S3. SEM images of In2S3 (a), In2S3@CoAl-LDH (b), ZnIn2S4 (c), and 

ZnIn2S4@CoAl-LDH (d).
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Figure. S4. XPS survey spectra of CdIn2S4 NSs, CoAl-LDH and CIS@CA composites.
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Figure. S5. DRS spectra of bare CdIn2S4, bare CoAl-LDH, and CIS@CA composites.



S8

Figure. S6. Photocatalytic activity of ZnIn2S4@CoAl-LDH-20% composites for H2 

production under SSL irradiation.
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Figure S7. Long-time stability of ZnIn2S4@CoAl-LDH-20% and In2S3@CoAl-LDH-

20% for photocatalytic H2 production.



S10

Figure. S8. XRD patterns of fresh and used CIS@CA composites.
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Figure. S9. Decay curves of photovoltage.

Supplementary Note: The photoelectron lifetime (τn) is calculated by the following 

formula3:

τn = (kBT e) (dVOC dt) - 1

where , T, e,  and t are Boltzmann’s constant (1.3806 × 10−23 J/K), charge of one kB VOC

electron (1.602 × 10−19 C), temperature (298.15 K), open circuit photovoltage and time, 

respectively.
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Figure. S10. Mott-Schottky plots for CdIn2S4 (a) and CoAl-LDH (b). 

Supplementary Note:The flat-band potential values (Efb) can be determined by the 

following Mott−Schottky equation4:

1

C2
=

2
ε ε0ND

(E - Efb -
kBT

q )
where ε and ε0 are the dielectric constants of free space and the film electrode, and ND, 

C, E, T, kB, and q represent the donor density, space charge capacitance, applied 

potential, temperature, Boltzmann’s constant, and electronic charge, respectively.
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Figure. S11. (a) VB XPS curves of CdIn2S4 and (b) CoAl-LDH.
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Figure. S12. The estimated band gap energy of CdIn2S4 (a) and CoAl-LDH (b) based 

on the Kubelka-Munk function plot transformed from the absorbance.

Supplementary Note: The Kubelka−Munk equation is employed to calculate the band 

gap energy of the as-obtained solid solutions4, 5:

(αhν)
1

n = A(hν - Eg)

where , , , , and  represent Planck’s constant ( ), optical absorption h α ν A Eg 6.63 × 10 - 34 J ∙ s

coefficient, photon frequency, a constant, and photonic energy band gap, respectively. 

In addition, n is 2 for a direct band gap and 1/2 for an indirect band gap. 
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