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1. Materials

The reagents utilized in this research were selected based on their exceptional purity and
consistent quality, thereby guaranteeing the dependability and replicability of our experimental
findings. Sodium tungstate dihydrate (Na2WO4:2H>0), antimony oxide (Sb20O3) and hydrochloric
acid (HCI) were obtained from Shanghai Macklin Biochemical Co., Ltd. Iron(III) chloride (FeCl3),
zinc acetate dihydrate (Zn(CH3COO).-2H>0), cadmium acetate dihydrate (Cd(CH3COO),-2H>0)
and sodium sulfide nonahydrate (Na>S-9H,O) were acquired from Shanghai Chemical Reagent

Co., Ltd.

1.1 Synthesis of CdS nanorods

CdS nanorods were prepared via hydrothermal synthesis procedure according to a literature [1].
In a typical run, 5 g Cd(NO3)2:4H>0 and 3.7 g CS(NH»), were dissolved in 60 mL ethylenediamine
under continuous stirring. After continuous stirring for 1 h, the obtained homogenous mixture was
transferred into a 100 mL Teflon-lined stainless-steel autoclave and hydrothermally treated at
180 °C for 24 h. After the autoclave was cooled down to room temperature, a vivid yellow
precipitates were synthesized. The precipitates were collected by centrifugation and washed
thoroughly with deionized water. Then the final products were dried at 60 °C overnight in a

vacuum oven and stored for further use .

1.2 Synthesis of MnxCdiS

The MnxCdixS was synthesized by following the method reported in the literature
[2] by hydrothermal method with some modifications, 0.49 g of manganese acetate tetrahydrate

(Mn(CH3COO)>-4H>0), and 2.13 g of cadmium acetate dihydrate (Cd(CH3COO),-2H>0), were
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dissolved in 50 mL ultrapure water with continuous stirring for 10 minutes and then 2.4 g
of sodium sulfide (Na>S-9H>O) was added to the solution and kept stirring until dissolved. The
solution was poured into a 100 mL Teflon-lined autoclave and put into the heating furnace at
160 °C for 24 hours; after naturally cooling at room temperature, the solution was centrifuged to
collect the product named Mno>Cdo sS by washing several times with deionized water and ethanol

and dried at 70° C for 6 hours.

1.3 Synthesis of SnS;, Zn-SnS; and Mn-SnS:

In a typical synthesis procedure reported in literature [3], 1 mmol SnCl>-2H20, 2 mmol TAA
and 0.5 g PVP were added into 30 mL TEG with vigorous magnetic stirring at room temperature.
Then the clear solution was transferred into a 50 mL Teflon-lined stainless-steel autoclave, heated
at 220 °C for 12 h, and cooled to room temperature naturally. The resultant product was centrifuged
at 10 000 rpm for 8 min and washed several times with ethanol. Finally, the yellow SnS; powder
was obtained after dried at 60 °C overnight. The Zn-SnS, and Mn-SnS; was synthesized by adding
specific amount of Zn(CH3COO); and MnCl2-4H>0 in above mentioned solution respectively by

adopting same procedure.

1.4 Synthesis of MoS:z, Zn-MoS: and Mn-Mo$S:

Synthesis of MoS: was carried out by following the method reported in literature [4]. Usually,
a mixture of 1.24 g of ammonium heptamolybdate tetrahydrate (NH4)sMo07024:4H>0) and 2.28 g
of thiourea was dissolved in 35 mL of deionized water with strong stirring in a beaker. The
resulting uniform solution was then placed into a 50-milliliter Teflon-lined stainless-steel
autoclave. The autoclave was heated to a temperature of 200° C for a duration of 12 h and then
cooled to an ambient temperature. The black sediment collected was rinsed with deionized water
and absolute ethanol many times, and then dried at a temperature of 60° C for the duration of one

night. The Zn-MoS; and Mn-MoS; was synthesized by adding specific amount of Zn(CH3COO),
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and MnCl2-4H>0O in above mentioned solution respectively by adopting same procedure.

1.5 Characterization of materials

All chemicals were analytical, purchased from commercial sources and were utilized without
any further purification. Pure water (18.2 MQ cm, TOC < 3 ppb) was produced by Molecular Lab
Water Purifier. IR spectra (2-4 wt% samples in KBr pellets) were recorded on a Bruker VERTEX
70v FT-IR spectrometer. X-ray diffraction (XRD) spectra were measured by Rigaku D/MAX 2400
diffractometer (Japan) with Cu Ko radiation (k = 1.5418 A) operating at 40 kV and 40 mA.
Photoluminescence (PL) spectra were performed on FLS920 fluorescence spectrometer
(Edinburgh Instruments). High resolution X-ray photoelectron spectroscopy (XPS) data were
measured by Axis Supra and the binding energy of all the elements were corrected by the C 1s
peak (284.8 eV). The optical properties of the solid samples were measured by Shimadzu UV-2600
UV-vis diffuse reflectance spectrophotometer. The surface morphology of the samples was
characterized by a field emission scanning electron microscope (SEM, JSM-6701F, Japan) and
transmission electron microscopy (TEM, Talos F200S, America). The H, amount was detected by

gas chromatography (GC) analysis.
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Figure S1 Synthesis scheme of Zno sCdo sS.
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Figure S2 Synthesis scheme of Fe;1POM.

Figure S3 (a) Combined polyhedral/ball-and-stick representation of Fe;i:POM, color scheme: [a-
SbWo033]°" polyhedra (crimson red), W (blue), Fe (brownish), O/H>O/OH (red), Sb green and b)
simple ball and stick structure of Fe;1POM.
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Figure S4 The zeta potential analysis of CQD, Zno.sCdo.sS, CQD@Zno.sCdo.sS and Fe;1POM.
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Figure S5 FTIR spectra of ZnosCdosS, CQD and CQD@ Zno sCdo sS.
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Figure S6 XRD pattern for Zno.sCdo.sS compared with ZnS PDF#99-000-4338 and CdS PDF#99-
000-1412.

Figure S7 Scanning electron microscopy (SEM) images of (a) Zno.sCdo sS; (b) CQD@ ZnosCdo sS;

(c) FeilPOM@CQD@Zno.5Cdo.5S.
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Fig S8 Three-dimensional Kelvin Probe Force Microscopy (KPFM) surface potential maps of (a)

Zno.5CdosS and (b) FelPOM@CQD@ZnosCdo.sS composites.
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Figure S9 XPS survey for ZnsCdosS.
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Figure S10 XPS spectra of (a) C 1s; (b) O 1s in FeiPOM@CQD@Zno.sCdo 5S.
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Figure S11 XPS survey for FeiPOM@CQD@Zno.sCdo sS.
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Figure S12 Photocatalytic hydrogen evolution activity for 3 hours cycle using CdS, Mno.sCdo.sS,
Zno5Cdo.sS, MoS2, Mn-MoS,, Zn-MoS, SnS2, Mn-SnS;, and Zn-SnS; catalysts.
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Figure S13 Photocatalytic hydrogen evolution activity test under controlled conditions using pure

catalysts.
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Figure S14 (a,b) Photocatalytic hydrogen evolution activity test using Fe;1POM in different ratios
with ZnosCdosS.
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Fig. S15 Photocatalytic activity of Zno.sCdo.sS in combination with different POMs.
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Figure S16 (a) Turn over number (TON);
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FelPOM@CQD@Zno.5Cdo.sS with different mass ratios of Fe;;POM.
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The TON of photocatalytic reaction was calculated with the following formula.

Moles of H, evolved

TON =

The TOF of photocatalytic reaction was measured with the formula given below.

Moles of Fe{1POM loaded on catalyst

Figure S17 Photocatalytic
MOF-525@CQD@Zno sCdo sS,
FeilPOM@CQD@Zno.5sCdo sS.
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Table S1: Comparison of different POMs, Nobel metals and non-POM based system.

Catalyst Sacrificial agent Hydrogen Evolution  References in
Rate SI
mmol-g!-h’!
FeilPOM@CQD@Zno.5Cdo sS Lactic Acid 32.18 This work
MOF-545@CQD@Zno.sCdo.5S Lactic Acid 29.19 This work
MOF-525@CQD@Zno.5Cdo.sS Lactic Acid 22.57 This work
UiO-67@CQD@ZnosCdo.sS Lactic Acid 26.41 This work
NigP2-CQDs@CdS No 0.145 [1]
[Colxs-[HC=C]17x%-TAPD COFs EtOH 0.038 [5]
Pt/ DRPS-ZnIn,S4 Methanol 26.84 [6]
BaTiO3;@Zn05Cdo sS Methanol 1.19 [7]
P-gCN/PMA Triethanolamine 0.625 [8]
HPM@ZnIn>S4 Benzyl Alcohol 10.6 [9]
Pt/Z1n02Cdo.sS/Cs3PW 12040 Lactic Acid 10.4 [10]
CdS/Niz-POM NazSOs/ NaxS 10.14 [11]
K7[Co™Co!(H20)W11039] TEOA 13.39 [12]
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Figure S18 Photocatalytic hydrogen evolution activity test under controlled conditions.
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Figure S19 Photocatalytic activity of FeilPOM@CQD@Zno.sCdosS using different sacrificial

agents.
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Figure S20 (a) Apparent quantum yield (AQY); (b) The Solar-to-hydrogen (STH) conversion
efficiency for ZnosCdosS (1), CQD@ZnosCdosS (2), FenPOM@ZnosCdosS (3) and

Fe,POM@CQD@ZnosCdosS (4).

The AQY% was calculated by using the formula.

AQY(%) = 2 X Number of H, molecules evolved < 100
Q%) = Number of incident photons

Number of H> molecules evolved = Moles of Hydrogen Evolved (nu:) X Na

L. _ Etotal
Number of incident photons =

photon
E total = PSt

where P (Wm™) is power density of incident light, S (m?) is the area of irradiation and t (s) is

time of photocatalytic reaction.

g hc
photon =
linc
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where h is Panck’s constant 6.626x1073* J-s, ¢ is speed of light 3x10% ms™!' and Ainc is wavelength

of incident light. So, the number of incident photons will be,

P . PSAinct
Number of incident photons = e
2ny, X N4 X hc
AQY(%) = : x 100
Qv (%) PSAipct

The STH% of photocatalytic system was measured with the help of formula [1].

Produced H, (mmol/s) X AG

STH (%) = ( Py (mWem™2) x A (cm)?

) X 100

where AG is Gibbes free energy constant which is 237 KJmol™!' at room temperature, Pinc is energy

density of sunlight and A is area of incidence.

D@Zn, 5Cdo 5S
(Re cled)

Figure S21 (a, b) SEM analysis of fresh and recycled FeiiPOM@CQD@Zno.sCdo.5S.
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Figure S22 Tauc plot to calculate band gap of Fe;1POM.
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