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Supporting Tables

Table S1. Chemical composition of the as-prepared mesoporous CdS and ZnS NCAs, along with the mesoporous
ZnS/CdS nanocomposites with different ZnS content, according to EDS analysis. The EDS results for the reference

materials ZnS/CdS bulk and RN As with 50 wt.% ZnS content are also shown.

Sample Cd Zn S ZnS content!
(at.%) (at.%) (at.%) (wt.%)
CdS NCAs 50.73 £0.25 0 49.27 +0.25 0
10-ZnS/CdS 43.16+0.49 | 7.08+0.40 | 49.76 £ 0.58 9.96 +0.23
30-ZnS/CdS 2724+0.15 | 16.93+0.71 | 55.83 +0.67 29.54 + 0.44
50-ZnS/CdS 17.67 £0.19 | 26.58 £0.65 | 55.75+0.51 50.37 + 0.20
70-ZnS/CdS 9.62+0.19 | 34.76 £0.59 | 55.62 +0.57 70.91 +0.03
90-ZnS/CdS 403+0.17 | 46.81+£0.91 | 49.16 £0.55 88.70 +0.13
ZnS NCAs 0 53.65+0.33 | 46.35+0.33 100
ZnS/CdS bulk?2 21.11+0.51 | 31.31+1.28 | 47.58 +0.92 50.02 £ 0.24
ZnS/CdS RNAs 3 1793 +0.10 | 26.39+0.40 | 55.68 +0.39 49.82 £0.14
50-ZnS/CdS AC* 15.62£0.26 | 23.42+0.60 | 60.96 +0.30 50.29 +0.10
50-ZnS/CdS-c > 1747 +0.21 | 31.83 +£0.53 | 50.70 +0.52 55.14 +0.11

! As determined on the basis of the EDS Zn and Cd atomic ratios. 2EDS results for the ZnS/CdS bulk reference sample
(50 wt.% ZnS). *EDS results for the reference material ZnS/CdS RNAs (RNAs: random NC-aggregates) with 50 wt.%
ZnS, synthesized through a template-free oxidative coupling of ZnS and CdS NCs.  EDS results for the 50-ZnS/CdS
catalyst retrieved after 24 h of photocatalytic stability test (reaction conditions: 20 mg of catalyst dispersed in a 1.4 M
Na:zS and 1.0 M Na2SOs aqueous electrolyte, irradiated with visible light using a 300 W Xe light with a cut-off filter
allowing A > 420 nm). >EDS results for the 50-ZnS/CdS catalyst retrieved after the photocatalytic corrosion experiment
with triethanolamine (TEOA) as hole scavenger (reaction conditions: 20 mg of catalyst dispersed in aqueous solution
containing 10% v/v TEOA, irradiated for 3 h under visible light using a 300 W Xe light with a cut-off filter allowing A
> 420 nm).

Table S2. Comparison of Hz-production activities between mesoporous 50-ZnS/CdS and other reported CdZnS-based

photocatalysts.
Apparent
Sample Rea?t?on Light H: evolution rate qua‘ntum Ref.
conditions source (mmol g1h1) yield
(AQY)
5 mg catalyst
300 W
0.35 M Na:zS &
ZnS/Zn-CdxS/CdS 0.25 M NasSOs /\)ie4l;;nn[;n 106.5 - [1]
(100 mL) -
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1 mg catalyst

300 W

0.75 M Na:S & 239 16.8%
Z Xel 2
CdS/ZnS nanorods 1.05 M Na250s ¢ ‘lamp (umol h' mg™) (420 nm) (21
A 2420 nm
(20 mL)
150 mg catalyst 300 W
0.5%Ru/(CdS)os/(ZnS)o.2 0.1 M Na2S &
) Xe lamp 12.65 - [3]
nanoparticles 0.2 M Naz50:s A> 420 nm
(150 mL) B
Pt-ZnS/CdS 50 mg cata.lyst . 300 W 579
2D/1D nanocomposites ~10% v/v lactic acid Xe lamp 26 (420 nm) [4]
ocompo (230 mL) A > 400 nm
e | s
. 2
(CdS)o4/(ZnS)os 0.1 M NaSOs /\)ie41§1(1)1;§n 0.83 - [5]
(100 mL) =
. 20 mg catalyst 300 W
Zn/Cd-MOF derived 35 mM NasS & Xe lam 935 3.92% (6]
ZnS/CdS heterojunction 18 mM Naz50:s P ' (420 nm)
A 2420 nm
(100 mL)
Pt-PdS-CdS/ZnS 1.5 mg catalyst 300 W
core/shell NCs 0.1 M Na2S Xe lamp ~50 - [7]
(50 mL) A 2380 nm
100 mg catalyst
PdS-CdS/ZnS 0.1 M Na:S & XBeOI(Za g 208 8]
core/shell particles 0.1 M Na250s A >400 npm '
(270 mL) -
10 mg catalyst 300 W
CdS/ZnS core/shell 0.5M Na:zS & Xe lam a1 9.3% [9]
nanorods 0.5 M Na2SO:s AM1 52 ' (420 nm)
(100 mL) !
5 mg catalyst 20 W
CdS/ZnS core/shell 0.1 M Na:S & 8.78%
. LED 16 [10]
particles 0.1 M Naz503 A =420 nm (420 nm)
(50 mL)
. 10 mg catalyst 225 W
CdS/ZnS-NiS 0.35 M Na:S & Xe lam 60.44 23.3% [11]
microstructures 0.25 M Na2S0s P ' (365 nm)
A 2320 nm
(25 mL)
100 mg catalyst
ZnS-CuS-CdS 0.35 M Na:sS & 150 W
. Xe lamp 0.84 - [12]
particles 0.25 M Na:50:s AM 15G
(150 mL) '
100 mg catalyst
300 W
. 0.35 M NazS & 43%
Cdo5ZnosS nano-twins 0.25 M NaxSOs /\)ie4l;1(;r;€n 17.9 (425 nm) [13]
(180 mL)
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100 mg catalyst 300 W
CdosZnosS twined 0.35 M Na:S & 62%
Xe lamp 25.8 [14]
nanorods 0.25 M Naz250s A> 430 nm (425 nm)
(180 mL)
20 mg catalyst
300 W
1.4 M Na:=S & 60% This
50-ZnS/CdS NCAs 1.0 M NasSOs Xe lamp 29.0 (420 nm) | work
A 2420 nm
(20 mL)

Table S3. EIS equivalent circuit fitted parameters for the mesoporous CdS and ZnS NCAs and the as-prepared ZnS/CdS
materials.

Sample (oI:,;m) &d)l (01::;1) bel

CdS NCAs 14.2 63.3 x 10 1312 2.1x10+4
10-ZnS/CdS 12.7 24.2 x 10 686 2.3 x 10+
30-ZnS/CdS 17.4 17.9 x 105 474 4.3 x 10+
50-ZnS/CdS 12.1 19.5 x 105 285 8.7 x 10+
70-ZnS/CdS 134 76.8 x 10 486 2.0x 10+
90-ZnS/CdS 12.3 86.5 x 10 747 4.2 x 10+
ZnS NCAs 18.0 11.4 x 105 1362 2.5x 10+
ZnS/CdS bulk 2 9.6 62.5 x 106 1499 10.3 x 10

!In EIS analysis, the fitting error is often expressed using the chi-square metric. Typically, a satisfactory fit corresponds
to chi-square values ranging from 102 to 10 2EIS results for the ZnS/CdS bulk reference catalyst (50 wt.% ZnS).

Table S4. PL lifetime biexponential decay model fitting parameters and calculated average lifetimes for the
mesoporous CdS and 50-ZnS/CdS NCAs, and the ZnS/CdS bulk analogue with 50 wt.% ZnS.

A1 T A T T
Catalyst (%) (n'ls) (%) (n:) (n:)
CdS NCAs 72.5 0.80 £ 0.006 27.5 | 4.35+0.039 3.20+£0.017
50-ZnS/CdS 65.0 1.00+0.012 | 35.0 | 4.73 +0.055 3.70 £0.025
ZnS/CdS bulk 68.5 0.70 £ 0.005 31.5 | 4.08£0.026 3.16 £0.011

IThe average lifetime (tav) was calculated by the equation: t,, = (X A; )/ (XiAi ) (i=1, 2).
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Supporting Figures
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Figure S1. Typical XPS survey spectra of CdS, ZnS and 50-ZnS/CdS NCAs showing the presence of Cd, Zn and S, from
the constituent NCs and C and O from adsorbed molecules.
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Figure S2. Example of TGA profile for the mesoporous (black line) 50-ZnS/CdS nanocomposite obtained after three
cycles of ethanol/water washing process. The weight loss in this sample indicated by the corresponding differential
thermogravimetric (DTG) curve (red line) is attributed to the decomposition of organic matter.
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Figure S3. Nitrogen adsorption (filled cycles) and desorption (open cycles) isotherms at —196 °C for the mesoporous
ZnS/CdS nanocomposites featuring different ZnS loadings: (a) 10 wt.%, (b) 30 wt.%, (c) 70 wt.%, and (d) 90 wt.%. Insets:
The corresponding NLDFT pore size distributions calculated from the adsorption branch of isotherms.
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Figure S4. (a) XRD pattern, (b) Nz adsorption (filled cycles) and desorption (open cycles) isotherms at =196 °C and the

corresponding NLDFT pore-size distribution plot (inset), and (d) optical absorption spectrum and Tauc plot (inset) of
the reference ZnS/CdS bulk catalyst with 50 wt.% ZnS content.
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Figure S5. N2 adsorption (filled cycles) and desorption (open cycles) isotherms at —196 °C and the corresponding
NLDEFT pore-size distribution plot (inset) of the reference ZnS/CdS RNAs catalyst with 50 wt.% ZnS content. Analysis
of the adsorption data with the BET method gives a surface area of 114 m? g and total pore volume of 0.07 cm?® g1. The
NLDEFT pore size distribution calculated from the adsorption branch of isotherms indicates a pore size of ~ 1.5 nm.
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Figure S6. Photocatalytic Ha evolution rates (averaged over 3-h reaction period) for the mesoporous 50-ZnS/CdS
catalyst using different sacrificial reagents: 0.35 M Na2S and 0.25 M Na:S0s, triethanolamine (TEOA, 10% v/v),
triethylamine (TEA, 10% v/v), lactic acid (10% v/v) and methanol (10% v/v). All photocatalytic reactions were
performed as follows: 20 mg of catalyst dispersed in a 20 mL aqueous solution containing the sacrificial reagent; 300
W Xe light irradiation with a long-pass cut-off filter allowing A > 420 nm.
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Figure S7. (a) XRD pattern, (b) N2 adsorption (filled cycles) and desorption (open cycles) isotherms at —196 °C (inset:
the corresponding NLDFT pore-size distribution plot), and (c-e) typical XPS spectra of the (c) Cd 3d, (d) Zn 2p, and (e)
S 2p regions of the 50-ZnS/CdS catalyst retrieved after 24-h of photocatalytic reaction.
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Figure S8. 5" and 6t run of the photocatalytic recycling study of the 50-ZnS/CdS catalyst in a 1.4 M Na2S
and 1.0 M Na2SOs aqueous electrolyte. All the Hz-evolution rates obtained as an average over the initial 3-
h reaction period. Reaction conditions: 20 mg catalyst dispersed in 20 mL of fresh electrolyte solution, 300
W Xenon light irradiation with a UV cutoff filter (A =420 nm), T=20+2 °C.
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Figure S9. Photocatalytic recycling tests of the 50-ZnS/CdS catalyst in a 0.35 M NazS and 0.25 M Na2503
aqueous electrolyte. All the Hz-evolution rates obtained as an average over the initial 3-h reaction period.
Reaction conditions: 20 mg catalyst dispersed in 20 mL of fresh electrolyte solution, 300 W Xenon light

irradiation with a UV cutoff filter (A 2420 nm), T=20+ 2 °C.
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Figure S10. (a) Mott-Schottky plot and (b) EIS Nyquist spectrum (inset: equivalent circuit model) for the reference
ZnS/CdS bulk catalyst with 50 wt.% ZnS content.
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Figure S11. Room-temperature PL emission spectra (solid lines) of (a) mesoporous CdS and 50-ZnS/CdS NCAs

(excitation wavelength 380 nm) and (b) mesoporous ZnS NCAs (excitation wavelength 280 nm). The dashed lines
correspond to the UV-Vis/NIR absorption spectra of the respective samples.
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