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Cadmium Sulfide Inverse Opal for Photocatalytic Hydrogen Production
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Abstract: Photocatalysis based on visible light is an efficient and
promising strategy to convert solar energy into chemical energy and
solve the global issues of environmental pollution and energy
shortages. CdS, as a visible light responsive semiconductor
material, is widely used in photocatalysis and photoluminescence
because of its simple synthesis, abundant raw materials, and
appropriate bandgap structure. The inverse opal (10O) structure
belonging to photonic crystal structure with unique three-
dimensionally ordered macro-mesopore, which can tune the
propagation direction of incident light and improve photocatalytic
performance. Therefore, 10 has attracted extensive attention for
photocatalysis applications. Herein, CdS 10 photonic crystal films were prepared by co-assembly using CdS nanocrystals
and poly(styrene-methyl methacrylate-3-sulfopropyl methacrylate, potassium salt) (P(St-MMA-SPMAP)) emulsion. This
method is widely used because it is simple and can rapidly prepare large photonic crystal films. The pore size of the 10
structure was regulated by changing the diameter of the polymer. The IO structure was characterized using scanning
electron microscopy (SEM), X-ray diffraction (XRD), ultraviolet-visible absorption spectroscopy (UV-Vis), and reflectance
spectroscopy. The photocatalysis performance of three samples was evaluated via photocatalytic water splitting under
visible light irradiation (A 2 420 nm). The photocatalytic hydrogen production rate of the CdS IO film fabricated using a 310
nm P(St-MMA-SPMAP) template (CdS-310) was twice that of CdS nanoparticles (CdS-NPs) under visible light irradiation.
This photocatalytic performance enhancement was ascribed to the hierarchically porous structure of the 10 photonic crystal.
On the one hand, the 10 structure increased the propagation of photons in the photocatalytic material and improved sunlight
utilization. On the other hand, the structure is conductive to transport and adsorption of molecules. In addition, the 10
structure was composed of nanoparticles, providing more active sites for the photocatalytic reaction.
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Fig. 1 Schematic diagram of the synthesis process of CdS inverse opal photonic crystal.
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B2 (a, b)TGA-CASHK I TEMBE M ()& 1 B
Fig.2 (a, b) TEM images and (c) structure diagram of TGA-CdS nanocrystalline.

(a) 80 K; (b) 300 K.

= >
a =
K] E
= )
= =
R=y 5
o

2 ]
= T

60

L L 1 -4
0 200 400 600 800
Temperature/C

o
s >
] 2
L 2
= o
= =
Ry 5
2 [}
= =S

1 1 1
0 200 400 600 800
Temperature/C

B3 (a) TGA-CASZK 5 F1(b) P(St-MMA-SPMAP)/MREITGRIDSCHE 4%
Fig.3 TG and DSC curves of CdS nanocrystals and P(St-MMA-SPMAP) emulsion particles.
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Fig. 4 SEM images of CdS inverse opal structure before calcining.

The concentration of P(St-MMA-SPMAP)-310 nm was 10% (w, mass fraction) and the volume were (a) 40 pL, (b) 50 pL,

(c) 60 uL, (d) 70 pL, (e, f) 80 pL. The concentration is 5 mmol-L™" and the volume is 10 mL.
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Fig. 5 SEM images of CdS inverse opal structure after calcining.

The concentration of P(St-MMA-SPMAP)-310 nm was 10% (w) and the volume were (a) 40 pL, (b) 50 uL, (c) 60 pL, (d) 70 pL, (e) 80 pL.

The concentration is 5 mmol-L™! and the volume is 10 mL.
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Fig. 8 SEM images of CdS inverse opal
structure after calcining.

(a) CdS-310, (b) CdS-380.
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(c) reflectance spectra of CdS inverse opal photonic crystal film and CdS nanoparticles.
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Fig. 10 (a, b) Schematic illustration of light diffuse reflection of CdS inverse opal photonic crystal film;

(c) photocatalytic water splitting mechanism diagram.

Yellow particles indicate cadmium sulfide material, and black arrows indicate the direction of light.
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