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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.

Key Words: CdS; Photonic crystal; Inverse opal; Nanomaterials; Photocatalytic hydrogen production

Received: March 5, 2019; Revised: March 26, 2019; Accepted: April 9, 2019; Published online: April 12, 2019.
"Corresponding author. Email: yu.li@whut.edu.cn; Tel.: +86-27-87884448.
This work is supported by National Key R&D Program of China (2016YFA0202602), National Natural Science Foundation of China (U1663225, 21671155,
21805220), Natural Science Foundation of Hubei Province, China (2018CFB242, 2018CFA054), Major Programs of Technical Innovation in Hubei, China
(2018AAA012), Program for Changjiang Scholars Innovative Research Team in University, China (IRT_15R52).
[H 5 5 SR T RI(2016YFA0202602), [H 5% H SRR 4:(U1663225, 21671155, 21805220), 1464 HARFHFAIE 4 (2018CFB242, 2018CFA054), it
AR IH T KT H (2018AAA012)FI H #KIT6H7 HIBAIRT_15R52) % BT H

© Editorial office of Acta Physico-Chimica Sinica



WAL 2525 Acta Phys. -Chim. Sin. 2020, 36 (3), 1803014 (2 of 8)

AR I B B A 0 T e A i 2 BB B K HI =

skE ==, BT, BREET, ORET, G T,

PRNE T AFHMELFR F O, KX 430070

A5EL127, B 19
"RRXEBIAFMBEAFTEAERELEZRE, KX 430070

SHMBFAFTIAMBUAFERE, HTEERE 61 F, WA A FER B-5000

PR B R AR S D6 T R AR TR EAT TR S R, TS ZRRIZ M R4 K B AP (St-MMA-SPMAP) & 73§/
BRICALRS, BT 1R ER A SRR T R DGR R SRR, AR HOE(A 2 420 nm)[E ST, CdS-310
S A S5 R T I ' A A SN E LR AL AR R UL 3R i 1 — i o X 5 B RO S AL 450 S B A 6 1 i AR P X
AT e AR IR T Bk, REAAREAMEERIIN T X6 FEM B M8, S T AR K BE 6 R
oy [, ORALFLEE R d R BUR HEAR T B R, A8 SN 3R 1 S8 22 IO S REE PR s B4, SLEHIA AT W B A%

A3 1 IR o

KU BALE: TR REAAENE; GORMEL ek A

FESES: 0648

1 35

TR &R A SR e A
RE T 3 AR R AL TS T AR BT iz
Fil2 o HJE ZEALERE T SR AR R R, R AE
W B A o 17T K BH G A 58 A B o AN B 5%,
DAL I — S A A T A 55055 S BH 6 RO R SR AR,
N TR EOKBHE I B TR AOR . W0 TR IR
Wi B, B FE N SR TR R R RSO B A e
Z 0] WA XIS, R 3 oK BH Y IR L IF R
A AT L e S S A A R FRATT T R
F P

TRACERAE Jy—Fh o] DL yema B i SR A kL, B
BEENEZENREQ4eV). FHAMTE. H
B R . i H, ik EMEME S EE . &
TV T A, RIE 2 8 T TSN R KT . Yan%E
AN¥%0.30% (w, FiE2%, TF) PtF0.13% (w)
PASTE AN FEAF L FICdSFK M, A LAEEIE T
PR EIE93% I F AT o X1 ] S A B AR SR N0
RIE T IR I A] 45 0 E A R IR A 1 CASAK i, I
L) FH e 3 5 00 S0RE R R S JB 45 45 M SR B v ol
Ak = A MEBE . Tongying 2% N 1k & T — 4
CdSe/CdS 57 i 45 45 i Je K il &, R INZ 7 it 45
SR Gy K 2R B AL S 1 A2 A CdSe g K R 13015 .
Acharya® N\l i ¥4 5 CdSe/CdSAZ 72 45 4 4 K i
B A 2 T ke S L B KGO T H AT 34 K (1) R B
A, MRS T EeEBET, 27 7 CdSe/CdSH
FEAE AR i 1 AR K = A RE

R A 5 K6 AR B — B M RHE
708 A S R I R RS 15 B = 4 g5 12 R

WIHERY, REAALTREREETE26TH
B, ATRAEUE S T HIE s RE R . REAA T
A 1R IR 1 5 ) AN AT RASE i sk xig K FH St ) #)
R 2, & BA RALFLIERAR S, AR T 51 4% 5
PLE S s A R e A e e, TR R e 1 A4 A3,
Bt B B2 1. Ozinif @A Sk D il & T
= i B TiO R & A 5 H FRWE 0 1 e B A AL R
MLEE, JFJE T I8 B A a5 A 1E e e A sk ) R A
TR ENTHR T Z4EH 7 M Inis 2 TiO M i,
TSI U B 4 R A5 M m 7 R A, $2
& T RMIRI R, I HInds 43858 7 ] W6k
W 1O R I TS M . FRATT S = X 0 5
NI T ZnOJ & FVA G T i AL 7, 78
AT WA S AT RhBEEAT B, KR E A AL
45837 38 ZnOgH K UK J& 7 HY B 4 (7 ' e A B i
CEVAD

WL R A 2 R ) VR A PR %
AL ZNER L WEEZ R R R R AR FL
s B DRI R R T A . A PR AR SR KA E 3R
A AR K ] 88 BSCOK THI AR 1) S B 3 A 06 s A S JE
M . R, AR TR T RE S5, R
UE 2 6 T7 v R AR R B R A A AT T A
%, WA T H I KA RE

2 SRS
21 2R

4 B 4 (CA(NOs3)-4H,0) , % 3 2 &
(C2H40,8), fifi 1k #% (NH4)2S, APS), 4 A 1L 44
(NaOH), 7K Z M (CsHs, St), R L F s



YLK 2525 Acta Phys. -Chim. Sin. 2020, 36 (3), 1803014 (3 of 8)

(CsHsO2, MMA), 3-fif iR & P Jk FH 36 19 04 R 4
(C7H11KOsS, SPM), i B £ (NH4)29205), kIR
SHE(NHHCOs), il ai e NARS, T
g R T AR R A R AR, SERRTH &
BPKASEEE A

AR WK iR ERREE
IO B33 BRI, [R) IF FH B Tg A S A it P LA
WG . RERAEFRARHNEERMES
W, B IE YL h, e F /K B P s U3 K,
%M
2.2 HEZRR-HLRE(TGA-CAS)FK Ml &

SEIG R K AP S I TGA-CASYK &, 20 IR
IR BLE 1 mol- L INaOHIE W, iC NAETR: ¥
100 pL 3 & 2R ¥ W% % 1% In 1 Cd(NOs),-4H,0
KB (5 x 107 mol- L"), I VA AR B A (7%
WO SRS WA TS HROZ NN BV G
HBE DG, REFEHPpH = 9-10; )5, B
— TEPRAL (NHa ) S7K R IZ R I\ B IR v, 16
P38 5119 30 9% T €0 8 MO T R B K A R N 3
160 °C 7K #4490 min, 15 F5i 2 4 FR A& 1 (1) i 10 44
YK i (TGA-CAS).
2.3 B EGE S TR /N R &

SEAG A 310 nm 1380 nm b A R~ (K] B4y
BRI 20 - P B8 TR 05 TR P 5 - TR 0 PR (P(St-MIMA-
SPMAP) LKL T, K To 2 Ll R A 1820 4%,
JEWR: B 5604 g APS, 0.8 ghiiz & 5k Al —
SE B SPMIA fRTE 10 mLIY 2 85 F /K, brid WIS
A, % A RIEE22.5mL St 1.25mL MMA. 110
mLZ: B 7K B 1250 mLI = DB iR &35,
EMESESSAAY T, FHEET70°C, fAFF5 min, ¥
TR AR IN N et P 4k 52 s N 10 h, 15 31 B0 Bl
PR ZNEK
24 WURREOASHETRER &

NS R R AR SIDEER R R D S
7] 40 25 58 ) s B e bk 25 AR, SRAS BiAb 4R )
S5 M6 T ik . 1500, IR ) 2% 1) 5 o it
W NERBC B IR FE N 10% (W) FLIG: BE G BUE &

(1) 7L (40-80 uL)II A £]10 mL TGA-CASHH K iy
TR B 5] B B R K A B A 05 R
BN, BT 60 cCHEFFRKDTERZEKANA
% BEBATER TSI F400 °CRibE4 h, TF
IRIEE N2 °C-min ',
2.5 LKRIE

K A H A& H 573 K 5 3 i # 8% (FE-SEM,
Hitachi S-4800)F1 H 74 B -3 5 H 5 (JEM-2100F)
MEERE TR0 R A8 [E 4 € 52 D8 Advance
X 2R AT B SOR B it A B AT R AE s A H AR B
UV-2550 24 5 1) 48 #h - 0] WL 49 ot ol BE 4RI 36
OCEAN OPTICSA & FJUSB2000-FLGR#EAT Y61 /3
T o
2.6 MEMTR

B U A & R AL AR O PR IR IR (R Y
60 mg)al60 mgfi A58 44 K ik (CdS-NPs, 400 °C
TSR e4 h) N B 5RO iR 7K 28 E (Labsor 11,
LRI AT, MAFFH0.1 mol L™ NaSHI0.1
mol-L™! NapSO5/J50 mL % 577K, HA T i
JNPLS-SXF 300C, RAMEWE ORI KL > 420
nm). FE—/NEEURE, JESERMS5-6h, LKA
725 Agilent GC7890AHEAT 7E £ Mt .

3 ZR5®
31 BUBREEARSWLETRE
K1ERMEREAASE T mEE RN ER.
85 5 VN R o TR AR AL B8 g oK S E T B 4
FURIEAER ERBEAYAATREK, &
TR e R 25 AR 15 2 SO R SO T a R
JIE . [RI2a KBS 5 FE 2R 1B 1 (K B AL 4R 40K
PR TEMIE . Uk 2 (8] T30 5% 4 R A BLAE
F o FH BRI T8 15— P AL gl K 26 [ 7 1 25 440 T
Hmitbmark R mE i EL, K2HHE T8
FRIERT, BT 5 FCd™ kA M HAEH.
FE2b A 9K i s a  TEME, 3R B4 55 90K
b ST 39 5] o T AT 10 A 2 O B AL R K L
fntE R . B2c NTGA-CAS/ &K, H, ikt

o0 g St 82 0 0 00e st oo o 2 (" S OO OO
"l‘ .‘. : ’_: ‘% .l. q.':': ‘% .O' ." .: %
o 0% 0o S’ 0%y o %’ *ope

@ (©) - © 2

Bl BiEREOAELT S S REE

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.
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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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Energy(ev)
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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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