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Preparation of CeQ,/Cd,Zn,_.S photocatalyst and its high-performance photocatalytic

hydrogen production

HU Yanan® , LIU Jie* , XU Kaixuan , YUAN Zhonggiang , GAO Xiaoming’

(Clean Utilization of Low Rank Coal of Shaanxi Collaborative Innovation Center, Shaanxi Modern Industry College of

Green and Efficient Utilization of Energy Resources, Department of Chemistry and Chemical Engineering,

Yan'an University, Yan'an 716000, China)

Abstract: Cd,Zn,_,S (CZS-X) solid solution and CeO,/Cd,Zn,_,S (y%CCZS-X) heterojunction were prepared by
solvothermal method, and the crystal shape, morphology, structure and elemental composition were characterized
by XRD, SEM and XPS. The hydrogen production properties of CZS-X solid solution and y%CCZS-X heterojunction
were studied under visible light irradiation. The hydrogen production rate of CZS-0.3 heterojunction was

3.86 mmol-g"-h™!, which was 4.85 and 11.03 times that of CdS and ZnS, respectively. 10%CCZS-0.3 heterojunction

had the best photocatalytic performance, and the hydrogen production rate was 7.89 mmol-g™"-h™", which was 40.25

and 2.04 times of that of CeO, and CZS-0.3 solid solutions, respectively. Under light, the electrons of CeO, migrate to

CZS-X, making the part of the heterojunction interface near CeO, positively charged, while the part of the hetero-

junction interface near CZS-X negatively charged, forming an internal electric field, which enhanced the carrier

separation and migration performance.

Keywords: CeO,/Cd,Zn,_,S; solid solution; heterojunction; internal electric field; photocatalytic hydrogen pro-

duction
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ZnS F1 CdS & & My Cd,Zn, S [ A® oy L4225
FO A AR S PR DG 2 RE S, 8 AR Zn®
5 Ca* 1 BE R LT LU B 4% ) Cd,Zn,_,S A 1)
RE 450, R G Ak K ) A A 3 H A
A, CdZn, S & % K 1% 545 th Zn 4s 4p Al Cd
5d 5p Z2 fb L IE 4 B, X A5 3L A LA EE CdS
WA, HBRERE L ZnS AN, WK, CdZn,_,S
fe] 85 1R 1) Y A b 7K o &0 g fE T cds, HE
Al e M RE . FAR CdZn,_,S BRI LR
Syt K A A, (R O A SRR
TG 6 PEAIG . RGeS AR R e A )
AR, M S A e AR 2 BB ST N LY
JTIZ R TERZHES RGN E S MHMET, A
1% BLHE £ o0 R A2 K FHAE L ¥ b 2o i BRI
P I BA B EDEA B AR A 2 R E A&
CeO, /MR E MM + &R Ay, BHA RGW
B FIRE AR 1, 2 — i S0 3 = A Ak 7R
PERE B A R, R AR A T B A T
WY BEH ) CdZn,_,S (CZS-X) [ 4 . 167l Wt
T, BFGE T CA*/Zn* BEE IR HU X S M A R
WAk, 7E CZS-0.3 [E %K I i 2 A [ L 4 1) CeO,
BifEfE 7, & W T R% y%CCZS-0.3 5 i 45 . K
Al XRD. SEM Hll TEM %5 F Bt R 48 H 4 #7 T FF
W Ae . TESEE . e RE . 43 BT CeO, it
RO SRR, 2 ARk
St HLAE 2= o BT RN % 7 pR B IE (DFT) 1342 T
SEAEAAT Z AL

1 KWMBRFE
1.1 FE#H#E

LR%E (Zn(Ac),-2H,0, AR). ZMR%H (Cd(Ac),
2H,0, AR). i ik (CH,N,S,, AR). 2-F Jk Ik
(C4HgN,, AR). R & Mg Lilid (PVP, AR), [H
R A=A R A £ B (C,HgO,, AR).
il R4 (Ce(NO3);-6H,0, AR). Hifkéh (Nay,S-9H,0,
AR), iR T AE AL R B A RS | o
1.2 HmElE

CeO, 1) #l % : ¥ 0.036 mmol Ce(NO,);-6H,0
73] 30 mL R, A4 FEK Ao # 1.8 mmol 2-

FH LR e 5 1) 30 mL H B rh, 75 2135 B W B,
f J3 98 #F 10 min, B B G % IR 2% 1% A 2 R
A, P 15min, R G R £ 2] 100 mL 7K
g (Ll AR LA A IR A R, YZHR-200-
E) H, 120°C f#ii 12h, B EEE, V=Y
KRN W22 IR R ¥ o B DR U TR TE 60°C 25 T
M 12h, FEJS7E 350°C #B6E 2h, 5% Ce0,.

Cd,Zn,_,S (CZS-X) [E & A iy il %« 4% 0.7996 g
Cd(Ac),-2H,0 #10.6568 gZn(Ac),-2H,0 {#f# T 75 mL
Z WP, B 60min, FEAEUEHER . KRG,
16 bR WP A 0.4567 g B Ik F10.6686 g K £
I ML e i, 3 FE 30min. K IR A RS
100 mL /K #4428 v, 7E 120C {45 12h, B HEF
W, RN TE K R K R B R
P VeV AR FE 65°C 25 T4 24h, 15 5] CZS-0.3
[ 74, % Cd(Ac),-2H,0 Fil Zn(Ac),2H,0 [ g
KEMO:1, 01:09, 03:07, 05:05, 0.7:
03. 0.9:01F11:0, k% CdZn,_,S H#M,
% CZS-X (X=0. 0.1. 0.3, 05, 0.7, 09, 1),
BRI 1,

%1 CdzZn,_S (CZS-X) 1 Ce0,/CZS (y%CCZS) M &
Table 1 Naming of Cd,Zn,_,S (CZS-X) and CeQ,/CZS

(y%CCZS)
Sample ?;{e:razia()f Sample CeO, content/g
CdS 0:1 CeO, 0
CzZX-0.1 0.1:0.9 5%CCZX-0.3 0.0352
CZX-0.3 03:0.7 10%CCZX-0.3  0.0744
CZX-0.5 05:0.5 15%CCZX-0.3 0.1181
CzX-0.7 0.7:03 20%CCZX-0.3 0.1673
CzZX-09 09:0.1
7ZnS 1:0

y%CCZS-0.3 KI5 A B %5 . 0.4797 g
Cd(Ac),-2H,0 #110.9219 gZn(Ac),-2H,0 ##fi#T 75 mL
W, $Edk 60min, BB . R5,
e FREW PN 0.4567 g Bk . 0.6686 g B 24
W% ke Bl . xg CeO, (x=0g. 0.0352g. 0.0744g.
0.1181g. 0.1673g), i+ 30min, Fl/5, KA
WL 3] 100 mL K, 78 120°C J )i 12 h,
WP, RN 7Y TEK CBER 258 7K
SV . KRR AR 65°C H oS Tl 24h, 153
y%CCZS-0.3 (y=0. 5. 10, 15, 20), E KW % 1,
AR 9 ) £ ok R AN 1A 1 TR o
1.3 R1E

Bl 1 R 25 M 7E B A I 2\ W 9 XRD-7000
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Fig.1 Diagram of catalyst synthesis

R4 [ 3 Xf R S AT ST A 2, Cu KA,
NiJ€ %t B, A=0.15418 nm, 74 # /& &y 8°/min,
T R 40 kv, AN 30 mA, A i 1Y TE 55
JSM-6700 %! 47 4 1, 5% (SEM, H A% JEOL 23w ) ]
Ko M H JEM-2100 % 55 4 9835 5 L 1 8 6 BE (H
A JEOL 723 w1 ) W 3B & 19 5 40 B’ 1% (HR-TEM),
K JH PHI-5400 % X §it £ % i 7 BB 35 (Y (35 1® PE 24
) XA i 2R T Y 0 R AL A 2 R A AT I A2
FE Al 1y 28 40 AT UL 18 S5 615 (UV-Vis-DRS) H UV-
2550 1 45 4h 0] UL 43 0% % B 3 (H 4% Shimadzu A
H) W E, 2 Hobr M b BaSO,, 3 Fl 200~
800nm. i T i #% 3 & (EPR, Bruker EMXplus
EPR) H T/ Hr sk A I TE B . FF i A6 B Ak 24 1 B
1E | 48 CHI660D AY Hi b 2% T 1 il #4703,
K =R R A . MR R RE A 1Y AR 8 (ITO)
B T AR, DL Pt HL % A Ag/AgCl LI AE
S HL B NS LB, 0.5 mol-L™! Na,SO, 1 & A H
ft 8, ML TR N 300 WA AT (4=400 nm).
1.4 SEEAFEMENR

FE i B G AE Ak 7 S BB 7ETH 3E 3k AG Otk
LM RG LE . EH T, ¥ 0.01 gL
7 BUTE & A 0.35 mol/L Na,S F1 0.25 mol/L Na,SO,
1 100 mL 2% & T 7K . L 300 W R 4T /il 400 nm
BUEIEE B 7B T DGR . AR AESERE A F]
S AH (A3 (GC7900, TCD, Ar) XG4 AR I I 1Y 7
SR PEATEL T, B 05h HBRE—REE,
3hA—"EW.

T B {6 )% 1 400, 420, 450, 500nm R i &
TR T ROR (AQE), R A a0,

Ne 2Ny, Nahc
AQE = =% x 100% = ——22"= % 100% 1
=75 CT WS ’ (v

Hrb: NS5 RNHE T8 N, B ASHET
B Nu,. Nao he ¢l Hy 5r F 2 5 ON I H
THC BTARAMAE S K 5 BT BORDOGE; w
S. A AR L GRS B[]
AR .

2 #RE5TR
2.1 HRHNYHEEHSRHR

Kl 2 4 k¢ §h Cd,Zn,_,S (CZS-X) i XRD & ¥ ,
T B e 43 93 4% 43 317 i & CdS (PDF#75-0581) #1114
77 i 2 ZnS (PDF# 05-0566)"" ., A% ] £1) H At A7 5
W, BB BT 4 19 CZS-0.3 EL A AR v Y 4l E A
M. X F CZS-0. CZS-0.1, CZS-0.3. CZS-0.5.
CZS-0.7. CZS-0.9. CZS-1.0 E &Mk, W% X(H
B A A, AT G e DTG AYT S5 A 1l o3 0 5 R B
g, H7NIE CdS #FE AR RS IE a-ZnS M, X
F W] CZS-X 5 G MBS J2 T 5L 1Y CdS A1 ZnS AR

= S =TT T
— N —

= S

CdS PDF#75-0581

"NM > n-(-:“(ls

r A CZS-0.9
M«-———»MW&MA Ces07
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Intensity

’M CZS-0.3
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L y
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Fig.2 XRD patterns of Cd,Zn,_,S (CZS-X)
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& 25 F R e 2B =X, DA M Cd2p Al Zn2p AH 1LY
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Kl 3 KL CeO,. y%CCZS-0.3 [ XRD & i
A, CeO,. y%HCCZS-0.3 f 45 Fh AR &, 4
g 26=28.5°, 33.1°, 47.5°, 56.3°% %% L T CeO,
(PDF#78-0694) [ (111). (200). (220). (311)"
i . 7E y%CCZS-0.3 i XRD ¥ rf W 2% 5] CeO, Al
CZS-X M FRIE 6, y%CCZS-0.3 Y17 5 W 5 135 i %5
CeO, & A 1 (1 34 Jin i 2 7 36 K . 5 CZS-0.3 44K
K5 B9 (111), (220) 1 (311) 4 11 X B 64 477 S5 g Xf
CCZS-0.3 (1) XRD [ 1% 417 S W A R i i 52w, vl g
S H T CZS-0.3 41 Kk kL 5 CeO, JE L & M K,
SN G 5 el 1 NS R A T 5 S S 7 S IS SR G g
.
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Fig.3 XRD patterns of y%CCZS-0.3

¥ 4k CZS-0.3, CeO,. 10%CCZS-0.3 [} SEM
K& . CZS-0.3. CeO, ¥y H A7 #iL I i) i 3k F 31,
FKMOGH . CZS-0.3 fifi &£ 7F CeO, Hk ¥k m, If
B, T 10%CCZS-0.3 S Fizh . WK 4(c).
& 5(a) T 7k, CeO, 44 K BK (1) 2 T Bl 5% % 42 ik 1Y
CZS-0.3 Y KkBR5E 2 . WK 5(c) i, FhikEE
% 0.335 nm £ 0.312 nm 43l J& T CZS-0.3 44 K ¥k
) (111) fi 18 F1 CeO, UK BR Y (111) dh T, W4
B S0 A R AR 8RB T 10%CCZS-0.3 5 i 45 h
CZS-0.3 Fl CeO, 9N K Bk 24 & . 4n &l 5(d) B 7w
10%CCZS-0.3 % fi 5 Zn, Cd. SHICe. OTTE
IAE, FF-S) 50

500 nm

El4 CZS-0.3(a). CeO,(b). 10%CCZS-0.3 (c) [ SEM [E1%
Fig.4 SEM images of CZS-0.3 (a), CeO, (b) and 10%CCZS-0.3 (c)

d—Interplanar spacing
#'5 ((a)~(c)) 10%CCZS-0.3 A HR-TEM [&1%; (d) 10%CCZS-0.3 AY
EDS mapping
Fig.5 ((a)-(c)) HR-TEM images of 10%CCZS-0.3; (d) EDS mapping of
10%CCZS-0.3
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CZS-0.3. Ce0O,. 10%CCZS-0.3 5 i 4% it XPS
B % an & 6 it s o i 1B 6(a) AT WL, CZS-0.3 I
CeO, 7%llH Zn, Cd. S flCe. O JLHE, 10%CCZS-
03 3 iz Zn, Cd, SH Ce. OLEAM, 5
2 5y W) 4 . AE CZS-0.3 i S2p HR-XPS 1% &l
(F 6b) H, BTl =LWAE AR, BT
P A 3B REAE I, 43 5 D 159.20 eV(S2ps,) il
160.48 eV(S2p,,). 1 & 6(c) Bt 7 , CZS-03 1Y
Zn2p HR-XPS i [8 4 3 T W A~ & 2 REAE I, 45
A HE N 1022.04 F1 1045.04 €V, X R T Zn2p,,, Ml
Zn2p, 5. WE 6(d) FiR, CZS-0.3 H' Cd3d [ 1E
I 43 %1 4 403.36 eV Fl 409.66 eV, X i T Cd3d;),
Al Cd3ds/p. HITF CZS-0.3 45K Bkl CeO, 44K EK
6] Y 5 AH B AE . 10%CCZS-0.3 5 Jfi 45 1 S2p.
Zn2p., Cd3d 7r il Mk 4h & REAL E B 3h . Kl 6(e)
1 529.16 eV 1 530.78 eV 4k Y O1s 1§ 43 31| % 1. T
10%CCZS-0.3 5 Jit 45 ) i A% S0 FH I B 40 an ] 6(f)
Fi7R, 10%CCZS-0.3 5 i 4% i B Ce® Al Ce™, A F
T CeO, H 48 25 0 (19 T8 1R P A B 22 [H] /Y F
TR X F CeO,, 881.77. 885.11. 888.70 Fil
897.46 eV AL [FHEIE)E T Ce3ds. 900.63. 902.38.,
906.95 I 916.55 eV &b {1 45 1iF % J& T Ce3dspe 5
CZS-03 & £ 7, Ce3ds, 1 45 1 I 75 Jy 882.11,
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(a) Ce3d Zn2p
\ 10%CCZS-0.3 159.20 eV/ "\ N\ {60 48 oV 1022.04 eV Zn2Pin
Zn2p 1 1 045.04 eV
2 2 2
S \ S CZS-0.3 E) 7503
= = ! =
A= Cead o 158.96 eV, 160.04 eV = 1019.43 eV .
1 N 1042.49 eV
s Ols Ce0,
10%CCZS-0.3 10%CCZS-0.3
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530.53 eV NG L
2 2 2
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5 . § | CeO, - 5 [cCeo,
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. I .87 ¢
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Binding energy/eV Binding energy/eV Binding energy/eV

Kl 6 (a) FEAAY XPS 4xiik; FEMLAY XPS: (b) S2p; (c)Zn2p; (d) Cd3d; (e) Ols; (f) Ce3d
Fig. 6 (a) XPS full spectra of the sample; XPS of the sample: (b) S2p; (c) Zn2p; (d) Cd3d; (e) O1s; (f) Ce3d

885.14, 888.87 f1 898.20eV. [f [}, Ce3d,, 1Y%
{H 17 900.86. 903.02, 907.30 £ 916.72 eV fi % .
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