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WA ZnOE E 7 B SR ZnS. CdTe. CdSe
FICAS) N A4 = ZnOF] WGk it A3 ko7 ko200,
Horh, CASHE A A il ] T ZnO2 S AT WOkt
7, TR A 35 11 ks S R ARACL, B0 RUBE T 3 A
fig e Y BARCASYNK i LA B
ferEgE, EWAEERRE. REEAE. ER TS
RGHE A kg BIRESH, MR AMSE T CdS
G A A 2R P22,

TR E R, AR, BATCLIC KBS BREE R,
Wit O RS T IUEAN S, TERER T BA RS
B AR AR, X2 hiS B ZnO %S O k.
FEIX R & O R, ZnOZS O iR i a7 2k
R RA R, iEEECd 5STHIEIN, PIFCdS
YK IR B ZnO %S DER |, $R1ECAS/ZnOE 227 7
JREEFCMEAT. 456 2P RIETF B, SRITZ AR R
B SN ESE T LR

2 SIS
2.1 JEKZn(CH;COO), %
¥4 Zn(CH;,COO0), 2H,0M AN MEFE, F100°C T i
10 h, 4.
2.2 HiSRARH A

FREUIE /K4 g Zn(CH;COO), A 490 mL £, [
=i, A8 ¢ T VIR, IREWRELS0C, i
FEH /K Zn(CH;COO), 15 fi#, itk RIEFITBLRE )G,
Ak BIR N 160°C, TR AR v LR B B P & A
SN, A DU AR SR ARSI 10 min. 2 JE SR,
RER R AN, AT HDE, RSV 2 IR, TR

2.3 ZnO%|%
A ORAARSE A B R I, 450°C FARIE2 h.
2.4 CdS/ZnO(CZ)H%

FREL100 mg ZnOFF i T-Hedr, 50 mL2& &7
K, EUVIRR RSB0 wt%, 20 wt%, 30 wt%,

40 Wi%, 50 W) BRHUH L ICACL, 2 H OMIA
Horr, $i#E2 h, SRJEFRIBUGT B 5T 5 I Na,S-9H,0, A
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RAET, BRSOV he B8 =0, KR LRS-
=R, TR 10 wt% CdS/ZnOfE#RN1CZ, HAtizcds
8B A E 9 BIFEIFR N2CZ. 3CZ. 4CZ. 5CZ.

3 FRGE
3.1 CdS/ZnOWIH 5454

K 1(a)E7R 7 ZnO/CAS L CZ R HE A FE T IXRD
Bl MBI RT DA H i 4 T 4E8Zn0, ZnOFE i)
LN R ZnOIFRE = i (PDF J199-0111). ZnOFF
FRFE2 thetaZ) i H31.8°. 34.4°, 36.2°. 47.5°4156.6°
Wb FRAG AT, BT LAy AN BT AR #EZnO¥ (100)
(002)~ (101)~ (102)LA K (110) 4 THI(PDFFK F799-0111).
A LUE B, CASHFE i F ZEFAE I B /R AEAN[F] (12 thetafir
B, 7 HIN25.1°, 26.7°. 28.4°. 43.9°552.2°, 4K}
MF(100)s (002)s (101)s (110)F1(112)4 H (PDFF F
01-0783). A& IXRDEE R A1, ZnO K& RHICZFE i
B RRZnONIRHIE . N T IEBHCASHIRR IR, FRATT
42 thetafE23.9°~29.0°3E [l 11 ZnO X CZ Z F FE [FIXRD
EIE BOC I E 1(b) B, B 1(b) T LAKINIE, B2 CdSYL
PRI, RAIFE S AE23.9°9~29.0°50 Bl Y B T 1§
S i 2 8 (1 CASRFAIE I, 130 BH CAS A K FIURL B D T AR
ZnO_ k.

HH SEMXS & B 1% H (1) &5 — 28 pir 45 2110 724
HAT T RAE, WERa~DR. IWE2(a, d)n] LUHITE, §T
KRS R BROIR, RIBRER T T hH, EARLE
1~2 umx [8]. FrgkiAE—S & BikE, 42120
FE S AT IR B AR SR B BROR,  AF A 5] UK IR 1
BATIRAAHLRE(2(b, e)). E2(e) T — M IFIZnO
BR, ISR, BRI AT B ZnORE R S
O, HEWIX L BT TR SN K. Z )5, EZnOXk |-
DURRCAS, EERERITESWE2(c, DFT/R, ZnOBk Lt
TR Z/NGRL, X e/ Nk T CdS, 454 R SCXRDI
AT LAEITE CAS AR AE, 2 — P UE I CAS TR 2] 1
ZnOFER . CASHIURL I N R A FE AT e b R
I B B K 1) bl 2R T FRURI B8 22 9 S RS PR . SRR
2CZEE T B S o R o A AT E2(g), X
7RG, tRE AR BHZn. 0. Cd. SPYTERIE
1%, HHZICRIME2CZ EoAitss]. iXWENIE T 1E2CZ
B E AR CASYIAH 5 ZnOPIH 1 K%

N T SR A BB S R RS, SR TEM



FRERRE: L2 2024 4 BS54 5B 10 3

ara ] ] — b
PDF#01-0783 | |
o "“"'\__ Y, i . e
5CZ
A Rz
-~ cz
5| 4z
&
2| 3z
= plvA
=
2 cz
] &8 A N
o i ‘| ‘ Iz
Zn0 A fl
_JW b S, WD e ——
g Zn0
PDF#99-0111 | | | L 1.0
T T T T T T
10 20 30 40 50 60 70 80

2 Theta (degree)

B 1 (M&BREE) (a) ZnOv HRHICZKCISIHIXRDEE;
(b) 2 thetaft23.9°~29.0° X [A] Bk i

Figure 1 (Color online) (a) XRD patterns of ZnO, series CZ and CdS.
(b) Magnified pattern of 2 theta value 23.9°-29.0° interval.
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W3R, i@ K3, d)r LU H, ZnOFE M ERR4h 3

BONHLRE, RERS N R S:CAS R TR S A 5 5 i 5 11
&, AT EEEB(A) AT LG H, ZnOXERAAR A 8] 2t
BRI G 2SO RIRHE. 5348, K38 B3 (c) Fs, 4icdS
FE M TESN RN — B RiAR 2910 nm 9Kk, 76
ZnOFR [ # CASAK BN 5, W3 b, e)fixn, CdS
YK SR 15— ML B 5 AR ZnOBRE T, WA 18] 5 11 1)
AR TR CAS/ZnO i 4. itk — IR iE2CZFF
i P CASHZnOM A7, AR 2CZAE ity 1 11 [X 35,
TATKHRTEM K. W l&I3(f), A7 £ BT T L A 7 1
B2k, WA 3 10 8] 2R 0.248F10.243 nm, 43 )
X RNZnORI(101) LA S CASHI(102) i .

X8 HL 1 BE I (XPS) 1T LA SR 706 R 6 1
TG A BRI RS, T2 R FH XPSXT il 2% R it gk
1T T RAE. Eld@)dhh 7 &R IXPS A&, Mrm]
PUE H B —ZnOFE il FAFEZn IO E K, 4liCdSHTRL
TAHCIMSITER, M2CZE AR i AR H Zn 07t
K, BN T Cd5SotEk, HBA LA A 5 KRR

Tum

B2 (MK (a, d)RTIRTA; (b, €) ZnO; (c, f) 2CZIISEMEIE; (2) 2CZ M HL 1 EIE 2 % 7t K 1 4347
Figure 2 (Color online) SEM image of (a) (d) Precursor, (b) (¢) ZnO and (c) (f) 2CZ. (g) Electronic image of the 2CZ and the distribution of the

elementals.

1879



TN TORR B B DM CAS/ZnO 53 BT 85 G AL R LA 7 &

B3 (MEREE) (a, d) ZnO, (b, €) 2CZ, (c) CASH M IITEMEE; (f) 2CZI1 54 ¥ TEM (HRTEM)K
Figure 3 (Color online) TEM images of (a, d) ZnO, (b, e) 2CZ, and (c) CdS samples. (f) High-resolution TEM (HRTEM) image of 2CZ.

eV, M E4(b) ZnHIXPSKELHIE AT LLRNIE, ZnOH7E
1020.64 L4 52 1043.64 eV H BLHT AN RFAE 06 Xt BT Zn
2p3, 570 2p, 5, VBT ZnOH 1Zn™", TAE2CZA, THAS
FEIEVE R A7 B R4S & e U7 A2 30 El4(c)HhO 1sHymT
DAL AN 20 A2 F-530.03F11531.48 e VI 45 & fit
e, 43 I6F S T ZnORER o i) S i SR B 24 )
FE, O IsHIXH MG IEME2CZH B KL A Re s
). AR —ZnO, 2CZEGFFHZn 2pFIO 1sIEFR
FEBAR I 45 & fE, IEW ZnO/CAS 5 i 45 i Ih R 3. % 1
Kl4(d) 9 2ECdS, 17 T-405.05F1411.81 eV Ak i /i
53 @ T B aiCdSKE P Cd™ ICd 3ds,MCd 3dy, H
AP K CASIRL i B ZnOBk FiE, TTLLE F),
2CZHCd 3P ANRRAE W 1) 58 i (1) 45 4 e 5 1 A% 3,
4391 °9405.22 (Cd 3ds,)F1411.98 eV (Cd 3dsp). XFFS
2ptH L T AL 5, Eld(e)in, S 2pfh & A
W45 A R A L T AECASH, EAIfE2CZHh A
ESE AR, BTS2, Zn 2pMO IsHIEALRE J7 [A1E
A FCd 3dAIS 2p. BLHATE2CZH, HL-F i F M CdS
W IAZnO, X 7] LLH K F 3 B 71 5K EEL.

3.2 CdS/ZnOW =5 1t:fE
TE G R R X 54 AT T Ok AT &R, KIS
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(a) NPT WA (>420 nm) e FZnO. CZRIIE A
MCdSHp it = A BE R A th 4. B H ] DUE
BT B ZnOTIasR I 7= E0E M T L°F- 7T DL 2B AT
T3 A 1y BRI BE 8 i N 1T UL, CdSEK
$i 2 45299.95 umol/g/ =S F (E5(b)). MA M
Wy JE, RACZHMIH,ERER TR KR,
1CZ. 2CZ. 3CZ. 4CZM5CZEE S P SRR N
1000.30. 1558.85. 909.18. 757.66#1663.89 umol/g/h,
PIRKTZnOMICdS. HA2CZFE AT WA T4 hiy
PIr=EE iR, MY I CASY KR IE = 1 5.245,
EbZnOBRIE 1 740815, R tHIEHI20 wt% 2 CdSTE
ZnOTHERZR H FI B AU L. X 15 B ZnO 5 CdS Il
BT RS A, R B ER T 5, HEmi AR &R
(G HEAL I M RIS 3R T

FeMEA T 1R e M A F T B AL A RE 0
EEA L, e ELEER I BB AR B A o DA S
BRI HANME. ik, AT 2CZE AR T4/ R
—AMEIR, A 6IRTEFR I 24 hOFEFR IR, I
R RWES (). &REY, 2CZHMIE424h
FH A EEEA T N, &4 ha = aim A
2896.6 pumol/g. ¥ 11 1) FEHEI 5 7% 0 55 K £E i it
PR32 71 S EE WA TR A 6, REF SR
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Figure 4 (Color online) (a) XPS full spectra of each sample. (b—e) XPS fine spectra of Zn, O, Cd and S.
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SPEUEK 365 nmAbES, 2CZFR M & T RCR B i
KAE, F4.89%. ZJaBEE NGB, AQYH
TR BRI, 420 nmAk A1 FF201.1%. K448 N, AQY
B NE 20, BRI AL, 2CZE EREAQY AR
it 35 5RO G TS R E [ ).

3.3 CdS/ZnOf¥y Yt b Sk it

PR ERCR P FO B A TR AR R, 3R
AT T 4 5 2R A0 0] IL(UV-Vis) RIS s, I
iR NEe(a)as. AILLEE, ZnOREKR RIS 7
430 nmZc A7, UiAAZnOSE Hima B4 1 X S K 1 6. T
CASYKTRL IR A TE620 nm A A+, X FEILAEA]
W RERS IO HORAEBIR 7. RIICZE & HEM IR
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Figure 5 (Color online) (a) Photocatalytic hydrogen precipitation performance curves of ZnO, series of CZ and CdS. (b) Comparison of hydrogen
production rate of each sample. (c) Hydrogen production cycling diagram of 2CZ over 24 h of light. (d) Comparison of AQY vs. light absorption of

2CZ at specific wavelengths.
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TR NI F R4 B FERERCR T H Gt
AR R B G2 AR BRI, ki
iR 1365 nmyGEUK T 15 2] ZnOTERFI2CZ 3R T PL
ik, g5 R R T Eeb). R EIEMER, AT
TEZnOTYER FIPL A S i 5 B, FLIRE2CZHE G 1R
B SR . VLB —ZnORERDLAE R T E &) LE
IR, T 4ZnOMEREESE CASYN KRG, & OG5R ) B
IR, KT CAS/ZnO S il 45 1A M, Wi A 2%
MRS AE HIR T R S &

FE AT ILGHE BT PRl T B RE b R S s L A e
Nifig /1. HE6(c)Eongs BAT A, ZnOL RIS H
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WA, 5ZnOF AR, CISFEE52CZE SRR
U — 5 1) e NAE S, fEEE 2RI RAT
T, PR RS RIGHOEm BRI G J). —AkH
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I NS B HER A 2CZ > CdS > ZnO, Hh2CZ
S ARERDG B R R A 23,6 pA/em’, 1K TR
4B ZnO N RIAZFE, R 412 CdS (6.5 nA/em’)HI3.64%.
FHICAS/ZnOR 1) 57 73 45 i 30 e AR 3 1 K 20 5.

AN, R T IR A R T I A
R, MR T ZnO. CASHI2CZEE () H Ak 2 B Pt it
(EIS). FTAE Sk MEIS Hh 3 280N, FomiZm Bk A
AT T, EISTNR S R inEle(d) iz,
B A W22 KNI £ ZnO > CdS > 2CZ. EIZnOf
B 1K, CASHIHR RS 1k 2z, 2CZIH
PRSP S f/ N, ULWI2CZRE S AT B v ) PR Ty A
Mok, AR T EA S AR EEIES 5k
AR, ENE T ZnO5CdS 2 (Al 5 i 45, R
AT SR CE N EMEER.

3.4  CdS/ZnOW) Yt AL HI S AHLEE
N T ARBH2CZEE TR CAS/ZnO 7 45 9 A =,
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Figure 6 (Color online) (a) UV-Vis absorption spectra of each sample. (b) Steady-state photoluminescence (PL) spectra of the samples obtained
under 365 nm excitation. (c) Transient photocurrent densities in the visible light (420 nm < A < 800 nm). (d) Electrochemical impedance profiles of the

samples.

MR TE5E T ZnO K CAS IR 7 58 5 KAy, AITTHE S &
I RE R AL B, DA E 91 SR PME 775X El6(a)
H 48 Ah-v] WL A% 1, SR A Tauc ploti:, ##:45 3] ZnO
TR 5 CASHKITRL 1 (ahv). vs. hvilliZg, WE7(a, b).
FERE PRI E|ZnO 5 CAS I BRAE & (E,), 737 43.06
F12.15 eV. XPSHr it ah S AL a8 S e B L
W AL (Eyg). TEE7(c, d)f, 7] ARIIEZnOERFICIS
YK ITORL (AR 5 5 KA (VB ) 70 1 N 2.42V 11,38 e V.
IR, A 2 5

Exyp =9+ VB, — 444

R B U AR EE AR B34, pH = 0; P R RN
WA KT Ih R B, R 4.5 eVl WL i ZnO
TUERFI CASAN K RIRL (1) Evg 73 70l 92.48H11.44 V. Z 5,
SRS

Ecy=Ey—E,

H4EEHHEAR M Zn0 5CASHIM B AN, S —F
()-S5 BLAE 20 5 —0.58F11—0.71 V(vs. NHE).

N7 B R FLZnOTIIR 5 CASH K TR 2 18] 7
TEZB B AR B AR R AT BEE, XFZnO  (101) & T Al
CdS (002)fhTHHHAT T % iz R ELS(DFT) 5, e
A2 AR IR Ak 2 T ) R (D). AN B AN FLR
INDI NSRBI, P B o) SR B
[ @R B RERE IR, KRN ERE T
PP S A foh T A P R Ay ST, 2 T R A R A
AL — S N oY TR TR B R 0 TR
w7 HE8(a, b)AT&N, ZnO (101)&TAICAS
(002) ¢ T 1 ) R AU AE 73971 9 5.60 54.49 eV.

B A S B ZnORCAS A B AEHs AL AT
PR, AL ER(c)RET A~ K. T ZnOM)
IR BURF-CdS, MCASHI R KBEH (ED =i T ZnOHIE,.
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Figure 7 (Color online) (ochv)2 vs. hv curves of (a) ZnO and (b) CdS. XPS valence band spectra of (c¢) ZnO and (d) CdS.
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Template-free synthesis of hollow microsphere CdS/ZnO heterojunc-
tion photocatalysts for photocatalytic hydrogen production
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Abstract: Zinc-based composite spheres with good dispersibility were synthesised template-free via ethylene glycol
and butanetetetrol-mediated synthesis using anhydrous zinc acetate as the zinc source, followed by calcination to obtain
ZnO hollow microspheres. A series of CdS/ZnO composite photocatalysts were obtained by loading CdS nanoparticles
with different mass ratios on ZnO microspheres by chemical precipitation. The experimental results show that the
introduction of CdS successfully expands the light absorption range of ZnO microspheres, enabling the system to absorb
more light energy for the subsequent reaction. Combined with the band gap, energy band potential and figure of merit
obtained from the tests and calculations, it is found that the energy bands of CdS and ZnO are bent at the contact
interface, and the electric field constructed therein assists the migration of photogenerated carriers.The formation of a
compact Z-type heterojunction between CdS and ZnO enhances the separation efficiency of photogenerated carriers,
providing a good guarantee for the photocatalytic reduction of hydrogen precipitation, which leads to a hydrogen
production efficiency of the 2CZ composite samples under visible light irradiation of was 1558.85 pumol/g/h.
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