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FE. RARR-BREE R T 848t 745 (ZnO QDs), ¥ HIE M ERTE CeO, ik I, #1451 ZnO QDs &
Mt CeO, 1] WOGHELH] ZnO QDs/CeO,. @i XRD. TEM. SEM ik T ZnO QDs/CeO, LS FITES, %%
T ZnO QDs/CeO, Ffi# % P+ B( RhB )y ] WOGAEALEfE , 4 i Ak 2= 4T EIS ). UV-Vis i T ZnO QDs/CeO,
POGHEMERE . Z55R, B4R 5~8 nm 1 ZnO QDs #J5) 437 £ EL 4 800 nm fY CeO, BRI I, ZnO QDs/CeO,
B 97 3 BB B 2] 550 nm, 0.10 g CeO, f17% 0.02 g Y ZnO QDs #4511 0.02 ZnO QDs/CeO, BA Tl Ak
[%f# RhB AYTERE, 0.02 ZnO QDs/CeO, (50 mg ) 7EAT WIGCHESS T, f#ALF#f# 50 mL 4RV EE A 0.1 mmol/L RhB 7Ki%
W, 120 min i RhB MIFEAER A 94.1%, TiAHFREZF T, CeO, M ZnO QDs 1) RhB F#fEHN 21%H1 58%, 457
(h") J& ZnO QDs/CeO, YL I# M RhB M FZHEPEYIF .
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ZnO QDs sensitized CeO, for enhanced photodegradation of
RhB under visible-light

ZONG Yichao, ZHANG Fuqing’, GUO Lirui, YUAN Jun
( School of Chemical and Environmental Engineering, Wuhan Institute of Technology, Wuhan 430073, Hubei, China )

Abstract: Visible light catalyst ZnO QDs/CeQO, was prepared via impregnation of zinc oxide quantum dots
(ZnO QDs), synthesized by sol-gel method, onto CeO, microspheres, and characterized by XRD, TEM and
SEM for structure and morphology analyses. The ZnO QDs/CeQO, obtained was then evaluated for its
visible light catalytic performance on degradation of Rhodamine B (RhB), and analyzed via electrochemical
impedance (EIS) and UV-Vis for its photoelectric performance. The results showed that ZnO QDs with a
diameter of 5~8 nm was uniformly dispersed on CeO, microspheres with a diameter of 800 nm, and its
optical response range was extended to 550 nm. 0.02 ZnO QDs/CeO, prepared by 0.10 g CeO, supported by
0.02 g ZnO QDs exhibited the best photocatalytic performance on RhB degradation. Under the reaction
conditions of 0.02 ZnO QDs/CeO, 50 mg, initial concentration 0.1 mmol/L RhB aqueous solution 50 mL,
reaction time 120 min under visible light irradiation, ZnO QDs/CeO, showed a RhB degradation rate of
94.1%, while CeO, and ZnO QDs displayed 21% and 58% respectively under the same conditions. Hole (h")
was found the most active species in ZnO QDs/CeO, photocatalytic degradation of RhB.
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TERBEMY, 2P B (RhB) XFREILLL B,
e — PR B R B N A B = 2K e S e
Bl Wl —FEUEY T, RhB K EATMEREAR . K5
B ORI & | AR AR

Ab B K AL G807 vk T A W BRI R kD A
) R S I A= W v Sl S S W S /B 2
AR LISEERE R V5 ey ol 3, RS Y i Ab Bt T e
— ., JCIRIE RN R AL B BER s AR RS
L E AR AT LS BGHG e i ik — 2B A B, H S Sk
PG MELIXT BRI, HA B AL 5 1
W, MELLEAE; fbeEA bR B B, A BE
SN IBE G BT Ye, HAxkZ RO N, RRR
%o e A P H SRR N JE kT e s R T 1
FEH M7 T 2R VR 4k 2D)JZIR TisCy
fiidE =4k (3D) fEERIR Ti;Co/TiO, B A 41K, 6
ALY 90 min XTERYEMLT (AF) BEMERILE] T
97.57% +ERPTEEVIIERIR DY T HE . Gl . AR
MIEARL, oS kEdk = H L LEL ( CTAB) S HRABEAR
N, RADKHRGESI S T . BB 290K Tio,, X
RV A 20 mg/L A IE Y 6 7E 90 min PN Y A
TEREfRIRE] T 97.75%,

CeO, &—Fhif -4 @ Sk, BA ke A
Fn LS (T DS T A S5 ). B g AR R
it 71 (0SC). #mAy A JFEMERE (Ce’/Cet ) 1Y,
e AT 2] ) A, Rl el
AR AT BREN AR COM R A AL ot EE
5 — BG40 (2 SR MRS, W Tio,™ | Bi,05'
&, CeO, HAERIMIEHHB (E=3.2 eV), XK
PHOG RO R AT B, DT BR ) T e A 1 g
HIRE— BT A T AR CeO, AR Y1,
56 0T LSRRG R, 45 e A L -8 O A
FERIRR, B4 S 5 o e S A b ) o
784 REAEEDTE CeO, B2 T AN 1)
TiO,, FHff TiO, B ALY AEZES CeO,
g A, CeO, ¥ T A TiO, 347 (CB), 5L
BT H R RUL R, MRS T CeO, YefiEfbiE
1, TEA VOGRS T, 160 min N RhB #58 4FEf# ;
KARPURARANJITH %5200 i 7k Pk il 4 T &b A0
£ (GO) -ZnO@CeO, EAMEL, X HI RS iy R
fif IR 99.66%, 3 T GO-ZnO & &KL CeO,
YKk, XS T GO-ZnO@CeO, A K E A A
A R TR R AT AT IR UC BE RN A 1) 2 1
2, AT E e ERE

AR, 875 (QDs) HHAA Ay T BRI
BN KBRS S O R FE S SO AE
AR AT AR 2 T Tz AR, 4 C QDsY  MXene

QDs"*?| P QDs™| MoS, QDsPH45 , £ [E A%
C QDs ULFRFE TiO, I, 1320/ & 10 57 B i 7 H
L RCRIE A TIO, 1Y 3.5 1% . 1k 2255 ] Ag QDs
BRI, AUEN BB =4, M ELAEfE R
S AR A LT, AT I 2 B T F ey A% 28 R B AL
R, PEEASCRIE ALY 60 5. ZnO QDs J&—
i B 58/ R I 2 S AR g ok ke, B g T ~ Vi
F AR, BATEIR . ZAaTEERA, Hb
P2t e e FOCRERREOL S, B Y RS
JEHL R AT B AMAEII R P 24 . T
HJE, ZnO QDs F M F (5 HL A8 e @ 17 & im I
TG, L E Ol T 2 AU A S AL R
BES, T AR WYL K B Ay T HL A 1908 7
FHTER,

LEAARRBHB N T CeO, EEWICHEALIE it
A HLYRLE K BT 20560122 AR Sc il i A
R, SRR 5K Zn0 QDs figk iy
CeO, Bk LKl 4 — 551 ZnO QDs/CeO, AW
PIAFIH ZnO QDs iyt fb 24 R M K i BRI
i CeO, WML IR, 34T CeO, 2R 1H HE ML
M DU i CeO, HYJGHEMLTERE . i@k XRD . XPS
SEM “¥KAE ZnO QDs/CeO, E- A BRI LI AL,
KM UV-Vis, HAbZEFST (EIS ) Sl H G
. %%¢ ZnO QDs/Ce0, B &KX} RhB AL [%
fErERE, TRFTH AT REAY AT OGS R AL

1 SCIGERSY

11 ERENEE

Ce(NO;);*6H,0 . VKAEATR . T IR Bei K30
(PVP-K30). 5B (IPA), Z 8. KB,
Zn(CH;CO0),22H,0. KOH ., RhB ( Cy3H;;CN,O; ).
IECbE . BRI BT {(Ks[Fe(CN)6l}  JIE £k 5 1k 41
{K4[Fe(CN)¢]*3H,0} . KCI, Na,SO4, AR, L ¥#
s A LR A BRA R KRR (p-BQ). &
T WU 2R 41 (EDTA-2Na), FigBTH: T A4k Fl
B A BR AT B 80 S% A B e, T
EETK, Al Ira bl maE i

H1850 &5 d s .obl, Wm AL = 4L
I RARAT ; CY-M1200-11 BIORAE 0, K
M BGERRL 2= ASRE BR2S 7) 5 D8 Advance # X B4 AT
S (XRD), f#[E Bruker 23 ; Gemini SEM 500
I % A T WS FESEM ), 72 [H Carl Zeiss
/3] 5 JEM-2100 2957 5 H - b 858 ( TEM ). EscaLab
Xi 8 X FEIHE TR (XPS), HAHRTFHAS
15 UV2600 £ 2E50-1] W43 RE T (UV-Vis ), H
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7% Shimadzu /A &) ; CHI 660E %I fb2% T /Eul, I
W RAEHBRAT ; TW-BKI132F B PERERF T 4L 1t
FTH AL AT AL, ACHORE T TR H R A BR A
Al ; PLS-SXE300 AUGUAT, dbmt ¥4 IERH A IR
NE]

1.2 HEHZE

1.2.1 CeO, ##H) &

¥ 8.0 g( 18 mmol )Ce(NO;);*6H,0 & fi# 75 64 mL
FEFKM 160 mL £ —BERIRA R, 53 10 min
RIS P 2218 A 8 mL vKEATR , k2
¥ 5 min; A5, WA 6.4 g (0.13 mmol ) PVP-K30,
Pt ¥ 40 min SR A )5 o LR R £ 80 mL
R OB NRAFE W T, FFFE 180 CTF I}
FF 22 h R MBS, WFES HIJCK QB 81
KA AIGEY 3 IR, BABAETE 80 °CF T 3 h,
£ 500 °C 4B S h (FHEEZ N 10 °C/min) BY,
TCFWTEE, BNAIA58] 1.3 g IR E A EIR CeO,,

1.2.2  ZnO QDs # %) &

# 4.2 g(74.85 mmol ) KOH Sl AF] 50 mL £ —
fErb, i 1 h 2R, ICNER A 22 ¢
(110.00 mmol ) Zn(CH;C0O0),*2H,0 I AF] 100 mL
LEEH, 70 CAKMHMER 1.5 h, BEZIEWOC AT
W B; BfJE, KW A ZIEHEABE B H I AW
FE A5 20 MOR A SF R TR IE C %, #HE 30 min,
WAEREEBLHLF, 8000 r/min 2.0 6 min, H
TREUEY, K GBEMEE TR 3 K,
FUTTER A BIEFR MY, ABAEFE 80 °CF T4
1.5 h 155 1.8 g (YR, 0 EE15 2k KA i ZnO
QDsP, &,

1.2.3  ZnO QDs/CeO, # 4] &

# 0.10 g (0.58 mmol ) CeO, I AF| 10 mL JE/K
CEEH, HiFE 30 min; HU—EFia (0.01, 0.02,
0.03 g)ZnO QDs A LR AW, L 100 W
5 AT 40 kHz B985 3RS (DR ) 1 h,
A G = EEOHLT 8000 r/min B0 6 min 13 F
JZUTTEY), MK M EBFRSVER 3 K, ¥
DIVEF R BIGFRMAp, AR AE 80 °C T4 1.5h
331 ZnO QDs/CeO, o 4 H ZnO QDs Jii st ( 1
#HE, FRF) N 001, 002, 0.03 g fEA) ZnO
QDs/CeO, FEf 43 H1iE M 0.01 ZnO QDs/Ce0,. 0.02
Zn0O QDs/Ce0,. 0.03 ZnO QDs/Ce0,,

1.3 RAEAFEFHEEENK

FH XRD i ZnO QDs/CeO, fufkZ5# , Cu K,
ST, 26=10°~80°, % /1] SEM Fl1 TEM %} ZnO QDs/CeO,
JESR AT, ] SEM BlE 1 X HHRREIRY

( EDS )X} ZnO QDs/CeO, i#47I02 4341 Fl UV-Vis

HEATWBOGTEINA, DU ER VR R bR o S5, i
KAl 200~800 nm. >R X O oL T RETE AU A
ShIEAT R I, 83T XPS #4F ZnO QDs/CeO, F)
FMETCR GMEL .

SR AL 2% T AR B A7 H Ak 27 R E 27 )
SRS, DI AU SR . B 22 r AR DL R TR A AR
1) LB B89 40 A Sl 2 L A, L X FA R T A LA
PL 0.5 mol/L 1Y Na,SO4 /K W N HL MR . TAF FL K
f 7845774 M B 30 mg ZnO QDs/CeO, 73 HLTE 3 ul
TN 0.6%) Nafion Z B, #7501
30 min, {fFH 2 mL ¢k % 45 HUM i 2017 R 7E 1TO
FHIEE b, 7EEIR FCE 30 min A4 H 2 TR
HLAb A BEAT (EIS ) 33X i e A S0 v VM Mk B X
0.1 mol/L Y K3[Fe(CN)4] . K4[Fe(CN)4]*3H,0 Fl KCI
TR B 7K R
1.4 LK

il = I T B RhB SEPEHT ZnO QDs/CeO, 1Y
AR R At 1 BE

PInz< 400 nm #EIEE R B 300 W RUAT
WG, SEFEUF ;¥ 50 mg ZnO QDs/CeO, #7543
BAE 50 mL #J 4R E N 0.1 mmol/L i) RhB /K
H, ZJEROKE R E T REALBEHE 30 min, DATSBRAE
AT B 2 B AR TR At R K g sz el 5 B
O E R E T RN E E o 2 em AR TFIROGIR,
£ 30 min WA 4 mL FE S KIE W, IS AS B DG
OS2 AN FE B T K. BOBR AR,
Hh-AT WA 66 BE I 5 RhB /K WAE 554 nm ALY
WG RE, M4 RhB ¥ (x, mmol/L) -MGRE ()
Frifi th 23004575 2 y=0.2047x+0.0158 ( R*=0.9966 )
FHE E RhB /K RhB B9, SRIGH#R (1)
THE AL X RhB f i 2

D/%=(co—c,)/cox100 (1)
K. DA RhB B, %; co. ¢ 20%14 RhB (1)
WG KOG REITR] ¢ B RhB B EE, mmol/L.
15 BHEEXRXR

N T Kl ZnO QDs/CeO, 1 RhB Yt fif i 4
M FEIEMY T, AT T H RS, R
T ¥ 50 mg ZnO QDs/CeO, #7543 HIAE 50 mL ¥
J# 4 0.1 mmol/L i) RhB /KIAEWH, ZJ5# RhB /K
BB TREAASERE 30 min; BEF 2 50A 4.6 uL

(0.060 mmol ) TPA, 2 mg (0.019 mmol ) p-BQ.
22.3 mg (0.06 mmol ) EDTA-2Na, B0 & T
FOWAEE 7 2 em AEJFUR OGR4 30 min Y4 4 mL
FE KIS, S AN 1) S A b B 25 Hh b 78 25 2
TR, M BRESE 3 K, ZJFELIHIT RhB WHE
AR
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2 #R5iTe

21 HHERFESHT
Kl 1 4 ZnO QDs.CeO,.Zn0O QDs/CeO, ) XRD
e, WA ZnO QDs fii T 260 = 35°~39°4b [k

KK,
a
p=1.075 ;

f 35 36 37 38
26/(°)

24N A /\._A/@?S?i

A CeO,

0.03 Z1iO QDs/Ce0,

0.02 ZnO QDs/CeO,
0.01 ZnO QDs/CeO,

ZnO JCPDS No. 04-004-6457
CeO; JCPDS No. 43-1002

T R

10 20 30 40 50 60 70 80
20/(°)

1 ZnO QDs. CeO,. ZnO QDs/CeO, f] XRD i [#

Fig. 1 XRD patterns of ZnO QDs, CeO,, ZnO QDs/CeO,

ME T TR, — RS R R 23 51 5
ZnO Fi#fEF (JCPDS No. 04-004-6457 ) Fl CeO, HY
bR (JCPDS No. 43-1002 ) ——Xf R, I HFrA
FEM B A B . ZnO QDs/CeO, H A ] 5
CeO, VA LERBI(111), (200), (220). (311)f
A ZnO £F5F07(100) . (002)., (101). (102)AHTH o
BRIt 241, ZnO QDs/CeO, 1E 20=31.7°, 34.4°%f ij
1) ZnO £ I AP R IEAT ] R0 3, w125 E R,
I T ZnO QDs/CeO, G},

M 1 WAGEIRTLIE i, ZnO QDs 1E 20=36.4°
A AT T I B T (10 1) AR IHT R T AT ST i) S FE 5
MRHTRL /I SEX — B4 PY . ZnO QDs Y Sk K
/AT LS Scherrer 22U TIHE . d=0.894/(fBeosh),
K A0 CuK FaSEK, 0.154nm; 0 WA X
RSN AR IS, (0), MAbHy 20/2=18.2°5 BN
Bl 1 A EIRY ZnO QDs A7 I A P08 58, 1.075°C 3K
JE4 0.006m ), RS H: d(101)=7.99 nm, XFH
QDs B RSFYER (2~20 nm ),

& 2 4 ZnO QDs Y TEM & K RiAE 53

M 2a iTLLE 1, ZnO QDs A W & HERIE ,
HRAR KNS S), FOh Z A 4380, A AL
B/ NLIR . MK (HRTEM ) AJ LB Y, S
2620 0.24 nm )& TEF4E9 ZnO (10151 . A
2b " LIAH, ZnO QDs WK AREEHTE 5~8 nm HI7E
FN, SEHR45 8 7.45 nm, [F) Scherrer 22232 AY
QDs 5F (7.99 nm ) HEARFTE .

10 d=(7.45+1.50) nm

4 5 6 7 8 9 10
Bife/mm
El 2 ZnO QDs K TEM & (a) Fkift%34 (b)

Fig. 2 TEM image (a) and particle size distribution (b) of
ZnO QDs

%l 3 4 0.02 ZnO QDs/CeO, [t} SEM [& #1 EDS-
mapping &,

a

'3 0.02 ZnO QDs/CeO, ) SEM & (a). JR#EBJHK SEM

Bl (b) KH EDS jT &Mt E %
Fig. 3 SEM image (a) and partially magnified SEM image
(b) of ZnO QDs/CeO, as well as its EDS mapping
images

ME 3 AT LIE S, 0.02 ZnO QDs/CeO, Hi K &
BBk A AL (1B 3a), EKEAZN 800 nm
(& 3b), ZnO QDs 7£ CeO, £ M, — ZEBUEH)
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SRBIZITRAEWE, £ ZnO QDs Ay TR A 2k
I CeO, A B ERIESL . M 0.02 ZnO QDs/CeO,
i EDS-mapping [ H A LIWEE%], Ce. O. Zn 3
FhOCE Y S M43 i T CeO, fERE M, Zn JCE B
/0 F Ce L&, WEHH ZnO QDs 5E 4 i 8 1E CeO,
sk L

& 4 4 0.02 ZnO QDs/CeO, ) TEM F1THRTEM &,

ME 4a. b A LIFEH, 0.02 ZnO QDs/CeO, 5
55 SEM El—3k, 0% 1 4 Ja )2 (i L2540 J0 ik W ik
WEE, I 4c. d AU, 0.02 ZnO QDs/CeO; Y i
}& 45800 0.24 F10.32 nm, 435 %F i ZnO QDs f9(101)
An T AT CeO, FY(111)AHTE, [RIFEIEW] ZnO QDs 5842
TERAE CeO, kR L,

a b

'

T N2
//// 0 C.eOZ(lll)_

.'\

/,f//
50

N

El 4 0.02 ZnO QDs/CeO, ) TEM & (a., b), X WifH

A2 (IFFT) J5 (9 HRTEM & (c. d)
Fig. 4 TEM images (a, b) and HRTEM images after inverse
Fourier transform (IFFT) (c, d) of 0.02 ZnO QDs/CeO,

2.2 efE{LBEfE RhB MHEESHT

& 5a k1 ZnO QDs. CeO, il ZnO QDs/CeO, Jt:
HEAL R f# RhB Y45

MK 5a ATLLFEH, 0.02 ZnO QDs/CeO, ZH !
SAERD ARG, KUY 120 min B, GG #
RhB A&k 5] 94.1%, LT ZnO QDs ( 58% )
1 CeO, (21% ) AYXT RhB FFA#3R, [ 150 min B
RhB fYFEMRR R 98.1%, FM 0.02 ZnO QDs/CeO,
BA RAF AL bR RhB 168,

100 T —
2 e 0.01 a0 QDs/CeO; A vV—
~A—0.02 ZnO QDs/Ce0,

80  —¥— 0.03 ZnO QDs/CeO,

~@-ZnO QDs
—— CeO,

60 F < %H

AN

B |
90

P} [E]/min

4 d g
120 150 180

In(c/co)

L = ZnO QDs
[ ) C502

4 0.01 ZnO QDs/CeO,
—4 | v0.02 ZnO QDs/CeO,
#0.03 ZnO QDls/CeOZ )

=30 0 30 60 90 120 150
it 8] /min

C

o 1 2 3 4
FESFUHUY
Kl 5 ZnO QDs. CeO, #ll ZnO QDs/CeO, Y {1k F#f# RhB
MIMZe (a) BRI —g i sh Ji~# G iz (b);
0.02 ZnO QDs/CeO, JLAEILFFSHE RhB HITHEIMERE (¢ )
Fig. 5 Photocatalytic degradation curves of RhB by ZnO
QDs, Ce0O; and ZnO QDs/Ce0O, (a) as well as their
corresponding first-order reaction kinetics fitting
curves (b), cyclic performance of 0.02 ZnO
QDs/Ce0O, photocatalytic degradation of RhB (c)

| Langmuir-Hinshelwood ( L-H ) # A it —
X} ZnO QDs. CeO, Al ZnO QDs/CeO, YAt Ak [ fiF
RhB W B AT 125 0 M, IF G —Hsh J128 0
T2 In(c/co)y=—ht, I co Al ¢, 535 RhB /KR A
AU EERD ¢ IFZIA0E , mmol/L; k i 0 3 R
B, min'., W& 5b 7R, ZnO QDs. CeO,. 0.01 ZnO
QDs/Ce0O,. 0.02 ZnO QDs/Ce0O,. 0.03 ZnO QDs/CeO,
() k 433124 0.0021 00023, 0.0066 , 0.0264 . 0.0192 min ™',
JCAEAL IR &k B KRB NIF S 0.02 ZnO
QDs/Ce0,>0.03 ZnO QDs/Ce0,>0.01 ZnO QDs/
Ce0,>Ce0,>Zn0 QDs. AI LA H , % CeO, I+ ZnO
QDs i # & AN, ZnO QDs/CeO, XF RhB HYGIELL
REfFPEREETHE R, XOEH R, 24 ZnO QDs 112
1A 0.01 g, ZnO QDs il CeO, JGHkE 58 41 fi 5
W% ZnO QDs WM EIE % 0.03 g i, ZnO QDs
£ CeO, RMVIAIT £, Kl CeO, HLHETIL
R, SEEFMICRTR; 24 ZnO QDs fzkE N
0.02 g i}, ZnO QDs Fll CeO, i 3z 7543 B3 fish F1 13 ]
YEF, (YA A% RhB AYPEBE S B el

Xif B 4R 1 et CeO, JEMEALRIMEST T X 1L, 25
UL 1, B 1T, §l45 19 0.02 ZnO QDs/CeO,
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AL AR RhB 1Y TS PR T

Kl 5¢ 24 0.02 ZnO QDs/CeO, YA {4 /% RhB 4
WAEAMER LS R IWE 5¢ ATLLE S, 7E 4 IRIERAE
At FEH, 0.02 ZnO QDs/CeO, Yol fLFEf# RhB
MR R BWTREAR, MRV 94.1%, FER 72.4%,
A E T ZnO QDs Ml CeO, M5 — K OGAEAL I
RhB A3, 07 0.02 ZnO QDs/CeO, HA R
I SEAE AR E T

# 1 ANFEMEFEM RhB SCRXT

Table 1 Effect comparison of degradation of Rhodamine B
by different materials in other literature

. i |
St gy KB HEIERL ROB
o T e B iR FERRRS

T mmolL) (L) %

Au/CeO, n] i 120 0.2 0.5 62 [35]
BiVO,@CeO, TG 240 0.1 1.5 75 [36]
Zn0O—CeO, ] i 100 0.01 1.0 90 [37]
BiOCl1/CeO, LM 90 0.02 1.0 98.8 [38]
SnO,@CeO, UL 100 0.1 1.0 92 [39]
Fe/CeO, LS 180 0.1 1.0 92.6 [40]
ZnO QDs/Ce0, HIILE 120 0.1 1.0 94.1 A

2.3 EiERESHT
Kl 6 5 ZnO QDs. CeO, Al ZnO QDs/CeO, i}
UV-Vis BISGiE M Taue £k .

1.6
a
141
0.02 ZnO QDs/CeO,
1.2F 0.03 ZnO QDs/CeO,
i 1.0 ——0.01 ZnO QDs/Ce0O,
3 : ——CeO,
& 0.8 ——Zn0 QDs
R o6t
04Ff
0.2
0 i 1 1 //17\7-‘-;71 - 1
200 300 400 500 600 700 800
P/mm
b — ZnO QDs
— CeO,
——0.02 ZnO QDs/CeO,

(ahv)?/(eV)?

20 25 30 35 40 45 50
hv/eV

Kl 6 ZnO QDs. CeO, il ZnO QDs/CeO, 1Y UV-Vis M I
Yei% (a) K Tauc £k (b)
Fig. 6 UV-Vis absorption spectra (a) and Tauc curves (b)
of ZnO QDs, CeO, and ZnO QDs/Ce0O,

MK 6a ATLAFE Y, 5 ZnO QDs F1 CeO, A0,

ZnO QDs/CeO, 7 Ak Bt (200~380 nm ) F1H] U,
i Bt (380~700 nm ) AYMRISCER AT T — 7 (3558 ;
ZnO QDs Fll CeO, MWW 2% 435Il 442 Fil
500 nm, [fii ZnO QDs/CeO, M eaty 1 2% i H BL T
BRI R, B 500~550 nm, MIE 6b A%,
ZnO QDs. Ce0,. 0.02 ZnO QDs/CeO, FJ G275 B 4y
Bh 3.64. 243,238 eV, LA, % ZnO QDs
51, ZnO QDs By FRIALN Ik /N T CeO, 1)
PR, A A 2l B RARE R R) TT DL I AR
FHEZCER -2 R R AR E SR, X
AT SR, XAlHEE ZnO QDs/Ce0,
AL RE R T CeO, I JEIA

Kl 7 & ZnO QDs. CeO, A1 0.02 ZnO QDs/Ce0,
14 N W i -t Bk LA 43 A 1 4k

100 F* | Ce0, J
0.02 ZnO QDs/CeO, J
80 | v ZnO QDs
&
E 60
S
=i
-§ 40
_u-u-"
20, uu"""
P 2 2 i ,
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