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Abstract

A series of Ti0,-Cu, O mixed oxides were prepared by the hydrolysis of titanium butoxide and reduc-

tion of copper acetate with hydrazine, The photocatalytic degradations of the reactive brilliant red X-3B over the TiO.-

Cu; O were investigated under the irradiation with visible light. The effects of composition, amount of catalyst and the

diluted oxygen as well as H, O, were studied. In addition, the photocatalytic degradation mechanism of organic com-

pounds over the Cu, O and Ti0,-Cu; O was discussed. The results showed that the complex oxides exhibited higher ac-

tivity than single Cu, O due to the synergetic effect between TiO, and Cu,O. The oxidative species in Cu, O were be-

lieved to be free radical « OH and electric holes.

+ OH free radicals were originated from the super oxygen anions,

which were produced from the reduction of oxygen absorbed on the surface of Cu, O by photoelectrons. The holes pro-

duced through light excitation could not oxidize OH™ to « OH directly.

Key words

SN AR e — R ST ) P R SR LA BRSO 1L 9~
2.2 eV, HAHT b A AT AR AT O B R BRIE B S b
1998 4F, Hara 45 FI ] Cu, O /ESGMEAAITE AT WO KK 43
i He A1 O, 5 W] Cu, O 7] WG RA B OGS
P HOMAPERES DR BT T BT iz K. H AT,
Cu, O BHHOREE 2 1 TOUHEAL B 25 2 HLTS e
RN BFFE N GO HOEAEAL AL AT TR AR, Tang
Aidong - F ] 5 19 Cu, O SEHETL e F LA L BT 4G
R Cu, O SEAEA R FH LR Y SR Cu, O OB ™
Az L RIS S e s R O AT 2R« OHL AT
S i T R . AR e B ST R R R R R A T Ak
Cu, O, BE T HEEMA HLUORHE PEHE L0 DO AR BE . 15 1
Ak Cu, O BEMFAHLYRHEEHE 2L X-3B i & Cu, O 7]
AR AT WG ™ A B A s 5 23 R i SR A il

* LA B R B R 24 (10KTB610009)

BRAE B ,1969 £ WL B BRI R T WA £ TUE AL AT KA R

nano-sized Cu, O, Ti0,-Cu, O complex oxides, reactive brilliant red X-3B, photocatalysis

A FRA PSR K . BRBRAE R Cu, O fERT T
CHE AR AR V. Y R 05 A B A 28 “OBE P HE R P AL %
FRASCR T O AR . BIFSE N BRI R S P T A 7R R
HEATRHBSE 4, 3 A O 70 M A LAY 5 2R 28 o A
Filo AE G A I8 S A A 70 382 T ) S o 7 R
s A 1 AR TR =S U A L B T AR
T A ZS AU T A 70 -5 S A A, AT R 1

AWFFEM I 5 ) TiO,-Cu, O KA 6L, IS AT 1
SRR AT WO B 5 PEHE 2L X-3B. % B AR 7E AT
JLICHESS T o0 A 105 P HE 20 0 i AL PR RE L F 5 i 150 2 A0 i
PFRIBEIE R R HL O, SEXDE LR B IR . 7EA
SAMCAMFEOL T - 20 B E A Ti0,-Cu, O BePFIRAE ]
JLYEHESS T RERIE A i, 4545 Cu, OV TIO, s H 7 (1

Tel:025-86496515

E-mail: hanch69(@ sina. com



gh K TiO,-Cuy O T I T ARG 75 12 3620 B WU A 5/ SR AE 5 .5 .

W A7 PRI R A R IR AR . ASHITSE SR X A 7 12
5T Cu, O SEREAHLEL, H i A oM DL E .

1 301§

.1 EAFH &

?ﬁﬁﬁiﬁﬁ([@fﬁﬂ%*%ﬂ TiOz‘CUZO ﬁ'ﬂﬁ?ﬂjo LA Tioz
JEEIR G E R 5201 Ti0,-Cu, O & & E AL il 5 4 il FREX 12 g
Bt R AT 2D ¥ F 600 mL K H LA 3. 2 mL R 2
(400) (fb2=40) 4 0. 5374 g BRER T Mg (3 A4l ¥ T3 5 G
IR CTEH S T 0 3 S TR AR VA W A T IR ™ A B e 30
min, HIA 1.5 mL 5 mol/L. NaOH, #it 4} 10 min, X 5 0 A
15 mL 5 mol/L i, T 12~14 CHidE 15 min, 4 % @ VI5E"
AL b uE A B KRR BRI, R FTOK BT
B #5052 YA T, F 200 °C B2 A 3 h, 45 TiO, B /R 43
BN 5L MRERL 8 R 56 TIO,-Cu, O, BUAR il R4 AR IR T
e i b 49, A7 45— R AR A TiO, BE IR 40 B0 TiO.-
Cu,O ZA5HEMAY .

1.2 fE{LFIRAE

F Shimadzu XRD-6000 # X HFERAT M E X $L617
1% (XRD) , Cu #, Ko §F28(A=1. 5418 A), HLFE 40 kV, H
35 mA.,

76 H AR JEOL 22 ) JSM 2100 B35 5 f 48 b1 735 4t
BE (TEMD 43#7 . #:4EHLHE 200 KV,

FEJLH0 BT 33 FH 2N 7 T-1901 78028 4R AT 0L 4356 56 B
G RBUAP BRI b A T8 S 5240 m] W38 44 L BaSO,
fEZ kR R 230~800 nm,

£ IRIS Intrepid 4% H i ICP JEHEAL (& [F #vrs 28 |))
AT B G A B R R G ACP) P E
1.3 HREARRE

A AN K 250 mlIL 35 PhHE 23 VR — 2 1Y
HEAGFIN A 500 mL B 58 25 2 H o i 5 /N Y 1 480 00 T
A AR IEREE O B TR R N . B R 250 W
BT R TRV 88 15 20 em. AEBG— 2 i), BURE , B0
FH 0. 22 pm YRR S - SR AM-1T WA (TU-1901,
A3 BT 38 2 RD T KR (540 nm) A0 5 52 0 f&
TP LT MR T . I COD R [ s ik 0 5 4% i
:,GB/T 11914-1989) ,

TEEOMEAL SN : T 500 mL BEIEA LR H . MA 250 mL
TEMEHE T U 38 A US40 min DL EBRIERCT A Z 5N
A s AT S T38RI G T A 0T
AL N .«

1.4 EEBHEWNNZE

KA A AE-Fe( D) (Fe(phen) ™) 48 0 B VA I E
R« OH M0 RIS = RAE-Fe ID/ERHEN S - OH i
TR MW h A 76 « OH I, #8205 1) Fe (phen),®"
Qe =508 nm) P AL R T 11 Fe(phen) ;™" kA 35 43
FEEEDR AT B« OH %4k 1) Fe(phen),*" 4, % i IE Lt
TARFR A= £/« OH Y &t T ] 42 5K 45 3% B W AR &

« OHHR .

HE N AE 200 mL BEFEE AR L5, i A 100 mlL 0. 002
mol/L Fe(phen),*" & F1 0. 05 g 5% Ti0,-Cu, O, ARk 11
Pt DL 250 WA AT g S35 S R 10 min, BURE, ] UV-Vis
SR EETT(TU-1901, =D AT 43 204

T4 N : 7E 200 mL I A AR, A 100 mL 0. 002
mol/L Fe(phen);*" %k , i A& T 40 min DLBR LW Y
O, ARG IMA 0. 05 g 5% TiO,-Cu, O, Lk 250 W 54T Ky J 5
JGIE 10 min, BUkE, F§ UV-Vis 30 %6 (TU-1901, sh )
HATEH AT, AR BRI HHEIEE AR
2 H#ER5VE
2.1 fEHFIRIE
2.1.1 TEM

Bl 128 520 TiO,-Cu, O B F5E 5T BB . AL 1
AL 526 TiO,-Cu, O R SR E BRE RLARAE 40 nm 7645

lf;;ﬁ,o'l .. e
1 S%TiOZ-CUZO H TEM
Fig.1 TEM image of 5%Ti0,-Cu,O

2.1.2 XRD

M 2 7T, Cu, O [T 5 JCPDS 78-2076 — 5. 1%
A KB Cu Ml CuO IRTEHIE . 1CP 43, 5% Ti0,-Cu, O
RS EA 5. 220 THO, B /R40 {3 XRD %A K3 TiO, 11
A0, 680 TiO, &5 e Cu,O B, 4f TiO, S Biekw
HIERAL (JCPDS 21-1272)

5%Ti0,-Cu,0

2IO ' 4I0 ' 6I0 ' 80
26/(°)
2 Cu,0.5%Ti0,-Cu, 0 F0 TiO, &Y XRD Eif
Fig.2 XRD patterns of Cu,0, 5%Ti0,-Cu,O and TiO,
2.1.3 RBHRIN-T A
XHFERD Cuy 0,5 % TiO,-Cu, O #1 TiO, #E47 18 Ut 28 51~



© 6 A SR B AR

2014 7 ACTFO % 28 55 74

WG 2R R 3. i 3 AT L, Cu, O FiE 526 THO,-
Cu, O 7E 610 nm b BFHCA - 75 1] UL G BEGER n R G AL AR
AT THO, WIFE 388 nm KA BERGHK - J& T 55MLIX .

2.5

2.0+

1.5

Abs/(a.u.)

0.5 4
5%Ti0,-Cu,0

0.0+— . : - -
300 400 500 600 700
A/nm
B3 Cu0.5%Ti0,-Cu,0 #1 TiO, 198 & 5125 4p-

Al S
Fig.3 UV-Vis diffuse reflectance spectra of Cu,0O,
5%Ti0,-Cu, O and TiO,

2.2 AEIARSELTIE SR

¥ 0. 25 g ARIE B TiO,-Cu,O &4 E 4k ¥ m A 3|
250 mL IR 100 mg/L WG MHE L, Bies A
SN 150 min 5, TG HEHELLIIE (3R DL 4,

100
80 / .\-
"

™~

601
40

20+

Degradation of X-3B/%

0

0 2Y0 4Y0 60 SYO 100
TiO,content/%
Bl 4 TiO,-Cu,O A XA M LT AR R B2
Fig. 4 Photocatalytic degradation of reactive brilliant red

X-3B as a function of composition of TiO,-Cu,O

A 4 AL, Cu, O 5 TiO, 245 - 3 M 21 % fif 2R 15
.2 Cu,0 5 TiO, &4 5 Ae 2 w1k 77 i G b i ok
Horb THO, BEIRAYECN 5 Y6 B AR 06 P I s 1 R HA 2T R A
ik 91% ., TiO, 5 Cu,O &4 J5 AL IS P 1942 & & —Fh bl
[ 3540 » BVLE AT U056 1 BEUR R Cu, O B & | T HOG AR e
TR A B (— 1. 54 V) [ TiO, By S L7 (—0. 41
eV FAL, FreAE 7 i Cu,O B8 2] TiO, b, 4l 7 H
TR E A M T 8RR, A6 4 1k 15 2% 3
SRUOE M TIO, RN, TiO,-Cu, O & A L 36 v
TR FEIE P AR AT WG IX TiO, Ak . Cu,O & &
IR TR R
2.3 fEAFIIMEXT R ELE R0

Pl 5 SR A 5 o o X S AR s PR s e . R 1A 5 ]
S B AR P 2 8 o LR R0 S i 1 SR R R
AT L 6 - O R TTIER T S R R . AR 24 A
R R AR 1.0 g/L i, Bl & A 46570 F = (0 38 i, B

BTG Qe e figp SR BT e » K T B fh AL R 6 i 22
SEUEARBUR LR B OC IOERERIR

100
901 —,
801

701

601

50 T T T T
0.0 0.5 1.0 1.5 2.0 2.5
5%Ti0,-Cu,0O concentration/(g/L)

E5 EeFEmEtEdiEtEenm
Fig. 5 The effect of catalyst dosage on photocatalytic activity
2.4 BEPEIDEEL R
PL 520 Ti0,-Cu, O AL, 747 E M IC R &M T kAT
A SN 5 25 55 7 W 1) SRS DY L 3% e 11 5 T 285 2R I

Degradation of X-3B/%

100
—"
< 801 —
ﬁ l/
- / 0
« 60 /
=
=
= 407
<
&
< 207 N,
/[ ~ ° L
o—o—° °
00 30 60 90 120 150

Time/min
B o6 HERHEMETAFETIEERL X-3B KL ENFERE
Fig. 6 Photocatalytic degradation of reactive brilliant red
X-3B on 5%Ti0,-Cu,0 in O, or N,

H Il 6 0] UL, FE TGS B TG PEHEZT 150 min ZLBRFEAR
) 13%, X FTREAEM N, 1H 0L T B h = Ao 7
TGk T 8 JFA R R AR A OHL T Cu, O 28 7 AL RE
JIEeEE S, HoA i bSO AR LA H AT 0. 46 eV (pH =
DM ek E AL HO 774 « OH, [l it AR M B 32 481k
W B R AL 7R 2 1T L TS PR 2T
2.5 H,0, XPHELFER M

1E 250 mL 100 mg/L 3% P Hi 21 X-3B ¥ i H m A
0.02 mL 30%H,O, (AR), Fb# 74U H O, i H, O, +5%
Ti0,-Cu, O FLIN 5% Ti0,-Cu, O =F 5 F 1% PEHa 21 19 i
R IR RN 7 R .

NI 7 W50 FETCAEAGTIAEAE T HL O, X 15 P8 21 14
[ LT B 5208 A AL AR R Ho O, B B 25 42 5
T AR N B L A 15 min X-3B 4 B 8 R 5k 3% 96 % . i
B H.O, HA B 1L fEH . Dionysiou % 1Ak H,O, $
T AL AR Rl T AT DL Ak R 3R Y e A
ML 255 AMURB IS I i 25 /- X I & A 1 HLad v BA ™
A A AR PER « OHL,

1E 250 mL &4 100 mg/L MG M2 X-3Bf1 0. 25 ¢



g & Ti0,-Cu, O T I F AL RS 340 B IR R ) 8 R AR5 . 7 .

5% Ti0,-Cu, O B R 2 HIIMAA i 3026 H. O, ME
TEACREAR R SCHREE AN 8 R

100

[ J—— L] ] @
/0.02 mL. 30%H,0,+0.25g 5%Ti0,-Cu,0 A

N

= 804

; . /‘{sgzmmj-(:u:u
< 60 /A

s A

= 401

* 204

()

0.02mL30%H,0,

00 20 40 60 80 100 120 140 160
Time/min
B 7 HO, 3k pEmiE I
Fig.7 Effect of H,0O, on photocatalytic degradation of
reactive brilliant red X-3B

100
o—o——g——R——A=——A
2 a— 5 o—>
2 901 " .
o /""/—._ 0.01 mL
= —e—0.02ml.
301 . m
K —4—0.05mL
= —2-0.10 mL
£ 709 ~0-0.15mL
X
T 601

0 20 40 60 80 100 120 140 160
Time/min
B8 H,0, fRANEXEELF M
Fig. 8 Photocatalytic degradation of reactive brilliant red

X-3B as a function of amount of H,0O,

A 8 HEf UL, A 0. 02 mL H, O, L3RBT, 720
H,O, It A — B, FMEFFRR ", 8ot & 5
H, O, ZxRRAIRIE IR, e ARG AT TS Je P (0 B A
HIERAET HO, WEH B H O, AU LS B F45 4
T ELE S G257l « OHLh' i« OH B8/ 6 R S B0 i
b 52N T R A BRI

B9 BT H, O, XFFEARE M2 X-3B # COD {H Y
S, L9 HaT O, HL O, [ In A AU B €5 2% {2 0 1
L H XL 58 204k 55 COD BRI WA e . A
FIFIEHEH LT 1k

100

0.02 mL H,0,40.25g 5%Ti0,-Cu,0,

80 —
o/

601 / P

[ ]
40 /65; 5%Ti0,-Cu,0
A

20+

Reduction of COD/%

A

0 S S —
0 20 40 60 80 100 120 140 160
Time/min
B9 H,0, X COD [EfRH)FMm
Fig. 9 Effect of H,0, on the reduction of COD

2.6 Cu,O REHFEREBHENER
Bl 10 S T AE A AR R P RIS DL T

Fe(phen) " ¥R (LI5S . A 10 AT WL, ZE CE G LT
Fe (phen),;”" (1 ¥ i JLF- & A 2 4k, i 26 A A 00 F
Fe(phen),*" (VR A B2 T B, 22 BV W P A7 A6 SR B
277 A« OHL MAE TSR &M T IA ™4 « OH,

0.8

Original solution

0.6

0.4+

Abs/(a.u.)

0.24

0.0

440 480 520 560 600
A/nm

E10 EEENMETEEHFTREGHSZEIEFe(I)H
IN-RT I e it E
Fig. 10 UV-Vis spectra of Fe(phen)3" after

the reaction in N, and O,

-
sleB—
-17 2eV N
5 -0.5 ‘ CB H/H
= ol
S ooslyp—— 0,/H,0
= 14 32eV
< 1.5
2%’ OH'/OH
VB ——
3,
350 p-Cu0 n-Ti0,
B 11 Cu,O.TiO, WS ERBAAE
(pH=17.0)t"

Fig. 11 Energetic diagram of Cu,O-TiO,
heterojunction(pH=7. 0)"

BT AT EL ARV pH=7 i), Cu, O F1 THO, Bl iy
BrAF5H 0. 46 eV il 2. 79 eV (vs NHE, #i%) A5 S F itk
BIHAD T EC» OH/OH )=2.39 V, MEEFHLE & .k
SR BB AR I TR 28 7 AL AL AR B AT ] 4
PR AR S A7 B LB A B R AT ARG R
25 7R s TRVERL AT 38 i F 7 7 2 A Sy DA R I o i
BT DI TR R . R MR R & AR SR A TR
Bo XF TiO, Heii,

AG,=—nF[E(%50)—E(+ OH/OH )]

=—96500X (2. 79—2. 39)=—38. 6 k] /mol<<0 (1)
FTLA THO, W28 R H Bk OH 4% « OH,
XF Cu, O fedit,
AG,=—nF[E(#50—E(+ OH/OH )]
=—96500X (0. 46—2. 39)=186. 2 kJ /mol>>0 (2)
FFLA Cu, O WA A SO R HAE L OH £ » OH,

MW A AAATER FE CuO MRTE . + OH J&il
T EA: IR R TR B AE Cu, O R O, F=Af, B .

e + O,(ads)— + O, (ads) (3
- 0, (ads)+H*—>HO, - (4)



<8 AR B AR 2014 7T ACTH 28 K% 7T H
2HO, + —0,+H,0, (5 catalytic activity of flower-like Cu,O/Cu nanocomposites

H,O,+ « O, (ads)—> +« OH+OH +0, (6)
ECO,/+ O, ) = —0. 33 VI, Cu,O T il g 34 2
—1.54 eV il e AR A B T BATIRSR 1R I . AT
SEAA ST B T LUK S0 d AR O A BT S 1 Ot
TR T L) Ja B e SN (4) — (6, P AR AR A
B« OH,  « OH J2— M EPEYI Rl & I0IE 75 R B AL 2 e
TR BAT AR S ) SR AL . RESAIL AR Z A WL . R DAL
WA AL A I R 2 A AR It Fe (phen)y®" #
« OH# L MBI T
PR P IC AR OB (3) — (6) TLE#EAT 1 Cu, O 1Y
SRR OH %Ak « OH, BT LIZE R A4 1F T - Cu, O
BIFCRREE « OH, [FlRE  ARE FHK Fe(phen),® %
2 Fe(phen),®" . HICAETCA ST Fe(phen) ' ¥ B4k
ARAAL X LA 2

3 Hig

(D TIO,-Cu, O RFNCAHEAL A AT UG R AT G AEAE
RS IE MR LT X-3B, Cu,O F1 TiO, &4 5 HoOG G M 1
Ul Cu, O YRR 4, Ho THO, Jin A&k 50 (BE /R 4y
BO B TE P L. Cu,O 5 TiO, Z [l & A PRl e .
MieE R -2 R A

(2) Cu,O S b 1 AL B Fh ol - OH F1 % A= 28 X,
« OHP A 13480 3l 2 6 AR B P30 I AR Cu, O 78 1
B PR R T SR G PRt — 2 A« OHL JeA2s ok
h' BARELA —E Rk RE 1 AR SR RE T 555, Tovk LB
¥ OH &4k - OH,

O O, J& TiO,-Cu, O R EMEH L R & .
BT Cu, O F=AE 178 7 B AL RE J1 3855 - E R4 L Tk
HEK OH™ &AL « OH, 7E O, fELERT, 64 HL 7 IR IR
B A AL R 22 8T 1) O, 38 T B 40 B B 7, 2B LA i 4
e Rt B 3 (AR TS PEHAZT A . COD REAIG

O WA HO, ., (8 8 3% 4 @ 606 1
H,O, fEN T 324k, LS5 745 5 R 2T O, vl L
S AR A A5 G AR IS 25 - HL X Y
A R n] AR AR ERY - OH.

S 30k

1 Hara M, Kondo T, Komoda M, et al. Cu,O as a photocata-
lyst for overall water splitting under visible light irradiation
[J]. Chem Commun,1998(3).357

2 Tang A, Xiao Y, Ouyang J, et al. Preparation, photo-cata-
lytic activity of cuprous oxide nano-crystallites with different
sizes[ ] ]. ] Alloys Compd,2008,457(1-2) ;447

3 LiJL, LiuL, YuY, etal. Preparation of highly photocata-
lytic active nano-size TiO,-Cu, O particle composites with a
novel electrochemical method [ J]. Electrochem Commun,
2004,6(9) ;940

4 Zhou Bo, et al. Hydrothermal preparation and visible photo-

(o2l

10

11

12

13

14

[J]. Acta Phys-Chem Sinica,2009,25(9) ;1841
JAlE . 4. 28R Cu, O/Cu K G B G fbEBE L .
PIFRAb 224, 2009, 25(9) 11841
Chen Jinyi, et al. Synthesis and visible light photocatalytic
activity of cross-linked sodium rectorite/Cu, O nanocompo-
sites[ J]. Acta Phys-Chem Sinica,2011,27(4) ;932
MRds %, 25, 300k BT A /Cu, O Gk E G M RH I 4 T ] I
JeAEACPERELT . W3k A2 %4k . 2011,27(4) 1932
Han C H, LiZ Y, Shen J Y. Photocatalytic degradation of
dodecylbenzenesulfonate over Ti0,-Cu, O under visible irra-
diation[ ] ]. J Hazard Mater,2009,168(1).:215
Li Xiaogin, Fang Tao, Luo Yongsong. et al. Preparation of
Cu; O nanowhiskers with electrochemical method and its
photocatalytic characterization[ J]. Chemistry,2006(4) ;290
eEy . T, KRS, GF AR K Cu. O R HD
AL RE R SELT ). A2F3d 4R . 2006 (4) : 290
Liang Yuning, Huang Zhi, Qin Sihan, et al. Study on the
photocatalytic degradation of p-nitrophenol in water by using
cuprous oxide[ ] ]. Techniques Equipment Environ Pollution
Control, 2003,4(10) : 36
e, W, WK, S CuO B Ak B K o XA 2%
RIHIRFFEL] ). AT Yeia PR 514, 2003, 4(10) : 36
Chen Jinyi, Liu Xiaoling, et al. Photocatalytic decoloration
and degredation of methylene blue in Cu, O suspension[J]. ]
Central China Normal University: Nat Sci,2002,36(2) : 200
WRBRE XWNFS . S5, QKA LA AT DL A 43 fif 0
WELT . AR R 224 A RFHF A, 2002, 36(2) : 200
Bessekhouad Y, Robert D, Weber ] V. Photocatalytic acti-
vity of Cu; O/TiO; , Bi, Os/TiO, and ZnMn., O, /TiO; hetero-
junctions[ J]. Catal Today,2005,101(3-4) ;315
Chen Jian, et al. Influence of phosphate buffer solution on
10-phenanthroline-Fe*" assay of hydroxyl radical[J]. ] Mo-
lecular Sci,2012,28(4) :350
Wfi, 55, BRRRERSE IR BN A8 A JE-Fe' AR E 2
SamEEREmL ] R 2012, 28(4) £ 350
Cheng Lihua, Huang Junli, Ni Fuxiang. Generation kinetics
of hydroxyl radicals by Fenton's reagent[ ] ]. Techniques E-
quipment Environ Pollution Control,2003,4(5):12
FEMIAE, BOAAL, (AFEFE. Fenton AL MG « OH 13 1%
FFEL)]. BRI YR AR 51545, 2003, 4(5) 12
Senevirathna M K I, et al. Water photoreduction with Cu, O
quantum dots on TiO; nano-particles[ J ]. J Photochem Pho-
tobiol A: Chem,2005,171(3) 257
An Xingcai, Chen Zuoyan, Han Lijuan, et al. Experimental
research on photocatalytic degradation of phenol by V-N co-
doped TiO:[J]. Techn Water Treatment,2012,38(9):17
GMA, BVENE, Baria, % PR3 AR TIiO: Yol fbi%g
AR IRIR e LT ], KA, 2012,38(9) < 17

(T#% 13 )



PVP 44414 ZnO 3F 5 % 3 g 45 /% &

. 13 -

By ZnO 85 SR, X FHEOLFFLERIEE 6 K5 i
THRUE 6. 7~6. 9 nm), K& N AR R 3 W B ZnO A
PV [ et FLZE A BRI IR B — A8 ) sl 2 -4 Jo LA
AR IR E R XS ARMREIRR T ZnO &7 50
PASE B IUIRERE (15 DU X EE T B 1 S0 Y 1) 22 St » BT RAAE AR
IKIEWAAT T HEAT ZnO B s AIBFSE B B R R
PIZ o RIS It Bl LA ek oA A K 08 114 e JRE SR 42 ol
TR

g

74 L e |

Radius/nm
[9%] = wm N
R A AN

———

(%)

T T T T T T 1

4 6 8 10
Time/d

B 8 FEKBBREH Zn0 EFRMBREES
Fig. 8 The stability analysis of ZnO quantum dots in

=)
[38)

the ethanol dilute solution

3 HHig

(D LA PVP 1By 43 #OR), #2 PVP B 75 4.0 g
(4.0X10 *mol « L DA UG R T4 4. 42 nm A ZnO Ht
T#i. PVP 5 Zn0O i 5 /E A G A%k 380 nm
A P80 T 2 0 B B B L 400~ 600 nim A2 11 25 T A % S0
B X &l T PVP X ZnO &8 F 50 A 30 m 5 sk,
PVP & 1] DL/ ZnO 5 F 15 8] 1) 1 5, $2 w5 J0r i 243
P PR A3 A A,

(238 328 Tl Y PT A A 880 553 R0 B R s Ak A
R A FE L BRI AT 7 50 “CHRAF I AIR0E 1) ZnO 145, I
it 370~600 nm [X 38k L A1) DL SCHT A T4 2R A5 LAUE I

OTEAEK R EREE v, 24 ZnO (14 e FiE R %o 3¢ v s i 1
1 ZnO R RO AR FER AR e . Y BRIRAE K i
ZnO MR ERT . ZnO 1R AR 78 BR AT A B ACR A5, BRAk 19
ALK BRAL S 01 SUOIEAA AR . TR b 7 Al K v R &
ZnO T 8 AR ZnO YR B 15200

Sk

1 Santos B'S, Farias P M A, Fontes A, et al. Semiconductor

nanocrystals obtained by colloidal chemistry for biological
applications[ J]. Appl Surf Sci,2008,255(3):796

2 Narayanan S S, et al. Ultrafast energy transfer from 3-mer-
captopropionic acid-capped CdSe/ZnS QDs to dye-labelled
DNA[J]. Chem Phys Lett,2008,463(1-3) ;160

3 Guan Qiumei, et al. Porous ZnO thin films by gas evapora-
tion method and their photovoltaic properties[ J]. Chem J
Chinese Universities,2012,33(10):2315
R, S SARTUR R4 2 4L ZnO @R RCHOGHL AR R
LT Rt 244),2012,33(10) . 2315

4 Wang Litong, et al. Synthesis and fluorescence properties of

Zn0/CdS quantum dots[J]. J Shanghai Normal University:

Nat Sci,2011,40(1):52

FrF, & ZnO/CdS & F S Ml & ROt EReT]. &

IR 2224 - HARFLA IR, 2011,40(1) £ 52

Patra M K, et al. Synthesis of stable dispersion of ZnO

ol

quantum dots in aqueous medium showing visible emission
from bluish green to yellow[ J]. J Lumin,2009,129(3):320

6 Rani S, et al. Synthesis of nanocrystalline ZnO powder via
sol-gel route for dye-sensitized solar cells[ ] ]. Solar Energy
Mater Solar Cells,2008,92(12):1639

7 Yang Y, Li Yuanging, Fu Shaoyun, et al. Transparent and
light-emitting epoxy nanocomposites containing Zn() quan-
tum dots as encapsulating materials for solid state lighting
[1]. J Phys Chem C.2008.112(28) ;10553

8 Yang Minhao, et al. Synthesis and characterization of a nano-
complex of ZnO nanoparticles attached to carbon nanotubes
[J]. Acta Phys-Chim Sin,2007,23(2) ;145

9 Smith A M, Gao X, Nie S. Quantum dot nanocrystals for in
vivo molecular and cellular imaging[J]. Photochem Photo-
biol, 2004,80(3) :377

10 Bailey R E, Smith A M, Nie S. Quantum dots in biology
and medicine [ J ]. Physica E: Low-dimensional Systems
Nanostructures,2004,25(1) ;1

11 Smith A M, Ruan G, Rhyner M N, et al. Engineering lumi-
nescent quantum dots for in vivo molecular and cellular ima-
ging[J]. Ann Biomed Eng,2006,34(1):3

12 Liu Meng, et al. Preparation and luminescence properties of
7Zn0O quantum-dots capped with SiO, in dilute water-free so-
lution[ J]. Chin J Inorg Chem,2006,22(4):651
XA A5 AKFRE R S0, A8 ZnO 7T 5 1 4 K& I
RICFFHERFSELT ], ToplAb2E224H, 2006, 22(4) : 651

13 BRA7fl, R GORM R A GOREHIM. db T Bl 2= iR
#£.2001.62

(THERHE B )

(k3% 8 7))

15 Yang Zhaohui, et al. Synthesis of modified chlorophyll pho-
tocatalyst and photodegradation of bisphenol A[J]. Techn
Water Treatment,2013,39(10) .44
IR s S DM R O AR 4 T A SO AL R i R
ALJ] RARPEEI A, 2013,39(10) 44

16 Dionysiou D D, et al. Effect of ionic strength and hydrogen

peroxide on the photocatalytic degradation of 4-chloroben-

zoic acid in water[ J]. Appl Catal B,2000,26(3):153

17 Garcia ] C, Takashima K. Photocatalytic degradation of
imazaquin in an aqueous suspension of titanium dioxide[ J].
J Photochem Photobiol A,2003,155(1-3):215

18 Wood P M. The potential diagram for oxygen at pH 7[J].
Biochem J,1988,253(1) :287

(wHERHE & )



	201414002-11.pdf
	页面提取自－ 材料导报7期-2.pdf

