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Abstract

Cu?* doped ZnO nano material has been prepared by electrochemical deposition method and the
formation mechanism of the material has been explained by two step growth process. The charac-
teristics of Cu?* doped ZnO nano material has been analysed by using the X-ray powder diffraction
(XRD), the scanning electron microscope (SEM) and the electron probe energy spectrum (EDS).
The results show that the morphology and grain size of ZnO nano material could be regulated by
doping Cu?* and also the photocatalytic performance of ZnO was changed. The results of methyl
orange photocatalytic degradation show that the photocatalytic performance of Cu?* doped ZnO
was improved by doping moderate Cu2+ and the photocurrent density of doped ZnO was three
times of pure ZnO at the same condition, when the concentration of Cu2* was 1 x 10-* mmol/L.
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AR ARG & T REICuz B R MK In0FE, HAW DA K EMER T AR B LH] .
FIFH X5 M ARATH (XRD) . SH#i 8T B (SEM) L THR4 BB (EDS) S RAE 7 Bt i B 847 4
Mr, SRERW: CuMIBRTREZInORHHMRT, IH AW USRI . FEBLMO) L
FEINRG R, ERRERCuBRT RN EInORLMAILIERE. AH & &R T A Cu RBE N1
10-* mmol/Lif, Cu?*BRHZnOFRAPEHI G FaTR % VA Rl & 24+ T TR 4EZnOKI31% .
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B+ AT K R, FREETS e DK e IR fE L™ B 25 ST R K R o DR SO AH L A
WINE, FRERTEEIERCN T R TR FEREE M2 — 99K ZnO 1B —FhaE & BHZ 1 sk ae At
BE, FERSUEAGRI[L] [2] BUE SR [3]. KPHAE B [4]. OGRS [S]A3A BUR B #8145 [6]55 7 T A R
MG . S E BN, M ATE M R T T P B AR TIO? ATk, ZnO B TEE, BRI s
PSSO HEAHDCH FLdRE, TERERAM R B A Ak ZnO CAHUR T R . SR, BT
(7= B R A R 740K ZnO ARG EI S R, A i@t ZnO 1) 57 5 45 #4832 A A0 RE il DAFEAR K FE
FE R ocE O MERE . A ECE B E MR RIS B B4R . SESEBA7] (8], FFHE
B AT G B[] TTVE I . 2 FARMDRLAT TR R ' Vi e J52 70 6] A1 280 10 P A A 7% ) {45 HL AL ME R B
U, WESIRBIE NS RICK BRI T2 —, AR E B KM 727 [10], M E48K Zno
MR G R

T Cu B RE MR TE B EL A 58, 4524 J5 19 CuO-ZnO i m 13 76 B 7T LAY 8 28 7] OB X 4, i fdi 75
44K ZnO AT LAFE 78 43 MR R B A 4k, Cu™ H45 2% il LA 2 A3 B -2 RO 0 B, SE K A i
6], MBS e AIE P o SEARSSRT 7T, Cu™ B 8t MK ZnO BB e fEibim v . thah, et
WA SR e AR BB N R —, B KR, KBk, Pk, il arstot
VEIE LG 22k L e BOE JEAE F VR A BRI S (10 [12] 05 ) 4 R S CuO-Zn0 Skl
AL Zn(NOg), I Cu(NOs), AR, KA B ST RI 4 T CuP 544K ZnO i, FHaF Fe kM ik
PERE
2. £
2.1 HANHIESRE

L Zn(NO3),6H,0 (A.R., 99.0%)F1 Cu(NO3),-3H,0 (A.R., 99.0%) A5k}, K H Bk 22 U ARVE ) £ 4K
ZnO I CU** B2 4K ZnO . Kl 2 AR AR Y Cu(NOg), TR IN B AR A 250 mL Zn(NOg), ¥ (FL
1 Cu(NOg), B /RIRE S 1 mmol/L,  Zn(NOs), AV EE /R 5 mmol/L), $iHE 5], IR 2
SRR . JT S FAk 2 AR S (CorrTest CS350), 4 = AN B AR (R4S TAE s, 2 Eb A bl (VAN H R FELA
SCE), Xt HAk(P)5 R BERE, o TAR RARER: 2 — /N5 00 FTO B84 L. RG7EHRE N 80°C
FTEL R N—1.25 V (vs. SCE)IR M 46E T, TN 5, BEJGERIE N 80°CFlH L —1.085 V (vs. SCE)I
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RNERIRNEL ho RNEEHRZ G, A5 FTO SRR I, M ERE 7Kg=, &URT. &akt
A FE USSR 200°C %A1 ke 30 min, Bl THIR 2 350 CARIR 4 he s BT RE Al

2H,0+2e" —2520H +H, @)
2NO; —2e" —1252NO0, +0, )
Zn*" +20H" — Zn(OH), —2-——-Zn0 +H,0 ®)
Cu*" +20H™ — Cu(OH), ——=——>CuO+H,0 (4)

4 ZnO KA1 Cu?*4B4% ZnO R FIFE 73 A LL Cug-ZnO HT Cuys-ZnO, Cusg-ZnO, Cuz5-Zn0O, Clyge-ZnO
R, AN B RONAR £ 23 )8 250 mL 5 mmol/L ) Zn(NOa), JBFIAA 28 A &5 i N &3 514 25.0 uL, 50.0
uL, 75.0 uL, 100.0 uL A Cu(NO3), (1 mmol/L)f¥) 250 mL 5 mmol/L Zn(NOg), & - FF S AH A0 7 35
3 IR X HHEATHHM(XRD Bruker D8 Advance Germany) il Hi 1374 &2 445 (FE-SEM ZEISS Ultra Ger-
many)ZR1iE .

2.2. FefEHEE

DA LA YR (MO) Ay H ARBE Y, 1E R AMT 55 BRBErf R ZnO Ml Cu”* 524 (1) ZnO [ Al H 8 e
AR 7t HOG AL o BC AT pH {2, Wy 20 mg/L i) MO ¥4 1, BRE SR N 100 mL
MO VAR B AR L, 55 1200y 1.5 mm JERA S8, B SR 3A FEE MO BUE | IR A e B
12 ho KA HL Ky 365 nm 15T K AMNRAE J IR REAT B, S ot kI 7 o SRREESRI 4351008 1 h,
2h, 3h, 4h, 5h, 8h, W8 10ml &, &0, RSN WG EETH(721) M SO RAE, il B
o AT 25 PR T8I R

3. &ER5vHe
3.1. # 5 XRD Ei&49 4T

4liff ZnO AR [F Cu®* & & 1) CuO-ZnO K i X BT 2& ATHT FIE LI 1. Hodh a 4l ZnO #£45, b,
¢, d, el 250 mL 5 mmol/L ) Zn(NOs), ¥ #1745 m 25.0 uL, 50.0 uL, 75.0 uL, 100.0 uL 1 mmol/L
(17 Cu(NO3), ¥ 1) ZnO #¥: i o NI BT LA HY , BT R b R 3447 7E ZnO 3= i 4H, “100/002/101/102/110/103/
112”7 FHIERIAFAER Y ZnO N N EFEEN 450, 1 b, ¢ d, e FEfh “4207 &TH FOA7AE R IR S P A7
fE CuO. W 1, 5 Cu™Ja MR S ATHHIE A BIEAAAS, KRR IS S Bl RN, 1
7 46BN 100/002/101 = AN S THIATHT I AR FBORE . WA 1 2 FARE, 525 Cu™ e, FES 3 AT 5T I
(AR KT 568 W 30 i, AT SO RO B WS AT 1) 2 A% o ERAR RIS SRR 2dsin@ =4 (d MR AR, 6K
A, 2 RIEK), TEEKATREML TS, NEAE/N, SiEEEEGA, B Cu™ N Zno &ikd.
PAEFE- PR AN, D=(KA)/(Bcosd) (Firh KHL0.89, 6 AfTHAI, A X HH£uK 0.154056 nm), il
I 101 S ATH Y% B (B=Bm—Bs), #iia, b, ¢, d, eI D4l 498.86 nm, 61.89 nm,
60.49 nm, 59.67 nm, 49.46 nm, LB Cu” B/ TR SE. 45 1, CUPHENT ZnO @ik, Sl T
LY S N B A N A AN

3.2. ¥ 5 SEM 54T

4y ZnO FIANIF Cu** & & CuO-ZnO # i ML IR UL 1< 2. IR AT UEH b, ¢, d, e FEdh
HAELES AR B CuP B BN ZnO ISR E T ELRIAELL, ZnO HIFAR iR B i A8 IR
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Figure 1. XRD patterns of Cu?* doped ZnO nano-materials with
different Cu?* contents of reaction solution
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Figure 2. SEM patterns of CuO-ZnO nano-works with different Cu?* contents of
reaction solution (magnification 50 k)
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B, JEHERE#HT . WA 2(a), ZnO TR N AR, KifR7E 500 nm BAR. WL 2(b), [FZEFA4T, %
B CUP B2 AR ) ZnO TESUNARIR, KifRA/NTE 60 nm A7 . B CUP IR M N, ZnO HIBL T Fs
EAE—RIIE, EEATRIAR, X —IRIE 2(0)ME 2(d). W 2(e), Cu* kit Kif, ZnO
FEAR AL TTARBUR, HAME L AE—#E. B 2) & 2(b)4 a1, Cu* B &gk ZnO kiR
KANFITEAR, &R Cu B 44 & ZnO HIRIEAE /N, EHAEAFR. Cu. Zn ST 4206 A, Cu®
RPN, CuP iR Zn?* 4815 ZnO iR IGAS, KifRi/h. Cu* B84 {f ZnO HIIESHAS AR, et in
PO R SRS, MM E 7RG Ririiatt: W 2(0). 15 2(c) e 2(d)foxd e rpar s, 2>
B Cu B 2H T T ZnO JE R ARLAR H RN o

LIS 3 fERE M, b BER P S Zn eEM O o, T CUPBRERD, EilFiFR I Cu
BRI . R E LA, Zn JCEREM O TLERIE FH N T 1, Zn T&RME T H /i /N O
TR, XEWDER CUHIBAT Zn0 Sk, X5 1AL RS,

3.3, MENMEREBS o

UL 4, FTARERRAE 1 B JEIRA 1 b IOORIREME N, BRI, EIOEN, TR
R EHCNE, “h TR, Fra BRI Gk, M~ — P RIg, RiEéaTreE. 5
251 R S5 A R S B AN, LU B R R R R I B SR R IR, WA I P T A T A RS N
A b B S EE RS B BE A T ORI A RoR . LA BT AT A, CuPt B 28 & BN AR ZnO BE LG L
A, I H 4B 4K N 1107 mmol/L (BE 5 b, 6 PEAE B .

J (mean) = 2.25567 +11.92274X —8.39429X > +1.94941X ® - 0.15115X *
R? =0.9999 )

WP 5 4G S RS (T 2 B B R B CuP IR FE AR (b a%h, DU 2 0Bl & 2k . B 1 T3
TR R Cu IR BRI NG K58/, b RSP S8 r  EIA B T AR E. HIE R CuT BRI e
IRARFEFE B4R ZnO FEAL I SR, AR W& B Cu® B 24 ORI B S R 4 el ZnO BE S 1 3 fi%.
Fah, 5 MG AR ().

DLIE 6, HISERE AR R BRI R WTE I, 5 aFedAdtt, b, o, d FERIMEARCRA R T, A
PLb BES O, AR e FER ML RCRE IR T a FEfh. XU T Cu™ 3B 2 BES T ZnO ML
e, HSRBE CUIRFERII NSNS/, TEER B AR . AR AR Cu™ ik E N 1107
mmol/L B LR i . AL SR AT B 26 ML A i 2, K& HiZR AL LI 6(B).

CU™ R ZnO YL BRI U0 R . 2 CUBUR Zn® 75 IF f i O R Ui 2 AE e, il
THALRAEHET, JHEE B TRRREE G T BT 2151, MB35 1 ZnO Sma K F
WP TR CUTHIB AR &8 ZnO @R AT 2 R HBE, el FErh ZnO i &/ s 18] f 2
AR T HIEAE TS E A .

FAh, M CUPRFEER/M, Cu JoER 5MAES N RA RN A REN BT, AR T HF-2 7500
MR G JBRIREBORN, dEMSEE TN TR TN E S0, FEOLRARCRFEIC.
FrLAE R Cu” B 2 il B KARFEIR R ZnO FER IRkt fE . Bssb g Bn %0, 250 mL ¥ 5 mmol/L
Zn(NOs), I FF 7 25.0 ul 1 mmol/L ] Cu(NO3), ¥ ZnO B 5 K 64k M BE B 1

25 ERTHL, CU B A ANk ZnO DG HEILIERE, ERIB & 0EE Zno MR B, (A
ZnO MR G MERE RIS AN B CuP B A2 R A3 N LR M3 0, 24 Cu** B 4% il — 2 E I, ZnO
MR AL R 2Bl Cu B 28 I N AE 75, BNAF(E SR B 4K .
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Figure 3. EDS patterns of CuO-ZnO nano-works with 25 ul. 1 mmol/L Cu?* con-

tents of reaction solution

[E 3. REGARTBE 25 ul 1 mmol/L Cu?*& &5 CuO-ZnO #RE B FIRETE L

10
light on light on light on
8-
s
—~ 6
‘“ - - C
5
g ]
2 —_—
0- light off light off light off’ light off
T T T T T T T T T T T
0 60 120 180 240 300 360 420
t(s)

Figure 4. Electric current density of CuO-ZnO nano-works with different Cu®*
contents were 0 (a), 1x10™* (b), 1x10* (c), 1x10™* (d), 1x10™* (e)
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Figure 5. Average electric current density of CuO-ZnO na-
no-works with different Cu?* contents of reaction solution
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Figure 6. The photodegration of MO solution over CuO-ZnO nano-networks with different Cu?" contents of reaction solu-
tion under UV irradiation

E 6. REGAHHPARE Cu™ & &K CuO-ZnO #E R FAEKIEME

4. 45ig

B2k CU LYK ZnO MTESURNER R F, (BAN S (f Sk 45 M R AR 0022 . SR CuP* B 2 T4 v
gk ZnO M IALERE . A SCHIWFF R : 52424k Ry 250 mL 5 mmol/L [¥] Zn(NOs), & ¥ H ¥ 25.0 uL
1 mmol/L Cu(NO), %] ZnO B ot fb kRt BRI E FER W RSB Cu™ gk
ZnO AJ LABE 78 45 3R] F R BH i S 1AL
BOM

X T AR A R A 20 B S H (S 14 a150030) F1VA] R R A 2R e 3 4 Gk e 5 2013
qn033 Al 2014 zcx012) 37 #5528 KM



i

W

SEW#Ek (References)

(1]
(2]
(3]
(4]
(5]
(6]

(7]
(8]
(9]
[10]

[11]

[12]

Fateh, R., Dillert, R. and Bahnemann, D. (2013) Preparation and Characterization of Transparent Hydrophilic Photo-
catalytic TiO2/SiO2 Thin Films on Polycarbonate. Langmuir, 29, 3730-3739. http://dx.doi.org/10.1021/1a400191x

Lei, J.F,, Li, L.B., Shen, X.H., et al. (2013) Fabrication of Ordered ZnO/TiO2 Heterostructures via a Templating Tech-
nique. Langmuir, 29, 13975-13981. http://dx.doi.org/10.1021/1a4027859

Zhou, R., Hu, G., Yu, R., et al. (2015) Piezotronic Effect Enhanced Detection of Flammable/Toxic Gases by ZnO Mi-
cro/Nanowire Sensors. Nano Energy, 12, 588-596. http://dx.doi.org/10.1016/j.nanoen.2015.01.036

Martinson, A.B.F., Elam, J.W., Hupp, J.T., et al. (2007) ZnO Nanotube Based Dye-Sensitized Solar Cells. Nano Let-
ters, 7, 2183-2187. http://dx.doi.org/10.1021/nl070160+

Dai, J., Xu, C.X. and Sun, X.W. (2011) ZnO-Microrod/p-GaN Heterostructured Whispering-Gallery-Mode Microlaser
Diodes. Advanced Materials, 23, 4115-4119. http://dx.doi.org/10.1002/adma.201102184

Tseng, Y.K., Huang, C.J., Cheng, H.M.,, et al. (2003) Characterization and Field-Emission Properties of Needle-Like
Zinc Oxide Nanowires Grown Vertically on Conductive Zinc Oxide Films. Advanced Functional Materials, 13, 811-
814. http://dx.doi.org/10.1002/adfm.200304434

Wang, Y.S., Thomas, P.J. and O’Brien P. (2006) Optical Properties of ZnO Nanocrystals Doped with Cd, Mg, Mn, and
Fe ions. The Journal of Physical Chemistry B, 110, 21412-21415. http://dx.doi.org/10.1021/jp0654415

Wu, C., Shen, L., Zhang, Y.C., et al. (2011) Solvothermal Synthesis of Cr-Doped ZnO Nanowires with Visible
Light-Driven Photocatalytic Activity. Materials Letters, 65, 1794-1796. http://dx.doi.org/10.1016/j.matlet.2011.03.070

Meng, A., Xing, J., Li, Z., et al. (2015) Cr-Doped ZnO Nanoparticles: Synthesis, Characterization, Adsorption Proper-
ty, and Recyclability. ACS Applied Materials & Interfaces, 7, 27449-27457. http://dx.doi.org/10.1021/acsami.5b09366

Li, X.Z. and Li, F.B. (2001) Study of Au/Au3+-TiO2 Photocatalysts toward Visible Photooxidation for Water and
Wastewater Treatment. Environmental Science & Technology, 35, 2381-2387. http://dx.doi.org/10.1021/es001752w

Gao, P., Liu, Z. and Sun, D.D. (2013) The Synergetic Effect of Sulfonated Graphene and Silver as Co-Catalysts for
Highly Efficient Photocatalytic Hydrogen Production of ZnO Nanorods. Journal of Materials Chemistry A, 1, 14262-
14269. http://dx.doi.org/10.1039/c3tal3047a

Wu, M.S., Tsai, C.H. and Wei, T.C. (2011) Electrochemical Formation of Transparent Nanostructured TiO, Film as an
Effective Bifunctional Layer for Dye-Sensitized Solar Cells. Chemical Communications, 47, 2871-2873.
http://dx.doi.org/10.1039/c0cc04888g



http://dx.doi.org/10.1021/la400191x
http://dx.doi.org/10.1021/la4027859
http://dx.doi.org/10.1016/j.nanoen.2015.01.036
http://dx.doi.org/10.1021/nl070160+
http://dx.doi.org/10.1002/adma.201102184
http://dx.doi.org/10.1002/adfm.200304434
http://dx.doi.org/10.1021/jp0654415
http://dx.doi.org/10.1016/j.matlet.2011.03.070
http://dx.doi.org/10.1021/acsami.5b09366
http://dx.doi.org/10.1021/es001752w
http://dx.doi.org/10.1039/c3ta13047a
http://dx.doi.org/10.1039/c0cc04888g

	The Photocatalxtic Properties of Cu2+ Doped ZnO Nano Material
	Abstract
	Keywords
	Cu2+掺杂ZnO纳米材料及其光催化性能研究
	摘  要
	关键词
	1. 前言
	2. 实验
	2.1. 样品的制备与表征
	2.2. 光催化实验

	3. 结果与讨论
	3.1. 样品XRD图谱分析
	3.2. 样品SEM形貌分析
	3.3. 光催化效率比较与分析

	4. 结论
	致  谢
	参考文献 (References)

