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Antibacterial Activities of Doped ZnO Nano-Powder with M*(M=Cu, Cd, Ag and Fe )
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(Key Laboratory of the Ministry of Education for Advanced Catalysis Materials, Department of Chemistry,
Zhejiang Normal University, Jinhua, Zhejiang 321004, China)

Abstract: ZnO and doped ZnO nano-powder with M*(M=Cu, Cd, Ag and Fe ) were synthesized by citrate sol-gel
method. The composition,structures and morphology of the samples were characterized by means of modern testing
techniques. The antibacterial activities of the samples against Staphylococcus aureus, Escherichia coli and
Candida albicans were carried out using inhibition zone, minimum inhibitory concentration and minimal
bactericidal concentrations methods in the sunlight. Results showed that the antibacterial activity of samples
doped with Cu, Cd and Ag enhanced obviously compared to ZnO, which may be because that the lattice and
charge defects produced by M?* ions replaced Zn*>* prevented the photogenerated holes and electrons from

recombining and enhanced the photocatalytic activity and antibacterial activity.
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Fig.1 Schematic diagram of ZnO prepared by citrate sol-gel method
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Table 1 Chemical of as-prepared samples

Contents / %

Samples Composition
Mn* Zn*
Zn0 - 79.86 (80.34) 700000
Cu,Zn..0 x=0.02 1.62(1.56) 78.24(78.77) CugomZnosO
x=0.05 3.98(3.91) 76.14(76.41) Cugos1Znooss0
x=0.08 6.34(6.26) 73.83(74.05) CugomZnge0
x=0.10 7.96(7.83) 72.14(72.47) Cugi0Znosn0
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CdZn,_0 x=0.02 2.83(2.73) 77.26(77.84) CdogmZnpg0
x=0.05 6.84(6.71)) 73.86(74.18) Cdops1Znpgs0
x=0.08 10.67(10.56) 70.34(70.65) CdogsZnpe0
x=0.10 13.14(13.01) 68.02(68.36) Cdo10Znp5000
AgZn O x=0.02 2.75(2.63) 77.67(78.07) AgomZngos0
x=0.05 6.73(6.47) 74.36(74.52) Agoos:Zngo0
x=0.08 10.46(10.20) 70.77(71.08) AgogseZingssiO
x=0.10 12.87(12.62) 67.78(68.85) Ag100Zn0550
Fe,Zni 0.0 x=0.02 1.41(1.37) 78.28(78.76) FeomZnoos0
x=0.05 3.58(3.44) 76.31(76.63) Feoos1Zn9,0
x=0.08 5.67(5.53) 74.14(74.46) FeomZnos0
x=0.10 7.07 (6.93) 72.78(73.02) FeopZnggs0
“Data in parentheses are the theoretical values
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Fig.2  XRD patterns of ZnO particles by sintering at

different temperature
Kl 3(A~D)s& Cu® Cd* Ag*Hl Fe**#B4% Zn0O F
(500 °C,2 h)iY XRD B, MK & B 20=31.75°,
34.38° 36.22° 47.55° .56.55°4b ¥ 117 5 0 J& TN U7
LR 45 ZnO WOARFAEDE ) 23 RIS (100).(002)
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Table 2 Average size of ZnO particles prepared at different temperatures

Calcination temperature / °C

Average grain diameter / nm

500
600
700
800
900

21.6
31.2
48.6
130
201
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Fig.6 UV-Vis DRS spectra of ZnO and M™ doping
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Table 3 MICs and MBCs of doped ZnO samples

MICs / (mg-17) MBCs / (mg-L™)

Sample
E. coli S. aureus C. albicans E. coli S. aureus C. albicans
7Zn0O 200 200 200 400 200 400
Cu,Zn,..0 x=0.02 200 200 100 500 500 250
x=0.05 100 100 50 200 200 100
x=0.08 100 100 50 200 200 100
x=0.10 50 50 25 100 100 50
CdZn,.0 x=0.02 200 200 200 400 400 400
x=0.05 200 200 100 400 400 250
x=0.08 50 50 25 100 100 50
x=0.10 25 25 10 50 50 30
AgZn 01 n x=0.02 100 100 50 200 200 100
x=0.05 100 100 100 200 200 200
x=0.08 200 200 200 400 400 400
x=0.10 400 200 200 700 400 400
FeZn,_Oy.» x=0.02 200 200 200 400 400 400
x=0.05 400 200 200 800 400 400
x=0.08 600 600 400 1000 1000 700
x=0.10 800 800 800 1 500 1 500 1 500
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Fig.9 Schematic diagram of ZnO photocatalytic reaction
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Table 4 MBCs of samples in the sunlight and the dark

MBCs / (mg-L™)
Samples In the sunlight In the dark
E. coli S. aureus C. albicans E. coli S. aureus C. albicans
Zn0O 200 200 200 2000 2000 2000
CugZngg0 50 50 25 1200 1200 1000
Cdo1Zngg0 25 25 10 1200 1200 800
Ago0Zn95009 100 100 50 1400 1400 1000
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HAB b A S KA B B B M, T AN
E I TN i SR T PO (o (i Dk i T R
BRI 7R A1) T, 5 A 200 AT 3% VT Pl T 2 A7 | 1 AN T R B
PR MIEAS TR & AR B B
FET -, EAR K ANTE G, MR LA 41 il B ok | 5
B LR AN 10 5 Zn> B 3Rk 7 1R
BER RN | R R4S BAR A LB RORR (R M 24
RIE Zn0 KABH: Zn0O PUB 9 EEHLEE

BEAN KD ZnO K HAB 4 BE i B R 5 4 L
FRIAFRI LR TARE , AT LA B sl 0 AR 20 40 7 7% 41
FI, T YA A 1E F D RE AT 40 B T ik 5 A
HEAT IE 0 0 5 R B e A B i BT

R T HE— 2B UESE Zn0 K HAB 24 RE 5 T B AL
R OFRATECT HEE R H G RE S B N R TR R
% RO | 45 R (L3R 4)FR W] ZnO SHAB RN £
BRI R AL BT

3 & it

SR AT B R Vs IE — BB IS 15, #F 500 C R Be4h 2 h
il % T ZnO } Cu.Ag .Cd Fl Fe #8221 ZnO 44K H
i, BE S B BN AR R SE (20~30 nm), 434 3
5], PUEE NN | Zn0 R KT N Kb
TR PR A B R RSE AU D | H e TR R 3
T RERIE A 5 S AR S A W R AR AR, B3R
T AR 3 K, 2R T BB 3 22 DB/ T O A L s X
MEAMILR B E AL TR, 55, Cu,
Ag.Cd W Z= 0145 ZnO YU T RE R KI5 | v] B 11
JRE R, —Jr i T3 AE s T B Zn> A T
Al B BE | BHLIE T 6 R s SO I E A R
BTG E M ROR, S — TR H T Cu.Ag.
Cd WA A G B WPIREIER, 2T Fe B4
it B R P BB STk 55 | TT R 5 A LR AE 1Y ZnFe,0,
AR LA RIRUESE  Zn0 M HAB I FE i 2R
R AT R LB

SE .
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