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Study on the photocatalysis and bacteriostasis property of Ag@ZnO
nanocomposite with core-shell structure

Xu Qijie  Guo Zhuangzhuang Wang Kangkang Liu Zhun Li Wei Zhang Ning
(College of Chemistry Pharmaceutical Engineering, Huanghuai University,Zhumadian 463000)

Abstract Ag@ZnO nanocomposite was prepared by sol-gel method, as-obtained Ag@ ZnO was charactered by
laser particle size distribution (DLS), transmission electron microscopy ( TEM), X-ray diffraction (XRD) , scanning
electron microscopy (SEM) , ultraviolet-visible spectrophotometer (UV-Vis) and thermogravimetric analyzer (TGA)
and so on in order to study its morphology.crystal type,and thermal stability. Finding showed that Ag(@ZnO possessed
perfect composite structure, thermal stability,and the size of 50nm.The photocatalytic degradation performance of Ag@
ZnO nanocomposite on methylene blue and its inhibition performance on escherichia coli and other biological bacteria
were studied. The results showed that Ag @ ZnO had photocatalytic degradation rate of 85% on methylene blue,
Furthermore, Ag@ZnO also indicated antibacterial properties on escherichia coli.

Key words Ag@ZnO nanocomposite, photocatalysis, methylene blue, bacteriostasis

R e BAORE 2 F — Fof 4 K A ek e 3 A 2 i e A
YRR 185 55 — b 2 KA 0 S R T I 18 vy HL A7 2
KRUE A 7 3 A5/ PR IR 0t i B4
Wl ME AL R B SR R PR E R e, A
AR TE R IR A H Y 20 K 52 Rl DR HEAE 2 0 A
AR A PR A AN [ A B A R R O T o
HEALE ALY SRR L T — AR N BT

HE. Aguirre U T (Ag) @& AL (ZnO)
(Ag@ZnO) X} 9-FK K2, 3, 7-= B H-6-2¢ SR 14 6
WAL R i AT oA, L SOV RR S T WA b = Bk
(Fe; O, @ZnO X4k B F (Fe' ) By A&, FH - 3
WP Fe'" & 54 (Aw) Vil (Cw) L 86 (Ew) 4
(I (AD % &R S ZnO B -5 Wik TR
CEAPERE. BT b, B ST R I BE - I A%

AIRE T Mz — . T Ll g R )2 5522 Z 1)
AT A HE T, AT R a5 0 T SRR AE A 7] L 4 i 22
SR EBR W . R, AT RIS A 2 kL B AR 4 1Y
RIS FSCE R By, Hop SR (ZnO) 5
& Jm Y B S5 5 K DR HRR AR B P RE 5 RS T 58 3 Y

Ag@7ZnO Gk E G M8, IR HTOG R BEE 43 A AR
(DLS) 35 i B 7 W 3 8% (CTEM) L 3 1 B 7 3 8%
(SEM)  X-5F e A7 §H I (XRD) | £ Hh-1T W43 % 6
THCUV-Vis) S8 38T B X i il £ 00 b4kt 15 2R A
JERTT Ag@ZnO 4K E G BB IE B KL 85 19 D At

ELTB MA S5 FEOITE IR /I B (2017GGIS172) 5 1 7 44 BHE X1 301 B (182102311053,192102310492) 5 3 T4 ) 17 BH H 3+1 %l 31 B

(17203,17309)

EEEN ARBAN Q981 5 BIHIR , ZENFB B D REAR BT 2 S HT
B R AKT (19640 3 B, BN FR AL S IF R S R



B2 TR N5 A% ST N K S5 BHRL B O A A6 0 T 1 RE T 52 © 267 .

A 5% i A BE XS K i AT T e JEL Atk 40 T A 9700 i) 5CSR
1 SCIG#ER 4y

1.1 KFS5MUE

SR AR (S BT 4l , B ot A 2 1500 e 4 A PR ]
LK BRI BE (BT 2 - KT B Ak 2 0 o R A
Al LR AR o B2l , e T L fh 2 500 A BR 2
i e G o T2 DIN S-S o/ NS P2 K T R e |
A PR B 5 W O 25 Cap A Al L A i AL T S A
R\ H] 5 Colitag 78 K i T b Aar T3 7] 5 b 5T 4% 2 12
HLRL 5 52 0 23 ) 5 Petrifilm6406 [ 7% A 500 2t A
R FREA R .

WE S BEPE A% (JB-3 B TR A IR A Al 5
o (XL-100 &Y, B & F A BRI W) 5 2840 52
B E (30W), LI H ol E B W
(TEM,HT7700 A1), H A & H8 w] 5 48 B F 1 1l
5% (SEM, Nova Nano SEM 450 %), 3 [ FEI 24 A
PESHTILC(TGA,SDT Q600 %D, EE TA A Fl;
HOGRLE 4 L (DLS, NanoBrook A1) , 38 [E ffi &- 7%
W SCA S 2 | 5 X5 2 A7 41 (XRD, D8 Advance
R, 8 A S vE N B A AT /R AT IR G R
(CHF-XM-500W %), Jb 5t i ¥ B B A7 FR A 5 4
AT L4366 B 3 (UV-Vis, 725 8, F AL HL 53
B ER A B ]

1.2 Ag@ZnO AKX EEWRHIH &

VHE A PR HRORY PR AR 9 W 0. 15mL TR L inA
lomL X8 F KRG 5 Rk 4% (JB-3 7Y,
VLR IRAEAT BR A 71D 90°C ®% S BE+F 0. 5h, I A LR
IRV W » A0min J& I e 1) T WL » 40k 252 o g
0. 5hs iIn A SR AL BE 2R VT TE B IF . 2h J5 g L ok
B T RS gk (XL-100 B, BifF & E A
FRA D 550°C 1Bk 3h, B4 Ag@ZnO 4k B &
kL
1.3 #H# &AM

K% S B 8 (TEM, HT7700 84, H A
By S w1 GRS EAT IR R A O
(SEM.,Nova Nano SEM 450 #1, 2 [E FEI 2~ &) W
ZERES TR S . R FH O KL BE 43 4 {L (DLS, Nano-
Brook #1, 3 [ 11 & 52 ¥ SCAX AR 20 7)) XL i i) A B
O3 AE BEAT AR, R X B4R A7 51X (XRD, D8
Advance # , {8 [E 75 & 52 /> &) ST AE Mt k. ok
JHIE S HTAL(TGA L, SDT Q600 %1, 26 [E TA AW
X RE ) AR BE E AT I R SR AT UL 43
i (UV-Vis, 725 B, g 3 A A 38 47 BR A

F)D X RO BE AT

JeAEPEREM L. PRI —E i Ag@ZnO 44K
MR A 100mL (0. 02mol) W F 5 5 i i
KNI E (S0W L LK [ D I ST 180min
S5 B 2RI VR s W G G B T Rk R
JefEILBE M. S5 40, a0 L Ag BT ZnO Rl
AR, X EE 3 B A4 R X 3 A A O 48 1R B
PEBE.

MEPEREDE , AR GB 15979—2002¢ — W Pk
it F T A & T3 A R v ) A8 AR DG s v 5 SR gk
H Colitag B K AT 1 4 D57 AN Petrifilm6406 B
T SBOM K TE—E SR X Ag@ZnO YK E
BB RE B A P 0 TR R AT I

2 HR5W®

2.1 TEM $#f

Ag@ZnO GKREZ S B TEM KL 1. A
KT LA s Ag@ ZnO 40K 52 & BB RL AR /N T
100nm, £ HF 50nm Ze 47 HoRAZ 70 B PR

- 4

1 Ag@ZnO 91K 5 & #EHH TEM

2.2 SEM & #f

Ag@ZnO GIKE A M B SEM K ILE 2, A
EIFTLLE H, Ag@ZnO 99K EZ G M B 1) Ag 401
R,

K2 Ag@ZnO 9K 5K SEM &

2.3 NESHSW

Ag@7ZnO YK 5 & RHRRLAR 73 A 181 DL 1A 3.
WER LA B Ag@ZnO K E A MR EH A
SIRRAR, BoRiAR/NTF 100nm, EHF 50nm.,



- 268 - 1 T 8 B W4T

1.0E+00 1.0E+01 1.0E+02 1.0E+03 1.0E+04 1.0E+05
S /nm

K3 Ag@ZnO 94K & A bR ARLAE 5 i ]

2.4 XRD &#f

Ag@ZnO 9K E 5 M B XRD 1% K WLE 4,
AT LA H L FE 38, 1°.44. 37,64, 5°F1 77. 5719 260
AR K Ag TH U T S5 R R REE AT S0 L 43 ) XF
MK Ag H(111),(200), (220) FI(311) 4 45
i AEAE R A I ZnO B RTETIE, BE ZnO
e A G5 H DL TG DR S AR AR

800

. 600f
3
< 400} l

Sl
2 200

0_

10 20 30 40 50 60 70 80
20/(°)

Kl 4 Ag@ZnO 9K E 4 M EHY XRD 3 &

2.5 MBS

Ag@ZnO kG A AR E ML WA 5.
IETTLAE H, Ag@ZnO 44K 52 4 M okH#E<<100°C
FUFT A SYUMRER, FEE Ag@ZnO K E
B bR K 43 1 B A 100 ~400°C &4 T, LT
WA RAEME, B Ag@ZnO 94K & & # k1 1L
Tk TR P4 RE B8 AR A7 AE s £ >400°C 251 7, Ag@
InO PKE MBI T B REHRSE, FLE
BT Ag@ZnO F1K 5 A b k2% 1 58 I 45 7K 1
B, FIEA WL, Ag@ZnO YK A # R AT LLAEAR T
F18 Y 32 5 PR P9 e

100

o
W
T

o
(=)
T

PR HE(TGC)/ %
&

80 100 200 300 400 500 600 700
WE/C

100 200 300 400 500 600 700
REE/C

Bl 5 Ag@ZnO 94K 52 45 B4Rk 3K o it 2k 1]
2.6 efELEEESHR
R KT S R R RO R i 2k L 6 1. A

FIRTLLE 900K Ag R 3 85 R 8 ol 4 4k 51
ULl R zs FURE SO B 46 4T 5 Bt TG IR 8] ) S8 K I
HBE S LF A KA AR L T Ag@ZnO 442K
EAFRRGK ZnO X B 5 A 1R 4 19 fiE 1k
Wk RE L 5 LI 25 ' B I ) 19 S 4 I i A I A %
SR T A L A6 R ] 3R 2] 150min A& F
Wit 2R A8 AL BT /N s Ag@ ZnO 40K 53 4 1 RL gl K
ZnO X7 H S Y R i 2 4 0l 35 B 8500 Fl 5004
It H Ag@ZnO 91K G & b RHI A Ak % i 1 fik
BTk ZnO, AT G4 R 3
HICRE R BN R . FAM, Ag@ZnO 4k B & 4
REEA B e LR e . EEIER (DL
TR R L REREAE AN K ZnO By i & 4 B AL R J5 %
L, S0 R W 1 B A Sk b ) = A S TS ML NG T L BR
T 292K ZnO 185 0 2877 9 3 A R B T JH Sl 4 Ak B
R EIRCR s (2 T ZnO B PR BELLHE Ag (. 1X 2
Fofv gy o AR 42 fk )L Sy ok B B oK BE G A 34 L Ag
(L T2 i A8 ) ZnO 3af b [ i 7 2 1 Ak 4 7= 2
M ORI A s ) TE AR R AL I B R T ZnO A
TR AR 58 BE IR T R AMT 6 FRE &L ZnO M iy
R FL S B R B v DT AR A O A B
A 2 (DO T Ag@ZnO 9K A M
B KR RELRE /N T ZnO ORI S IS AE 1L 16
BEEMER R . Z A MR T N ZnO BB 5 Ag. et
2590 ZnO REIERE AL JF 7O o+ F1 28 7y 43
B RS SO B A LR R, AR T
ViR 32 R B O, o fifi 2 78 Shy 3t 8 B B8 1. AT A&
BT BN A ORI 1 3L TR 2 1 2 R — AR
SR I AR AR TR S AT A K A i I 3 B LR AR )
R AR AR AN K 2 T i O A R

—a— Ag@Zn0
80F e Ag
Zn0

A
v

030 60 90 120 150 180
% B B} 6] /min

PEl 6 it o P Y RE T 1 O A 1 I ot £ 1

2.7 mEMEEESH

Ag@ZnO GHK I A MR K N5 T 1 35 7% 7
BRI RSO L E LR 7, WEIRTRLE 1 5
L 2 SRR 3 SRR AT Ag@ZnO 9K
BB REIY R FF TR B 35 SE AR B A RE R L 4 SRR



5% 12 1 TR N5 A% ST N K S5 BHRL B O A A6 0 T 1 RE T 52 . 269 -

H1 5 5 FE S K FT TR B % 5 0 B8 TROG BREE L 4
SREA A 5 S RE S S E I W, AR R
GB15979—2002 ((— ML FH T4 b TEAE AR o)
P AF G A o S U8 B 6 JRRE S P S R R AT
BT 1 SRR 2 SRR SR 3 R R Y
TR 55 6, UL B AH [ 45 4 T SRR b R AT K R
BRI, OF A D25 R 2 PR 25 R R Ag@
ZnO DK A MR 35 3% B 50 B W 1 K T 1
B RGF mE PERE

B 7 Ag@ZnO 4k 5 4 bk 3K I FF B Y
B S  E J

Ag@ZnO 44K & A b RE XK KT B8 A9 T8 Fi 5
M AEIWLE 8, WE 8(a) AT LIEH . £E N Ag@
ZnO 40K A BRI A o BT R R R R .
I TR ORI N i o N L A SR NGl R
T B S M LB L IR Ag@ZnO 44k &
AR A AT EER B, L
SIFTAI . Ag@ZnO 99K A BRI K T B B A
AR B B4 410 1 P i L 2R AL T B S R AR R R T AR
R 28 A R AT 25 9 5 B R v, T 3k I B ) 410 7
AT A K AVER .

Bl 8  Ag@ZnO 49Kk & & M XT K FF & 1Y
TR A A 3 (]
[ RBIM Ag@ZnO 9K E A #
(DT Ag@ZnO 9K E A ¥R

KR BE-BERE 245 T Ag@ZnO 94K A4
B AERBR G 2T . Ag@ZnO 9K 2 5 4 8
X 7 YR W VA AR AT B ) O A A I i P BE L I i
AIRF] 8500 X RIAT W BA ARG iy ik PR BE . i
BRIV AT 52 B X G FY R A R A L SR PR R R

AR AE L A6 75 K Al R SR B L AR W R L R 2 T
A B G B RIR N T A R A B Y 1

198

=
A 5T,

2% CHk

[ 1] Ansari SA,Khan M M, Lee J,et al. Highly visible light active
Ag @ ZnO nanocomposites synthesized by gel-combustion
route[ J . Journal of Industrial & Engineering Chemistry,
2013,20(4):1602-1607.

[ 2] Ansari SA,Khan M M, Ansari M O, et al.Biogenic synthesis,
photocatalytic,and photoelectro-chemical performance of Ag-
ZnO nanocomposite [ J ]. Journal of Physical Chemistry C,
2013,117(51):27023-27030.

[ 3] MunozRojas D, Oro-Sole J, Gomez-Romero P. Spontaneous
self-assembly of Cu, O@PPy nanowires and anisotropic crys-
tals[J].Chemical Communications,2009,39(39):5913-5915.

[4] LiX,ZuoJ,GuoY L,et al.Preparation and characterization of
narrowly distributed nanogels with temperature-responsive
core and pH-responsive shell [ ] ]. Macromolecules, 2004, 37
(26):10042-10046.

[ 5] Jang J.Xiang L. L, Oh J H.Facile fabrication of polymer and
carbon nanocapsules using polypyrrole core/shell nanomateri-
als[J].Chemical Communications,2004,10(7) :794-795.

[ 6] Encina E R.,Pérez M A,Coronado E A.Synthesis of Ag@ZnO
core-shell hybrid nano structures: an optical approach to re-
veal the growth mechanism[ ] ]. Journal of Nanoparticle Re-
search,2013,15(6) :1-12.

[7] WuHP,LiuJ F,Wang Y W,et al.Preparation of genanocrys-
tals viaultrasonic solution reduction [ J]. Materials Letter,
2006,60(7):986-989.

(8] WFPRZ . ZHME, XRVLB ARG T & 4.5 =& -1- B
T Y HE-3-(2- SRR IR [ IR - 100 Y ) -4-35 -1, 2, 4-
=E5-HL A ()] A7 BLAE %, 2007, 27(7) :874-879.

[ 9] Aguirre M E, Rodriguez H B, Roman E S, et al. Ag@ ZnO
Core-shell nanoparticles formed by the timely reduction of
Ag"' ions and zinc acetate hydrolysis in N, N-dimethyl-
formamide: mechanism of growth and photocatalytic proper-
ties[ ] ]. Journal of Physical Chemistry C, 2011, 115 (50):
24967-24974.

[10] LiJ S,Wang Q.Guo Z K, et al. Highly selective fluorescent
chemosensor for detection of Fe*" based on Fe; O, @ZnO[]].
Scientific Reports,2016,6:23558-23562.

(111 #El, BB L X e hn, 50 BB IR %k i 4 Mg 8 2% ZnO i
JBE Y S 45 4 5 0 2 M B LT ] N T A AR 2 4, 2010, 39 (5D
1171-1175.

[12]  %JE=+.Co.Cr.Cu,Mn %L ¥ & 8 £ 2% ZnO WY& W
PERRAFSELD]. 98 < 95 M K2, 2010,

[13] &SR In 528 0T ZnO W RS G4 1 A0 O 24 PR BT A 2 e [ .
AT R 2:3R . 2010,39(2) 1 486-489.

[14] feBe . Eo®T (LiT 482 ZnO W S50 5 M 5 0y 0F 58 [D].
it B <L RS K%, 2010,

(TF#% 273 )





