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ABSTRACT KEYWORDS
In this paper, Ag/ZnO photocatalysts with different Ag loadings were Ag/ Zn0;
prepared by photo reduction, chemical reduction and polyacrylamide-gel Poly acrylamide gel method;
methods. The Ag/ZnO photocatalysts were characterized by XRD, SEM, Chemical reduction;
TEM, EDX and DRUV-vismethods. Theresults of the photocatal ytic deg- Photo reduction method;
radation of 4-NP in agueous suspensions showed that silver ions doping 4-nitrophenol;
greatly improved the photocatalytic efficiency of ZnO nanocrystallites. Photocatalysts.

The enhancement of photocatalytic activity is due to the fact that the
modification of ZnO with an appropriate amount of Ag can increase the
separation efficiency of photogenerated electrons and holesin ZnO, and
the improvement of photo stability of ZnO is attributed to aconsiderable
decrease of the surface defect sites of ZnO after the Ag loading. The
chemisorptions of molecular oxygen and the chemi sorption of atomic oxy-
gen on Ag in the Ag/ZnO photocatalysts were observed. It was found
that the metallic Ag in the Ag/ZnO photocatalysts does play a new role of
O, chemisorption sitesexcept for €l ectron acceptor, by which chemisorbed
molecular oxygen reacts with photogenerated electrons to form active
oxygen species, and thus facilitates the trapping of photogenerated elec-
trons and further improves the photocatalytic activity of the Ag/ZnO
photocatalysts. Also the method of preparation is regarded as important
factors for determining photocatalysis. The best photocatalytic perfor-
mance was exhibited for Ag/ZnO prepared by polyacrylamide gel method
in comparison with chemical reduction and photo reduction method and
the optimum Ag content was approximately 0.5%. With the appearance of
microbial organismsresistant to multiple antibiotics, also, increase noso-
comial infection, antibacterial effects of nanocomposites have attended
by the many researchersin recent years. In the present work, the antibac-
terial properties of Silver incorporated zinc oxide nanoparticles were in-
vestigated using Escherichia coli. © 2013 Trade Sciencelnc. - INDIA

INTRODUCTION interest in the application of semiconductor photoca
talysishasgrown exponentiallyi**. ZnO can act asa
Inthe past decades, the scientificand engineering  sensitizer for light-induced redox duetoitselectronic
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sructure, whichischaracterized by afilled vdenceband
and an empty conduction band. When aphoton with
an energy of hv matches or the bandgap energy, E, of
the semiconductor, an electron, e, -, fromthevalence
band (VB), isexcited and entersinto the conduction
band, CB, leaving ahole, h * behind. Excited state
conduction band el ectrons and vaence band holescan
recombine and rel ease energy as hest, get trappedin
metastabl e surface states, or react with electron do-
norsand el ectron acceptors adsorbed on the semicon-
ductor surfaceor withinthesurrounding electrica double
layer of thecharged particles. If asuitable scavenger or
surface defect isavailableto trap the electron or hole,
recombination is prevented and subsequent redox re-
actionsmay occur. Usually, undoped ZnO exhibitsn-
type conductivity, which can be ascribed to the asym-
metric doping limitationg® and propensity to defectsor
impurities®, P-typedoping of ZnO filmshasbeen
achieved using P[*4 N3 As,14 |j 151 Sh, 11619 gand
Ag?2 as dopants. These dopants and defect com-
plexes, introduced through synthesi stechniques, can
definethetype of conductivity!? and optical?>24 and
electrica propertiesd®®! of ZnO. It hasbeenfound that
the photocatd ytic performance of ZnO can begreatly
improved by constructingasilver—ZnO composite be-
cause of theincreasein therate of electron-transfer
processby metd silver’>#l. PureAg- or Sb-doped ZnO
has been effectively prepared by pul sed laser deposi-
tionl*"2028 radli o frequency magnetron sputtering, 2”2
and molecular beam epitaxy?. For preparation of
doped ZnO nanoparticles several methods, such as
microwave heating process®!, co-precipitationY,
chemical vapor synthesis® and otherswere used. Al-
though the af orementi oned methods can be employed
to produce doped ZnO nanoparticles, they have some
drawbacks, such asrequirement of alarge quantity of
solution and organic material's, long processing time,
and unsuitablefor large scale production or ill crystal-
linity and wide particlesizedistribution. Thus, it isof
practica importanceto seek for anovel method that
doesnot havethose drawbacksfor preparation of doped
ZnO nanoparticlesas photocataysts materids.

Very recently, the polymer pyrolysis method has
been devel oped for preparation of ferrite nanoparticles
such as MnFe,0,, NiFe,O,, and ZnFe,0,*, ZnO
supported on zeolites and Ln doped ZnO3*3, This
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methodiseasly operated and versatilefor variousmetds
and thus should a so be suitablefor preparation of me-
talicion doped n-type semiconductors. Inthe present
work, the polyacrylamide-gel method, photo reduction
and chemical reduction methodswere used to synthe-
sizeAg- modified ZnO nanoparticles. At last their pho-
tocatalytic activitiesare compared for degradation of
4-nitro phenal.

Also with the appearance of microbial organisms
resistant to multiple antibiotics, a so, increase nosoco-
mid infection, antibacterial effects of nanocomposites
have attended by the many researchersin recent years.
Inthe present work, the antibacterial propertiesof Sil-
ver incorporated zinc oxide nanoparticleswereinvesti-
gated usng Escherichiacali.

EXPERIMENTAL

Materials

Zinc acetatedihydrate, nitricacid, citricacid, acryl
amide, 2, 2’-azoisobutyronitrile (AIBN), AgNO, were
obtained from Merck.

M easur ements

Differentid therma analysisand thermd gravimet-
ric (DTA-TG) was conducted at aheating rate of 5°C
min'. X-ray diffraction patterns (XRD) were collected
using aSiemens D500 diffractometer with Cu ko ra-
diation (A=1.5418 A° and 6=4-80°) at room tempera-
ture. Scanning electron microscope (Philips XL30)
equipped with energy dispersive X-ray (EDX) facility
was used to capture SEM images and to perform el-
emental analysis. The SEM samplewasgold coated
prior to examination and SEM was operated at 5kV
whileEDX analysiswasperformed at 15kV. UV-Vis
diffuse reflectance spectra (UV-Vis DRS) were re-
cordedinair at room temperaturein wavelength range
of 200-800 nm using a Scinco 4100 spectrophotom-
eter. The band gap energy was cal culated by thefol -
lowing equation:

Ag=1240/Eg,

Where\g is the wavelength of the characteristic ab-
sorption peak value; Egisthe band gap energy.

The products have been characterized by trans-
mission electron microscope (TEM) and energy-dis-
persve X-ray andysis(EDX). TEM studies, combined
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with EDX werecarried out onaZeissLEO 912 Omega
instrument, operating at 120kV. TEM specimenswere
made by evaporating one drop of solution of samplein
ethanol onto carboncoated copper grids. Gridswere
blotted dry onfilter paper and investigated without fur-
ther treatment. The Brunauer-Emett-Teller (BET) sur-
face area of the catalysts was measured by N2 ad-
sorption—desorption isotherm at liquid nitrogen tempera-
ture using NOVA 2000 (Quantachrome, USA).
Preparation of materials

(a) Polyacrylamide-gel method (A Z1)

In a typical experiment, 0.17g (0.774 mmol)
Zn(CH,CHOO),.2H,O wasdissolvedin 2ml diluteni-
tricacid (2 mol L) and 0.3gcitricacid (1.6mmol) was
added in order to accelerate dissolution of
Zn(CH,CHOO),.2H,0. The mixture were kept stir-
ring for 2h. Thefina PH wascontrolled as6-7 by usng
dilute ammonia. Subsequently, the monomers of
acrylamide (0.3g) were added and theresulting solu-
tion was stirred for 1h, then the aqueous sol ution of
AgNO, wasdropped into thetransparent sol ution un-
der dtirringfor 15minutes, at last heated in awater bath
and during thewhol e process, the system was continu-
oudly stirred. The solution becamegradually transpar-
ent with temperature rising. When the temperature
reached about 80 °C, a small amount of compound ini-
tiator AIBN (C,H_,N,) was added into the solution and
polymerization occurred quickly and transparent poly-
meric resin was obtained without any precipitation. At
last, the gel was dried at 100 °C for 24 h to yield a
xerogel. Thexerogel was heated in alaboratory fur-
naceat 300 °C for 10h to burn out the organic residues
and cacined a higher temperature (550°C) for 5h. The
molar ratioof Ag:Znwas0:100, 0.1:100,0.5:100, 1:100
& 2:100. Thefind productswereobtained, whichwere
designedasA Z1(n=0,0.1,0.5, 1& 2) respectively.

(b) Photoreduction method (A Z2)

4.288g (0.02 mol) Zn(CH,CHOOQ),.2H,0 was
dissolved in 15ml of ethanol (96%) at room tempera-
tureinanultrasonic bath for 1h. Thentheclear solution
was heated under reflux and stirring for 3h and during
reflux 40ml of distilled water wasadded drop wise, the
mixture solution became milky. Next, theaqueous so-
lution of AgQNO, was dropped into the milky solution
under vigorous stirring for 20 minutes. Thereaction
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mixturewasstirred for 2h under UV-C (30w) lampto
reduce adsorbed Ag* to Ag particles. The precipitate
was separated from sol ution by centrifugation at 1500
rpm for 5 min and washed with deionized water re-
peatedly to removetheresidual Ag* and then dried at
70°C for 10h and finally calcined at 550°C for 4h. The
molar ratio of Ag:Znwas0.1:100, 0.5:100, 1:100 &
2:100. Thefinal productswere obtained, which were
designedasA Z2(n=0,0.1,0.5, 1& 2) respectively.

(c) Chemical reduction method (A Z3)

4.288g (0.02 mol) Zn (CH,CHOO),.2H,0 was
dissolved in 20ml of distilled water at room tempera
tureinan ultrasonic bath for 1h. Thentheclear solution
was heated under reflux and stirring for 3h, the mixture
solution became milky. Next, the aqueous sol ution of
AgNO, wasdropped into themilky solution under vig-
orousstirring for 20 minutes. A ppropriateamount of
NaBH4 solution was added to the milky solution to
reduce adsorbed Ag* to Ag particles. Themolar ratio
of Ag:Znwas0.1:100, 0.5:100, 1:100 & 2:100. The
final productswere obtained, which weredesigned as
A Z3(n=0,0.1,0.5,1& 2) respectively.

Catalyticactivity

Degradation of 4-nitrophenol (4-NP) was chosen
asthereaction to quantify the photocata ytic reactivity
of each sample. The experimentswerecarried out with
50 ml 4-NP (10ppm) solution prepared with distilled
water in 150 ml beakers. Prior toillumination, thereac-
tion suspensionwasfirs magneticaly stirredinthedark
for 15 minuteto ensure the establishment of adsorp-
tion/desorption equilibrium of the concerned chemical
substances on the surface of the catalysts. Then the
beakerswere put under the ultraviolet light in the ap-
propriatestirring. Proper amount (0.1g) of catalystswas
added to the solution. Samplesweretaken out at given
timeinterva sand the solution was centrifuged a 1500
rpmfor 5 minand then filtered to removethe catal yst
particlescompletely. Theanaysisof concentration of
4-NPinfiltered solution was performed by meansof a
Shimadzu UV-240 spectrophotometer. Theabsorption
band around 315 nm (for the 4-NP) decreased as a
function of timefor each catdyst. Thiscan beattributed
asoxidative degradation of the4-NP by the cataysts.
Direct band gap excitation of the semiconductor results
in electron-hol e separation. Photo generated holes oxi-
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dizethe4-NPat the catalysts’ surface.

The decreasein the absorbance seen at 315 nmfor
the4-NP asafunction of time can be used to estimate
the percentage degradation of the4-NP. The extent of
equilibrium adsorption was determined from the de-
creasein4-NP concentration. From the adsorption ex-
periments, the percentage of 4-NP adsorbed on the
catdys surfacewasdetermined fromthefollowing equa
tion:

. c,-C
adsorption(%) = —2——t

: @

where C istheinitial concentration of 4-NPand C.is
the concentration of 4-NPat time ‘t” (min).

Antimicrobial activities

The agar plate method was taken to evaluate the
antimicrobid activitiesof Ag/ZnO prepared by differ-
ent methods compared with the positive control and
pure ZnO. Escherichiacoli 745 (E. coli) was used as
thetest bacteria. The bacterial culturewasdiluted by
sterile distilled water to 108 CFU/mlI (CFU: Colony
Forming Unit). A loop of the suspension wasinocu-
lated on nutrient plateswith the sample spread. Then
theplateswith bacteriawereincubated at 37°C for 48
h. A corresponding platewithout any nanoparticleswas
used asapositive control. Finally, theantimicrobial ac-
tivities of the sampleswere eva uated by the diameter
of thetest microorganism. All theexperimentswerere-
peated four times. Theresultswere averaged.

RESULT AND DISCUSSION

Proposed mechanisms for various preparation
methodsof Ag/ZnO nanoparticles

The co-polymeric precursor compound (A Z1)is
schematically represented in Figure 1. Asshown, the
Zn (1) and Ag (1) ionsare bound by the strongionic
bonds between the polymeric chains. Thisuniformim-
mobilization of metallicionsinthepolymer chainsfa
vors the formation of uniformly Ag-modified ZnO
nanoparticlesin thefollowing pyrolysis process. Also
comparison to the other used methodsthis procedure
lead to the finest particle size as shown in Figure 4.
Furthermore, thismethod issmpleto operateand very
suitablefor industria production of nanoparticles. In
addition, thismethod can beversatiletofacildly synthe-
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Szeother metalicion doped n-typesemiconductor, such
asln, Ga, Al doped ZnO.

Figurel: Schematic representation of polymeric chain of
theco-polymeric precursor of Zn-Ag polyacrylates.

To clarify the chemical reactions of the co-poly-
meric precursorsoccurringinthepyrolysisprocess, TG
and DSC curvesof thecopolymericA  .Z1 precursors
weremeasured and showninFigure2. Inthe TG curve
of A,.Z1 precursor, there are two mass |losing pro-
cesses present at room temperature to about 160°C
and 160-520°C. The first step of mass loss is corre-
spondingtoasmal endothermd pesk intheDSC curve,
which isassociated with theremoval of theresidual
water, acetateand un-polymerized acrylicacid molecular
inthe precursor. The second step of mass decomposi-
tion of polymer precursor occurs at the temperature
rangeof 160-520 °C and at the same time a high exo-
thermic peak inthe DSC curveisobserved at around
400-530 °C, which is likely to be associated with the
decomposition of Ag-Zn polyacrylate into A .Z1
nanoparticles. It isnoted that the massis amost un-
changed abovethe decomposition temperature of 520
°C, indicating that the final decomposed products are
A, .Z1 nanoparticles. Hence, 550 °C was chosen as
the calcination temperature in preparation of A Z1
nanoparticles.

TheA Z2 photocatalysts were prepared by pho-
toreduction of Ag* on ZnO with ethanol ashole scav-
enger. Upon UV irradiation, electronsinthevalence
band of ZnO are excited to its conduction band with
simultaneous generation of the same amount of holes
left behind. Therefore, wethink that ZnO servesaseec-
tron sourcefor thereduction of silver cations. Itisknown
that ZnO easily adsorbsAg* cationsat itssurface. Once
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cationicsilver clusterslikeAg," areformed, thereduc-
tion processisfacilitated®. The photo-generated holes
in ZnO are captured by ethanal.

hihibhbOON
DSC (mW/mg)
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"
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w00 e00
Temperature (°C)
Figure2: TG-DSC curvesof A_.Z1 precursor.
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Scheme lashowstheband structuresand the Fermi
energy levesof Agand ZnOjunction. Becausethe Fermi
energy level of Ag (E,) ishigher thanthat of ZnO (E,),
part of electronstransferred fromAgto ZnO until the
two systemsattai ned equilibrium and anew Fermi en-
ergy level (E,) wasformed®%.. Scheme 1b showsthe
proposed charge separation process and the photo-
catal ytic mechanism of as-prepared Ag/ZnO samples
under UV irradiation. Dueto that theenergy level of
CB for ZnOishigher thanthe Fermi energy leve of Ag,
the photoinduced el ectrons are transferred to the me-
tallicAg. Then the electrons in the Ag sinks can be
trapped by the chemisorbed O, and the hole can be
captured by the surface hydroxyl.

(b) ©: electron
@ hole

~OH
Ag Zn0

Scheme1: (a) Theband structuresof Agand ZnO junction and thefermi ener gy level equilibriumwithout UV irradiation.
(b) Theproposed char ge separ ation processand the photocatalytic mechanism of as-prepared Ag/ZnO samplesunder UV
irradiation. TheelectronsintheAg sinkscan betrapped by the chemisor bed O, and the hole can be captured by thesurface

hydroxyl.

TheA, Z3 photocataystswere prepared by chemi-
cal reduction of Ag* on ZnO in presence of NaBH,,.
NaBH, isameta hydridewith strong reduction capac-
ity and high hydrogen content. It releasesitshydrogen
asaresult of hydrolysis. Thisisaragpid reactionat room
temperature.

Ag'+e—->Ag,E°=0.79vV 2
Zn*+2e—>27Zn,E°=-0.76V 3
According to the E° of the Ag" and Zn*, silver ions
werereduced by NaBH, and after calcined at 550°C,
Ag/ZnO was prepared.

Sructural and mor phological characterization of
Ag/ZnO nanoparticles

Figure 3 shows XRD patterns of Ag/ZnO
nanoparticlesrecorded in the range of 20-70° with a
scanning step of 0.02° by various preparation methods

and different Ag loadings. The observed diffraction
peaksof the pureZnO catayst can beindexed to those
of hexagonal wurtzite ZnO (PCPDF79-0207). No
characteristic peaksof impurity phasessuchasZn or
Zn(OH), wereobserved for al samples. Ascan beseen
from Figure 33, b and ¢, in all cases, after lower Ag
loading (0.5 wt%) onthe ZnO, no characteristic dif-

fraction peak corresponding to Ag or Ag compound
impurity phase and no detectabl e structural changeis
observed for theZnO catalyst, but with higher Agload-
ing (>1.0 wt%o), It should be pointed out that aresidual

phaseof slverisobserved by XRD. According to some
previousreports, Ag can beincorporated in ZnO sys-
tem either asasubstituent for zincionsor asanintersti-
tial atomg®4%, If the silver is substituted for Zn?, a
corresponding pesk shift would beexpectedinthe XRD.
In any of our modified samples, no such shift inthe
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peak position was observed. Thisindicatesthe segre-
gation of Ag particlesinthe grain boundariesof ZnO
crystdlitesrather than going intolatticeof ZnO, or only
aninsignificant quantity may be going to the substitu-
tiona Znste.
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Figure3: XRD patter nsof theAg/ZnO photocatalystswith
different Agloadings a)polyacrylamide-gel method(A, Z1), b)
Photo reduction method (A Z2), c) Chemical reduction
method (A Z3).

Themorphologiesof theas-prepared productswere
investigated using TEM. Figure 4(a) - (c) showsthe
TEM imegesof A .Z1,A Z2 and A .Z3 respectively.
The SEM imageof as-synthesizedA Z1isasoshown
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inFigure4(e). Interestingly It isclear that thesampleis
composed of lotsof fluffy sphereswiththediameter in
therangeof 1-2 um. To know more about this strange
sructure, themiddlepart of thesphereismagnified and
presented intheinset in 4(e). Itisfound that the ZnO
sphereiscongtructed by lotsof crossed nanosheetswith
averagethicknessof ~20nmand alargeamount of “hol-
low lattice” present inside the sphere. Apparently, the
synthesized A Z1 possesses a 3D hierarchical
micro\nanostructure with aspecific crossed arrange-
ment of nanoshests.

Fgure4(b,c) indicatesthat Ag/ZnO nanocomposites
areamost hexagonal (spherica) in shape. Themean
particlesize of themare 50-75 nm.

Figure4: TEM |mag%0f a Azl b: A Z2,C A Z3
nanoparticlesand d: EDX spectrum of A, Zl e SEM |mage
of A, Z1.

Energy dispersive X-ray spectroscopy (EDX)
analysis (Figure 4d), confirms that Ag/ZnO
nanocomposite materialsonly consistssilver, zincand
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oxygen. The presence of Cu and carbon signasarises
fromthe TEM gird. Apart from that no other el ement
peaks could be detected.

Thediffusereflectance spectra(DRS) of Ag-ZnO
prepared by different methods are shownin Figure5.
Thelittlechangeof the Eg of the samplesa so explains
why the catal ysts do not show high activity under the
visiblelight. Thetop absorption peaksof ZnO, A Z1,
A Z2, A Z3 occur at the wavelength of 365nm
(3.39%V), 373nm (3.32eV), 372nm (3.33eV) and,
374nm (3.31eV), respectively.

Absorbance(AU)

500 600

Wavelenght (nm)
Figure5: DRSspectraof A Z1,A Z2,A Z3and ZnO.

Catalyticactivity

Theresultsof the photocatal ytic degradation of 4-
NPin agueous suspensions showed that silver modifi-
cation greatly improved the photocata ytic efficiency of
ZnO nanocrygtallites. The enhancement of photocata
Iytic activity isdueto thefact that the modification of
ZnO with an appropriate amount of Ag can increase
the separation efficiency of photogenerated el ectrons
and holesin ZnO, and theimprovement of photo sta-
bility of ZnOisattributed to acons derable decrease of
the surface defect sites of ZnO after the Ag loading.
Thechemisorptionsof molecular oxygen and the chemi-
sorption of atomic oxygen on Ag in the Ag/ZnO
photocatalysts were observed. It was found that the
metalicAgintheAg/ZnO photocata ystsdoesplay a
new roleof O, chemisorption sitesexcept for electron
acceptor, by which chemisorbed molecular oxygenre-
actswith photogenerated €l ectronsto form active oxy-
gen species, and thus facilitates the trapping of
photogenerated € ectronsand further improvesthe pho-
tocatdyticactivity of theAg/ZnO photocataysts. There-

400

300
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fore, the higher the dispersity of Ag clusters and/or
nanoparticleson thesurface of ZnOis, the higher the
photocata ytic activity of Ag/ZnO photocata yst should
be. This can be understood based on the proposed
charged separation of Ag/ZnO under UV irradiation
shownin scheme 1. Becausethebottom energy level
of the conduction band (CB) of ZnO ishigher thanthe
new equilibrium Fermi energy level (E)) of Ag/ZnO, the
photoexcited electronson the CB under UV irradia
tionscouldtransfer from ZnOtotheAg particles. It has
been proposed that the charge separation isthe out-
come of aSchottky barrier formed at the metal—semi-
conductor interfacg*#2. Theposs blemechanistic path-
way of Ag/ZnO for degradation of 4-NP can be pro-
posed asfollows:

ZnO+hv (UV) - ZnO(e, +h* ) 4
Ag—Ag +e ©)

e +0,(ads) H °O,H “O:H
0,+H,0,—~>0,+°0H+O0H"

(6)

Ag'+e—>Ag (7
h*,+OH —°OH ®
°OH +4-NP — degradation products 9

Alsoitisobserved that withincreasing thetimeup to
3h, the percentage of degradation of 4-NPincreases.
Thisisbecause of thefact that withincreaseintheirra-
diationtimethenumber of photonsabsorbed increases,
producing moreamount of OH" by facilitating the oxi-
dation of 4-NP.

At theend of the course of the phototcatayss, the
solution became col orless, odorless and transparent.
From the absorption spectra, it can be seen that there
is no peaks observed on the UVA region, probably
becausethering of phenol wasbroken downinto pieces
and thereisno alkene compoundsformed. It isspecu-
|ated that somea kanolsmight bethetypical intermedi-
ates during the course of photocatal ytic degradation.
Sincethe4-NP was extensively used asindicator for
thephotocatal ytic reactions, detailed discussonfor the
intermediatesand their toxicity were not discussedin
this paper.

The photocataytic activity of the catal yst depends
upon the crystallinity, surface areaand particle mor-
phology® and these factors which depend on the
method of preparation areregarded asimportant fac-
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torsfor determining photocatalysis. Figure 6 showsthe
effect of preparation methods on photocatal ytic degra-
dation of 4-NP.

100 4
90 4
80 4
70 1
60 4
50 4

Degradabon®e

40 1

30 +

20 4

10 4.

0/ 4 6 8 100 120 140 160 18 200
tum on the UV lamp Irradkiation m(m)
Figure6: Effect of preparation methodson thephotocatalytic
degradation of 4-NP.

FromtheFigure®6, itisobserved that the best pho-
tocata ytic performancetowardsthe oxidation of 4-NP
wasexhibited for Ag/ZnO prepared by polyacrylamide
gel method (A Z1) whose TEM and SEM imagesare
showninFigure4. It isfound that, the morphol ogy of
theA Zlisdifferent fromA Z2 andA Z3. 1tiswell
knownthat the surfaceareaof theA Zlisasoanim-
portant factor for its better photodegradation activity.
Thesurfaceareaof A Z1,A Z2 andA Z3 are 145, 87
and 237 g respectively. TheA Z1 with hollow fluffy
structure possesses the largest specific surface area,
thus providing thelargest number of activesitesduring
the photocata ytic reaction; meanwhile, such hollow fluffy
structureisfavorableto masstransport and adsorption
of 4-NPwhich occursnot only onthe outside surface
of thecatdyst but dso onthewadll of theinsdelattices.
Onthecontrary, low surface areameanslessavailable
activedites, limiting the adsorption activation of reac-
tantsonthecatalyst.

The content of Aginthe composites has obvious
influence on the photocata ytic activity. So, by using
polyacrylamide gel method, theeffect of silver content
on the photodegradation processwasad soinvestigated
(Figure7). The photodegradation efficiency of 4-NPis
about 92%, 100%, 86% and 67% for 0.1%Ag/Zn0O,
0.5%Ag/Zn0, 1%Ag/ZnO and 2%Ag/Zn0O, respec-
tively, when the reaction was performed under UV-light
for 3h.
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Figure 7 : Effect of silver content on the photocatalytic
degradation of 4-NP prepar ed by polyacrylamidegel method.

Degradation%6

Thedegradation percentageincreases continuoudy
asthed|ver content isincreased up to acontent level of
0.5% and then decreases with further increase of the
content of AgintheAg/Zn0O. Thus, the optimumAg
content isgpproximately 0.5%. Theimproved activity
of Ag/ZnO isdueto better charge separation of Ag/
ZnO compositesrelative to pure ZnO. On the other
hand, theincorporation of noble metal onto theZnO
surfaceincreasestherate of electron transfer to dis-
solved oxygen. The photocatal ytic activity of Ag/ZnO
composites decreaseswhen the content of silver reeches
1-2%. A possiblereasonisthat silver particlesal so act
asrecombination centersa high slver depostion, which
iscaused by the €l ectrostatic attraction of negatively
charged silver and positively charged holes*#31, Thus,
the presence of aproper content of silver can reduce
electron-hole recombination and increase the photo-
cataytic activity. In addition, higher surfacel oadings of
meta depositsmay decreasethe catal yti c efficiency of
the semiconductor dueto thereductive availability of
semiconductor surfacefor light absorption and pollut-
ant adsorption“?!, and theresultant variation of thesur-
facehydroxyl content of Ag/ZnO with different Ag con-
tent. In the process of photocatalysis, after the
photogenerated el ectronsand holesare separated from
recombination, they can betrapped generally by the
oxygen and surface hydroxyl, respectively, to produce
ultimately the primary oxidizing speciesof the hydroxyl
radicas(°OH), which plays a significant role in the pho-
tocatal ytic oxidation process*”#9, Themorethe sur-
face hydroxyl content is, the more efficient the photo-
catalyst i9%%. Fromthis point, we can reasonably con-
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cludethat the differencein photocata ytic activity isre-
lated to various contents of surface hydroxyl onthehi-
erarchically micro/nano-structured ZnO spheres caused
by different Ag contents. Therefore, the0.5%Ag/ZnO
sample, which hasthe highest surface hydroxyl con-
tent, exhibitsthe highest photocatalyst performancein
our work.

TABLE 1: Thediameter sof theE.Cali colonieson pureZnO
andAnZ1,AnZ2,AnZ3

Sample D (mm)
E. cali
Positive control 17.2+0.2
ZnO 12.5+0.2
A0.1Z1 0.5+0.1
A0.5Z1 0
A0.1Z2 2.0+0.2
A0.5Z2 1.5+0.2
A0.1Z3 6.5+0.2
A0.5Z3 4,5+0.2

Antibacterial activity

For demonstrating the antibacteria activity of as-
prepared Ag/ZnO powders, E. coli was selected asthe
Gram-negativebacteria. TABLE 1 presentsthediam-
eters of the bacteria colonies on pure ZnO and Ag/
ZnO nanostructureswith different preparation meth-
ods. Ag doped ZnO depi cted the enhanced antibacte-
rial property dueto the photocatalysis and metal re-
lease process®-531, When ZnO NPs (Eg = 3.39 €V)
wereunder light irradiation, eectron-hole pairs were
generated. The hole (h*) reacted with OH-on the sur-
face of NPs, generating hydroxyl radicals (OH"), su-
peroxideanion (O,’) and perhydroxyl radicals (HO,).
Thesehighly active freeradicalsdamaged the cells of
microorganism asaresult of decomposition and com-
pletely destruction®%, Asshownin TABLE 1, under
the condition of doping the same contents of Ag and
ZnO, A Z1 presented much higher antimicrobia prop-
ertiesthanA Z2andA Z3. Thepresenceof transition
metalsAgimproved the charge transfer, reduced the
chance of e ectron-hole pairs to recombine and pro-
moted thegenerationsof perhydroxyl radicalsand other
strong oxidizing materia §%°7. Therefore, the presence
of Agenhanced antimicrobid ability of ZnO significantly.
Amongall thesamples, theA ,.Z1 sampleshowed ex-
cdlent antimicrobia activities. But considering thetox-

—= Ful] Paper

icity of silver metd, theA  .Z1 ssmplewas not perfect
for the further applications. By contrast, theA ,Z1
sampledso exhibited high antimicrobid activitiesindi-
cating abetter potentia inmedical and food packaging
fidds

CONCLUSIONS

Ag/ZnO photocatdystswith different Agloadings
were prepared by photo reduction, chemical reduction
and polyacrylamide-gel methods. The best photocata
Iytic performancewas exhibited for Ag/ZnO prepared
by polyacrylamide gel method in comparison with
chemica reduction and photo reduction method. Itis
because of the hollow fluffy structureand largest spe-
cificsurfaceareaof thisphotocatayst. AnoptimumAg
loading (0.5%) gavethefastest photodegradation of 4-
NP and thereaction rate decreased at higher Agload-
ings. Thisiscons stent with the presenceof discreteAg
clustersleading to retarded recombination of the pho-
toinduced electron-hole pairs. Decreasing activity at
higher loadingsislikely to arisefrom decreasing sur-
faceavailability onthe particlesfor reactant adsorption
and light absorption.
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