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AćĘęėĆĈę

In the current study, Pure ZnO and Ag-ZnO nanocomposite are established
using the sol-gel method with the inϐluence of ammonia solution NH4OH to
incorporate Ag ions into ZnO and form Ag-ZnO nanocomposites. Then pure
ZnO and Ag-ZnO nanocomposites were annealed at 450oC for tow h in a muf-
ϐle furaning using temperture controlling, and heat rate was set at temper-
ature 100oC per min. The structural and morphological properties of sam-
ples were characterized using XRD, FTIR, and FESEM with Energy disper-
sive X-rays (EDX). In addition, the antibacterial activity of pure ZnO and Ag-
ZnO nanocomposite was evaluated against gram-positive and gram-negative
organisms by plate count test. The results of the test revealed strong antibac-
terial behavior of nanocomposite against bacteria as compared to pure ZnO
and improved efϐiciency of incorporation Ag ion on ZnO.
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INTRODUCTION

Different metal oxides like ZnO, TiO2, and silicon
dioxide (SiO2) have attracted extensive attention
due to their wide range of technological applica-
tions (García-Alamo et al., 2013). As well as, inor-
ganic antibacterial substance, likemetal and ametal
oxide, become more advantageous as compared to
organic materials because of their stability (Salem
et al., 2015). Among semiconductor metal oxides,
ZnO has found to be an interesting semiconduc-
tor because of wide band-gap and useful proper-
ties that can be grouped with different inorganic

materials. Besides, ZnOnanoparticles showantibac-
terial activity due to increasing bacterial attach-
ment on a biomedical surface with inherent fea-
tures that shearing structures as Wurtzite (Farag
et al., 2010; Wang, 2004; Kaneva and Dushkin,
2011; Sharma, 2012; Bogutska et al., 2013). Zinc
oxide nanocomposites have attractedmore interest-
ing due to their optical, magnetic, and mechanical
properties. They can also produce a new combina-
tionwith new properties because of strong interact-
ing between two various components (Shah et al.,
2013; Kołodziejczak-Radzimska and Jesionowski,
2014). ZnO nanocomposite have attracted large
attention because of exceptional features and appli-
cation in apparent electronic, Chemical Sensors,
and biomedical applications using various methods
like chemical precipitation, sol-gel method, chemi-
cal vapor deposition (CVD), Hydrothermal method;
spray pyrolysis and vapor-liquid-solid method. In
metal-oxide nanocomposite, various materials with
various features can be combined in the same par-
ticles and performing multi-function (Vijayakumar
et al., 2013; Baruah et al., 2012). However, it is a
hard achievement Visible Light absorbing on a zinc
oxide substance. Silver ions are most widely inves-
tigated because of their interesting candidates for
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varied bandgap substance and absorbed light. Silver
ions reveal great absorbing in visible light without
any extremely toxicity element (Chamjangali and
Boroumand, 2013; Arakelova, 2010; Haider et al.,
2016a). There are various doping agents, such as
(P, N, As, Li, and Ag). Among these, Ag is added as
a doping agent. Because of the structure of silver
ions and their surface, that becomes themain impor-
tant as the size decreased, which makes them inter-
esting substance and linkage matrices in the medi-
cal ϐiled (Lupan et al., 2010; Jamil et al., 2014; Bor-
dbar et al., 2013; Bazant et al., 2014). On the other
hand, Ag-ZnOnanocomposite has pronounced inter-
est since they show biological, photocatalytic activ-
ity, low toxicity, and exert a synergetic antibacte-
rial effect. Besides, Ag nanomaterials exhibit some
exceptional characteristics in chemical and biolog-
ical sensors, that are related to localizing Surface
Plasmon Resonance SPR, and metallic enhance ϐlu-
orescence (Wang et al., 2011). Brieϐly, Ag treat-
ment inhabits DNA replication and Cell protein that
result in inhibiting the growth of bacteria because
of the existence of Ag in size of nanoparticles in the
nanocomposite, which results in increasing surface
area as well as enhancing antimicrobail activity of
Ag-ZnO nanocomposite (Shao et al., 2013).

In this paper, the Ag-ZnO nanocomposite was pre-
pared using the cost-effective and simple Sol-Gel
method without a need to vacuum equipment.
Moreover, the inϐluence of ammonia solution in
incorporation Ag ions into the ZnO crystal struc-
ture was evaluated and followed by annealing to
ensure the formation of Ag-ZnO nanocomposite.
The structural and morphological of the nanocom-
posite were characterized using XRD, FTIR, and
FESEM with Energy-dispersive X-Rays (EDX) to
analyze the composition of the synthesized sam-
ple. Besides, the antibacterial activity of pure ZnO
andAg-ZnOnanocomposite sampleswere evaluated
against gram-positive (S. aureus) and gram-negative
(E.coli) microorganism using the plating method.

MATERIALS ANDMETHODS

Regents

Zinc acetate dehydrates
(Zn(CH3CO2)2.2H2O,99.9%), silver nitrate
(AgNO3,99.9%), ammonia solution (NH4OH)
,Sodium hydroxide (NaOH) and Polyvinylpyrroli-
done (PVP,M.W= 4000 ) stabilizer agent.

Preparation Ag-ZnO nanocomposite

The synthesis of pure ZnO and Ag-ZnO nanocom-
posite had been performed by the sol-gel method.
2 grams of Zinc Acetate dehydrates is dissolved in

100 ml of deionize water (D.W), and 0.1 M NaOH
was dissolved in 100 ml of D.W to form NaOH solu-
tion. Then NaOH solution was dropped step by step
to zinc acetate until white color result and leave for
24h to obtain for aging and forming gel sample. For
the same procedure, 2 grams of Zinc Acetate dehy-
drates is dissolved in 100ml of deionizewater (D.W)
and 0.025-gram silver nitrate is dissolved in 100 ml
of deionizingwaterwith continuous stirred. Then, it
was followed by a suitable amount of ammonia solu-
tion (0.001M) that was dropping step by step slowly
until pH equal to 7 withmore stirring of themixture
for 1h. With continuous stirring, about 0.5 %(w\v)
of PVP was added in 100 ml of deionized water as a
stabilizer agent. After one hour, the solutionwas left
for 24h for aging and formed a glassy gel. The com-
bination was ϐiltered and washed twice with deion-
ized water (DW) and dried at 100oC for 24h. Row
zinc oxide and Ag/ZnO nanocompositewere anneal-
ings at 450oC for tow h in a Mufϐle Furnace constant
temperature. The heating rate is set at 100oC per
min. All substances are used as received from the
supplier without more puriϐication.

Characterization

The preparation of pure ZnO and Ag-ZnO nanocom-
posite are characterized using X-Ray Diffraction
(XRD, 6000-Shimadzu X-Ray Diffractometer, and
wavelength λ=1.54178 Å) to determine the crys-
tal structure and the average particle size using
Scherrer formula (Salman et al., 2017; Zheng et al.,
2008). FTIR analysis (Shimadze 8400S spectropho-
tometer) was used to characterize nanocomposite.
Filed emission scanning microscopy (FESEM, Mira,
3-XMU, Day petronic-Iran) is using to determine
morphological of samples and average particle size
of Ag-ZnO samples with energy dispersive X-Ray
(EDX) and analyses the composition of established
samples.

Antibacterial Activity

Antibacterial activity was evaluated by using a
viable count method test (ASTM E2149 suspension
method). Two kinds of bacteria, gram-negative
(E.coli) and gram-positive (S.aureus), were grownon
nutrient agar at 37 Co for 24h. Bacteria suspension
was formed using normal saline (0.9%) to obtain
107-108 CFU/ml at 0.5Mcfarland Standard, as it was
reported previously (Dutta et al., 2010; Haider et al.,
2016b). Then one ml of each bacteria suspended is
added to 9 ml of normal saline that contain ZnO and
ZnO-Ag in different concentration (1, 2, 5) PPM and
incubation for 24h at 37 Co in incubation shaker at
160 rpm, after that the mixture was serially diluted
in normal saline and then 100ml of diluted was cul-
tured on Molar Hinton Agar and incubated at 37 Co
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for 24 h. The available bacteria colony was counting
as in Equation (1), which represented the formula of
bacterial survive rate (K) as following (Ahmed et al.,
2015),

No. of colonies (CFU/ml) = (No. of colony for each
dilution)/ (dilution 103 factor)/sample Volume

Bacteria survival rate (K) =
(A−B)

A
× 100%

(1)

RESULTS AND DISCUSSION

The crystal structure and diffraction patterns of
Ag-ZnO nanocomposite were recognized by X-Ray
Diffraction in the range 20o-80o. From Figure 1
(b), a strong diffracted peak belongs to the Hexag-
onal Wurtzite texture of ZnO (Munshi et al., 2018).
These strongest peaks at values 2Θ: 31.9o, 34.5o,
36.3o, 47.6o, 56.7o, 62.9o, 66.4o, 68o, and 69.1o were
related to the planes: (100), (002), (101), (102),
(110), (103), (200), (112) and (201), respectively
and agreedwith standard card (JCPDS No.36-1451).
Besides, three weak peaks were obtained at 38o,
44.9o and 77o were corresponded to (111),(200)
and (311) indicating the presence of Ag ions (JCPDS
No.04-0783) with their low content in ZnO lattice
without other impurities in the structure (Hosseini
et al., 2015; Atarod et al., 2016).
From XRD analysis, the diffraction peaks were the
narrow and low-intensity peak of (100) and (002)
as compared with pure ZnO in Figure 1 (a) because
of the effect ofAg ions as adopant in zinc oxide struc-
tures. From these results, most of the silver ions
are located on the surfaces or interface of the ZnO
structure, and there are someof silver ionspeaksnot
detected in x-Ray Diffraction analysis because of the
low content of metallic Ag and less dispersion. The
calculated average particle size of Ag - ZnO product
is from 25 nm to 50 nm in diameter, according to
Debye-Scherer’s Equation (2) , (Zheng et al., 2008).

D =
Kλ

β2θ cosθ
(2)

FT-IR Spectrum
From Figure 2 (a,b), FT-IR analysis of pure Ag-ZnO
nanocomposite are recording in the range (400 -
4000 ) cm−1. From this Figure, the important band
at 418 cm−1 was related to a combination of Zn-O
andAg ions vibration and486 cm−1 in pure ZnO. The
bands at 3358 cm−1 and 1643 cm−1 corresponded
to OH functional groups O-H, which revealed the
presence of some water absorptions on Ag-ZnO
nanocomposite. While the band at 2341 cm−1 was
corresponded to the atmospheric CO2 that appear

on metallic. Stretch mode of C=O is recognized at
1516 cm−1 and 1570 cm−1 of pure ZnO and Ag-ZnO
nanocomposite. In the state of Ag-ZnO nanocom-
posite, presence spectral bands at 1126 cm−1 and
885 cm−1 were due to the formation organic cap-
ping agent of Agmetals. The results of FTIR suggest,
the presence someAg ions in ZnO lattice at band 418
cm−1 and band 885 cm−1 as shown in Figure 2 (b)
that reveal the combination between Zn-O vibration
and Ag ions during the sol-gel method as compared
with pure ZnO in Figure 2 (a) (Baranyai et al., 2009).
Field Emission Scanning Electron Microscopy
(FESEM) and EDX analysis
The morphological and composition studies of dis-
tributed Agmetallic in Ag-ZnO nanocomposite were
determined FESEM and DEX to observe the com-
position of elements of formation Ag located on
ZnO lattice as shown in Figure 3 (a,b,c). From the
FESEM results in Figure 3 (b), the surface mor-
phology was exhibited spherical grains of Ag-ZnO
nanocomposite with the diameter range from 20-
50nm as compared to pure ZnO in Figure 3 (a) that
revealed particles with quasi-spherical nanoparti-
cles, less uniformly shape and less size near from20-
30nm. These results reveal that surfacemorphology
of Ag-ZnO nanocomposite was inϐluenced by insert-
ing Ag metals in ZnO lattice, which increased grain
size of nanoparticles with good distribution.

Besides, Figure 3 (c) revealed the incorporation of
Ag metallic with ZnO structure as characterized by
EDX analysis that conϐirmed the presence of Zn,
O and little amount of Ag attachment in ZnO lat-
tice after continuous stirred and annealing time.
These results may give initial evidences that the
grain size after Ag deposition on ZnO causes less
increase in the size of spherical nanoparticles with
uniform distributed nanoparticles as well as reveals
the role of ammonia solution (0.001M) in the syn-
thesis between silver nitrate and zinc acetate and
forms high crystalline nature and changes the mor-
phology.

Antibacterial Activity of Pure ZnO and Ag-ZnO
nanocomposite
The antibacterial activity of pure ZnO and Ag-
ZnO nanocomposite suspensions were examined
against gram-positive (S.aureus) and gram-negative
(E.coil) bacteria using plating count test. In addi-
tion to, it determined the minimum inhibitory con-
centration and bactericidal concentration (MIC and
MBC) assays of nanocomposites agents against var-
ious pathogens and achieved irreversible inhibition
using a different concentration of pure ZnO and Ag-
ZnO nanocomposite (1, 2, 5) ppm, respectively. As
shown in Figure 4 (a), the results showed Ag-ZnO
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Figure 1: XRD analysis of a ) Pure ZnO and b) Ag-ZnO nanocomposite result after annealing at
450oC for 2h

Figure 2: FTIR spectrum of a) pure ZnO and b) Ag - ZnO nanocomposite after annealing at450oC
and 2h
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Figure 3: SEM images of a) ZnO and b) Ag-ZnO nanocomposites and c) EDX of Ag-ZnO
nanocomposite product after annealing at 450oC for 2h

Figure 4: Viable cell number of a)Ag-ZnO nanocomposite and b) pure ZnO nanoparticles in
different concentration against E.coli bacteria

nanocomposite can efϐiciently inhibit the growth of
bacterial cells nearly (99%)when the concentration
of Ag-ZnO nanocomposite is about 2 ppm, which
indicated the lowest MIC of Ag-ZnO towards E. coli
was 2 ppm. It was found that at the concentra-
tion 5ppm of Ag-ZnO nanocomposite, the percent-
age of inhabited cells reach more than (99%), sug-
gesting that the MBC of nanocomposite against E.
coli was between 2 and 5 ppm. While in the case
of S.aureus, the percentage of antibacterial activity
was nearly (80, 96, 98 %), respectively, at concen-
trations (1,2,5) ppm, as seen in Figure 5 a. In-state
of using pure Zinc oxide with the same concentra-
tions (1, 2, 5) ppm, the results indicated that the
lower percentage of antibacterial activity was (20,
60, 80 )% of E.coli and (10, 30, 60 )% for S.aureus,
respectively as shown in Figure 4 (b) and Figure 5
(b) which demonstrated the number of viable cell

method using plating method.

Besides, (Figure 6) indicates the Antibacterial Activ-
ity of pure ZnO and Ag-ZnO nanocomposite, respec-
tively, using a concentration of (1, 2, 5) ppm against
the humane pathogen.

Since the results in this test suggest the effective of
Ag-ZnO nanocomposite on both types of pathogens
compared with pure ZnO Nanoparticles, and these
results agree with previous studies, which per-
formed the mechanism of bacteriostatic of Ag-ZnO
nanocomposite by inhibited peptidoglycan forma-
tion through cells splitting. In addition to, the result
was supported by theHypothesiswhich the bacteria
treatment develop to non-cultural due to inhibition
of more cells splitting (Bogutska et al., 2013).

The main action of Nanoparticles is performed by
nanoparticle-bacteria interactions because of the
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Figure 5: Viable cell number of a)Ag-ZnO nanocomposite and b) pure ZnO nanoparticles in
different concentration against S.aureus bacteria

Figure 6: Antibacterial Activity of Ag-ZnO nanocomposite and pure ZnO nanoparticles using
different concentration against S.aureus and E.colimicroorganism
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negative charge of the cell surface, which results in
internalize of NPs into the bacteria membrane. The
accumulation of pure ZnO andAg-ZnOnanocompos-
ite on the surface of bacterial cells either in the cyto-
plasmor in theperiplasmic area leads to interrupted
cell function and disorganized membranes.

From the results, it was suggestedAg-ZnOnanocom-
posites reveal successful antibacterial property as
compared to pure ZnO. The mechanism of the bio-
cidal action of pure ZnO and Ag-ZnO nanocompos-
ite involves thedisrupting andpenetrating themem-
brane and oxidizing the cell component by produc-
tion levels of reactive oxygen species ( ROS ) resulted
in damage like hydroxyl radicals OH− and super-
oxide (O2−) that can toxic the cell as they damage
cellular components such DNA and proteins since
the physical contact between the cellmembrane and
nanocomposite can be resulted due to the electro-
static effect of attractive via prompting the interac-
tion between the culture of bacteria and NPs due
to the formation of active species from NPs that
directly inϐluence the cell membrane (Bamberger
et al., 1993; Feng et al., 2000).

As a result, Ag-ZnO nanocomposite improved a
good antibacterial agent as compared to pure ZnO.
Besides, pure ZnO and Ag-ZnO nanocomposite had
shown robust antibacterial activity against gram-
negative E.coli as compared with gram-positive
S.aureus bacteria because of a variable of bacteria
membrane betweenE. coli and S.aureusmicroorgan-
isms as well as increasing the surface – volume ratio
of small particles size which results in high pene-
trate (Atarod et al., 2016).

CONCLUSION

ZnO nanocomposite with deposition Ag metals
have been prepared using the Sol-Gel method and
revealed strong antibacterial activity against E. coli
and S.aureus as compared to pure ZnO NPs. The
results conclude the effect of the addition of a
suitable amount of Ag metals on grain size, sur-
face morphology, and crystal structure with hexag-
onal of Ag-ZnO nanocomposite as demonstrated
by XRD analysis, FTIR spectrum and FESEM with
(EDX). In addition, the resulted pure ZnO and Ag-
ZnO nanocomposite have shown strong antibacte-
rial activity against Gram-negative bacteria E. coli as
compared with Gram-positive S.aureus because of
the variable of the cell membrane of pathogens and
the inϐluence of deposition silver ion on the crystal
structure of ZnO.

REFERENCES

Ahmed, D., Abed, A., Jabar, A., Rbat, J. 2015. Effect of
(ZnO/MWCNTs) Hybrid Concentrations on Micro-
bial Pathogens Removal. Eng. &Tech.Journal,
33(8):33–33.

Arakelova, E. 2010. Synthesis and effect of hierar-
chically structured Ag-ZnO hybrid on the surface
antibacterial activity of a propylene-based elas-
tomer blends. Materials (Basel), 11(12):1341–
1348.

Atarod, M., Nasrollahzadeh, M., Sajadi, S. M. 2016.
Euphorbia heterophylla leaf extract mediated
green synthesis of Ag/TiO2 nanocomposite and
investigation of its excellent catalytic activity for
the reduction of a variety of dyes in water. Jour-
nal of Colloid and Interface Science, 462:272–279.

Bamberger, D. M., Herndon, B. L., Suvarna, P. R.
1993. The Effect of Zinc on Microbial Growth and
Bacterial Killing by Cefazolin in a Staphylococcus
aureus Abscess Milieu. Journal of Infectious Dis-
eases, 168(4):893–896.

Baranyai, R., Detrich, A., Volentiru, E., Hórvölgyi, Z.
2009. Preparation and characterization of ZnO
and TiO 2 Sol-Gel Thin Films Deposited By DIP
Coating. Hungarian Journal of Industrial Chemistry
Veszprém, 37(2):131–137.

Baruah, S., Pal, K., Dutta, S. 2012. Nanostructured
Zinc Oxide for Water Treatment. Nanoscience
&Nanotechnology-Asia, 2(2):90–102.

Bazant, P., Kuritka, I., Munster, L., Machovsky, M.,
Kozakova, Z., Saha, P. 2014. Hybrid nanos-
tructured Ag/ZnO decorated powder cellulose
ϐillers for medical plastics with enhanced surface
antibacterial activity. Journal of Materials Science:
Materials in Medicine, 25(11):2501–2512.

Bogutska, K., Sklyarov, Y., Prylutskyy, Y. 2013. Zinc
and zinc nanoparticles: biological role and appli-
cation in biomedicine. Ukrainica Bioorganica Acta,
1:9–16.

Bordbar, M., Khodadadi, B., Mollatayefeh, N.,
Yeganeh-Faal, A. 2013. Inϐluence of metal (Ag,
Cd, Cu)-doping on the optical properties of ZnO
nanopowder: Variation of the bandgap. J Appl
Chem, 8(27):43–51.

Chamjangali, M. A., Boroumand, S. 2013. Syn-
thesis of Flower-like Ag-ZnO Nanostructure and
its Application in the Photodegradation of Methyl
Orange. Journal of the Brazilian Chemical Society,
24(8):1329–1338.

Dutta, R. K., Sharma, P. K., Bhargava, R., Kumar,
N., Pandey, A. C. 2010. Differential Suscep-
tibility of Escherichia coli Cells toward Tran-

© International Journal of Research in Pharmaceutical Sciences 3655



Duha S. Ahmed et al., Int. J. Res. Pharm. Sci., 10(4), 3649-3656

sition Metal-Doped and Matrix-Embedded ZnO
Nanoparticles. The Journal of Physical Chemistry
B, 114(16):5594–5599.

Farag, H., Hanaϐi, Z. M., Dawy, M., Aziz, E. A. 2010.
Characterization oF ZnO Nanopowders Synthe-
sized. Can. J. Pure, Appl. Sci, 4(3):1303–1309.

Feng, Q. L., Wu, J., Chen, G. Q., Cui, F. Z., Kim, T. N., Kim,
J. O. 2000. Amechanistic study of the antibacterial
effect of silver ions onEscherichia coli and staphy-
lococcus aureus. Journal of Biomedical Materials
Research, 52(4):662–668.

García-Alamo, M., Rodriguez-Nava, O., Morales-
Ramírez, A. J., García-Hernández, M., Jaramillo-
Vigueras, D. 2013. Synthesis and antibacterial
properties of ZnO: Ag ϐilms prepared from a Triton
containing a solution. Materials, 6:1–10.

Haider, A., Abed, A., Ahmed, D. 2016a. Formation Sil-
ver Nanoparticles of Different Size Using Different
Reductants with AgNO3 Solution. Iraqi Journal of
Science, 57:1203–1209.

Haider, A. J., Thamir, A. D., Ahmed, D. S., Mohammad,
M. R. 2016b. Deposition of silver nanoparticles on
multiwalled carbon nanotubes by chemical reduc-
tion process and their antimicrobial effects. AIP
Conference Proceedings, 1758(1).

Hosseini, S. M., Sarsari, I. A., Kameli, P., Salamati, H.
2015. Effect of Ag doping on structural, optical,
and photocatalytic properties of ZnO nanoparti-
cles. Journal of Alloys and Compounds, 640:408–
415.

Jamil, N. Y., Najim, S. A., Muhammed, A. M., Rogoz,
V. M. 2014. Preparation, Structural and Optical
Characterization of ZnO/AgThin FilmbyCVD. Pro-
ceedings of the International Conference Nanoma-
terials: Application and Properties, 3(2):1–3.

Kaneva, N. V., Dushkin, C. D. 2011. Preparation
of nanocrystalline thin ϐilms of ZnO by sol-gel
dip coating. Bulgarian Chemical Communications,
43(2):259–263.

Kołodziejczak-Radzimska, A., Jesionowski, T. 2014.
Zinc Oxide-From Synthesis to Application: A.
Review. Materials, 7(4):2833–2881.

Lupan, O., Chow, L., Ono, L. K., Cuenya, B. R., Chai, G.,
Khallaf, H., Schulte, A. 2010. Synthesis and Charac-
terization of Ag- or Sb-Doped ZnO Nanorods by a
Facile Hydrothermal Route. The Journal of Physical
Chemistry C, 114(29):12401–12408.

Munshi, G. H., Ibrahim, A. M., Harbi, L. M. 2018.
Inspired Preparation of Zinc Oxide Nanocatalyst
and the Photocatalytic Activity in the Treatment of
Methyl Orange Dye and Paraquat Herbicide. Inter-
national Journal of Photoenergy, pages 1–7.

Salem, W., Leitner, D. R., Zingl, F. G., Schrat-
ter, G., Prassl, R., Goessler, W., Schild, S. 2015.
Antibacterial activity of silver and zinc nanopar-
ticles against Vibrio cholerae and enterotoxic
Escherichia coli. International Journal of Medical
Microbiology, 305(1):85–95.

Salman, O. N., Dawood, M. O., Ali, A. K., Ahmed,
D. S., Hassoon, K. I. 2017. Low-cost synthesis
of ZnO nano-thin ϐilms by electrochemical deposi-
tion. Digest Journal of Nanomaterials and Biostruc-
tures, 12(3):719–726.

Shah, A. H., Manikandan, E., Ahmed, M. B., Gane-
san, V. 2013. Enhanced bioactivity of Ag/ZnO
nanorods-A comparative antibacterial study. J.
Nanomed Nanotechol, 4(3):2–6.

Shao, D., Wei, Q., Tao, L., Zhu, H., Ge, M. 2013.
Preparation and characterization of pet nonwo-
ven coated with ZnO-Ag by one-pot hydrothermal
techniques. Tekstil ve Konfeksiyon, 23(4):338–341.

Sharma, V. 2012. Sol-Gel mediated facile synthe-
sis of Zinc-Oxide nanoaggregates, their character-
ization, and antibacterial activity. IOSR Journal of
Applied Chemistry, 2(6):52–55.

Vijayakumar, T. S., Karthikeyeni, S., Vasanth, S.,
Ganesh, A., Bupesh, G., Ramesh, R., Subrama-
nian, P. 2013. Synthesis of Silver-Doped Zinc
Oxide Nanocomposite by Pulse Mode Ultrasonica-
tion and Its Characterization Studies. Journal of
Nanoscience, pages 1–7.

Wang, Y. F., Yao, J. H., Jia, G., Lei, H. 2011. Opti-
cal Prosperities of Ag-ZnO Composition Nanoϐilm
Synthesized by Chemical Bath Deposition. Acta
Physica Polonica A, 119(3):451–454.

Wang, Z. L. 2004. Functional Oxide Nanobelts:
Materials, Properties, and Potential Applications
inNanosystems andBiotechnology. Annual Review
of Physical Chemistry, 55(1):159–196.

Zheng, Y., Chen, C., Zhan, Y., Lin, X., Zheng, Q.,
Wei, K., Zhu, J. 2008. Photocatalytic Activity of
Ag/ZnO Heterostructure Nanocatalyst: Correla-
tion between Structure and Property. J. Phys.
Chem. C, 112(29):10773–10777.

3656 © International Journal of Research in Pharmaceutical Sciences


	Introduction
	Materials and Methods
	Results and Discussion
	Conclusion

