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ABSTRACT

The aim of this study was to obtain and characterize ZnO and Co doped ZnO nanoparticles by Microwave assisted
method. ZnO plays an important role in many semiconductors technological aspects. In this work, the Co doped
ZnO nanoparticles prepared by varying the concentration of Co (CH;C0OO),.4H,0. The synthesized nhanomaterials
were characterized by XRD, FT-IR and SEM with EDX. The XRD patterns showed that ZnO nanoparticles have
hexagonal wurtzte structure. The FT-IR study confirms the presence of functional group in ZnO. SEM photographs
show that the synthesized pure ZnO and Co doped ZnO were in the shape of nanoneedles and nanospheres. The
average size of nanoneedl es and nano-spheres were found to be 25-35 nm and 20-30 nm.
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INTRODUCTION

Metallic oxide nanoparticles, specifically nanoiscanO, have gained considerable importance inntepears due
to their wide range of applications in various dlof science notably biotechnology and pharmagolayy ZnO
nanoparticles have been regarded as biocidal ddeiméectants because of their safety, lower tibxiand
biocompatibility towards  humans [2].

Number of synthesis methods are available for theparation of pure and doped ZnO nanomaterialg lik
hydrothermal, hydrolysis, sol-gel, vapor condemsgatspray pyrolysis and organic precursor flameodgmsition
[3]. In conventional synthesis, energy is tramsf@rto the material through convection, conductiod radiation,
which results in temperature gradient between sarfand bulk. The microwave heating causes the mmifo
distribution of temperature between the surface thedbulk material and thereby leading to the fastation of
nanoparticles. The microwave dielectric heating tesilted in acceleration of the chemical transtdioms in a
microwave field, which cannot be achieved easilyh®/conventional method [}

Due to the outbreak of the infectious diseasesezhby different pathogenic bacteria, the scientistssearching for
new antibacterial agents. In the present scenagiopscale materials have emerged up as novel anioil agents
owing to their high surface area to volume ratial #me unique chemical and physical properfs Nowadays,
ZnO is more focussed by researchers due to itdigtatnd antibacterial activity during rough armligh processing
and safe materials for human and ecosystem [7jmAerobial activity of ZnO has enhanced due to pihesence of
water molecules on its surface, these aqueous issigps of ZnO and water generate free radicalsydfdxyl and

oxygen species which is responsible for remarkablielative stress in treated bacterial cells. Rdgemhany

complexes and nanomaterials of Co(ll) showing aictiobial [8]. But, there are significant resultsepantibacterial
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activity of cobalt doped ZnO while both zinc andatlt are the essential elements of human and arigsdth in
trace amounts. Earlier reports have been mainlysed on optical, electrical and magnetic propedfe§o doped
ZnO NPs [9], whereas very few attempts have beetdenta study the antibacterial properties of Co dogaO
NPs. Hence, in the present study, Co doped ZnOstarobured materials have been successfully syizgdy the
microwave assisted method. Further, the influente&C@ dopant concentration on the structural, optiead
antibacterial properties of ZnO NPs has been iiyastd.

MATERIALS AND METHODS

2.1. Chemicals
Zinc acetate dihydrate (Zn(GBOO)-2H,0), cobalt acetate tetrahydrate (Co@CBO)-4H,0) and Sodium
hydroxide (NaOH) were purchased from Merck Pridateited as Analytical grade chemicals.

2.2. Synthesis procedure

Pure and Co doped ZnO with compositional formula,&20,0 (x = 0.00, 0.01, 0.03 and 0.05) were synthesiged
Microwave assisted hydrothermal route. Appropret@unts of zinc acetate and cobalt acetate wesslgied in
water and stirred using magnetic stirrer for 10.miM solution of NaOH was slowly added into above thixture
solution. Then PEG was added drop by drop intcatimve solution, which was stirred with a magnetices, until
the pH reached 9.0 and the solution became grdenofbtained solution was heated in a LG microwaxena@t a
power of 300W for 30 min. After microwave procesgithe solution was cooled to room temperature. résalted
precipitate was separated by centrifugation, theshed with deionized water and ethanol for sevéras and
finally the precipitate was dried in an oven at°€@for 24 h and calcinated at 400 °C for 1ZnO nanoparticles
were also prepared by the same procedure withewdHition of cobalt acetate.

2.3. Characterization

Structural properties of the synthesized sample® wblaracterized by powder x-ray diffraction (XR&)alysis
(X’PERT-PRO diffractometer). Optical properties wemnalyzed with the help of UV-vis spectrometer
(SHIMADZU-UV 1800 spectrometer). Functional groupadysis of the synthesized samples was characterize
using FT-IR (SHIMADZU- 8400) spectrometer. Morphgical properties and composition of the samplesewer
investigated using scanning electron microscopyMSEEISS Supra 40VP) with energy dispersive x-ray
spectroscopy (EDX, Oxford).

2.4. Antibacterial assay

The antibacterial susceptibility test was perfornbgdadopting the agar diffusion method [10]. Arou2@ ml of
Mueller-Hinton Agar was poured on to the petri eiaand allowed to solidify in order to investigatesceptibility
test against bacteria. Then 0.1 ml of standardizedulums suspension was dispensed into the sudiattee petri
plates and allowed to dry for 5 min. The test Solutvas prepared with a known weight fraction i610ng/mL of
the samples were dissolved in 5% dimethyl sulpt@XDMSO). Sterile discs (6mm) from Himedia Ltd, iloai,
were impregnated with 2@ of the prepared samples (corresponding to 0.@5 @rimg / ml) was allowed to dry at
room temperature. After drying, the discs with extjve samples were placed on the surface of thg plsing
sterile forceps and gently pressed to ensure comtéib the agar surface. The petri dishes were emisntly
incubated at 37 °C for 24 hours. After incubatibe growth inhibition rings were quantified by medsg the
diameter of the zone of inhibition in mm using sparent ruler in millimeter (including the diametdrthe disc)
from the lower surface of the petri dishes anddietrol is consisted of paper disc soaked with ajppate solvent
and evaporated to dryness.

RESULTS AND DISCUSSION

3.1 XRD Analysis

Fig. 1 shows the XRD pattern of pure and Co dope@ Aanoparticles. The peaks that are observe® at 21.70,
34.42° 36. 19", 47.42°, 56.50°, 62.66° and 67.74 represents the hexagonal wurtzite structure of & lattice
parameters (1 0 0), (00 2),(101),(102), (@1(103)and (11 2) (JCPDS card no. 891397usTIX-Ray
diffraction studies confirmed that the synthesireaterials were ZnO and Co doped ZnO with hexagphake.
Also, all the diffraction peaks agreed with theaepd JCPDS data and no characteristic peaks virserwed other
than ZnO. The average crystallite size is estimatedtheasuring the change in full-width at the hmadximum of
the diffraction peaks using scherrer’s formula [DLE KM(Bco9®), where K is the scherrer constahtthe X-ray
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wavelengthf the peak width of half maximum, afids the Bragg diffraction angle. The average ciijstasize is
found to be~45,~42,~21, and~10 nm correspond to Co concentrat{gr= 0.00, 0.01, 0.03 and 0.05), respectively.

The results of the analysis indicate that the aerarystallite size tends to decrease with incngasto
concentrations.
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Fig. 1 XRD pattern of pure ZnO and Co doped ZnO NPs

3.2 UV- Vis Analysis

The UV-Vis spectrum of the ZnO and Co doped ZnOoparticles were observed by dispersing the powder i
deionized water. Fig. 2(a), shows the UV-Vis speatiof pure ZnO and Co doped ZnO nanopatrticles. Rt@rCo
doped ZnO shows the higher optical absorption eisible region than pure ZnO. The fundamentabgiifon
which corresponds to electron excitation from tlaéemce band to conduction band can be used tondiegthe
value of the optical band gap. The value of thdécaptband gap is calculated by extrapolating thraight line
position of @thv) ?vs hv. It is obviously clear that doped ZnO NPs shovekioed the band gap energy than the pure
ZnO (Fig. 2b) and it is better than the earliggore. The remarkable changes that, there is a dserim the band
gap for the Co doped ZnO which shows the cleashft
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Fig 2 (a) UV-vis absorption spectra of ZnO and Coaped ZnO NPs
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Fig. 2 (b) Tauc plot of @hv)? versus (tv) of ZnO and Co doped ZnO NPs

3.3 FT-IR Analysis

The FT-IR spectra of ZnO and Co doped ZnO NPs d=tbin the range 4000-400 ¢nare shown in Fig. 3. The
broad band located around 3450 tis due to O — H stretching vibration of adsorbeater molecules, while the
band located about 1625 tmis due to O—H bending vibration of the same atrhesp water [12]. The
characteristic band at 2350 chis due to O = C = O stretching vibrationsr@didual CQthat is adsorbed on
particles surface. The strong absorption band 4to#d’ is due to Zn-O stretching mode of ZnO nanopasifié&].
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Fig. 3 FT-IR spectrum of ZnO and Co doped ZnO NPs

3.4SEM Analysis

Surface morphological studies of undoped and Ced@nO NPs have been carried out using a scanigegan
microscope. Fig. 4hows representative SEM images for the, @wo,0 with (x = 0.00, 0.01, 0.03 and 0.05). These
images show the presence of large aggregates diesimaividual nanoparticles of various sizes. €4nO showed
needle shaped microstructure, while the Co doped Zranoparticles were obtained as nanospheregsheqgyure
ZnO, the average grain size was found to be ar@5A85 nm. The average grain size slightly tenddeitrease with
increasing the Co doping. This tendency was alsemed in the XRD measurements.
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Fig. 4. SEM images for representative samples of ZrCo,O with (a) x = 0.0, (b) x =0.01, (c) x =0.03 ar{d) x = 0.05

3.5 Elemental analysis (EDS)

The chemical compositions of synthesized Co dop®d KPs were measured by EDS spectra and showryirb Fi
The EDS spectrum showed signals of all the expeefemients Zn,0 and Co, which confirms the preseficac’
ions which are substituting the Zrions in the Zn matrix. Hence, these results catelthat Co ions have been
doped into the ZnO lattice without any impurities.

cps/eV.

Fig. 5 EDS spectrum of Co doped ZnO NPs

3.6. Antibacterial activity

Antibacterial activity of the synthesized ZnO and @ped ZnO NPs were evaluated using agar diffusiethod.
Figs. 6(a)—(f) shows the three different conceitdrat of bare ZnO and Co doped ZnO NPs suspenseastsdt
againstSalmonella typhi and Klebsiella pneumonia. This indicates the biocidal action of both thenpées. For
Salmonella typhi, bare ZnO NPs exhibited a maximum inhibition zofd6 mm whereas Co-doped ZnO exhibited
inhibition zone of 25 mm. In addition, againgiebsiella pneumonia with zone of inhibition of 18 mm is observed
for Co-doped ZnO while 14 mm is measured for ban® ZNPs. It is apparent that, as the concentration o
nanoparticles increases the inhibition zone alg¢e gereased. Also, Co-doped ZnO obtained betwrlt®in both
the bacterial strains.
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Fig. 6 Antibacterial-screening results against oSalmonella typhi and Klebsiella pneumonia with Pure ZnO and Co doped ZnO NPs

CONCLUSION

Nanostructured Zn,CoO (x = 0.00, x = 0.01, x = 0.03 and x = 0.05) nanwegers have been successfully
fabricated by microwave-assisted method furthealy@med through X-ray diffraction, UV-Visible speain,
Scanning electron microscopy and Fourier transfiorfinared spectroscopy to analyzing the influenc€ofdoping
on structural and optical properties of ZnO Nantplas. From XRD analysis it is witnessed that rage
crystalline size decreased with increase of dof@aj concentration. SEM images showed the formationeedle
like ZnO nanoparticles and in the case of Co dope@® nanoparticles are almost spherical images duihe
influence of Co doping. The vibration frequenciesttie FT-IR spectra further confirm the formatidnwartzite
structure. Further, focused on the applied padyothesized cobalt doped ZnO nanoparticles as feotiek and
potent antibacterial agent against water borneepiactThe future studies will probably witness intpat novel
developments in applied nanoresearch regardinghamtibial agent.
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