ISSN : 0974 - 7494 Volume 8 | ssue 8

Nano Science and Nano Technology

A Tndéian Journal

—= FUl| Peper

NSNTAIJ, 8(8), 2014 [312-319]

Effect of annealing on optical and antimicrobial properties of zinc
oxide nanoparticles

P.P.Sharmila'*, S.Sagar?, Nisha J.Tharayil®
Department of Physics, S.N College, Kollam, Kerala, (INDIA)

2Department of Physics, Gover nment Collegefor Women, Trivandrum, Kerala, (INDIA)
SDepartment of Physics, SN Collegefor Women, Kollam, Kerala, (INDIA)

E-mail : shar milavishram@gmail.com

ABSTRACT

Nano particles of Zinc Oxide has received much attention due to their
unique antibacterial, antifungal, UV filtering, catalytic and photo-catalytic
activities. The Nano particles of Zinc Oxide are synthesized through a
simple and novel technique using agueous solutions of metal acetate and
carbonate. An organic templating agent (EDTA) is used in this work to
prevent agglomeration. The carbonate precursor obtained is heated on the
basis of TGA to obtain the metal Nano composite. The effects of different
parameters on particle size and morphology of ZnO powdersis optimized
by “one at a time” method. Under optimum conditions, spongy shaped,
uniformed and homogeneous nanostructured ZnO nano powders with
particle size few nm are obtained. The structural characterization of the
nano powdersare done using the X-ray diffraction and electron microscopy
techniques. The optical characterizations are done using UV-Vis
spectroscopy, FTIR and photoluminescence studies. The effect of Zinc
oxide nanoparticles on the growth of few common water pathogens are
studied to explore its use as antibacterial agent to be used in water
purification. To understand the mechanism of antibacterial activity and to
confirm the role of reactive oxygen species the samples are annealed at
different temperatures and the microbial activity is probed.
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Over the past few years, synthesisand functional-
ismof nano structureshave attracted great interest due
tother potentid gpplicationsinal fiddsof science. Nano
metd oxide particlesespecialy have emerged asnovel
antimicrobia agentswhich can beusedfor theeffective
removal of pathogensfrom water. M oreover the anti-

microbial propertiesof metal oxide nanoparticlesis
coming up asthecurrent interest inthe researchersdue
tothegrowing microbia resistancesagainst metd ions,
antibioticsand the devel opment of resstant Strains. The
antimicrobia efficiency of metal oxide nanoparticles
dependsontheparticlesize, presenceof light, compo-
sition of agueous medium used in assay etc. In the
present work antimicrobial activity of Zinc oxide
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nanoparticlesareexplored snceZnOisabiocompatible
and non-toxic substance. Zinc oxide hasbeen asteady
point of attraction for researchersover the decade due
toitsfascinating propertieslikewideband gap 3.37 eV
and high excitation potentia 60€V. Itsapplicationsare
numerousandincludesensors, solar cells, chemica and
biological sensors, ultraviolet absorbers, transducers,
cadyd, short wavelengthlight emitting diodesand room
temperature ultraviolet lasing diodes etc*3. TheZnO
nanostructureswith different morphologiesarewiddy
being investigated nowadays because of their great
potentia for usein biosensors, bio-imaging, drug deliv-
ery and other biological applications*9. They exhibit
good antimicrobial activity against many pathogeng”8.

Inthe present work asimpleand economical pro-
cedureisused for synthesi zing nano sized Zinc Oxide.
The ZnO nanoparticlesobtained werethermdly trested
at varioustemperatures. Theinfluence of temperature
ongructura, textura, and morphologica propertiesof
thematerid swas studied by powder X-ray diffraction,
infrared spectroscopy, scanning el ectron microscopy.
Zincoxideisgenerdly regarded asasafe materia and
can be used to inhibit growth of food pathogensand
water pathogens. Inthisstudy themicrobia activity of
Zinc oxide nanoparticleson few water pathogensare
studied anditsvariationinthemicrobid activity with
sintering temperatureare a so studied. Thefive com-
mon pathogens, namey Shigellaflexneri (ATCC 2908),
Vitrio Cholera(M TCC 3906), EscherichiaColi (ATCC
25922), Staphylococcus aureus (ATCC 9144) and
Salmonel latyphimurium (ATCC 23564), are chosen
for thisstudy.

MATERIALAND METHODS

The chemicals used for the synthesis of
nanoparticles, namdy Zincacetate, Ammonium carbon-
ateand EDTA wereobtained from MERCK. The Bac-
teriacultureswere obtained from Ingtituteof Microbid
Technology (IMTECH) Chandigarh.

Synthesisof nanoparticle

TheNano Zinc Oxideisprepared using 0.1 Molar
solution of ZincAcetateand 0.1 molar solution of Am-
monium Carbonatewhichweredropped s multaneoudy
and dowly at therate of 10ml per hour into 0.01 molar
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solution of EDTA under constant stirring. Thewhite
carbonate preci pitate obtai ned was separated from the
reaction mixtureand washed severa timeswith acohol
and thenwith distilled water toremoveimpuritiesand
traces of chemicalsused. Thewet precipitatewasal-
lowed to dry naturaly and then thoroughly ground to
obtain metal carbonate precursor intheform of fine
powder. Upon heating the obtained metal carbonate,
to the required temperature, it decomposes to form
metal oxide. Thethermo gravimetric analysis(TGA/
DTA) of the carbonate precipitate (Figure 1) showed
asudden weight lossat 400°C to 450°C indi cating con-
version from carbonate to oxide and hence the tem-
peratureof cacination wasfixed at 500°C. The TGA/
DTA of the samplewastaken using Perkin-Elmer dia-
mond TGA/DTA apparatus.
Theandysswasperformedinthetemperaturerange
from 28°C to 800°C at aheating rate of 15°C/min un-
der nitrogen atmosphere. The atmosphere of calcina
tion and therate of increase of temperature etc., also

50
@

45

40

Weight in gms

T T T T T T T T T 1
0 100 200 300 400 500 800 TOO 80D 800

Temperature ("C)

-] (b)

2
K
|

o ™

i i U T i I ' T 1
0 1 00 00 LR S0 1 1% R §30 1000

Figurel: (a) TGA spectrumof carbonateprecipitate, b) EDAX
spectrum of asprepared sample(Z1)
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play animportant rolein the morphol ogy and defect
formation of nanoparticles. Thecarbonate precursor is
transferred to afurnace at room temperature and then
thetemperatureisincreased slowly, at therate of 5%
minute, to 500°C. The duration of calcination was op-
timized to 3 hourson thebasisof several observations
doneby varying thetime.

The prepared sampleswereanaysed usng EDAX
(Figure 1b) to check the presence of impuritiesif any
and to have acorrect knowledge about the chemical
composition of theformed powder. Theresultsof EDAX
analysis(Figure 1b) showsthat the powder isfreefrom
impuritiesand contains only Zinc and Oxygen. The
samplessynthesized werefurther heated inafurnaceat
temperatures 700°C and 900°C to study the effect of
heeting onthelattice, morphol ogy and hence changein
thebioactivity. Hereafter the samplesannealed at tem-
peratures 500°C, 700°C and 900°C will bereferred as
Z1,72, and Z3respectively. Theresultsof EDAX of
thethree samplesnamely Z1,72 and Z3 aregivenin
TABLE 1. It showsthe stoichiometry of the samples
and composition

TABLE 1: Results of EDAX showing the composition of
constituentselementsin samplesZ1,Z2and Z3

M ass% Atom%
Element
Z1 Z2 Z3 Z1 22 Z3
OK 1824 742 522 4768 24.66 18.37
ZnL 81.76 9252 9478 5232 75.34 81.63
Tota 100 100 100 100 100 100

Bacterial studies

Filter paper disc diffusion techniquewas applied
for determining anti-bacterid activity. Test organisms
used to study microbial activity were collected from
Ingtitute of Microbia Technology, Microbid TypeCul-
ture Collection Centre, IMTECH), and Chandigarh.
Thebacterid strainsweremaintained at 2-8°C ontheir
respective medium. Muller HintonAgar (MHA) me-
dium used for bacteria culturewasprepared and ster-
ilized at 121°C for 15 minutes. After sterilization, re-
quired volume of the medium (20 ml) was poured into
theterile petri dishesand dlowed to solidify. Purecul-
tureisused asinoculum and 3-4 similar colonieswere
selected and transferred in to about 5 ml of Tryptone
SoyaBroth (TSB — Himedia M 1263). They were in-
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cubated at 37 °C for 8-12 hours till a light to moderate
turbidity isdeveloped. A sterilenon-toxic swabona
wooden gpplicator dipped into the standardi zed inocu-
lumwasused for thegpplication of inoculumtotheagar
plate. Theentireagar surface of the plate was streaked
with the swab threetimes, turning theplatesat 60 angles
between each streaking and alowed theinoculum to
dry for 5-15 minutes with lid in place. The discs
(Himediagterile6mm disc) impregnated withthesample,
approximately 30 ul, using aseptic technique are then
placed with centres at |east 24mm apart. Theseplates
areincubated immediately at 37°C and are examined
after 16-18 hoursor later. The zone showing complete
inhibitionismeasured and thediametersof thezonesto
the nearest millimetre are recorded. Discs soaked in
pure solvent, dimethyl sulfoxide (DM S) wereused as
control.

RESULTS

Sructural characterisation

The XRD study was carried out usingan X’ pert
pro model X-ray diffractometer employing Cu-K a ra-
diation (make PAN anaytical, Netherlands) a 40KV
and 100mA at scanning rate of 8min from 26=10°to
70°from NIIST, Thiruvananthgpuram. FTIR spectraof
thesamplewererecorded in an FTIR Spectrophotom-
eter (Thermo Nicolet, Avatar 370D). The SEM was
recorded withaHitachi- mode S-3000H scanning mi-
croscope and TEM from National University,

Singapore.
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Figure?2: Xrd spectrum of samples
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XRD analysis

The crystal structure of samples prepared were
characterised through X -ray diffraction and theobtained
pattern showstheformation of ZnOinwurzite struc-
ture. The X-ray diffraction spectrum of ZnO
nanoparticlesannea ed at 500°C,700°C and 900°C with
prominent reflecting planesisshowninfigure2. The
peaksinthe XRD spectrum correspondsto thosefrom
the JCPDS data(Powder diffraction File, Card No 079-
0205), having hexagona wurtzitestructurewith lattice
constantsa=b=3.241 A ° and c=5.187 A°. Thelattice
constants ‘a’ and ‘c’ of wurtzite structure of ZnO are
cdculated using relations (1) and (2) given below!®.

h 2

a= NEE (1)
2

€= Sino @)

Where A is wavelength of X-ray used and 6 Bragg’s
agle

It is clear from the XRD patterns of the three
samples (Figure 2) that the FWHM decreases asthe
annealing temperature increases, which can be attrib-
uted to thegrain growth that occursat larger tempera-
ture. With an increase in oxidation temperature and
duration of oxidation, thediffraction pesksbecomemore
intense and sharper, whichindicatesthat thegrain size
becamelarger and thecrysta qudity hasimproved. The
XRD peaksare broadened dueto the nano crystaline
nature of the particles. These nano-crystalshavelesser
|atti ce planes compared to the bulk, which contributes
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to thebroadening of pesksin thediffractogram.

Thisbroadening of the peakscould a so arisedue
tomicrostrainof thecrystal structuresarisng from de-
fectslikedidocationsand twinning. Thesearebelieved
to be associated with the nano crystals synthesized
chemically asthey grow spontaneoudy and the chemi-
cal ligandsget lesstimeto diffuseto an energeticaly
favourable site The average crystalite sizes of the
sampleswere cal culated using Debye-Scherer equa-
tion (3) and microstrain ‘e’ using equation (4)

0.94

i 5 cos8 ®

e=|——-5(—) @
\Dcos @ ! Man @

Here D isthecrystallite sizeand  full width at half

maximum of the peak with diffractingangle. The mi-

crostrain (e) for thesampleZliscaculated usng the

equation (3) from data’s obtained from XRD and is

plotted against Bragg’s angle (Figure 3).

TABLE 2 : Parameters obtained from XRD of the three

sampleswith particlesize

Sample hkl D observed D jcpds I_Dartlcle Latticeparameter
size (avg) a c

100 2.79845  2.8073 3231372 ...
Z1 002 258872 25938 125+2.5nm .......... 5.17744
101 2.46278 2.469 3.230364 5.18491

100 2.79502  2.8073 3.22741 e
Z2 002 258661 25938 25+4nm ... 5.17322
101 2.46080 2.469 3.230364 5.18491

100 2.79968  2.8073 3232792 .........
Z3 002 259004 25938 30+2.5nm 5.18008
101 2.46450 2.469 3.235389 5.194369

Morphological studies

The TEM spectrum (Figure4) obtained showsthat
the particlesare homogeneous, spherica inshape, and
sizefdlsinbetween 10-22 nm. Theparticlesizedistri-
butionisalso given ashistogram.

The SEM pictures of the as prepared sample and
annealed one (Z1, Z2 and Z3) aregivenin Figure5.
Themicrographsshow that nanoparticlesareregular in
sizeand shape and the anneal ed samplesshowsagood
improvement in crystallineformsand thehomogeneity

Absorption studies
UV-Visible spectroscopy

Absorption is agood probe of the overall band
structure of asystem because bandshave arelatively

flano Science and flano Technology

—— e T ot



316

Effect of annealing on optical and antimicrobial properties of zinc oxide nanoparticles

NSNTAIJ, 8(8) 2014

Full Paper

high density of states. PL emission on theother hand,
tendsto favour sparselow lying states because photo
excited carriersrapidly thermalize through bands and

closely spaced states. Thisfeaturemakesit asuitable  \ypereA isaconstant

tool toanayseinterfacewheredefectsand impurity lev-
elsareabundant. Using UV absorption spectrum (Fig-
ure 6) we get knowledge about band gap further evi-
denceto quantum confinement
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Figure4: TEM of Zincoxidenanoparticlesand distribution
of particlesize
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Theenergy bands of the material isrelated to ab-
sorption coefficient o by the Tauc relation
ohv=A (hv-E )" 3
, hv is the photon energy and E ’ is
thebandgap and nisanindex which assumesvaues 1/
2,3/2,2 or 3 depending on the nature of transitionsre-
sponsiblefor absorption. Here the band gaps obtained
from Tauc plotsare 3.556eV (Figure7), 3.342¢eV and
3.39%V respectively for sampleZ1, Z 2and Z34dl blue
shifted from thebulk val ue of bandgap (3.3€V)*?. Brus
had derived Effective mass approximation formula
(EMA)™M to explainthe blue shift. The Effectivemass
gpproximationformulaisgivenas

h® 1.8¢%
Bapp = Eg & 8uR? 4mec R @
1 1 1 ) )
Where—- = + ——, me* istheeffective mass of
4 me= mhs=

electron (0.26 me), mh* isthe effective massof hole
(0.59me), Ristheradiusof theparticle, € is the dielec-
tric constant at high frequency and ¢, isthe permittivity
of free space. The second term in the equation isthe
quantum confinement for dectronsand holeswhichlead
to the blue shift™? whilethird termisthe coulomb en-
ergy term®3. Duetotherdatively smal effectivemasses
of ZnO, abandgap enlargement is expected for par-
ticleradii lessthan about 8nm.

FTIR analysis

TheFTIR studiesof sampleswerecarriedoutina
Perkin-Elmer FTIR Spectrophotometer between 500
cm*and 300cm™. TheR absorption spectraobtained
isshownin Figure 7. The broad absorption band near
1600cm* correspondsto carboxylateionswhich dis-

13 42 SEI

2KV X10,000 1m

Figure5: SEM micrographsof samplesa) Z1,b) Z2,and c) Z3
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Figure6: a) Absor ption spectraof thesamples. b) Tauc Plot
showingvariation in bandgap

appeared inthesintered samples. Theonly other bands
at 500-600 cnt correspondsto bending and stretching
modes of vibration of Zn-O bonds. Dueto the nano
sizeof thegrainsthelR activemodesdightly shift due
tothedifferencein coordination number and bond length
but still the bandsaround 500 c aretypical of metal
oxides. Thebroad band withlow intendity at 3422 cm-
linsampleZlisrelated to vibration mode of (OH)
group, indicating the presence of littleamount of water
adsorbed on thezinc oxide nanoparticles surfaces.

Photoluminescence

The photol umi nescence spectrum of ZnO corre-
sponding to an excitation wavelength 250 nmisgiven
in Figure 8. Room temperature PL spectrum (Figure
9) of the three samples show two prominent peaks,
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one intense sharp peak in the UV region centred at
323 nmwith asmall shoulder at 304 nm and another
broad peak between 405-425 nm inthe blue- green
region. The UV emission at 323nm can be attributed
to near band edge emission due to extinguishing of
excitons. Theother peaksin the bluegreen region, at
405-425 nm, isdueto deep level or trap level emis-
sionformed dueto the presence of oxygen vacancies
in the nanoparticles synthesized. Thisresults shows
the presenceof severa defectsinthelattice, likeZinc
vacanciesVZn, oxygenvacanciesV O, interdtitia Zinc
ions Zni, antisites ZnO and transitions Zni—
VZni3101819 Accordingto Chen et a, thegreen lumi-
nescence occursasaresult of electronic transitions
from the ground and excited states of the shallow do-
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Figure8: Photoluminescence spectraobtained for excitation

wavelength 250 nm
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Figure9: Photographsshowing theinhibition Zonesobtained for a) Shigdlaflexneri and b) E.Coli

nor to the deep acceptor (VZn)1*4. Further Rodnyi et
al suggest onthe basis of dataof fellow researchers
that in zinc oxidewith an excess of zinc (ZnO:Zn),
oxygen vacanciesV O, F-centersareresponsiblefor
greenluminescence™ whichisin quiteagreement with
results obtained.

However the exact reason and aquantitative study
to understand factors on which intensity of thisemis-
sion dependsisyet to be understood clearly, but many
have attributed green emission to thestrongly ionized
oxygen vacancy and emissionisresulted fromthera
diative recombination of photo generated holewith an
€l ectron occupying the oxygen vacancy.

Bacterial studies

Theantibacteriad activity against fivewater patho-
gensnamely Shigdlaflexneri, Sdmone laTyphymuris,
EscherichiaColi, Staphylococcus aureusand V. Chol -
eraareanalysed for thethreesamplesZ1, Z2 and Z3
andresultsaregiveninmmin TABLE 3. Maximum
activity wasobtained for Shigd laflexneri (Figure9) and
minimumfor Vitrio Cholera

To effectively detoxify noxiousorganic pollutants
the semiconductor photo catalyst generally requires

TABLE 3: Reaultsaobtained for themicrobial activity of pre-
pared samples

Diameter of clear inhibition Zonein mm

Parameters

SampleZl SampleZ2  SampleZ3
Salmonella typhymurium 8 mm 7 mm Nz
Shigellaflexneri 12 mm 10 mm Nz
Vibrio cholera NZ 7mm NZ
Staphylococcus aureus 8 7 7
Escherichia Coli 7 7 7
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ultraviolet (UV) light asthe excitant source; therea-
sonisthat UV energy isgreater than the band gap of
the semiconductor, and it will deducethedectron hole
pai rsgenerated when the semiconductor isilluminated
by UV. The electrons subsequently react with O2in
thesampletoform superoxideradicas, whiletheholes
react with the surface OH groupsto form OH radi-
cds. Theseradicasattack the organic molecule, which
iseventualy oxidized to become CO,, H,O, and HCI,
thusachieving an antibacteria effect. Smilarlytotita-
nium oxide™®, ZnO can absorb light (UV or visible)
which induces a separation of charge, generating a
hole (h+) inthe valence band and an e ectron (e-) in
the conduction band:

ZnO + hv— e~ + h+ (on the surfaceof ZnO particles)

At the surface of theexcited ZnO particle, theva
lence band holes abstract el ectronsfrom water and/or
hydroxyl ions, generating hydroxyl radicals (OH). In
addition, electrons can reduce O2 to producethe su-
peroxide anion O,*%. The obtained OH and O, ion
caninducelipid peroxidationin membranes, DNA dam-
age dueto strand breakage or oxidized nucleotidesand
oxidation of amino acidsand protein catal ytic centres™,
Another possibility isdestruction of organic materid in
adirect reaction with postively charged ZnO particles.
Itisobserved that ZnO showsbactericida properties
in case of compl ete absence of light also. Theresults
obtained inthis study show that the antibacteria activ-
ity reduceswith annealing temperatureindicating that
increasein oxygen deficiency may haveledtothisre-
ductionineactivity. Thisprovesthat reective oxygen spe-
ciesisthereasonfor antimicrobia activity of Zincoxide
nanoparticles.
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CONCLUSIONS

The Nano sizes of the samplesare confirmed by
the band gap energy using the effective mass model .
The TEM a so showed particles of sizelessthan 20
nanometres. The morphology and shape of thecrysta's
improved on annedling. The photol uminescence spec-
trum proved the presence of | attice defectsdueto oxy-
gen vacancieswhich was hinted fromthemicro strain
cdculationsand thedight yellow nature of thesample.
Thebacterial studies show that Nano Zinc oxide can
be used for the effective removal of water pathogens
and can be used for water purification.. The particle
sizeand henceincreased surface areaaswell asreac-
tive oxygen species on surface determinethe extent of
antibecterid activity.
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