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ABSTRACT

In the present work zinc oxide nanoparticles were synthesized using simple chemical method. The prepared nano
zinc oxide was characterized using XRD and UV-Visible spectroscopy, SE.M..T.E.M., The optical band gap was
calculated from UV-Visible absorption measurement. The particles size was estimated using XRD pattern. Gas
response of Zinc oxide films are checked for different concentration of reducing and oxidizing gases. The sensitivity
measurement for selective ammonia gas with varying concentrations and stability studies have been carried out.

INTRODUCTION

Many metal oxides are used to detect reducing aitizing gaess by conductive measurement .the matdes are
divided into following two classes .(8)

1] Transition metal oxides
2] Non transition metal oxide

Semiconductor nanomaterials have received beernveecgreat attentions. Among these various semicciod

oxide nanomaterialss zinc oxide is a versatile natbecause of its physic-chemical properties sacimechanical,
electrical, optical, magnetic and chemical sengraperties. It has a wide band gap of 3.3 eV arid itsed in
various applications electronic devices, biomediiedd!, verity of sensors, etc.

Now a days, various routes have been used foryihinesis of ZnO nanomaterials, such as sol-gehsgig [1],
hydrothermal/solvothermal methods [2,3], microerimsnethod [precipitation [and physical vapor depos Sol-
gel method gives homogenous, high-purity, and lejghlity nanopowders . The morphology of the nantigas
can be changed by changing the solvents.

Zinc oxide is an important n-type semiconductorhvat direct band gap of 3.37 eV. Zinc oxide nanaglag are
widely used in various applications such as optitslices , catalysis, light emitting diodes, phd&ectors, solar
cells and gas sensors (9)(10). In recent days ffilicik11)(12) and thin film have been performingj@14)(15)
.Zinc is an essential nutrient in humans and argnfiat many physiological functions, including imneuand
antioxidant function, growth, Skeleton developmetkin growth, appetite, wound healing and reproduact Zinc
oxide (ZnO), a safe source for Zn supplementatiwhitis commonly used to fortify foodstuff in tfieod industry.
ZnO will decompose into Zn ions after consumpti@nzariety of methods have been used for the syighaszinc
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oxide nanoparticles such as direct precipitatioombgeneous precipitation, solvothermal method, coamical
method, reverse micelles, sol gel method , hydrathg thermal decomposition, and microwave irradratin the
present study, a simple and cost effective solrggthod was used to prepare ZnO nanopatrticles, agitgacetate
as a precursor, acetic acid the complexing agetttdon X-100 as a surfactant. The optical prasrtparticle
size, and crystallinity, of the final ZnO nanopelds were investigated.

MATERIALS AND METHODS

Experimental detalil

The ZnO nanopatrticles were prepared by sol-gel atedt room temperature. Zinc acetate (Zn{C80O),.2H,0),
and Triton X-100 were used as starting materiaB M zinc acetate solution was prepared by diseglli g of zinc
acetate in 25 mL of water. The solution was stimedoom temperature, and then the 5mLTriton X-0@8 added
to the solution and again stirred for 3 hour atmdemperature. After the 1 hour slightly precipdatobserved then
ammonia solution was added for complete precipitatThen the residue was filtered, washed with waitel then
dried at 353 K for an hour. The dried residue tbalcined at 673 K in an electric oven.

Absorption

5£|m 600 700
Wavelength (nm)

I
300 400

Fig UV-V 1(a) is spectra of ZnO nanopatrticles

The structure morphology of the prepared ZnO narimb& was characterized by Bruker D-8, powder X-ra
diffraction (Cu Ko=1.5406A). The UV-Vis absorption measurement was measuved the range of 200-800 nm
by a Bio-age UV-Vis spectrophotometer. FTIR spedfdhe samples were recorded on BRUKER Alpha FT9—-
Infra—Red spectrometer.
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Substrate cleaning :

In thin film deposition process substrate cleartiag great importance .which affects the smoothnesgormaly
adherence, and porosity of the films . in the salstcleaning process the bond between substrdteariaminant
breaks without damaging the substrate . substteéming is depends upon nature of substrategléss substrate
1.35 mm thick were used for the deposition of films

1) Substrate is washed with AR grade hydrochloric acid

2) Then it is washed with detergent

3) Washed with distilled water to remove detergent gemresidue

4) Then substrate ultrasonically cleaned for 15 min.

5) Finally substrate were dried and degressed witlgfeRle acetone .and finally kept in to dust freexdber.

RESULTS AND DISCUSSION
UV-Visible absorption studies

Figure 1(a) shows the UV-Vis spectra of ZnO nantgas. UV-Vis absorption of ZnO nanoparticles was
measured and it is observed in the wavelength rahgB0-400nm.
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Fig 1 (b) Band gap measurement

Figure 1(b) Shows the plot of 1/2 vs. photon endrgyf ZnO nanoparticles. The band gap energy valo&fi®
samples was calculated from this plot. The wavdtend 380 nm corresponds to the bulk band-edge 2&¥ for
ZnO. The absorbance at wavelength of 370 nm ingcat blue shift, which should be due to the quantum
confinement effect from the small particles sizd@fnm as found in XRD analyses.

1 (b) Band gap measurement

XRD studies

The XRD spectra shows well defined diffraction meatowing good crystanility. The XRD pattern of ZnO
nanoparticles calcined at 673 K is shown in Figuréhe XRD pattern shows of ZnO. All XRD diffraatippeaks of
ZnO powders are shown in a good agreement withdua structure of zincite phase reported in JCFD&SCard
No0.05-0664. No peaks of impurity are observed,datiing that the high purity ZnO was obtained.Theiga size
calculated using Debye—Scherrer formula D = D.8gcod), wherel the X-ray wavelength the peak width of
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half-maximum, and is the Bragg diffraction angle. The average cilijtgasize D is 10 nm calculated using the
Debye—Scherrer formula. It is observed that astireealing temperature increased the crystallireisizreased.
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Fig XRD pattern of ZnO nanoparticles

From fig. nine prominent peaks corresponding to (tt@) phase (2 theta =31.65), , (002) phase(2tha4.65),
(101) phase (2 theta =37.18), (102) phase(2 th#ia25), (110) phase (2 theta =56.45), (103) phabefa =63.75),
(200) phase (2 theta =67.73), (112) phase(2 th&8&43), (201) phase (2 theta =69.68), xrd peak® wbserved
and it is concluded that all it is concluded tHhttee films were polycrystalline with hexagonal sazite structure,

Gas sensing studies :
Gas sensing properties of ZnO thin films is faliedaby the high temperature gas sensors. In thideathe gas

sensing studies towards oxidizing and reducing gj@seeported .since in the s.e.m. images it shepleerical
shapes consisting of fine nano particle with porspesce between them.
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Fig Gas responses of ZnO sensors films to 100 pphNO,, NHs, Ethanol, Chlorine

From figure the ZnO sensors offered maximum respoodNG , NHs,Chlorine,Ethanol. The zinc oxide film shows
more selectivity for N@over other three gases .The operating temperasusbaut 208C. poor selectivity for
chlorine gas.

Mechanism of NG, gas sensing:

Generally metal oxide are of p- type and n-tyfle.ZnO is an n-type of semiconductor which isiearof electron
. NG, is toxic gashy inhalation but at low concentratvaill anaesthetize the nose thus creating anpiedeor over
exposure . long time exposure to Na&t different concentration causes adverse he#iiécté27). The important
source of NQare I.C. Engines , power stations (28).

When an n-type of semiconductor gas sensors i€prés the air chemisorptions of, @olecules could happen on
the surface in the form of £O,>,and G ions by capturing electrons from the conductancedbasince the
electronegativity of oxygen molecules is biggemtls@miconductor ,the oxygen species capture coiodebtectron
from the materials this leads to decrease in meatoncentration. The junction between ZnO gratims,depletion
layer and potential barrier leads to the increasihthe electrical resistivity value. This valuesisongly dependant
on the concentration of absorbegdi@ns of the surface . the reaction in an,N®idizing gas

NO,+e ———» NO+O

Sensitivity

Effect of operating temperature and NQ concentration

The sensor response reached maximum at 200ocChanddecreased .it is well known that at low temfoeea
speed of chemical reaction restricred the respofke. sensitivity of sensors increases with theease in the
temperature and reaches amaximu value .but aftee sione temperature is increases but the sengit/ilecreses.
This behavior explained by mechanism of gas adso@tnd desortion.
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Fig Response of ZnO films at 100 ppm of N&yas at operating temperature

Variation in concentration of No, at operating temperature .
Fig .shows the response of zinc oxide films asnation of NQ concentration increased from 10 to 100 ppm.
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Fig Variation in concentration of No, at operating temperature
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From fig. it shows that from 90 ppm it shows saturation oRNie to increased in surface reaction.

Zinc oxide sensors stability:

for check the stability the response zinc oxidmfdt fix concentration of 100 ppm is observed fordays by the
interval of 5 days at temperature 200from the first day zinc oxide shows maximurspense but it decreases
sreadealy, from days 25-50 it shows stable response
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Fig sensing stability of ZnO film at 208 ¢
From this it proves that 75 % stability of zindae at 206c.

Response and recovery characteristics of ZnO films:

Response and recovery time are two different ambitant parameters for sensors characterizatiaa.dbserve
that response and recovery time are varies inwersith respect to concentration of gases. Resptingeis the
time taken by sensors to attain ninety percentdgeagimum resistance on exposure of target gasvesy time as
the time taken to get back ninety percentage ofrtagimum resistance when exposed to pure air.
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Fig response and recovery time of ZnO film at diffeent concentration of NO2 and at operating temperatre 200 ¢
CONCLUSION

ZnO nanoparticles have been sussesfully synthedigesimple sol-gel method at room temperature. gitepared
ZnO nanoparticles were characterized using XRD @WeVis absorption measurement. The average parsicle
was found to 10 nm for ZnO nanopatrticles calcine@78K. ZnO offers tremendous potential in futupplacations
of electronic, optoelectronic, and magnetoelectrodevices. The prepared ZnO nanoparticles may lplgssi
applicable for photocatalysis, gas sensing, bioaeadi devices and sun screens applications. TheDX.&udy
reveals that the deposited thin film of zinc oxfdes good nanocrystanilline hexagonal wurtzite stinec The zinc
oxide film shows high sensitivity towards No2 gatsoperating temperature 200 c. fast and high gasitsvity for
NO2. The highest response is given as 36.3.it shtffesent response towards different concentrgfiorl00 ppm)
of NO2.

The fast recovery and response are due to the diigorption density of o- and®>Odue to high operating
temperature. maximum gas response for 75 % &c200
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