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ABSTRACT

Fabrication of high quality ZnO and TiO, thin films and analysis on its
physical, chemical properties have application to remove dye from waste-
water. In the present investigati on highly textured semiconductor thin films
were prepared by chemical bath deposition on glass substrate. The thin
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filmswere characterized by XRD, SEM analysis. The standard polycrystal-
line textured thin films contain nanograins were observed by XRD. SEM
reveal s the presence of adherent thin films. Photodecomposition of meth-

ylene blue from wastewater was possible by thin films.
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INTRODUCTION

Recently more attention has paid towards Zinc ox-
ideand Titanium dioxideduetoitsvital property for
variousvalid gpplication.TiO, hasbeen one of themost
extremely studied oxide because of itsrolein various
application, namely photo-induced water splitting, dye
synthesized solar cells, environmentd purification, gas
sensors, display devices, batteries*d., Fabricating high
quality ZnO thinfilm substrateand theanalysisonits
physical and chemical propertieswill beimportant for
the application such asenergy efficient windows, lig-
uid crystal display, opto-electronic devices, piezo-€lec-
tric devices, acoustic el ectrical laser diode sensors™
%, Several techniques such asthermal oxidation*%,
electron beam evaporation®¥, activated reactive
evaporation*d, spray pyrolysis*®, metal organic
chemical vapour deposition (MOCV D)4, electro-

deless bath!*®, pul selaser deposition®, RF magne-
tron sputtering*” and chemica deposition™® havebeen
used for formingZnOthinfilms. A lot of solution meth-
odsaredevel oped for thedeposition of TiO, thinfilms
and many new techniques are being devel opedi?%2,
TheTiO,nanoparticleshavebeen prepared by chemical
method using hydrolysisof TiCl,,, Ti(SO,),and Til /**
241, Many workerd?! have prepared nanocrystalline
thinfilmswith anatasecrystal structureof TiO, by the
cathodic el ectrodeposition.

Among thevariousmethodschemica depositionis
advantageous on account of itssuitability for forming
largeareathin films. Chemica deposition of ZnO and
TiO, thinfilmsfrom an agueous solutionisaversatile
method dueto itssmplicity and economy. In thispaper
structural, optical and surface morphological proper-
tiesof chemically deposited TiO, and ZnO thinfilms
wereinvestigated.
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EXPERIMENTAL

ThechemicassuchasTiCl, solutionand NH, were
used for the solution preparation. TiCl, solution was
taken into a beaker and its pH was adjusted in be-
tween 11 and 12 by 20% diluted NH, with constant
gtirring .TiO, film hasbeen deposited on asubstrate by
dow hydrolysisof TiCl, solution®. Theincreasingin
pH, therateof hydrolys sincreased, which resulted into
TiO, predipitationformationinthebulk of solutionwith-
out film formation on the substrate. In chemical bath
deposition reaction takes place between dissolved pre-
cursorsgeneraly in agueous solution at |ower tempera-
ture. When the solution issaturated, theionic product
isequal to solubility product and whenit exceedsions
combine on the substrate introduces adegree of het-
erogeneity that facilitatesnucleationin filmgrowth pro-
cess. Deposition of TiO, wascarried out on previously
cleaned glasssubdtrate. All the experimentswere per-
formed at roomtemperature. After 18 hrsthethinfilms
weretaken out of bath washed withtripledistilled wa-
ter and dried under air flow.

Sodium zincate bath was prepared by mixing re-
quiresvolumeratio of ZnSO, and NaOH solution. Be-
foredepositiontheglass substrate were cleaned chro-
micacidfollowed by doubledigtilled water. Thed eaned
substratewasdternatively dipped for specificperiodin
sodium zincate bath and water bath kept at room tem-
perature and near boiling point respectively. The com-
plex layer deposited on the substrateduring the dipping
in sodium zincate bath will be decomposed to ZnO
whichdippinginhot water.

Na,Zn0,+H,0 — ZnO +2NaOH

Part of theZnO so formed was deposited onto the
subgtrateasstrongly adherent filmand remainder formed
as precipitate?”. After required number of dippings,
the substratewith the deposited ZnO thinfilm was an-
nealedinair at 250°C for 30 min. Thedeposition ki-
neticsof TiO, and ZnO thinfilm wasanalyzed by em-
ploying X -ray diffractometer, energy dispersive by x-
ray, scanning e ectron microscopeand UV-visible spec-
trophotometer.

The photocata ytic activity studies of theZnO and
TiO, thinfilmswere carried out at room temperature.
Thefilm catalyst wasimmersed inaquartz cdll contain-
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TABLE 1: Valuesof theapparent velocity congtant stirring

Film k (min?Y)
TiO, 3.87E-4
Zn0O 2.26E-4

ing 3.5 ml of an agueous solution a 20 ppm of methyl-
eneblue. Themethyleneblue solutionwasirradiatedin
aphotocatal ytic reactor with mercury lamp (PHILIPS-
400 watt) with anintensity 37.4 mW/cm?. Thereeaction
ratewasfollowed by taking samplesevery 15 min. and
analyzing them by UV-Visible double beam spectro-
photometer (Systronics mode-2203). The concentra:
tion of methylenebluewas cd culated from the absorp-
tion band at 665 nm by means of methyleneblue.

RESULTSAND DISCUSSION

Thedepostionisfeasibleonly whenthemolar con-
centration of the bath islessthan 0.25 M. Dueto the
white precipitate of Zn(OH), havinglargesizeclusters
leaving aclear and water like solution on thetop made
thedeposition unreliableand non-uniform even under
stirred condition in baths having molar concentration
greater than 0.25 M. Decreas ng the concentration of
thebath led to sizereductionin Zn(OH), clustersand
enhancesitsdigtributionin the solutionmoreuniformly.
Deposition experiments conducted under thiscondi-
tion resulted ZnO thin film having uniform distribution
throughout the substrate and bearing adherent nature.
Thephyscd verification onthedeposited filmindicated
the near optimised experimental parameterswhenthe
molar cocentrationis0.167 M.

Figure 1 showsthe X ray diffraction pattern of TiO,
films. All diffraction pattern exhibit peaksof great width
intheregionscorresponding to themain peaksof TiO,
region. Thisbehavior indicatesthat thepartia compos-
ite hasbeen formed. Thisisprobably dueto short pe-
riod and low temperature of thetherma trestment which
arenot optimal to produce agood crystalline state of
thefilms.

The SEM imagesof the TiO, and ZnO thinfilms
areshown infigure 2 as can be observed the morphol -
ogy of the TiO, and ZnO filmsare homogenous.

The absorption of spectra(Figure 3) clearly exhib-
itsthe changesin the absorbance edges corresponding
to the energy band gap TiO, (3.54 eV) and ZnO
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Figurel: XRD patternsof only glasssubstrateand TiO, on
glass substrate

A)
Figure2: (A) SEM imageof TiO,and (B) SEM imageof ZnO

(B)

(3.17eV).

By keeping the concentration of bath as constant
at 0.167M ZnO filmswere prepared for 10, 20, 50
and 100 number of dipping. The determined thick-
ness of the deposited ZnO film over no. of dippings
was present inthefigure 4. Theevol ution of the meth-
ylene blue concentration asfunction of the photoreac-
tiontimewith TiO, and ZnO catalyst is presented in
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Figure3: Optical transmission of ZnO thin filmsfor differ-
ent number of dippings
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Figure4: Optical transmission of TiO, thin filmsfor differ-
ent number of dippings
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Figure5: A plot between film thicknessand number of dippings

figure4. Thephotocataytic activity of thsefilmssohws
an exponential decrement of the methylenewithre-
spect to time thus for correct data processing the
Langmuir-Hinshelwood model for areaction of first
order and for heterogeneous photocatal ytic reactions
was applied.

R=-dC/dt=k'C

By integrating thisequation weobtain,
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-InC/C =kt

wherer isthereactive disappearancevel ocity, Cisthe
concentration at timet. C_istheinitial concentration
and k isthe velocity constant. Thegraph of -In(C/C )
vstimewiththedifferent catayst showninfigure5.

CONCLUSION

This communication demonstrates that
nanocrystaline TiO, and ZnOthinfilmshavebeen syn-
thesi zed successfully using chemica def position method
at roomtemperaure. Thefilmsaremechanicaly stable.
The choice of the non hesat resi stance substrate such as
glasssubstratewhich should be beneficia for for pho-
tocatalytic applications. The XRD and SEM resultsin-
dicatesthe compositesfilm areamorphous. The TiO,
and ZnOthinfilms present photocatlytic activityinthe
decomposition of methyleneblue. The photodecom-
position gradetill low and isprobably dueto thickness
of thefilms
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