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ABSTRACT

In this research, the optical and structural properties of TiO, thin film were studied. The films were made by dip-
coating technique of sol-gel method on quartz and glass substrates. Optical and structural properties of filmswere
given by UV-Visible spectraand XRD pattern respectively. The results have shown that transmittance, porosity and
band gap reduced by increasing the annealing temperature. Thickness and refractive index of filmsincreased with
increasing the annealing temperature. Furthermore, structure of films has anatase type at 400, 600 and 800 °C and

transforminto rutile phase at annealing temperature of 1000 °C.

INTRODUCTION

TiO,, whichiswell known asametal oxide semi-
conductor, hasbeen employedin many industrid gppli-
cationsfor itsfinephyscd, chemica and optica prop-
erties. TiO, thinfilmshaveatracted consderable atten-
tionfor use as photocatalysts* 2, photoel ectrodes?,
electrochromic displays? and gas sensorg®. A variety
of techniques have been used for the preparation of
TiO, filmsinduding chemical vapor deposition (CVD)™®
7, sol-gel®, sputtering™®, physical vapor deposition
(PVD), molecular-beam epitaxy (M BE) and electron-
beam epitaxy (EBE)"* . Thepropertiesof TiO, films
strongly depend on their microstructure that should be
strictly controlled in order to obtain adesired perfor-
mance. The sol-gel coating method isoneof the prom-
iISng methodsbecausethe microstructureof filmiseas-
ily controlled with changing the sol ution composition
and deposition condition. Inaddition, it providesuni-
form porousTiO, filmswithlargespecific surfacearea,
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whichisfavorableinachievinggood photoactivity. There
aremany different techniquesin sol-gel method to make
athinfilm, likedip-coating, spin-coating, spray pyroly-
s, eectrophoresisand thermophoresis. Transparent
TiO, thinfilmson glass could form the basisfor self-
cleaningindoor windows, lamps or automotivewind-
shields. Inthe present study, TiO, transparent thinfilms
have been coated on glass substrates by dip-coating
techniquesin sol-gel method. Theoptical propertiesof
filmswereinvestigated by pointwise unconstraint mini-
mi zation approach (PUMA) by andlyzing thetransmit-
ted UV-Visible spectracof thefilms*@. Moreover struc-
tural propertiesof filmshave been obtained by XRD

pattern.

EXPERIMENTAL

Preparingthesols

The TiO, coating sol was prepared via a sol-gel
method and synthesized asfollows. To verify the effect
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of changein anneding temperature onthe properties of
TiO, thinfilms, 20 mL of alkoxideof tetrabutyl titanate
(Ti(OBu),) used as precursor and mixed drop by drop
to 100 mL of isopropanol assolvent whilestirring. Then
10 mL HCI acid added to sol drop by drop ascatalyst
toincreasetherate of hydrolysisreaction. Stirring was
goingonfor 1 hour.

Makingthefilms

Thefilmswere made on quartz and glasssubstrates
(75.4 mmx 25.2 mm). The substrates were washed by
ethanol thoroughly and then were putted in ultrasonic
cleanersto remove pollutions.

To study ontheeffect of changein annealingtem-
perature onthe propertiesof TiO2 thinfilms, four films
were coated on quartz substrates asfoll ows by means
of sol number one. All of them were coated threetimes
and 15 cm/minwithdrawd rate. After that thefilmswere
annealed at 400, 600, 800 and 1000 °C respectively
by rate of 5°C/mininafurnace.

Toinvestigate on theeffect of changein HCl acid
usedinsol onthepropertiesof TiO, thinfilms, 4 films
were coated by sols number 2 to 5 respectively with
threetimescoating and 15 cm/minwithdrawa rate. In
both stepsto compl ete the condensation reaction the
filmswascacinateat afurnaceat 400 °C temperature.
UV-Visible spectrawere obtained by VARIAN Cary
100-Scan spectrophotometer and X RD patternswere
given by aPhilips PW3710 diffractometer using CuK
radiation at 35kV and 25 mA.

RESULTSAND DISCUSSION

Analyzingtheoptical and structural constants
Todeterminetheoptica congtant of films, likethick-
ness (d), refractiveindex (n) and absorption coefficient,
the pointwise unconstraint minimization approach
(PUMA) method was employed asfollows*Z:
Theoptica transmisson of athinfilm deposited on
atransparent substrateisgiven by
.
B—Cy+Dy?
Where
A=16s(n’+k?),
B=16s[(n+1)* +k?][(n+1)(n+s*)+k?],
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C=[(n*-1+k*)(n* -5’ +k?)—
2k % (s* +1)2Cosp—k[2(n* —s* +k?) +
(*+1)(n* =14k ?)]25in¢
D=[(n-1)*+k?][(n-1)(n—s)+k?],
4nnd ad 4Ank
o= k=€ A==
Where ) iswaveength, sisrefractiveindex of thick
transparent substrate, isaslowly varyingfunction of A.
nisthered part of therefractiveindex of thefilm. ais
the absorption coefficient of thefilmand k istheextinc-
tion coefficient, disthethicknessof film that hasto be
uniform and homogeneous, otherwiseinterference ef-
fectsaredestroyed or severely affected.
Furthermoreto calculatethe porosity of films, be-
low relation was used:

n-1
n2d -1
Which n, istherefractiveindex of aporefreestruc-
ture of TiO2in anatase phasethat equalsto 2.521*3,
Anayzingthe XRD pattern andfind thecrystdline
sizeof TiO2 thin films can be deduced from Scherrer
equation:

L= kA

BCosh

WhereL isthecrystalitesizeof TiO2thinfilms, K
isaconstant (=0.94), A isthe wavelength of X-ray
(CuKa=15.406 nm) radiation,  isthetrue maximum
half-peak width, and 6 isthehdf diffraction angleof the
centroid of peak in degree. Any contributions to
broadening dueto non-uniform stresswereignored and
theinstrumental linewidthinthe XRD apparatuswas
subtracted.

Variation of optical and structural properties of
TiO, thin filmsversusannealing temperature

Figure 1 showsthetransmitted spectraof films. As
be seen, thetransmittance of filmsreducesby increas-
inginannedingtemperature. 1 shows the film thick-
nesses, refractiveindices, porosities (at A, =550 nm)
and band gap of filmsversusannedingtemperature. As
be seen the thicknessand refractiveindex of filmsin-
creaseswhileporosity of filmsdecreaseswith thean-
nedingtemperaureincreasng. By increesinginanneding
temperature, the energy band gap decreases because

porosity=[1-

1% %100
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of increasinginfilm absorption dueto crystdlinesize.
Figure2 and TABLE 2indicate XRD patterns of an-
neded TiO2 thinfilms prepared by sol 1 at four differ-
ent anneding temperatures.
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Figurel: Transmitted spectra of filmsby changein anneal-
ingtemperature

It can beclearly seen from XRD patternsthat the
phase structureof TiO2 thinfilmsat 400 and 600°Cis
mainly of anatase phase. Asthetemperatureincreases
from 40010 600 °C, theintensities of theanatase peaks
increase, indicating animprovement incrystalinity.
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Figure 2 : XRD pattern of TiO2 thin filmsfor 4 different
annealing temper atures

At temperature of 800 °C, the anatase peaksgain
maximum intenstiesand the crystd linity becomesmore
obvious. But at temperature of 1000 °C, the crystal
phase changeto purerutiletype. Inreal, between tem-
perature of 800 and 1000 °C the crystal phaseof films
changestorutilefrom anatase.
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TABLE 1: Filmthickness, Refractiveindex, porosity, and
band gap ener gy of TiO, thin filmsver suschangein anneal-
ingtemperature

Temperature  400°C 600°C 800°C 1000°C
Thickness (nm) 411 471 506 564
Refractive index 1.90 1.93 1.95 2.06
Porosity (%) 51.22 497 4762  39.38
Ey (eV) 3439 3356 3320 3211

TABLE 2: Crydtallite size of the TiO, thin films made at
variousannealing temper ature

Temper ature 400°C 600°C 800°C 1000°C
Anatase (101) 16.3 19.9 23.6 --
Rutile (110)  -- - - 24.4
Rutile (101) - -- -- 23.6

CONCLUSION

Inthisresearch, TiO, thinfilmswere prepared by
means of tetrabutyl titanate as precursor, and effect of
annealing temperature wasinvestigated on the optical
and structurd propertiesof films. Transmittanceof thin
filmsdecreasewith increasing theanneaing tempera-
ture, but thethicknessand refractiveindex of filmsin-
crease with increasein annealing temperature while
porosity and energy band gap of filmsdecrease. Struc-
ture of TiO, thinfilms had anatase phase at 400, 600
and 800 °C and finally the structural phasetransform
into purerutile at annealing temperature of 1000 °C.
Thecrystallitesize of thethinfilmsisincreased with
increasing the anneding temperature. Theoptica prop-
ertiesof thefilmsarefound to be closaly related to the
crysta structurewhich strongly dependsontheanned -
ingtemperature.
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