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ABSTRACT: In this paper, we report the uniform deposition of TiO,nanocrystalline thin films by using a spin coating
technique by preparing TiO, gel using P-25 TiO,, ethanol, acetyl acetone and p-hydroxybenzoic acid. XRD, FE-SEM,
UV-VIS, two probe resistivity measurement techniques have been used to investigate the physical properties of the
obtained TiO, films. The results obtained shows that the TiO, thin films are polycrystalline withanatase (tetragonal)
phase and dense granular morphology. The average crystallite size of TiO, thin film was found to be 20nm. The optical
properties are studied by UV-VIS-NIR spectrophotometer, and the results revealed that the optical band gap of the
TiO, film deposited on the glass substrate is 3.14 eV. The electrical resistivity is of the order of 10* Q.cm.
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I. INTRODUCTION

Titanium dioxide (TiO,) is one of the most widely studied transition metal oxide semiconductors due to its nontoxic
nature, chemical stability and commercial availability at a low cost, robust and general reactivity. During the past
decades, TiO, thin films have attracted much interest because it has a wide range of promising energy and environmental
applications such as hydrogen generation by water splitting [1], photocatalytic water purification [2], dye-sensitized solar
cells [3], gas sensor[4], electrodes in solar cell[5] and antireflection coatings[6]etc.

Titanium dioxide occurs in three crystalline polymorphs: rutile (tetragonal), anatase (tetragonal) and brookite
(orthorhombic). TiO, is wide band gap semiconductor [7] with interesting electrical and optical property [8, 9]. TiO, is
the promising material as semiconductor having high photochemical stability and low cost [10]. Having wide band gap,
the anatase phase of TiO, absorbs radiation in ultraviolet region. The anatase phase nanoparticles of TiO, provide large
surface for absorption resulting in enhanced efficiencies and have large band gap in the form of thin films compared to
bulk value. Apart from solar cell application, these thin films with high transparency may also find application as optical
filters in spectrometers. [9, 11].

Different methods have been studied for preparation of thin films of TiO, One of the simple methods is spin coating
method.In this an excess amount of solution is placed on substrate. The substrate is then rotated at a high speed in order
to spread the fluid by centrifugal force. The rotation is continued for some time, with fluid being spun off the edges of
the substrate until the desired film thickness is achieved. The solvent is usually volatile providing for its simultaneous
evaporation.
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Il. RELATED WORK

The Spin coating method has emerged as promising route for synthesis of TiO, thin film among other methods
such as sputtering[12], chemical vapour deposition[13] , evaporation[14] etcdue to low temperature process, covers large
area[16], low equipment cost [18] etc. TiO, has been used to study for its structural, morphological and optical properties
by Mohd Said N. D et al[15]. The film annealed at temperature between 350-400°C has anatase phase as reported by Lili
Hu etal [16].

111.MATERIALS AND METHODS

A. PREPARATION OF TiO;
For this P-25 TiO, (Degussa, Germany), Analytical reagent grade ethanol, analytical reagent grade acetyle acetone
(sigma Aldrich, Germany) and p-hydroxybenzoic acid is used. The TiO, film was deposited by using spin coating
technique by preparing TiO, gel. This gel was prepared by mixing 2gm of P-25(Degussa P-25) with mixture of ethanol
and acetyl acetone with 1gm of p-hydroxybenzoic acid.

B. PREPARATION OF THIN FILM
TiO, film was prepared on glass substrate. The resultant solution is stirred for 8 hours and probe sonicated with the
frequency of 20 KHz for 30min. Now, 1 ml of prepared TiO, gel was deposited on centre of glass substrate (Size 1 inch
x linch) surface. The substrate was accelerated with the different r.p.m. with different time and finally a uniform film
was obtained. The synthesized films were annealed at 400 T for 60mins; this removes the impurity and gives porous
TiO, thin film.

C. CHARACTERIZATION OF TiO,
The as-deposited thin films of TiO, were characterized for structural, optical and surface morphological properties. The
TiO; films thickness was measured by profilometer.
The X-ray diffraction (XRD) pattern were recorded in the scanning angle 20° to 60° with a RigakuRotalfex RO-200B
diffractometer using CuKal (A = 1.5418 A). The surface morphological studies were performed by using scanning
electron microscope (SEM) unit. The optical absorption spectra were recorded (between 350nm to 900nm wavelength
ranges) by UV-Vis spectrophotometer (Shimadzu model-1601).

IV.RESULT AND DISCUSSION

Fig. 1 shows the X.R.D pattern of porous TiO, thin film prepared by spin coating method on glass substrate at optimized
parameter.The diffraction pattern shown was recorded in the range of 20° to 80° for glass/TiO,. From the pattern it is
observed that most intense diffraction peak at 20=25.33° corresponding to (101) plane. Also some addition small peaks
at 37.89°, 48.09° appeared which corresponds to (004) and (200) planes.The XRD diffractogram of the TiO, shows
tetragonal structure with anatase phase which was confirmed from JCPDS file 894921.The lattice parameters obtained
from XRD peaks corresponds to a = 3.777 A and ¢ = 9.501 A for the thin film.

The average crystal size of TiO, was calculated by using well known Debye-Scherrer’s formula

094

D=
PBcosd
Where D= Crystal Size, p= full width at half maxima of the peak (FWHM) in radians and A = X-ray wavelength (1.5406
A).The crystal size is calculated and found to be 20.45nm.
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Fig. 1. XRD pattern of TiO; thin film

SEM CHARACTERIZATION

The surface morphology of the TiO, film deposited on glass substrate by spin coating technique was studied using
scanning electron microscope (SEM). The scale bar length was 1.0um. From the SEM micrograph, it is evident that TiO,
film is homogeneous having granules like structure. The film is well —covered, adherent,pinholes, without cracks and
smooth surface.

Fig. 2. SEM of TiO, thin film
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UV VIS CHARACTERISTICS

The optical absorption spectrum of as deposited film of TiO, has been recorded at room temperature with
considering loses due to reflection and transmission. Fig.3 shows the plot of absorption coefficient versus
wavelength for TiO, thin film prepared by Spin Coating method.The absorption spectra of TiO, thin film deposited
on glass substrate was studied in the wavelength range 350nm-900nm. This graph shows that film is highly

absorptive.
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Fig. 3. The optical spectra of TiO; thin film

BAND GAP MEASUREMENT

The band gap, Eg, for TiO, film was determined by plotting (ahv)?*(eV/cm?) versus photon energy, hv (eV) graphs.
Extra plotting the straight-line part of the curve in fig.4to the energy axis, gives the value of band gap, Eg, for TiO,
thin film. The band gap for TiO, was found to be 3.14 eV which is comparable to the bulk value (3.14eV) as

reported by Kim J. etal [17].
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Fig. 4. Estimation of bandgap of TiO; thin film
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ELECTRICAL RESISTIVITY

The resistance of as deposited nanocrystalline TiO, thin film deposited on glass substrate is found to be 4.71 x 10°Q at
particular value of voltage. Fig.5 shows variation ofln p with inverse of absolute temperature for titanium dioxide
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Fig.5.Variation of log p with inverse of absolute temperature

The resistivity of the TiO, is calculated using the value of R and are found to be 1.601 x 10* Q-cm respectively. Both the
values are obtained by applying two probe techniques.The resistivity of TiO, film decreases with increase in temperature,
showing the semiconducting nature of the as-deposited film.

V. CONCLUSION

In this work TiO, thin film were prepared by spin coating technique by using p-hydroxybenzoic acid, ethanol, acetyl
acetone and P-25 TiO, (Degussa) powder. The film is annealing at 400 C. The phase of annealed thin film is found to
be of pure anatase in nature.The crystal size is found to be 20.45nm. The energy band gap for the TiO, thin films was
found to be 3.14eV. Sharpe increase in absorption spectra at short wavelength (380nm) for TiO, represents that it
strongly absorbs shorter wavelength (UV) light. The resistivity of the TiO, is found to be 1.601 x 10* Q-cm respectively.
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