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ABSTRACT

This paper presented the preparation of TiO, thin film on empty glass and Indium Tin Oxide (ITO) glass by spin coat-
ing method. Highly transparent titanium oxide thin films were obtained. The Optical absorption and transmission of the
film prepared from both the synthesized and the commercially available TiO, were measured by the UV-Visible Spec-
trophotometer. A sharp absorption edge of the TiO, film was observed. The estimated energy band gap for the film of

the commercially available sample was larger than that of the synthesized one.
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1. Introduction

Nanotechnology is a part of science and technology that
is about the control of matter on the atomic and molecu-
lar scale—this means things that are about 100 nano-
metres or smaller. Nanotechnology includes making pro-
ducts that use these small parts such as electronic devices,
catalysts, sensors, etc. Some of the most current research
and development activities are in the area of functional
nanotechnology. This term also describes applications in
which material nanostructures are used to produce optical
electronics or magnetic properties [1].

Titanium dioxide (also known as titanium (IV) oxide
or Titania) is the naturally occurring oxide of titanium
with chemical formula TiO,. It has a wide range of ap-
plications, from paint to sunscreen to food colouring.
Titanium dioxide (TiO,) has attracted significant atten-
tion from researchers because of the many interesting
physical and chemical properties that make it suitable for
a variety of applications. For instance, TiO, has high cor-
rosion resistance and chemical stability, excellent optical
transparency in the visible and near infrared regions as
well as high refractive index that makes it useful for anti-
reflection coatings in optical devices [2]. It has been used
mostly as a pigment in paints, sunscreens, ointments
toothpaste etc. Therefore, this work seeks to investigate
the structural and the optical properties of synthesized
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nano-TiO, for opto-electronics applications.

Recently, titanium oxide (TiO,) thin films have been
emerged as one of the most promising oxide materials
owing to their optical, electrical and photo electrochemi-
cal properties.

Many studies on synthesis of TiO, and its thin films
formed by conventional and advanced sol-gel processes
have been reported. Previous studies indicate that the
properties of TiO, films appear to strongly depend on the
process conditions and starting materials used in the
processes. Therefore, many researchers have used sol-gel
method to synthesize TiO,. For instance, synthesis of
nano rutile TiO, powder at low temperature by sol-gel
method using Ti(OC4Hg), and HNO; with mean particle
size of about 50 nm after calcination at 600°C in rutile
phase has been reported by [3]. Similarly, the photocata-
lytic activity of nano-sized TiO, powders by sol-gel
method, using Ti(OCsH-), (titanium isopropoxide ) and
EtOH/H,0 solution has been shown by [4] and the parti-
cle size obtained were 7.9 nm and 7.4 nm respectively.
Likewise, [5] also studied the preparation and charac-
terization of nano-TiO, powder by sol-gel method whose
result yielded a mean size of about 10 nm after calcina-
tion. By similar method, the microstructure control of
thermally stable TiO, obtained by hydrothermal process
has been investigated by [6]. They reported 13 and 34 nm
in average diameter after calcinations at 600°C and
800°C respectively. Furthermore, by sol gel route, the
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synthesis, processing and characterization of nano-TiO,
was studied by [7]. The results obtained were 5 - 10 nm
in diameter after calcination at 400°C, 22.6 - 29.3 nm
after 600°C and the average particle size of 46.2 nm was
obtained after calcinations at 800°C in pure rutile phase.

2. Experimental Procedure

1) Synthesis of TiO, (rutile)

5 grams of chitosan powder was poured into a vessel
containing 100 ml of deionized water and 5 ml of acetic
acid. The mixture was stirred for 6 h at 90°C, and finally
cooled naturally to room temperature. 10 grams of this
as-synthesized chitosan solution was added dropwise into
a vessel containing 40 ml of acetone and 4 ml of TiCl,
solution (the precursor). Thereafter, the vessel was cov-
ered with parafilm and left at room temperature for 2
weeks. The resulting white deposit was immersed in wa-
ter to dissolve the chitosan, and then the suspension was
centrifuged and washed several times with deionized
water and ethanol. Finally, the powder was dried at 60°C
[8].

2) Preparation of TiO, thin film

A commercially available TiO, powder was gotten to
comparatively study the synthesized TiO, powder sam-
ple.

The commercially available TiO, powder and the syn-
thesized TiO, were used to prepare TiO, thin film on
both empty glass substrate and Indium Tin Oxide (ITO)
coated glass substrate using Spin coater. Prior to the
preparation of TiO, thin film, the glass substrate and the
Indium Tin Oxide (ITO) coated glass substrate used were
cut and ultrasonically cleaned by degreasing with acetone,
methanol, rinsed in iso-propanol, kept in staining jar and
allow to dry in vacuum oven.

5 mg of commercially available powder of TiO, and
synthesized sample were thoroughly mixed with 5 ml of
Polyethylene oxide (PEO) solution. The resulting colloi-
dal solution was spin coated on glass substrate and ITO
at 1500 srpm. The thickness of the film were measured
using the weight differential method [9].

3. Results and Discussion

The results are shown in Figures 1-11 and Table 1.
X-ray diffraction (XRD) pattern (radiation used: CuKa)
of both the synthesized and commercially available
powder samples are shown in Figures 1 and 2 (from the
diffraction patterns). There are appreciable similarities in
their structures, which showed that the two samples are
of similar material. The d-values of the synthesized sam-
ple obtained in this work are in agreement with the stan-
dard d-values of rutile structure with error of about £1.
The average particle sizes of Figures 1 and 2 were cal-
culated using Sherrer’s equation. Sherrer’s equation is as
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follows:
D =0.94/ BcosO 1)

where 1 is the wavelength of X-ray (0.1540 nm), £ is
the full-width at half-maximum of the peak (in radian),
and the @ is the Bragg’s angle of the X-ray diffraction
peaks.

The sharp diffraction peaks indicated the polycrystal-
linity of the TiO, powder. The broadening of some peaks
observed on the synthesized sample, according to [10],
the broadening could be as a result of smaller crystals.
Other causes of broadening are instruments used and
synthesis temperature of the powder [11]. The broaden-
ing could be improved by calcination [12]. The little shift
observed in the diffraction peaks that correspond to the
main peaks of the synthesized samples could be caused
by particle size variation [13]. Also, the correlation be-
tween the values of diffraction angles of the synthesized
sample with the commercially available one with respect
to the standard value of diffraction angles of rutile struc-
ture obtained by the XRD machine (Table 1) shows that
the two powder samples are of the same material. Ac-
cording to [13], this variation in the particle size and the
type of instrument (X-ray diffractometer) used could be
responsible for the differences observed in the angle be-
tween the synthesized TiO, powder and the commer-
cially available one, compared with the standard TiO,
powder in Table 1. Hence, the structure further con-
firmed the sample synthesized to be rutile.

The particle size, 15.9 nm obtained from the synthe-
sized sample was smaller than the commercially avail-
able one (26.7 nm) and much more smaller than 50 nm,
the result obtained by [3] who used sol gel method from
Ti(OC4Hg)4 precursor. The smaller particle size of the
synthesized TiO, makes its XRD pattern looks rougher
than the XRD Pattern of the commercially available TiO,
powder. Reducing the particle size further to about 10
nm will cause the TiO, to show amorphous pattern [12-
14].

Table 1. Diffraction angles of the synthesized (S 26°) com-
mercially available TiO, powder (R 26°) and the standard
(STD 26°) with the lattice planes.

S 26° R 26° STD 2¢° hk1l
22.99 23.39 27.45 110
38.47 35.53 39.19 200
52.63 42.50 54.32 211
63.75 64.17 64.04 310
82.45 82.60 82.34 321
JMMCE



140 A. A.DANIYAN ET AL.
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Figure 1. XRD pattern of the synthesized TiO, powder.
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Figure 2. XRD pattern of the commercially available TiO, powder.
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Figure 3. The XRD pattern of the TiO, film prepared from the synthesized TiO, powder.
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Figure 4. XRD pattern of TiO, film prepared from the commercially available TiO, powder.
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Figure 5 shows the comparison trend among the opti-
cal transmittance plots of the polyethylene oxide (PEO),
synthesized and commercially available TiO, solution.
Figures 6 and 7 show the transmittance of their thin
films on both the empty glass and the ITO glass. TA
represents the transmittance of the solvent used (PEO),
TS represents the transmittance of the synthesized sam-
ple and TR represents the transmittance of the commer-
cially available sample.

The optical transmission spectra of the films, for both
the synthesized and the commercially available samples
in Figure 5, indicate that the synthesized TiO, possessed
higher transmission in the visible region of the spectrum
than the commercially available one. This can be traced
to the particle size difference between the two samples.
That is, the synthesized sample is of smaller size.

Figures 6 and 7 indicated that the coated thin films
showed excellent transparency, about 100% over 285 and
1085 nm on the empty glass and 85% (high transparency)
on the ITO glass substrate, in the visible-light region of
the spectrum. More so, it was shown that, the difference
observed on the film deposited on the ITO glass is slight,
compared to the one on the empty glass, which is very

100

sharp. That is, the transmittance spectrum of nano TiO,
coating on ITO substrate was quite similar to that of bare
substrates. To measure the energy band gap from the
absorption spectra, a graph of o versus E (eV) is plotted
as shown in Figures 8-11.

a=1/dIn(YT) 2

where d is film’s thickness, T is transmittance and o is
the absorption coefficient.

The linear extrapolation of the plot to energy axis
gives the value of the energy band gap of the film. The
value obtained for the synthesized sample was 3.95 eV
which agrees to 3.75 eV obtained by [13] and compara-
ble to 3.98 eV obtained from the commercially available
sample. The estimated value of the band gap for the film
is larger than for the TiO, bulk solid (3.3 eV). It was as-
sumed, according to [15] that the increase in the band
gap is due to the quantum size effect (QSE), which oc-
curs for semiconductor particles below 100 nm. Also,
this could also be inferred from the increment, 4.28 and
4.30 eV observed respectively on the ITO films. These
results are also in agreement with the values reported by
[13,14,16-18].
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Figure 5. Optical transmittance plot of the PEO solution, synthesized and commercially available TiO,.
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Figure 6. Optical transmittance plot of the PEO, the synthesized and commercially available TiO, film.
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Figure 7. Optical transmittance plot of the PEO, the synthesized and the commercially available TiO, film on ITO glass.
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Figure 8. Absorption coefficient square (a?) plots of the syn-
thesized TiO, on empty glass.
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Figure 9. Absorption coefficient square (%) plots of the com-
mercially available TiO, on empty glass.
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Figure 10. Absorption coefficient square () plots of the
synthesized TiO, on ITO glass.
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Figure 11. Absorption coefficient square (a?) plots of the
commercially available TiO, on ITO glass.

4. Conclusion

The optical behaviour of the films was investigated at
room temperature. It has been found that all the films
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were highly transparent; they showed high transmission
in the visible region of the spectrum, which reveals rela-
tively high surface smoothness without abnormal grain
growth. The analysis of the spectra also showed that the
film has an estimated energy band gap of 3.95 eV on the
empty glass and 4.28 on ITO substrate.
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