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Abstract — TiO2 semiconductor is highly functional materials for solar cell applications such as photo
catalysis and photovoltaics owing to the superior opto electrical properties and chemical stability.
Annealing temperature and dipping time effect on TiOz thin films grown by SG-DC method were
investigated. The solution was prepared using Titanium (IV) Isopropoxide (TTIP), ethanol and acetone
solutions are used. TiOz thin films grown by Dip Coating method on glass substrates with 5, 10, 20 seconds
dipping time at a speed of 0.5 cm/s and annealed at temperatures from 300°C to 600°C. Structural
characterizations of TiO> thin films were investigated by X-ray Diffraction (XRD) and Scanning Electron
Microscope (SEM), and optical properties were investigated by UV-Spectroscopy. According to XRD
analysis, TiO2 anatase phase observed for unannealed and annealed at 300 °C thin films. The
polycrystalline peaks observed after 400 °C and the peaks intensity, sharpness and narrowing are decreased
with increasing temperature. From the absorption data, the band gap values (Eg) decreased from 3.31 to
3.06 eV with increasing annealing temperature and increase with increasing dipping time. The SEM
analysis show that TiO2 nanoparticles grown spherical shape. It was determined that the dipping time and
annealing temperature cause changing in the characteristic properties of TiO2 thin films.
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has been applied to produce inorganic compounds
in a variety of methods. The most important
advantage of the sol-gel technique is that it can be
performed without the need for conditions such as

I. INTRODUCTION

Titanium dioxide, which is among the
nanostructured metal-oxide materials, has been used

frequently in research due to its different chemical,
electrical and optical properties. TiO2 is highly
functional for photocatalysis and photovoltaic
applications due to its superior optoelectronic
properties and outstanding chemical stability [1].
Main thin film coating and growth techniques are
Chemical Vapor Deposition (CVD), sol-gel,
electrochemical deposition, Physical Vapor
Deposition (PVD), thermal spray methods [2].

Molecular precursors are hydrolized and
condensed in the process of sol-gel synthesis, which

high pressure and temperature. Unlike solid-state
processes, the sol-gel process offers molecular
control of the reaction pathway during the
transformation of precursors species to the final
product. Therefore, the sol-gel process can produce
nanoparticles of very high purity and homogeneity,
uniform crystal morphology, and well-defined. The
basic steps of the sol-gel process are hydrolysis of
the precursor in a suitable solvent with or without a
catalyst to form sol, gelation by polymerization
reactions, aging to form a stable structure, drying to
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remove excess solvent, and annealing to remove
organics and crystallize solid material. In the sol-gel
method, the precursor concentration, reaction
conditions, aging time, coating type, annealing
temperature and time determine the properties of the
film [3].

Karabay et al. grew TiO> thin films with the sol-
gel method, examined the effects of annealing
temperature, and observed the transformation from
amorphous structure to anatase structure [4].
Mechiakha et al. stated that the films annealed at
400-800 °C were seen in the anatase phase, at 1000
OC were in the rutile-anatase phase, and at 1200 °C
were seen in the rutile phase [5]. Bakri et al. reported
an increase in anatase (101) peak intensity, decrease
in FWHM, increase in crystallite size and surface
roughness with increasing annealing temperature of
TiO2 films grown on glass substrate by sol-gel
technique [6]. Senthil et al. investigated the optical
properties of thin films using the transmittance
spectra, and it was seen that the optical band gap
decreased from 3.71 eV to 3.19 eV with increasing
annealing temperature [7]. Ranjitha et al. noted that
with increasing annealing temperature, the
absorption thresholds shift to longer wavelengths
[8]. Touam et al. grew TiO. thin films by sol gel dip
coating (SGDC) method and examined the effects
of dipping speed. They observed a change in the
optical and structural properties of the film with
increasing dipping speed [9].

The annealing temperature and dipping time on
TiOz thin films characteristic properties as optical
and structural have been investigated.

Il. MATERIALS AND METHOD

Titanium (IV) isopropoxide (Ti[OCH(CHs)2]4)
(TTIP), ethanol (C2HsOH) and acetone (CsHeO)
were used as a precursor, solvent and stabilizer,
respectively to prepare the sol-gel solution. 15 ml of
ethanol was added to 10 ml of titanium isopropoxide
and mixed for 10 minutes. Acetone (2 ml) and
ethanol (4 ml) were mixed and slowly added to the
first solution and stirred at room temperature for 90
minutes. The cleaned glass substrates were
immersed in the prepared TiO2 sol-gel solution
crosswise at a speed of 0.5 cm/sec, grown for 5, 10,
20 seconds, and removed from solution at the same
speed. The films were dried at 100 °C for half an
hour and annealed at 300, 400, 500 and 600 °C
during 1 hour. The crystalline structure was
characterized by an XRD (Miniflex 600, Rigaku) in

20 range from 20° to 70° by 2 min! steps operating
at 40 kV accelerating voltage and 15 mA current
using Cu Ka radiation source. SEM (FlexSEM 1000
I, HITACHI) was used to study the shapes of
nanoparticles, uniformity and homogeneity of the
film. UV-Vis spectroscopy was used to investigate
the optical properties of the films.

I11.RESULTS AND DISCUSSION

Figure 1,2 shows scanning electron microscope
morphology of  TiO2  nanostructures  at
magnification 1000x%, and 10000x for unannealed
and annealed at 300°C, 400°C, 500°C and 600°C.
They cooled naturally in the air. It was observed that
the surface morphology of the nanostructure films
shows good uniformity, homogeneity, smooth with
cracks and holes. Figure 3 show the SEM image of
thin film for 5, 10, 20 s dipping times.

The particles are approximately in spherical form.
Similar structures have been seen in previous
studies [10-12]. By increasing the annealing
temperature from 300°C up to 600°C, it was found
that the size and the agglomeration becomes
increasingly attenuated. The unannealed film shows
a porous and homogeneously cracked surface. With
the annealing of the films, larger cracks were
observed on the surface. All films exhibit larger
island-like structures and these decrease with
increasing annealing temperature.

It was observed that the grain size increased with
the increase in the annealing temperature. Grain
boundaries are clearly seen in the SEM
micrographs. The result shows that all samples were
agglomerated with an average grain size,
approximately. The agglomeration may be caused
by several factors such as the presence of capillary
absorption, solid bridge, Van der Waals and
hydrogen bond [13]. Brinker and Scherer reported
that the small particles inclined to agglomerate due
to the high surface energy, coalescing the particles
together and formed larger particles. [14].
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Fig. 2 SEM micrograph (10kx) of TiO- thin films unannealed (a), annealed at 300 (b), 400 (c), 500 (d), 600 (e).
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Fig.3 SEM image of thin film for 5, 10, 20 s dipping times.

The XRD patterns of TiO2 thin films for
unannealed and annealed at 300, 400, 500, 600 °C
were given in figure 5. Unannealed and annealed at
300 °C exhibited amorphous structures. However,
XRD peaks began to appear for annealed at 400, 500
and 600 °C thin films.

The grain size was calculated using the full width
at half maximum (FWHM) of the intense (1 0 1)
diffraction peak of anatase TiO. according to the
Scherer equation [15];

_ ka
- BcosO

@

Where D stands for the crystallite size in
nanometers, k for the incident radiation's
wavelength in nanometers, k = 0.90, a constant, h
for the measured Bragg angle in radians, and b for
the FWHM in radians. Table 1 provides the
estimated crystallite size of the films for unannealed
and annealed at 400-600 °C.

Table 1 Some parameters obtained from XRD spectrum of
TiO; thin films annealed at 400, 500, 600 °C.

Annealed _ EWHM 20 Crystal
temperature | Intensity o o size
(Oc) ( ) ( ) (nm)
400 2850 0.433 25.30 19.22
500 3203 0.418 25.28 19.91
600 3405 0.403 25.26 20.63

Intensity (au)

Fo? C

20 a0 a0 0 ) 70
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Fig. 5 The XRD pattern of the TiO film unannealed and
annealed at 300, 400, 500, 600 °C.

It was determined that the films changed from
amorphous to polycrystalline structure when
annealed at 400 °C and the peak intensities increased
with the increase of annealing temperature. At 400,
500, 600 °C the peaks of the anatase phase became
well defined and were matched with (JCPDS 21-
1272).

Figure 5 shows the absorption spectra of the
unannealed and annealed at 300-600 °C for TiO:
thin films. All films show high absorption in the UV
region of the wavelength, decreasing in the near-
visible range. This is related to the electron's
transition from the valence band to the conduction
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band and the generation of the pair of electrons and
holes [16].

Figure 6 shows the absorption spectra of the TiO>
thin films for different dipping time of 5, 10, 20
seconds. Figure 7 shows the (ohv)? vs hv plot from
absorption data for TiO> thin films for unannealed
and annealed at 300-600 °C. The optical band gap
was calculated by using the below Tauc plot with
using below equation [17];
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Fig.5 shows the absorption spectra of the unannealed and
annealed at 300-600 OC for TiO2 thin films.
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Fig. 6 UV-VIS measurement of TiO2 thin films for dipping
time 5, 10, 20s.

It was seen that the bandgap values of the thin
films decreased from 3.31 to 3.06 with increasing
annealing temperature (Table. 2). This may be due
to the the effect of increases of grain sizes with
increasing annealing temperatures. An increase of
the grain sizes has weakened the quantum size

600 °C

effects and thus, lead to the decreased in the band
gap energy [18]. These results are agreement with
the XRD results (see Table 1). Densely packed
crystalline structures of the films cause a decreasing
in band gap values [19]. As seen in figure 8, the
band gaps of the films as a function of dipping time
for 5, 10, 20 seconds are calculated as 3.28, 3.31,
3.37 eV, respectively (Table. 3). The higher band
gap observed in our case can be associated with the
nano crystalline nature of the films [20]. This
behavior is attributed to the variance in film
composition and phase formations. [21]. If we
explain the expansion of Eg with the well-known
Burstein-Moss (BM) effect [22], First, the lowest
states in the conduction band are blocked and
transitions can only occur at higher energy levels in
the conduction band. This effect is often observed in
degenerated serniconductors. Thus, it is assumed
that the optical band gap's blue shift indicates an
increase in carrier density. [23].
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Fig. 7 (ahv)? as a function of hv for the TiO2 film unannealed
and annealed 300, 400, 500, 600 °C.

Table 2 Bandgap of the TiO; films unannealed and
annealed 300, 400, 500, 600 °C

Annealed
temperature | Unannealed | 300 | 400 | 500 | 600
(C)
Bandgap 331 321 | 3.16 | 3.09 | 3.06
(eV)
Table 3 Bandgap of the TiO; films for dipping time 5, 10,
20s.
Dipping
time (s) > 10 20
Bandgap
(eV) 3.28 3.31 3.37
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Fig. 8 (ahv)? as a function of hv for the TiO; films for
dipping time 5, 10, 20 s.

IV.CONCLUSION

TiO, nanostructure film has been successfully
synthesized by SGDC method. TiO. thin films
grown by Sol-gel/Dip Coating (SGDC) method
were investigated. The solution was prepared using
Titanium (1V) Isopropoxide (TTIP), ethanol and
acetone solutions are used. TiO> films were grown
by Dip Coating method on glass substrates with 5,
10, 20 seconds dipping time at a speed of 0.5 cm/s
and annealed at temperatures from 300°C to 600°C.
According to XRD analysis, TiO, anatase phase
observed for unannealed and annealed at 300 °C thin
films with amorphous structure. The polycrystal
peaks observed after 400 °C and the peaks intensity,
sharpness and peak’s narrowing are decreased with
increasing temperature. From the absorption data,
the band gap values decreased from 3.31 to 3.06 eV
with increasing annealing temperature. The band
gap values increased with increasing dipping time
tee. The SEM analysis show that TiO2 nanoparticles
grown spherical shape. It was determined that the
dipping time and annealing temperature cause
changing in the characteristic properties of TiO2 thin
films.
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