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Abstract:

In this project, nano-grain titanium dioxide thin films were prepared by sol-gel spin
coating technique. The precursor solution was prepared by dissolved
titanium(IV)isopropoxide in mixed solution, 2-propanol, glacial acetic acid and
acetylacetone, then the precursor solution were dropped on glass substrate. The
substrate was spin with 7000 rpm for 2 s in each layer. The calcining behaviors of xero-
gel were analyzed by thermal gravimetric analyzer (TGA) and differential thermal
analyzer (DTA). From the result of TGA and DTA were shown thermal degradation at
240 °C and 317 °C that corresponding to previously work. Therefore, the precursor
films were calcined at 400, 500 and 600 °C. The crystallization of calcined films was
characterized by X-ray diffraction technique. The surface roughness of calcined films
was observed by atomic force microscope (AFM). The transmittances of calcined films
were study by ultraviolet-visible (UV) spectrophotometer. From the XRD result, the
TiO, anatase structure was found at 500 °C and phase transformation, anatase to rutile,
at 600 °C. The AFM results were found the highly homogeneous films with the average
grain size about 50 and 150 nm for 500 to 600 °C films respectively. From UV
spectrophotometer result was found the band gap energy in the range of 3.96-4.20 eV.

KEY WORDS: Titanium oxide (TiO,), sol-gel, thin film, nano-grain.
1. Introduction

Titanium dioxides has gained extensive interest due to their unique physical and
chemical properties such as large energy gap, high refractive index and transparency in
the visible regions. The TiO, thin films have potential applications, such as gas
sensor[1-4], bactericide[5, 6], self-cleaning glasses[7], photocatalysts[8-11], etc. Its
application is extremely promoted by the preparation technology. Therefore, the
preparation of nano-TiO, film is ceaselessly researched to obtain the product with high
quality at low coast. Usually, TiO; thin films can be prepared by different techniques
such as micro-arc oxidation[12], thermal plasma chemical vapor deposition
(TPCVD)[13], pulse laser deposition (PLD)[14], ion beam-induced chemical vapour
(IBICVD)[15] etc. These method have advantage in having control over film growth,
neverthless, these techniques are complicate, energy-intensive and high temperature.
Alternatively, the sol-gel spin-coating process is one of the most appropriate
technologies for preparation of TiO, film due to simplicity, excellent compositional
control, high homogeneity, lower crystallization temperature and low cost for raw
material. However, the sol-gel spin-coating process, organo metallic precursors in the
organic solvents are used, it is necessary to control the viscosity of precuesor solution
and spin speed.

In this work, we report simple, less expensive and efficient method for the
preparation of TiO; thin films. The characteristics and optical properties of TiO, thin
films are presented and discussed.



2. Experiment procedure
2.1 Preparation of TiO; precusor solution

Titanium(IV)isopropoxide, 2-propanol, glacial acetic acid and acetylacetone were used
as starting materials. The 0.15 M of precursor solution were prepared by dissolved
Titanium(IV)isopropoxide in mixed solution of 2-propanol, glacial acetic acid and
acetylacetone, then stirred continuously for 30 min at 50 °C . The precursor solution was
used as starting solution for thin films preparation.

2.2 Preparetion of TiO; films

The cover glass (22x22x0.13 mm) were used as substrates. Before the deposition, the
substrates were ultrasonically cleaned in cleaning solution for 15 min, water, a mixture
of 0.5M HCI solution and 0.5M HNO; in a molar ratio was 1:1 for 20 min and then
were thoroughly rined with deionized water and acetone, respectively. Finally they were
dried at 95 °C for 30 min. The TiO, thin film were deposited on substrates by spin-
coating technique at room temperature. The precursor solution were droped on glass
substrates, which were rotated with 7000 rpm for 25 s then the as-coated films were
dried at 120 °C for 3 min. The film thickness can be controlled by repetition of the cycle
from spinning to drying for 5, 10 and 15 time respectively. Finally, the green-film were
calcined at 400, 500 and 600 °C for 2 h.

The xero-gel obtained by drying precursor at 100°C for 24 h, then the xero-gel
were calcined in the same temperature program as films.

2.3 Characterization

The thermal behavior of xero-gel were monitored by thermal gravimetric analyzer and
differential thermal analyzer (TG-DTA) (Pyris 1 TGA, Perkin-Elmer). The crystallinity
of calcined TiO; films and xero-gel were identified by X-ray diffraction (XRD) with a
diffractometer (type 08 Advance, Bruker AG). The surface roughness of calcined films
was observed by atomic force microscopy (AFM). Spectroscopic analysis of calcined
films were performed by using a uv-vis spectrophotometer (JASCO 7800, Shimadzu
JASCO 7800).

3. Results and discussion
3.1 Transformation of xero-gel into crystalline form

The TG-DTA curves of xero-gel is shown in Fig.1. The thermo-gram of TGA-DTA in
each sample are shows two stages of weight loss with endothermic peak at 240 and 317
°C respectively. The first one at 240 °C is the minor loss by 5% w/w which is due to the
loss of absorbed water in the TiO, gel and 22% w/w at 317 °C of the second one is due
to the decomposition of organic compounds contained in the xero-gel. There is no
further weight loss can be seen in range 400-700 °C

From the XRD result, it is shown that the phase transformation of calcined
powders were dependent on there’s calcining temperature as show in the Fig.2. The
XRD pattern of 400 °C powders was not show any crystalline phase. The phase



transformation form amorphous to polycrystalline was found while calcining at higher
temperature from 400 °C to 500 °C and show highly percent crystallinity from 500 °C to
600 °C . The diffraction pattern of TiO; in anatase phase was found in 500 °C powders
and more strongly peak in 600 °C powders. It was corresponding to previous study that
because of the crystalline size were increasing while increasing calcining temperature.

3.2 Surface morphology

Corresponding to XRD patterns, the AFM micrographs of 400 °C films with 5, 10 and
15 layers was show the amorphous surface film and it’s became to be more crystalline
surface films after calcined at 500 °C to 600 °C of the 15 layers films as show in Fig.3-5.
The average grain size of films are increasing from 50 to 150 nm with calcined of 500
to 600 °C respectively that because the result of thermodynamic rearrangement at the
grain boundary. The calcining temperature was affected directly to the surface energy at
the grains. This energy will be increasing the grain growth rate that related to
Arrhenious equation
k= AeFa/RT

when k is the rate constant of grain growth , A is the Arrhenious constant, E, is the
activation energy, R is gas constant and T is temperature.

3.3 Optical properties of TiO), films

The UV-Vis spectra of TiO; thin films, in the wavelength range 200-400 nm was show
in Fig.6-8. From the spectral, it’s observed that the TiO; thin films are transparent in
visible region, transmittance values decreases with increasing cycle times (Table 1), and
the absorption edge in UV region at a wavelength range 290-315 nm

The band gap energy (E,) is calculated by the formula:

he  1243.1
E s =t 1
271 4 th

Where E; is band gap energy (eV) of the sample, h is the Planck’s constant, ¢ is the
speed of light and A is the cut-off wavelength of the spectrum (nm) [12]. The band gap
energy values determined for all studied samples after calcining at 400-600 °C have
been summarized in Table 1. From Table 1, it can be clearly observed that for all
samples the band gap energy are a blue shift which indicates that the particles which
make up the film are very fine in size of about a few nanometers.

4. Conclusions

The TiO, amorphous structure was found at 400 °C and phase transformation,
amorphous to anatase, at 500 °C. The TiO, thin films are transparency in the visible
region while its have the absorbance edge in the 290-315 nm wavelength range and
bandgap energy is 3.96-4.20 eV. We obtained nano-TiO thin films with a highest
homogeneous films and average grain size about 50 nm by the sol-gel spin-coating
technique of 15 layers at 500 °C for 2 hours.
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Caption of Table

Table 1 Summary of bandgap energy values calculated and transmittance values
for all studied TiO, thin films.

Calcining
temperature coating % Bandgap

(°C) cycles transmittance  energy (eV)

400 5 78 4.13
10 71 4.14
15 61 4.14

500 § 80 4.13
10 il 3.96
15 65 4.18

600 5 75 4.13
10 67 4.05

15 65 4.20
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Fig.2 XRD patterns of xerogel calcined at different temperatures for 2 h.

Intensity (a.u.)

20 - 30 40 50 60 70 80

20 / degrees



Fig. 3 AFM micrographs of TiO; thin film prepared by repeating 15 coating
cycles and calcined at 400 °C for 2 h.




Fig. 4 AFM micrographs of TiO; thin film prepared by repeating 15 coating
cycles and calcined at 500 °C for 2 h.




Fig. 5 AFM micrographs of TiO; thin film prepared by repeating 15 coating
cycles and calcined at 600 °C for 2 h.




Fig. 6 Optical transmittance spectra of TiO; thin films prepared by repeating
(a) 5, (b) 10 and (c) 15 coating cycles and calcined at 400 °C for 2 h.
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Fig. 7 Optical transmittance spectra of TiO, thin films prepared by repeating
(a) 5, (b) 10 and (c) 15 coating cycles and calcined at 500 °C for 2 h.
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Fig. 8 Optical transmittance spectra of TiO, thin films prepared by repeating
(@) 5, (b) 10 and (c) 15 coating cycles and calcined at 600 °C for 2 h.
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The Influence of Calcination Method on Optical Properties and Nanostructure
of Sol-gel Ag-TiO, Films

(Department of Chemistry, Faculty of Science, King Mongkut's Institute of Technology Ladkrabang,
Bangkok 10520 THAILAND) *Usa Sukkha, Sakda Trisak, Samart Kongtaweelert
E-mail:sa_kab@yahoo.com

Abstract

The nano-grain of silver-doped TiO, films were prepared by sol-gel spin coating technique. The
titanium(IV)isopropoxide, silver nitrate, 2-propanol, glacial acetic acid and acetylacetone were used as starting
material. The thermal behaviors of silver-doped TiO, xero-gel were analyzed by thermal gravimetric analyzer
(TGA) and differential thermal analyzer (DTA). From the result of TGA and DTA were shown thermal
degradation at around 120°C and 250°C. The green films of silver-doped TiO, were calcined by conventional and
2-step method. The crystallization of calcined films was characterized by X-ray diffraction (XRD) technique. The
surface morphology of calcined films was investigrated by scanning electron microscope (SEM). The
transmittances of calcined films were observed by ultraviolet-visible (UV-vis) spectrophotometer. From the XRD
result, the TiO, anatase structure was found at 300 °C and phase transformation, anatase to rutile, at 550 °C. From
the SEM results, grain of 2-step method films are found to be smaller and denser than conventional method films.
Whereas Ag particles at grain boundaries of 2-step films are smaller than in conventional method films. From UV
spectrophotometer result, the band gap energy of Ag-TiO; are in the range of 3.6-3.85 eV.

Keywords: Ag-TiO, film, 2-step calcinations, sol-gel, nano-grain
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