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ABSTRACT 
 

Thin films of titanium dioxide (TiO2) were prepared through sol-gel routes and dip-coating 
technique, employing titanium isopropoxide (TTIP) in 2-propanol as precursor, and three stabilizing 
agents i.e. diethanolamine (DEA), lactic acid, and citric acid. The optical properties, crystallinity, 
and morphology of the samples were evaluated using UV-Visible (UV-Vis) Spectrophotometry 
analysis, X-Ray Diffraction (XRD) analysis, and Scanning Electron microscope (SEM). 
Homogeneous crack-free thin films with uniform size were obtained. All the samples showed the 
formation of anatase phase TiO2 with no impurities. It was found that TiO2 with all samples has 
excellent photocatalytic performance on methylene blue degradation. 
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1. INTRODUCTION 
 
Titanium dioxide (TiO2) is one of the most 
efficient semiconductors as a results of its 
chemical and physical properties. It has been 
used in a great variety of applications, such as 
degradation of pollutants in water, soils, and the 
atmosphere [1-3], material for smart windows [4], 
antireflective coatings [5], optical filters [6], solar 
cells [7] and as a support for catalysis and photo-
electrochemistry [8]. Titanium oxide (TiO2) films 
are achievable from numerous techniques such 
as sol–gel process [4,9], hydrothermal [10], ion 
beam sputtering [11], chemical vapor deposition 
[12], activated reactive evaporation [13], etc. 
Tailor making of the film properties, chemical and 
mechanical stability of films, introduction of 
porosity in films, low process cost and possible 
processing at low temperature are some of the 
few advantages offered by the sol–gel method 
[14-16]. Sol–gel process which involves 
hydrolysis and condensation of the metal 
alkoxides followed by treatment at an elevated 
temperature causing polymerization to produce 
the oxide network formation, has led to a great 
deal of investigations.  
 
The present study reports the preparation of TiO2 
coatings by sol–gel dip-coating technique based 
on three different precursor solutions employing 
diethanolamine (DEA), citric acid and lactic acid 
as the stabilizing agents to prevent precipitation 
of titanium isopropoxide. Metal alkoxides are 
susceptible to nucleophillic attack and are highly 
reactive due to electronegative OR groups 
stabilizing the metal in its highest oxidation state. 
DEA is used as a stabilizing agent and inhibitor 
for the precipitation of oxides on hydrolysis of the 
alkoxides. Citric acid and lactic acid acts as a 
catalyst and chelating agent in addition to acting 
as a modifier of the molecular structure of 
coating sol. Y. Ohya et al. reported that the 
fabrication of oxide films using DEA as sol 
stabilizers in 2-propanol solvent resulted in 
dense TiO2 films [17]. While, T. Ohya et al. 
reported that lactic acid has brown colored film 
and citric acid has poor film uniformity in water 
solvent [18]. Based on this knowledge, our                  
study focused on preparing the best sol 
composition by three precursor sols and 
investigating their influence on the 
microstructure. Photocatalytic activity of the 
obtained films was evaluated through 
degradation of methylene blue. 
 

2. MATERIALS AND METHODS 
 

2.1 Synthesis of TiO2 Thin Films 
 
Titanium isopropoxide (TTIP) as precursor, 
diethanolamine (DEA), citric acid monohydrate, 
and l-lactic acid as stabilizing agents were 
purchased from Wako Pure Chemical Industries. 
The substrates used were a sapphire (0001) 
single crystal. First, the substrates were 
ultrasonically cleaned in acetone, dried at 110

o
C 

for 10 minutes and then heated at 700oC for 30 
minutes in order to remove impurities. The 
starting reagent used in the present experiment 
was titanium tetraisopropoxide (TIP). A sol with 
long-term stability against ambient humidity was 
obtained by adding stabilizing agents (DEA or 
citric acid monohydrates or l-lactic acid) to a 2-
propanol solution of TTIP. The molar ratios of 
added additive to TTIP were 1. An appropriate 
amount of water was also added to each 
solution. The TiO2 sols were deposited onto 
sapphire substrate using dip-coating method. 
Because photocatalytic properties also depend 
on the film thickness [16], the film thickness was 
controlled by withdrawing the substrate at a rate 
of 6 cm/min to achieve the same thickness. The 
sol concentration used in the present study was 
0.3 M. After deposited, they were dried at 110oC 
for 10 minutes and annealed at 700

o
C for 30 

minutes. In order to achieve same crystallinity 
phase of all samples, the citric acid and lactic 
acid samples were heated by rapid heating, while 
DEA was heated by slow heating rate 
(15

o
C/min). This coating cycle was repeated 5 

times. 

 
2.2 Characterization of the TiO2 Thin 

Films 
 
The morphologies of the TiO2 thin films with the 
use of different stabilizing agents were examined 
by scanning electron microscopy (Hitachi S-
4800) instrument at low acceleration voltage of 5 
kV and 9.4-9.6 mm working distance. SEM 
images were captured after coating the samples 
with an osmium layer. The crystalline phase was 
determined using X-Ray Diffractometer (Rigaku 
Ultima IV) with CuKα (λ = 1.54Å) radiation. XRD 
patterns were obtained at a can rate of 2o min-1 in 
the 2θ range from 2 to 70

o
. The crystallite sizes 

of the samples were estimated from the XRD 
peak widths using the Scherrer equation. Optical 
absorption spectra of the films were recorded 
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from 200 to 1100 nm on a spectrometer (Hitachi 
U-4100). The refractive index and thickness of 
the film were estimated from the interference 
patterns observed in the UV-Vis spectra [17]. 
 

2.3 Photocatalytic Activity Test 
 
The photocatalytic activity of the films was 
evaluated through degradation of methylene 
blue. A 500 W ultrahigh pressure mercury lamp 
was used as the UV light source. The films, with 
a surface 2.7 cm

2
, were immersed in quartz cells 

containing 3 mL of a 10 ppm methylene blue 
(MB) aqueous solution. The UV lamp was placed 
at a distance of 43 cm from the films. First, an 
adsorption test was conducted in the dark for 30. 
After MB was totally adsorbed on the surface of 
the test material, reaching equilibrium, a 
photocatalytic test was carried out under UV 
irradiation. The change in methylene blue 
content was determined from the change in the 
area under the curve of the absorption spectra. 
The optical absorption spectra of the aqueous 
solutions were collected within the time range 0-
120 min at regular interval 30 min.  During the 
irradiation, bubbling oxygen was conducted 
through to the MB solution in order to enhance 
the photocatalytic activity [19]. The absorbance 
of the solution was measured using a UV-Vis 
spectrophotometer (Ocean Optics) at λ=663 nm. 
 

3. RESULTS AND DISCUSSION 
 

The UV-Vis spectra of the thin films deposited on 
a sapphire substrate prepared with different 
stabilizing agents precursors are presented in 
Fig. 1. From the spectra, it was observed that the 
films were transparent in the visible region, 
showing characteristic absorption in the UV 
region at shorter wavelengths. In addition, the 
transparent films suggest that the addition of the 
three additives successfully act as stabilizer to 
prevent precipitation of TTIP. The 2-propanol 
seems to be better solvent to prepare TiO2 thin 
films rather than water solvent [18]. The changes 
in transmittance spectra and absorption edge 
wavelength of TiO2 films prepared with different 
stabilizing agents might be attributed to the 
differences in film thickness, surface 
microstructure, and absorption of light. The 
thickness and refractive index of the thin films 
can be obtained from their spectra. The 
thicknesses of TiO2 thin films with DEA, lactic, 
citric additive are 153 nm, 163 nm, and 156 nm, 
respectively. The difference in the thickness of 
the thin films is not significant. Meanwhile, the 
refractive index of them are 2.46, 2.53, and 2.12 

for DEA, lactic, and citric stabilizing agents, 
respectively. 
 

 
 
Fig. 1. Transmittance spectra of the TiO2 thin 

films synthesized by different stabilizing 
agents 

 
Fig. 2 shows the XRD patterns of TiO2 thin films 
with different stabilizing agents. XRD patterns of 
DEA by rapid heating exhibited peak assigned to 
rutile (110) and (101), while DEA by slow heating 
rate exhibited peak assigned to anatase (101) 
and rutile (110). TiO2 films that were formed with 
DEA by rapid heating had a tendency to 
crystallized as rutile, while the slow heating had a 
tendency to crystallized as anatase [20]. The 
diffraction pattern of citric acid and lactic acid 
samples exhibit peaks in 2 of around 25.3o 

which attributed to the reflections of the anatase 
TiO2 only. These results indicate that the 
chemical species in the precursor solutions 
control the crystal form, and consequently the 
properties of the resultant TiO2 films. Organic 
chelates are well known to control the hydrolysis 
but tend to reside in the films until higher 
temperatures [18]. The rutile formation seems to 
be accelerated by property of amine species 
rather than carboxylic acid species. The average 
crystallite size was calculated using Scherrer’s 
equation based on the broadening of the (101) 
anatase reflection and found to be 40, 49, and 48 
nm for the addition of DEA, lactic acid, and citric 
acid, respectively. XRD analysis confirms the 
existence of anatase phase for all samples, 
which is considered as most suitable for the 
photocatalyst [15]. 
 
The observed SEM micrographs are shown in 
Fig. 3. The films were found to be crack free, 
uniform in size, and homogeneous owing to the 
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crystalline nature, where they are closely packed 
and featured by their highly dense structure. The 
particle size of all samples was around 40-50 
nm. 
 

 
 

Fig. 2. XRD patterns of the TiO2 thin films 
synthesized by different stabilizing agents 

 
The photocatalytic degradation of MB in the 
samples is shown in Fig. 4(a). Co is the 
concentration at 0 min, Co’ is the concentration 
after 30 min absorption, and Ct is the 
concentration at t min. At the first 30 minutes, 
degradation of only a small amount of MB was 
observed in the samples. After 30 min in the 
dark, the UV light source was applied. The 

apparent rate constants were evaluated from 
their slopes starting after 30 min of absorption (ln 
(Co’/Ct) = k. t) (Fig. 4(b)). 
 
The apparent rate constant and 
photodegradation of the MB are shown in Table 
1. It is observed that the TiO2 thin films fabricated 
with different stabilizing agents have excellent 
photocatalytic performance. All of the samples 
show the degradation of MB more than 90% after 
2 h of irradiation. However, the TiO2 thin film 
fabricated with the addition of lactic acid showed 
a slightly better photocatalytic performance 
compared two other samples. This might be 
related to the higher crystallinity of TiO2 based on 
XRD analysis results and the thicker films based 
on UV-Vis analysis results using lactic acid. 
Increased crystallinity of TiO2 leads to a lower 
band gap, resulting in the better photocatalytic 
performance [21]. The degradation rate constant 
increases with increasing the thickness films, 
which can be attributable to the increase amount 
of TiO2 providing more reaction sites for 
photocatalyst [16]. It is inferred that although the 
TiO2 samples were synthesized by different 
stabilizing agents, when the thin films have 
almost the same crystallinity, thickness of the 
films, and uniformity of microstructure, the 
photocatalytic performance doesn’t show much 
difference.  

 

 
 

Fig. 3. SEM micrographs of the TiO2 thin films synthesized by different stabilizing agents (a) 
DEA (b) Citric acid (c) Lactic acid 
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Fig. 4. (a) Photocatalytic degradation of MB under UV irradiation (b) Logarithm plots of the 
concentration ln (Co’/Ct) with reaction time for MB by the samples 

 
Table 1. The apparent rate constant and photodegradation of MB by the samples 

 
Sample % of MB degradation Rate constant for MB degradation (/min) 
Citric 92.3% 0.0188 
Lactic 93.7% 0.0218 
DEA 90.4% 0.0186 

 

4. CONCLUSION 
 
Sol–gel process derived TiO2 thin films were 
fabricated from 2-propanol solution of titanium 
isopropoxide, in the presence of three kinds 
stabilizing agents such as diethanolamine (DEA), 
citric acid and lactic acid. A transparent crack 
free films with good adherence and quality were 
obtained from all the routes. All of the thin films 
have anatase phase. The photocatalytic 
performance of all the samples doesn’t show 
significant difference, due to the same 
crystallinity, thickness of the films, and uniformity 
of the microstructure.  
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