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Abstract-In this paper, nanosized TiO2 powder with 
anatase structure has been synthesized via sol-gel 
method using titanium tetraisopropoxide as a 
precursor and their physicochemical properties were 
studies. The mole ratio of titanium tetraisopropoxide 
(i.e. 0.2mol) mixed with 50 ml methanol to evaluate 
effect of hydrolysis degree. The synthesized powders 
were characterized by XRD, TG-DTA, FT-IR and 
SEM. The average particle sized of TiO2   is 
calculated from XRD and found to be 83.538 nm (i.e. 
~83 nm). The DTA analysis shows that amorphous 
phase transform into anatase phase at lower 
temperature (below 4000 c.) TGA analysis exhibit 
that there is removal of unhydrolysed isopropoxide 
bonded in TiO2 due to weight loss. FT-IR analysis 
indicates that the inorganic bond of Ti-O does not 
exist at low wave number. The morphological study 
carried by SEM shows TiO2 powder consist of 
spherical shaped particles. 

Keywords- Nanostructured TiO2, sol-gel, photo-
catalysis, anatase, morphological. 

Introduction  

 The production of particles with a specific size and 
morphology is a primary importance for the 
development of new promising material having 
numerous applications in the field of science and 
technology. With this interest titanium dioxide 
(TiO2) has been the subject of a great deal of 
research during the last decades because of its 
outstanding physiochemical properties having 
increasing demand for devices with enhanced 
properties and strong emphasis on environmental 
applications. The rapid growth of industries in 
developed countries leading the expansion of 
environmental problems. Due to manifold 
application as photocatalyst to decompose 
environmental pollutants, solid state gas sensor or 
electrodes for photovoltaic application, nanosized 
TiO2 particles attract much attention recently [1-7]. 
In all the above mentioned application, anatase of 
different crystalline polymorphs of TiO2 is reported 
to exhibit the highest activity [8] and the nanometer 

scale of crystals play key role in affecting the 
performance of the material [9,10].  

There are three types of TiO2 crystalline structures: 
anatase, rutile and brookite. Rutile presents the 
higher refractive index and is the most 
thermodynamically stable structure. The anatase 
structure is obtained at low temperatures of about 
3500C, which is used for industrial applications [15, 
16]. At temperatures between 400-8000C, the rutile 
phase is also present while, at higher temperatures, 
only the rutile structure is present. Another possible 
phase presents in the TiO2 compounds is the brookite 
phase, but according to some studies it is present at 
higher pressure and temperature [17]. 

TiO2 has become very important material due to its 
applications in different processes such as water 
purification and more recently, the control of air 
contaminant gases present in indoor and outdoor 
environments. Therefore it is very interesting to 
support TiO2 on inert substrate for waste water and 
indoor atmosphere remediation due to its good 
characteristics like high oxidative power, chemical 
stability, non toxicity etc. [11-14]. In the degradation 
of toxic organic pollutants in organic synthesis and 
in energy conversion and storage, photochemical 
reaction were investigated that has been catalyzed by 
semiconductor in which photo generated electrons 
and holes migrated to semiconductor surface were 
they can induce oxidation and reduction of absorbed 
molecules, by using ambient oxygen from air and 
irradiation [15-16]. Basically UV light which leads to 
the degradation of almost all harmful organic and 
inorganic compounds to non-toxic one [17]. 

Now a day’s contaminated waste water needs to be 
developed. Some conventional methods used to 
purify polluted waste water from industries are i) 
adsorption on activated carbon technique and ii) 
oxidative treatment by chlorine [18]. Other methods 
to remove organic pollutants in the water are by 
employing chemical and physical processes such as 
precipitation, air stripping, flocculation, ultra-
filtration and reverse osmosis [19, 20]. Still these 
techniques are non destructive because they only 
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transfer the non biodegradable matter in to sludge 
that leads the formation of new type of pollutant [21, 
22]. There are numerous techniques have been used 
to synthesized TiO2 nanoparticle, such as chemical 
co-precipitation, micro-emulsion, hydrothermal 
crystallization and sol-gel. To this end the sol-gel 
approach has recently raised interest since it is one of 
the most successful and promising techniques for 
preparation of phase with tailored structure and 
morphology [23, 24]. 

Considering these points in view the present module 
of research aims to develop TiO2 powder 
photocatalyst via sol-gel method using titanium 
tetraisopropoxide (TPT) as a precursor. TiO2 
photocatalyst powder for fixed TPT mol ratios will 
be synthesized. The effect of hydrolysis degree on 
the formation of powder particles was investigated. 
The amount of added water will affect the monomer 
hydrolysis rate resulting in the formation of powder 
particle with different size and shapes. It is expected 
that addition of less amount of water shows down the 
polymerization process resulting into less 
progressive hydrolysis rate and this may be possible 
that with rise in mol ratio of water to TPT, hydrolysis 
and polymerization will be more progressive than 
expected. The sol-gel derived TiO2 powder was then 
tested to evaluate their photo catalytic efficiency in 
degradation of aqueous phenol solution as a 
representative model for polluted water. Also as 
phase and morphology are critical parameter in 
determining the suitability of the material for the 
particular applications, the surfaces morphology of 
the prepared specimen will be examined by this 
technique. 

Experimental 

All the chemicals were of reagent/AR grade purity 
and were used without further purification; doubly 
distilled water passed through a milli-q apparatus 
was used to prepare solutions and suspension. 

Sample preparations (Synthesized of TiO2 
powder) 

Nanosized TiO2 powder with water-to-TPT mol ratio 
was synthesized via sol-gel method. The synthesis 
was done by hydrolysis of titanium tetra 
isopropoxide (TPT) (Sigma Aldrich) as a precursor 
in methanol (R&M Chemical). Both chemicals were 
used as received. In this work to obtained TiO2 
powder, titanium tetra isopropoxide [Ti {OCH 
(CH3)} 4] which is liquid at room temperature 

(melting pt. 220 c) and methanol as a solvent were 
used. 0.2mol of titanium isopropoxide mixed in 50ml 
methanol, heated until the boiling point of methanol 
was reached. The distilled water were added 
dropwise and left for 24hrs to obtained hydrolysis 
polymerization process which leads to colloidal 
suspension called Sol. The obtained white solution 
was filtered to get the precipitate of TiO2 gel powder. 
Finally the dried TiO2 powder which was calcined at 
2000 c for 1hr to obtained crystalline sol-gel TiO2 

powder. 

 Characterization of TiO2 

Among enormous surface analysis techniques for the 
characterization, the most frequently used techniques 
in the experiments are X-Ray diffraction (XRD), TG-
DTA, Fourier transformed infrared (FT-IR) & 
Scaning electron microscopy (SEM). The 
synthesized crystalline Sol-gel TiO2 powder was 
characterized by all these technique. The X-Ray 
diffractometer machine (XRD-6000, shimadzu) was 
utilized for phase analysis, which determines the 
particle size of TiO2 powder and found to be 
83.538nm (~83nm). TG-DTA was carried out with 
model (Q50) determines the weight loss and phase 
changing of the powder. Fourier transform  infrared ( 
spectrum 100, perking Elmer ) was used to identify 
the existing bonds of Ti-O and it shows that the 
inorganic bonds of Ti-O does not exist at low wave 
number .The surface morphology was examined by a 
scanning electron microscopy (SEM) 
(JSM6700f,JEOL). The morphological study carried 
by SEM shows that TiO2 powder consist of spherical 
shaped particle. 

Result and Discussion 

X-Ray Diffraction Analysis 

         Figure 1) presents XRD pattern of the TiO2 
particles calcined at 2000c temperature. The pattern 
consists of number of peaks in which the positions of 
the peaks depends on the crystal structure more 
specially the shape and size of the unit cell. The 
major phase of the prepared particle is an anatase 
phase. It is well known that the calcinations improve 
the crystallinity of the particle and amorphous TiO2 
changes to the anatase phase. From XRD analysis it 
is conclude that TiO2 powder have the highest peak 
at 27.996 in 2θ indicating that the powder are purely 
anatase structure. X-Ray diffraction pattern of the gel 
dried at 2000 c showed well defined diffraction peak 
corresponding to the anatase phase in figure. The 
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amorphous phase begins to crystallize upon heat 
treatment at 2000 .The crystal size is found to be 
83.538nm, with a=3.791Ao and c=9.48Ao parameters. 

 

Figure (1). X-Ray Diffraction Spectrum of prepared 
TiO2 powder. 

 

 

Thermal Gravimetric Analysis 

The thermal behavior of the TiO2 sample were 
investigated by TGA and result is shown in figure 
(2).The technique of TGA has been found one of the 
most useful technique for evaluating the one set of 
thermal decomposition temperature and thermal 
stability. The precipitate from sol-gel processing of 
titania were amorphous in nature. A significant 
weight loss were noted on TGA curve for the dried 
titania gel at 117.310c undergoing a total weight loss 
219.40c with two decomposition steps between 
analysed temperature of 100-500oc. The weight loss 
below 1500c was due to the  removal of loosely 
bound water  in gel network. At temperature of 1000c 
to 3000c the weight is found to be 6.522% which 
attributes to the removal of unhydrolysed 
isopropoxide bond in titanium. From TGA curve, the 

initial weight, residual weight, weight loss & (%) 
weight loss shown in the following table: 

Initial wt . Residual wt . Weight loss  (%) weight 
loss 

9.66 9.947 -0.287 -2.971% 
9.66 9.03 0.630 6.522% 

At temperature of 100 0c to300 0c weight loss 

6.522% which could attributed to removal of 

unhydrolyzed ispropoxide bonded in titanium.   

 

 

Figure (2): Thermal Gravimetric Analysis of TiO2 
powder 

Differential Thermal Analysis 

DTA analysis shows the two endothermic peaks at 
69.170c and 1000c due to free methanol and absorbed 
water and two exothermic peaks at 2950c and 4090c 
due to the decomposition of surfactant residual OH 
group. In addition, the peak at 409.700c corresponds 
to the crystallization of the amorphous phase to 
anatase phase. The transformation from amorphous 
to anatase crystal structure at lower temperature 
(below 4000c) is due to the large particles that 
needed less heat to crystallize. 

 Endothermic peak  Exothermic peak 

1  69.170c 2950 C 

2 1000C 4090 C 

 

Figure (3): Differential Thermal Analysis of TiO2 
powder. 

2 
theta 

d 
observed 

d 
calcula
ted 

Rel. 
intensity 

(h k l) 

24.150 3.6821 3.7910 72.6 (1 0 0) 
27.996 3.1844 3.1844 100 (1 0 1) 
33.210 2.6954 2.6806 56 (1 1 0) 
47.950 1.8956 1.8955 51 (2 0 0) 
52.00 1.7571 1.7385 46 (1 0 3) 
54.270 1.6888 1.6959 49 (2 1 0) 
55.190 1.6628 1.6288 21.5 (2 1 1) 
64.910 1.4353 1.4680 32 (1 2 2) 
72.100 1.3089 1.3403 21 (2 2 0) 
73.950 1.2806 1.2871 20 (1 1 4) 
83.510 1.1566 1.1603 17 (2 0 4) 
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Fourier Transform Infrared Spectroscopy  

The FT-IR spectroscopy is useful adsorption 
spectroscopy in IR frequency region (about 400-4000 
cm-1 wave numbers in particular interest) for 
monitoring qualitative and quantitative information 
on specific functional group and bonding. FT-IR 
spectra of crystalline TiO2 powder were shown in 
figure (4). FT-IR spectrum shows bands at 
3297.36cm-1, 1972.920cm-1, 1627.22cm-1, 
1524.04cm-1, 1455.30cm-1, 1390.17cm-1, 1036.43cm-

1 and 664.08cm-1. 3297.36cm-1 attributed to O-H 
stretching band due to appearance of methanol and 
1285.08cm-1 attributed to C-O stretching band. 
1972.92cm-1 and 1036.43cm-1 belongs to aliphatic C-
H stretching band and C-H alkene bending band 
respectively, due to adsorption with titanium 
isopropoxide, whereas 664.08cm-1 attributed to Ti-O 
stretching band. 

 

Figure (4): Fourier Transform Infrared Spectra of 
TiO2 powder. 

It is very important to note that, the inorganic bond 
of Ti-O does not exist at low wave number. TiO2 
sub-microspheres showed Ti-O stretching mode at 
higher wave number of 664.08cm-1. 

Scanning Electron Microscopy 

Fig. 5. Shows the surface morphology analysis by 
SEM for TiO2 powder. The pictures shows that, TiO2 
powder consist of large number of spherical shaped 
particles and it is examined that, the amount of water 
added during the synthesis process plays an vital role 
in controlling the formation of TiO2 particles. The 
less amount of water added slow down the 
polymerization process as the hydrolysis rate became 

less progressive but it is more progressive by 
increasing the water- to-TPT level which accelerates 
the TiO2 phase formation rate. 
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Figure (5): SEM pictures of TiO2 powder 

CONCLUSION 

Sol-gel TiO2 powder with water-to-TPT mol ratio 
was synthesized and their physicochemical 
properties were evaluated. Powder is nearly in 
anatase structure. It is suggested that the enhanced 
activity is resulted from high crystallinity of the 
synthesized powder. The large particles of TiO2 
forms after hydrolysis and it required less heat to 
crystallize. Hence transformation from amorphous to 
anatase crystal structure occurs at lower temperature. 
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