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ARTICLE INFO ABSTRACT

Nano particles of Titanium dioxide are prepared by using a sol-gel route by using hydrolysis of
Titanium tetraisopropoxide with ethanol and water mixture as titania source. After heat treatment of
the samples, we characterized their structures and basic properties by using conventional XRD, FT-
IR, scanning electron microscopy (SEM), UV-Vis spectroscopy and photoluminescence spectroscopy
(PL). The X-ray diffraction pattern revealed that the calcined sample of TiO2 has both anatase and
rutile phases. The spherical shape or spheroidal shape was observed using scanning electron
microscopy. The rate of recombination and transfer behavior of the photo excited electron-hole pairs
in the semiconductors was recorded by photoluminescence.  It was found that annealing could
improve the crystallization of TiO2 powders and accelerated the phase transformation from anatase to
rutile. The result shows that the different calcination time and calcination temperature, have a lot of
influences upon the properties of nano TiO2.

INTRODUCTION

Titanium is the ninth most abundant element in the Earth’s
crust [1]. Titanium dioxide (TiO2) has high thermal and
chemical stability and high transmittance in the visible spectral
range [2]. Moreover, it is nontoxic, and applicable for
biological coatings, optical devices, and photo electrochemical
conversion, environmental photocatalytic processes such as
prevention of strains, sterilization and removal of pollutants
from air and water, TiO2 properties are strongly related to
phase structure, morphology and particle size distribution. As
nanosized particles, these materials exhibit broad band UV
absorption, a benefit that currently has been exploited in
sunscreen applications. Also, the addition of nanoparticles
would likely enhance the stiffness, toughness and service life of
polymeric materials [3]. Titanium dioxide is widely known as a
material with an excellent photocatalytic activity.There are two
main obstacles for the practical application of
TiO2photocatalyst: low quantum efficiency and restriction to
short wavelength excitation. Furthermore, titania possess high
available surface areas, which are beneficial for aqueous
photocatalytic reactions [4].

Titanium dioxide has three principal crystallographic structures
called anatase (tetragonal), rutile (tetragonal) and brookite
(orthorhombic). Among these, anatase has excellent chemical
and physical properties for environmental purification and is
thermodynamically more stable than rutile phase. Numerous
methods have been developed for the synthesis of
nanostructures such as vapor-liquid-solid [5], chemical vapor
deposition (CVD) [6], Laser- assisted catalytic growth [7],
electron beam lithography, sol-gel [8], solvothermal [9], and
the filling of templates with colloidal oxide particulars [10].
These nanoparticles can be prepared by sol-gel process. This
method is based on hydrolysis and condensation reaction of
molecular precursors such as metal alkoxides and inorganic
salts [11]. Sol–gel is a widely used technique for production of
titanium dioxide nanopowders. It is a low cost and easy
processing method for the preparation of titania powder. This
method is based on hydrolysis and condensation reaction of
molecular precursors such as metal alkoxides and inorganic
salts. Metal alkoxides which are used as precursor martial for
sol-gel process are generally highly reactive species. Among
transition-metal oxide materials, nanostructure titanium dioxide
has been intensively investigated as a select platform on which
an exceptionally wide range of appealing solid-statephysico –
chemical properties co- exist with the potential for low cost and
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environmental remediation and energy technologies. For
improving crystallinity, post-calcination is generally required.
High-temperature treatment results in size-increment and
agglomeration [12].

In this paper, highly-crystalline anatase and rutile nanoparticles
synthesized by the newly developed sol-gel method is
illustrated. Effect of aging treatments on nanoparticles size and
crystal structure is investigated. Products are characterized by
XRD, FT- IR, Scanning electron microscopy (SEM), UV-Vis
spectroscopy and photoluminescence (PL).

Experimantal

MATERIALS

All chemicals were in analytical grade and were used as
received without any additional purification. Titanium tetra
isopropoxide [Ti (OPri)4], (97%, Alpha) was used as starting
precursor for synthesizing crystalline TiO2 particles.
Hydrochloric acid (HCl) (37%, Merck) was used as a catalyst
for alkoxide hydrolysis. Deionized water was used for the
hydrolysis of Ti (OPri )4.

Synthesis

The TiO2 colloidal solution was prepared by hydrolysis of
titanium tetra isopropoxide (TTIP). In a typical process, 1M of
titanium tetra isopropoxide was mixed together with 4 M of
Hydrochloric acid (HCl). The resultant solution is mixed with
10M of distilled water and the solution was stirred vigorously
for 8h to obtain a clear solution. The solution was then aged at
room temperature for 24 h; the sols were transformed into gels,
and washed with ethanol. After an aging period  the solution
was kept in an oven and dried at (130°C) and held at that
temperature for four different constant hours (12,24,36 and 48
h). Also these products were thermally treated at 500, 600 and
700oC for 5h. After the beaker was cooled to ambient
temperature, the resulting precipitates were washed with nitric
acid and dried at room temperature for 1 hour. It was then
crushed into fine powders with mortar.

Characterizations

The X-ray diffraction patterns of the samples were recorded on
a XPERT-PRO X-ray diffractometer with Cu-Kα radiation of
wavelength 1.5406 Aoin 2θ range from20o to 70o.  UV-Visible
spectrophotometer was using shimadzu UV-1650. Fourier
transform infrared (FT-IR) spectroscopy measurement was
recorded with AVATAR 330 FT-IR spectrometer in the range
of 4000-400 cm-1. The photoluminescence (PL) spectra of the
sample were recorded by using VARIAN photoluminescence.
SEM image was taken using JEOL, Model JSM 6390.

RESULTS AND DISCUSSION

X-ray diffraction studies

Fig.1 shows XRD patterns of the products obtained after aging
at 130oC for different durations. These patterns illustrate pure
anatase crystalline structure in all TiO2nanopowders aged at

130oC. Comparison of four XRD patterns for 130°C shows that
the diffraction peaks sharpened with increasing calcination
time (48 hours), indicating increasing crystallite size. The
averge crystal size of the samples were calculated using the
scherrer equation, D=Kλ/β cosθ. The obtained grain sizes are
31 nm (12h), 39 nm (24 h), 45(36h) and 50 nm (48 h) for
sample prepared at 130°C respectively. The result showed that
the crystal size increased with increasing calcination time. An
average crystal size of around 41 nm for 130oC was obtained
for nanotitanium dioxide samples. The nanocrystallineanatase
structure was confirmed by (101), (004), (200), (105), (204)
and (116) diffraction peaks [13].

Fig. 2 shows  the XRD  patterns of  TiO2 nanoparticles (a)
calcined at 500o C, (b) 600o C, and (c) 700o C for 5 h. It can be
obviously seen from the XRD that partial crystallization
appears just after drying and the phase structure of the powder
calcined at temperatures below 600o C is mainly anatase type.
The phase transformation from anatase to rutile occurred at
about 600o C. At 700o C both anatase and rutile phase was
observed. The observed anatase peaks at 2θ of 25.2, 37.8,
48.02, 53.9, 55.0, 62.7 and 68.7o represent the diffraction of the
(101), (004), (200), (105), (211), (204) and (116) crystal planes
respectively. (JCPDS 21-1272). As the temperature increased
at 700oC the observed rutile peaks at 2θ of 27.45, 36.09, 41.23,
54.32 and 56.64 represent the diffraction of the (110), (101),
(111), (211) and (220) crystal planes respectively. (JCPDS 01-
075-1750). The crystal size of the prepared TiO2calcined at
500, 600 and 700o C were estimated to be 29.2, 35.3 and 42.24
nm by the scherrer,s equation, respectively. Obviously, the
grain size increases with the increasing calcinations
temperature. With increasing of calcination temperature the
intensities of the peaks increased.
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Figure 1 X-ray diffraction spectrum of nano titanium dioxide at 130oC,
(a) 12h, b (24), (c) 36h, (d) 48h
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Effect of calcination time and temperature

The aging time and temperature is one of the preparation
parameter that can influence the formation of nano titanium
dioxide. In order to study this influence, nano titanium dioxide
catalysis were prepared by changing the aging time from 12 to
48 h. At low calcination temperatures the prolongation of
calcination time has little influence upon the particle size. The
result showed that the crystal size increased with increasing
calcinations time.In order to evaluate the effect of calcination
temperature on crystallite size and phase content of TiO2

nanoparticles. As can be seen in the XRD spectra with
increasing calcination temperature, anatase phase percent
decreases while rutile phase percent increases. Increasing
calcination temperature increases the crystallite size of TiO2

nanoparticles.

Functional group Analysis (FT-IR)

The FT-IR spectra of the titanium dioxide at 130oC were
represented in Fig. 3. The absorption band at 1630 cm-1 is
attributed to the stretching mode of the OH group and the
bending mode of molecular water respectively. The broad band
over the range of 400-700cm-1, related to bending and
stretching mode of Ti-0-Ti and characteristic of well-ordered
Ti06 octahedrons. Ti-O and O-Ti-O- flexion vibration give rise
to the broad absorption bands at 400 cm-1 and 800 cm-

1[14].There is no peak 2910cm-1 regarding to C-H stretching
band, which means all organic compounds removed from the
samples. The peaks at about 1394 cm-1 correspond to the
scissoring vibration of –CH3 [15].

The infrared spectroscopy of TiO2 at 500, 600 and 700o C were
represented in Fig. 4. he absorption band at 1626.3 cm-1 is
attributed to the stretching mode of O-H bonds in absorption
water. The peak at 1620 cm-1 was caused by bending vibration
of coordinated H2O as well as from the Ti–OH, and this band
could be normally reduced by the calcination process at higher
temperature [16], showing that a certain amount of O–H groups
in TiO2 were removed during the calcinations. The bands

between 3600 and 3000 cm-1 are due to hydroxyl stretching and
NH- stretching vibration bands. The absorption band at 3435
cm-1 is due to coupling of hydroxyl (OH) stretching and NH-
stretching vibrations. The hydroxyl groups can the photo-
induced holes (h+) when irradiated with light and then form
hydroxyl radicals (.OH) with high oxidation capability. The
peak observed in the range of 2356–2364 cm-1 was due to
amine (NH) group stretching frequency [17].

Surface Morphological Analysis (SEM)

The surface morphology of the nano titanium dioxide was
obtained from scanning electron microscopy (SEM).
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Figure 2 X-ray diffraction spectrum of nano titanium dioxide at (a)
500oC, (b) 600oC and(c) 700oC

Figure 3 FT – IR spectra of nano Titanium dioxide at 130oC, (a) 12h, b
(24), (c) 36h, (d) 48h
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Figure 4 FT – IR spectra of nano Titanium dioxide at (a) 600oC, (b) 600o

C and (c) 700oC

Fig.5 SEM photographs of titanium dioxide at 130oC (a) 12h, (b) 24 h, (c)
36h and (d) 48 h
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attributed to the stretching mode of O-H bonds in absorption
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could be normally reduced by the calcination process at higher
temperature [16], showing that a certain amount of O–H groups
in TiO2 were removed during the calcinations. The bands

between 3600 and 3000 cm-1 are due to hydroxyl stretching and
NH- stretching vibration bands. The absorption band at 3435
cm-1 is due to coupling of hydroxyl (OH) stretching and NH-
stretching vibrations. The hydroxyl groups can the photo-
induced holes (h+) when irradiated with light and then form
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Fig. 5.shows the SEM picture of nano titanium oxide calcined
at 130oC for four different calcination time (12, 24, 36 and 48
h). It is observed that nano titanium dioxide particles are
spherical in shape. The particles of the material all have
spherical or spheroidal morphology. At higher temperature
spherical shape with slight agglomerated together.

As shown from Fig. 6. The calcination temperature increases
the size of the nanoparticles is also increases. This figure shows
high homogeneity emerged in sample by increasing the
calcination temperature. Whatever the calcination temperature
was low, the samples were less agglomerated. With increasing
the calcination temperature boundaries between nanoparticles
were better and the morphology of particles changed to
spherical shape and the nanopowder were more agglomerated.

Photoluminescence studies (PL)

The photoluminescence (PL) emission spectra are commonly
used to reveal the efficiency of the trapping, transfer and
separation of charger carriers, within an activated
semiconductor photocatalyst [18]. The transfer behavior of the
electron–hole pairs in the TiO2 samples can be studied by the
recombination of the free charges, which contributes
significantly to emission signals of the PL spectra [19]. The PL
spectra of three samples were examined in the range of 320–
550 nm in our study, as shown in Fig. 7. TiO2 nanoparticles
could exhibit an obvious PL peaks at about 450 nm with the
excited wavelength of 300 nm possibly resulting from binding
exactions [20].There were lots of oxygen vacancies on the
surface of TiO2 nanoparticles, and the size of particle was fine
so that the average distance the electrons could move freely
was very short. These factors could make the oxygen vacancies
very easily bind electrons to form excitons. Thus, the exciton
energy level near the bottom of the conduction band could
come into being and the PL band of the excitons showed could
also occur.

The UV emission is arising due to phonon assisted indirect
transition , 438 nm is due to self-trappedexciton localized  on
TiO6 octahedral .The peaks at 463 nm and 537nm is due to the
oxygen vacancies, and the other at 468 nm was related to
surface trap state owing to incomplete surface passivation,
where radiation less recombination occurred. Since PL
emission was the result of the recombination of excited
electrons and holes, the lower PL intensity of the modified
sample indicated a lower recombination rate of excited
electrons and holes [21].

UV-Vis spectroscopy

The UV–Vis spectra of pure TiO2 at 500, 600 and 700o C are
given in Fig. 8. The band gap adsorption edge is approximately
380 nm, which does not exhibit noticeable adsorption in the
visible regime. With increasing temperature, these samples
present an enhancement of the light adsorption in the visible
range. All the TiO2 samples, however, exhibit a red shift of the
absorption edge.

CONCLUSION

Nano TiO2 powders have been prepared by sol-gel method
successfully. The results obtained from XRD showed the pure
anatase TiO2 was found at 130oC. Different calcination time
was found to produce different effects upon the grain size
depending upon calcination temperature. The phase structure of
the powder calcinedtemperature below 600o C is mainly of
anatase type. The phase transformation from anatase to rutile
occurred at about 600o C andboth anatase and rutile phases
observed at 700oC. Obviously, the grain size increases with the
increasing calcination temperatures. With increasing of
calcination temperature the intensities of the peaks increased.
At higher temperature the spherical shape with slight
agglomerated together.The different peaks in PL spectra could
be owing to the recombination of photoinduced electrons and
holes, free or trapped excitons emission and the surface states
and presence of anatase and rutile phases of TiO2. TiO2

Figure 6 SEM photographs of titanium dioxide at (a) 500, (b) 600 and (c)
700o C
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Fig. 5.shows the SEM picture of nano titanium oxide calcined
at 130oC for four different calcination time (12, 24, 36 and 48
h). It is observed that nano titanium dioxide particles are
spherical in shape. The particles of the material all have
spherical or spheroidal morphology. At higher temperature
spherical shape with slight agglomerated together.

As shown from Fig. 6. The calcination temperature increases
the size of the nanoparticles is also increases. This figure shows
high homogeneity emerged in sample by increasing the
calcination temperature. Whatever the calcination temperature
was low, the samples were less agglomerated. With increasing
the calcination temperature boundaries between nanoparticles
were better and the morphology of particles changed to
spherical shape and the nanopowder were more agglomerated.

Photoluminescence studies (PL)

The photoluminescence (PL) emission spectra are commonly
used to reveal the efficiency of the trapping, transfer and
separation of charger carriers, within an activated
semiconductor photocatalyst [18]. The transfer behavior of the
electron–hole pairs in the TiO2 samples can be studied by the
recombination of the free charges, which contributes
significantly to emission signals of the PL spectra [19]. The PL
spectra of three samples were examined in the range of 320–
550 nm in our study, as shown in Fig. 7. TiO2 nanoparticles
could exhibit an obvious PL peaks at about 450 nm with the
excited wavelength of 300 nm possibly resulting from binding
exactions [20].There were lots of oxygen vacancies on the
surface of TiO2 nanoparticles, and the size of particle was fine
so that the average distance the electrons could move freely
was very short. These factors could make the oxygen vacancies
very easily bind electrons to form excitons. Thus, the exciton
energy level near the bottom of the conduction band could
come into being and the PL band of the excitons showed could
also occur.

The UV emission is arising due to phonon assisted indirect
transition , 438 nm is due to self-trappedexciton localized  on
TiO6 octahedral .The peaks at 463 nm and 537nm is due to the
oxygen vacancies, and the other at 468 nm was related to
surface trap state owing to incomplete surface passivation,
where radiation less recombination occurred. Since PL
emission was the result of the recombination of excited
electrons and holes, the lower PL intensity of the modified
sample indicated a lower recombination rate of excited
electrons and holes [21].

UV-Vis spectroscopy

The UV–Vis spectra of pure TiO2 at 500, 600 and 700o C are
given in Fig. 8. The band gap adsorption edge is approximately
380 nm, which does not exhibit noticeable adsorption in the
visible regime. With increasing temperature, these samples
present an enhancement of the light adsorption in the visible
range. All the TiO2 samples, however, exhibit a red shift of the
absorption edge.

CONCLUSION

Nano TiO2 powders have been prepared by sol-gel method
successfully. The results obtained from XRD showed the pure
anatase TiO2 was found at 130oC. Different calcination time
was found to produce different effects upon the grain size
depending upon calcination temperature. The phase structure of
the powder calcinedtemperature below 600o C is mainly of
anatase type. The phase transformation from anatase to rutile
occurred at about 600o C andboth anatase and rutile phases
observed at 700oC. Obviously, the grain size increases with the
increasing calcination temperatures. With increasing of
calcination temperature the intensities of the peaks increased.
At higher temperature the spherical shape with slight
agglomerated together.The different peaks in PL spectra could
be owing to the recombination of photoinduced electrons and
holes, free or trapped excitons emission and the surface states
and presence of anatase and rutile phases of TiO2. TiO2

Figure 6 SEM photographs of titanium dioxide at (a) 500, (b) 600 and (c)
700o C
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nanoparticles could exhibit an obvious PL peaks at about 450
nm with the excited wavelength of 300 nm possibly resulting
from binding exactions.These properties result in excellent
photocatalytic activity to degrade organic substances and good
sedimentation to recover titanium dioxide.
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