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Abstract

Titanium dioxide nanocrystals were synthesized by sol-gel method at room temperature. Titanium isoprophoxide
and absolute ethanol were used as precursors to prepare the sol. The pH of the solution was adjusted by adding
nitric acid and sodium hydroxide solution. The prepared TiO, nanocrystals were annealed at 325°C, 425°C and
525°C respectively. The effect of pH on the surface morphology and structural properties of TiO, nanocrystals

were studied.
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1. Introduction

Nowadays several techniques are used for waste
water treatment among them photo catalysis has
become very popular. Compared with all other wide
band gap semiconducting materials TiO,
nanocrystals alone have gained attention in various
applications like photovoltaic, electro-optical,
micro mechanical, photo catalytic and sensor
devices. Among these, the most important
application is dechloridization of organic pollutants
present in water. TiO, nanocrystals can also be used
for decomposition and mineralization of some
persistent organic pollutants such as phenols,
chlorophenols, pesticides, herbicides, benzenes,
humic acids and others (Lin et al, 2009,
Senthilnathan et al., 2009; Perchet et al., 2009;
Vilar et al., 2012; You et al., 2012), as well as for
water and air purification (Antoniadou et al., 2009;
Han et al., 2009; Zhang et al., 2010; Liang et al.,
2012). Due to their high chemical stability, non-
toxicity and good heat resistance TiO, nanocrystals
are being used in electronic, anti bacterial (Oh et
al., 2009; Fu et al., 2005) and self cleaning
applications (Kamegawa et al., 2012; Lai et al,,
2012; Wang et al., 2006). TiO, has three crystalline
structures: anatase, rutile and brookite (Park et al.,
2009; Zheng et al., 2000). The anatase TiO,
nanocrystal shows greater photo catalytic activity
than rutile and brookite structures (Diebold 2002).
Many researchers have agreed that anatase TiO,
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nanocrystal possesses the best photocatalytic
properties for pollutant removal with high activity,
high stability, low price and nontoxicity (Tian et al.,
2012). The TiO, nanocrystal was prepared by
various techniques such as chemical bath deposition
method (Maleki et al., 2007), hydrothermal method
(Ovenstone et al., 1999) and sol- gel method (Vilar
et al., 2012; Liang et al., 2012; Pucher et al., 2007).
Out of these methods, the sol-gel method is a
simple, inexpensive, non-vacuum and low
temperature technique for synthesizing
nanocrystals. This process offers many advantages
like, excellent control of the stoichiometry of
precursor solutions, ease of compositional
modifications, customizable micro structure, ease
of introducing various functional groups and
requires relatively low annealing temperatures. In
recent years the ways to improve the photocatalytic
properties of TiO, have been widely implemented.
The surface morphology of TiO, and pH condition
which is used during the preparation plays a major
role in photocatlysis. Senthil et al., 2010, have
prepared and reported anatase TiO, nanocrystalline
films using sol-gel spin coating method for
different concentrations of ethanol and acetic acid.
Zhang et al., 1998, have prepared pure and doped
nanocrystalline TiO, for photocatalysts using
versatile wet-chemical process and they reported
the role of particle size for the photocatalytic
application. Pettibone et al., 2008; synthesized TiO,
nanoparticles with different size using various pH
values and reported the importance of these factors
for adsorption of organic acids. To the best of our
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knowledge, however, there is no systematic study
focusing on the effect of annealing and pH values
on the surface morphology and structural properties
of sol-gel derived TiO, nanocrystals. So the aim of
the present work is to investigate the effect of
different pH values and annealing temperatures on
the surface morphology and structural properties of
TiO, nanocrystals. Since the surface morphology of
the nanocrystals plays an important role in the
adsorption of dye molecules for photocatalytic
applications.

2. Experimental

Titanium isopropoxide (Alfa Aaser 99.9%) is used
as titanium precursor; the matrix sol was prepared
by mixing titanium isopropoxide (2 ml) with 10 ml
absolute ethanol (Hayman 99.9%) and dilute nitric
acid at room temperature. Nitric acid and sodium
hydroxide are used to change the pH of the
solution. The molar ratio of the titanium
isopropoxide and ethanol is 1:5 respectively. The
solution was stirred for 3 hours at room
temperature. After 3 hours, the suspension was
centrifuged and washed with water and ethanol
several times to remove the impurities present in
the sample. After centrifugation, the samples were
dried at room temperature. The TiO, nanocrystals
were synthesized using different pH conditions
(2.6, 7 and 10.6). The prepared samples were
annealed at 325°C, 425°C and 525°C for 1 hr using
a heating rate of 2°C/min.

The structural properties of the prepared TiO,
nanocrystals have been studied by using x-ray
diffractometer (PANalytical) with a copper Ka (A
=1.5406A) radiation. The surface morphology and
features of the nanocrystal are examined by
scanning electron microscopy (Hitachi S-500).
Optical  characterization of the prepared
nanocrystals has been carried out by using UV-
VIS-NIR spectrophotometer (JascoV-570).

3. Resultsand discussion

X-ray diffraction pattern has been applied to
investigate the phase of the prepared TiO,
nanocrystals. The X-ray diffraction patterns of TiO,
nanocrystals prepared using different pH values and
annealed at different temperatures are shown in Fig.
1.
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Fig. 1. X-ray diffraction patterns of TiO, nanocrystals
prepared using different pH values and annealed at
different temperatures

Typical peaks in XRD pattern are observed at 20
values of 25.28°, 30.86°, 37.90°, 47.97°, 53.89°,
55.29°, and 62.61° which are assigned to (101),
(121), (004), (200), (105), (211) and (204) planes of
anatase TiO,, and are in agreement with JCPDS
data (84-1285, 1286). It should be noted that for all
three pH values the formation of nanocrystals
appeared when the annealing temperature was
increased above 325°C. The intensity of the
diffraction peaks has been observed to increase
with increase of the heat treatment temperature.
This is due to the improvement in the crystalline
nature of the prepared TiO, nanocrystals with
increase  of annealing temperature. TiO,
nanocrystals synthesized at pH =10.6 and annealed
at 325°C shows an additional peak at 26=30.9°.
This peak belongs to brookite phase and
corresponds to (121) reflection. It is in good
agreement with JCPDS data (00-003-0380). This
may be due to addition of NaOH in the precursor
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sol to increase the pH (Kobayashi et al., 2011). The
brookite phase (121) has disappeared at higher
annealing temperatures. From Fig. 1, it is clearly
seen that the intensity of (101) reflection increases
with increase of pH value of the precursor solution.
This shows the grain growth. The particle size is
calculated using Scherer’s formula (Que et al.,
2006) and the derived values are tabulated in Table
1. It is clear from the data in the tabular column that
the particle size increases in proportion with
annealing temperature, and pH condition of the
precursor solution. This is due to the agglomeration
of TiO, particles at higher pH values. At higher
temperatures the availability of OH" ions are more.

Tablel. Particle size of the TiO, nanocrystals
prepared using different pH values and annealed at
different temperatures.

H Particle size (nm)

P T325°C 425°C  s25°C
2.6 6.80 6.98 18.18
7.0 8.53 10.17  20.70
10.6 11.60 1430 22.00

When the TiO, nanocrystals react with the OH’,
dissolution occurs in the TiO, nanocrystals and this
affects the grain growth (Alias et al., 2010).

Figure 2 (a-i) shows the SEM image of TiO,
nanocrystals prepared using different pH values and
annealed at different temperatures.
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Fig. 2. (a, b, ¢) SEM images of TiO, nanocrystals
prepared using pH=2.6 and annealed at 325°C, 425°C
and 525°C respectively

Fig. 2. (d, e, f) SEM images of TiO, nanocrystals
prepared using pH=7 and annealed at 325°C,425°C and
525°C respectively

Fig. 2. (g, h, i) SEM images of TiO, nanocrystals
prepared using pH=10.6 and annealed at 325°C, 425°C
and 525°C respectively
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The SEM images clearly shows that the grain size
of the TiO, nanocrystals increases with increase of
pH values and is in good agreement with the XRD
results. The crystallization growth also increases
with increase of annealing temperature. The particle
size seems to be greater than XRD data. This is
because some aggregation has occurred during
synthesis process. In a particular temperature
(example 425°C), the increase of pH value has been
found to affect the surface morphology of the
nanocrystals and it also increases the agglomeration
of particles. For all the pH values nanocrystals
annealed at higher temperature are found to exhibit
a more clear surface morphology. The nanocrystals
annealed at 325°C contain grains of smaller size.
When the annealing temperature is raised to 425°C
and 525°C, the grain size is found to increase.

Figure 3(a-c) shows the absorption spectra of the
TiO, nanocrystals prepared using different pH
values and annealed at different temperatures. For a
particular annealing temperature (consider 525°C),
the absorption edge of the UV-Vis absorption
spectra is found to be red shifted (towards longer
wavelength) with increase of pH values. This is due
to the fact that increase of pH values varies with the
grain size and the amount of light absorbed on the
surface.
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Fig. 3. Absorption spectra of TiO, nanocrystals prepared
using different pH values and annealed at different
temperatures

The changes in their surface morphology and
particle size are confirmed by XRD and SEM
analysis. It is also observed that for a particular pH
value (consider 2.6), the absorption of the
nanocrystals decreases with increase of annealing
temperature. This can be ascribed to the formation
of larger particles, which causes the scattering of
light. By the extrapolation of the absorption edge
onto the x-axis the band gap of the samples has
been calculated and is tabulated in Table 2.

Table 2. Band gap value of the TiO, nanocrystals
prepared using different pH values and annealed at
different temperatures

pH  Band gap for different temperatures (eV)

325°C 425°C 525°C
26 3.722 3.702 3.698
7.0 3.703 3.702 3.680
10.6  3.670 3.645 3.630

The estimated values are in agreement with the
reported values (Senthil et al., 2013). It is clearly
observed that the band gap value decreased with the
increase of annealing temperature. This is due to
the formation of larger particles at higher
temperature, these larger particles scatters more
light.

4, Conclusion

TiO, nanocrystals were synthesized from sol-gel
method at three different pH values. The prepared
TiO, nanocrystals are annealed at three different
temperatures. The x-ray diffraction results show
that the pH of the precursor solution and annealing
temperature affect the particle size of the TiO,
nanocrystals. There is no appreciable phase change
that takes place in the TiO, nanocrystals prepared at
pH=7 of the precursor solution. TiO, nanocrystals
prepared at pH= 10.6 and annealed at 525°C show
what the minimum band gap value would be, such
as 3.630 eV.
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