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Abstract

Fe-doped TiO, nanoparticles were synthesized by sol-gel method. The synthesized nanopowders were
characterized by powder X-ray diffraction (XRD), Scanning Electron Microscope (SEM), Transmission Electron
Microscopy (TEM), Ultraviolet Visible (UV-Vis) and Dielectric studies. The crystallite size and phase were determined
by X-ray diffraction (XRD) analysis. The morphology and particle size were studied using the scanning electron
microscope (SEM) and transmission electron microscopy (TEM). There is a slight variation in numerical value of
crystallite size measured by the two techniques: TEM and XRD peak broadening. The optical properties were obtained
from UV-Vis absorption spectrum. The UV-Vis absorption spectrum demonstrated an absorption shift in Fe-doped TiO,
nanoparticles to longer wavelengths, thus showing an enhancement of the absorption in the visible spectrum. The
dielectric studies were carried out at different frequencies and at different temperatures for the prepared Fe-doped
TiO, nanoparticles. The frequency dependence of the dielectric constant and dielectric loss is found to decrease with

an increase in the frequency at different temperatures.
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Introduction

In recent years, intense effect was focused on preparation of
metal oxide nano crystals due to their noticeably different physical
and chemical properties with respect to the bulk materials. Titanium
dioxide (TiO,) is of enormous attention in technological applications
due to its morphology and crystalline phase. TiO, has been broadly
considered regarding various applications, utilizing the photo catalytic
and transparent conductivity, which strongly depend on the crystalline
structure, morphology and crystallite size [1-3]. Sol-gel is one of the
most exploited techniques; it is used mostly to produce thin film and
powder catalysts. Many studies revealed that different variants and
modifications of the process were used to create pure thin films or
powders inlarge homogeneous concentration and under stoichiometry-
control [4]. Sol-gel technology finds applications in the development
of new materials for catalysis [5-7], chemical sensors [8], membranes
[9], fibers [10], optical gain media [11], photochronic applications
[12] and solid state electrochemical devices [13], and in a diverse
range of scientific and engineering fields, such as ceramic industry,
nuclear industry [14], and electronic industry [15]. In the present
investigation, we report the synthesis and characterization of Fe-doped
TiO, nanoparticles by the sol-gel method. The prepared Fe-doped TiO,
nanoparticles are characterized by X-ray diffraction, scanning electron
microscopy (SEM), transmission electron microscopy (TEM) and UV
analysis. The dielectric properties for Fe-doped TiO, nanoparticles
such as dielectric constant and dielectric loss have been studied as a
function of frequency and different temperatures.

Experimental Procedure

Titanium (IV) isopropoxide, ferric chloride has been used as
starting materials and ethanol was used as solvent. Initially, titanium
(IV) isopropoxide was dissolved in ethanol, mixed with ferric chloride
by stirring for 30 min at room temperature and followed by adding
droplets of ammonia into the solution. Finally, distilled water was
slowly added to the solution by stirring for 30 min. The solution was
dried at 120°C for 24 h and calcined at the temperature 500°C for 3 h to
obtain Fe-doped TiO, nanopowder.

Material Characterization

The XRD pattern of the Fe-doped TiO, nanoparticles was recorded
by using a powder X-ray diffractometer (Schimadzu model: XRD 6000
using CuKa (A=0.154 nm) radiation, with a diffraction angle between
10° to 80°. The crystallite size was determined from the broadenings of
corresponding X-ray spectral peaks by using Debye Scherrer’s formula.
Scanning Electron Microscopy (SEM) studies were carried out on JEOL,
JSM-67001. The optical absorption spectrum of the Fe-doped TiO,
nanoparticles has been taken by using the VARIAN CARY MODEL
5000 spectrophotometer in the wavelength range of 200-800 nm. The
dielectric properties of the Fe-doped TiO, nanoparticles were analyzed
using a HIOKI 3532-50 LCR HITESTER over the frequency range 50
Hz-5 MHz.

Results and Discussion

Structural analysis

X-ray diffraction is a most common technique for the study of
crystal structures and atomic spacing. The material has been identified,
X-ray crystallography may be used to determine its structure, average
particle size, unit cell dimensions and sample purity. The X-ray
diffraction patterns of Fe-doped TiO, nanoparticles are shown in
Figure 1. All the observed peaks could be indexed according to the
tetragonal structure of TiO,. The broad peaks indicate either particles
of very small crystalline size, or particles are semi crystalline in nature
[16]. The average nano-crystalline size (D) was calculated using the
Debye-Scherrer formula,
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Figure 2: SEM Image of the Fe-doped TiO, nanoparticles.

1)

where ) is the X-ray wavelength (CuKa radiation and equals to 0.154
nm), 0 is the Bragg diffraction angle, and  is the FWHM of the XRD
peak appearing at the diffraction angle 8. The average crystalline size is
calculated from X-ray line broadening using Debye-Scherrer equation
to be about 15.2 nm which agrees well with the reported value of 15
nm [17].

Scanning Electron Microscopy (SEM) analysis

External morphology, chemical composition, crystalline structure
and orientation of materials making up the sample are revealed by
SEM. The morphology of the Fe-doped TiO, nanoparticles is shown
in Figure 2. It presents the clear evidence that of the particles, uniform
sized particles are spherical in shape. The image reveals that the average
size of the particles is 14.3 nm which is good agreement with reported
values of the average size was about 10-15 nm [18].

Transmission Electron Microscopy (TEM)

TEM is commonly used for imaging and analytical characterization
of the nanoparticles to assess the shape, size, and morphology. The
transmission electron microscopic analysis was carried out to confirm
the actual size of the particles, their growth pattern and the distribution

of the crystallites. Figure 3 depicts TEM photograph for the synthesized
Fe-doped TiO, nanoparticles that proves formation of nanoparticles.
Shape of crystallites is spherical in Fe- doped TiO, nanoparticles. It is
evident from the micrographs that the average size of the particles as
directly measured from the image is ~14 nm. The different numerical
value of particle size is obtained for the Fe- doped TiO, nanoparticles
from XRD and TEM technique.

UV-Visible absorption spectrum

Optical absorption measurement was carried out on Fe-doped TiO,
nanoparticles. Figure 4 shows the variation of the optical absorbance
with the wavelength of the as prepared Fe-doped TiO, nanoparticles.
The optical absorption coefficient has been calculated in the wavelength
range of 200 - 800 nm. The absorption edge has been obtained at a
shorter wavelength. The broadening of the absorption spectrum could
be due to the quantum confinement of the nanoparticles. The UV-Vis
spectrum of the Fe doped-TiO, nanoparticles show the shift of the
wavelength maximum towards the red light zone and this shift depends
on the iron content in the lattice [19].

Dielectric studies

The dielectric constant and the dielectric loss of the Fe-doped
TiO, nanoparticles were studied at different temperatures using the
HIOKI 3532 LCR HITESTER in the frequency region 50 Hz-5 MHz.
The dielectric constant was measured as a function of the frequency at

Figure 3: TEM image of Fe-doped TiO, nanoparticles.
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Figure 4: Optical absorbance spectrum of Fe-doped TiO, nanoparticles.
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Figure 5: Variation of the dielectric constant against log f.
300
—a— 40°C
2504 —e— 80°C
. 2004
3
e
£ 150
.
o)
100
50 4
0 1 1 T T 1 T
2 3 4 5 6 7
log f

Figure 6: Variation of the dielectric loss with log f.

different temperatures as shown in Figure 5, while the corresponding
dielectric losses are depicted in Figure 6. Figure 5 shows the plot of the
dielectric constant (g ) versus applied frequency. It is observed Figure
5 that the dielectric constant decreases exponentially with increasing
frequency and then attains almost a constant value in the high frequency
region. Fe content TiO, nanoparticles show exceptionally high values
of dielectric constant at very low frequencies. This value decreases
continuously as the frequency is increased. The value of dielectric
constant for Fe doped TiO, nanoparticles at low frequency [20]. This
also shows that the value of the dielectric constant increases with an
increase in the temperatures. The involvement of the decrease in the
dielectric constant due to electronic polarization is quite less. Dipolar
polarization is also predictable to decrease with temperature as it is
inversely proportional to temperature. The contribution to polarizability
of the space charge depends on the purity of the nanoparticles. At low
temperature and high frequency, we may take it as small. However, it is
significant in the low frequency region. As the temperature increases,
the contribution of the space charge effect towards polarization may
have a tendency to increase [21]. The dielectric loss considered as a

function of frequency at different temperatures is shown in Figure
6. These curves suggest that the dielectric loss is strongly dependent
on the frequency of the applied field, similar to that of the dielectric
constant. Dielectric loss is observed at very low frequencies which
gradually decrease towards stable value with the increase in frequency
in Fe doped TiO, nanoparticles [20]. The dielectric loss decreases with
an increase in the frequency at almost all temperatures, but appears to
achieve saturation in the higher frequency range of 1 MHz and above,
at all the temperatures. In the low frequency region, high energy loss is
observed, which may be due to the dielectric polarization, space charge
and rotation direction polarization occurring in the low frequency
range [22].

Conclusion

Fe-doped TiO, nanoparticles have been synthesized using the
sol-gel method. The formation of Fe-doped TiO, nanoparticles was
confirmed by X-ray diffraction (XRD). The size and morphology
of the samples were characterized using scanning and transmission
electron microscopy (SEM and TEM). The SEM analysis reveals
that the morphology of Fe doped TiO, was smooth and well defined
spherical shape with grain size 14.3 nm. The size of the Fe-doped
TiO, nanoparticles was characterized using transmission electron
microscopy (TEM). The transmission electron microscopic analysis
confirms the prepared Fe-doped TiO, nanoparticles with the particle
size of around 14 nm. The optical properties were studied by the UV-
Vis absorption spectrum. The UV-Visible shows Fe doped titanium
nanoparticles extend the absorption edge to the visible light range and
make the red shift more distinct. The variation of dielectric constant
and dielectric loss with frequency and temperature for Fe-doped TiO,
nanoparticles were analyzed. Initially, the dielectric constant decreases
with the increase in frequency and stabilises to a constant value at
higher frequencies.
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