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ABSTRACT

Nanocrystalline TiO, was investigated by solvothermal synthetic method using toluene as a solvent. Titanium
tetra isopropoxide (TTIP) was used as a precursor, which was decomposed at high temperature and precipitated
in toluene. Subsequently, the solution was thermally treated at 250°C for five hours in stainless steel autoclave.
Amorphous Nano TiO, was formed. When these amorphous Nano TiO, was calcinated to 550 C anatase Nano
TiO, crystalline with particle size <20 nm was formed. These amorphous and anatase phase Nano TiO, was
characterized by Powder X-ray diffraction (PXRD), Fourier Transform Infrared Spectroscopy (FTIR), Scanning
Electron Microscope (SEM), Energy Dispersive Spectroscopy (EDS) and Photoluminescence (PL) studies and

the results were discussed.
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I. INTRODUCTION

Titanium dioxide(TiO,), a well-known oxide
semiconductor material, has been extensively studied
owing to its superior physical and chemical
properties in photocatalysis[1]. Moreover, TiO,
isused in solar cells for the production of hydrogen
and electric energy gas sensor, whitepigment (e.g in
paints and cosmetic products), corrosion-protective
coating, an optical coating in ceramics and in electric
devices such as varistors. TiO, also has many
excellent properties such as non-toxicity and long
term stability against photo corrosion [2,3]. TiO, has
three polymorphs: Anatase, Rutile and Brookite.
Numerous methods have been employed for the
controlled formation of crystalline TiO, coatings and
Nanoparticles. Promising technique, for example, a
sol-gel method is primarily used. The hydrothermal
method and solvothermal processing routes based on
alkoxide (M-OR) or titanium (IV) chlorideprecursors
[4-6]. Although the sol-gel method is widely used to
prepare nanometre TiO,, calcinations process will
inevitably cause the grain growth and reduction in
surface area of particles and even induce phase
transformation. Solvothermal synthesis, in which
chemical reactions can occur in aqueous or organic
media under the self-produced pressure at low
temperature (usually temperature lower than 250°C)
can solve these problems encountered during sol-gel
process [7-10].

In this study, we have prepared undoped TiO,,
Ag-doped TiO, Nanoparticles via

solvothermalmethod using Titanium
tetraisopropoxide (TTIP) as a precursor and toluene
as a solvent. In Ag doping, suitable amount of silver

nitrate is dissolved in DMF (N-N-Dimethyl
Formamide) and well mixed with the solvent
(toluene).

Il. EXPERIMENTAL
2.1 Materials

Titanium tetraisopropoxide (TTIP, 97%, Sigma
Aldrich), Toluene (99.8%, HPLC), N-N Dimethyl
Formamide (99.5%, HPLC) and Silver Nitrate.

2.2 Preparation of undoped and Ag-doped Nano
particles

TTIP (TiOCH(CHa),)s, 97%, Aldrich, was
dissolved in toluene (99.8%,HPLC). All reagents
were used without further purification process. 0.5
M of TTIP was mixed with 100 ml toluene in Teflon
lined stainless steel autoclave without stirring (200
ml capacity, 80% filling). Then it was heated to
250°C with a rate of 20 C/min and maintained for five
hours. After cooling gradually to room temperature,
the reacted solution was kept in a beaker for a day.
Now the solution slowly got transformed to gel. The
gel was dried, washed and centrifuged to get TiO,
Nanoparticles. The products were calcinated to 550°C
for crystallization. The final products were
characterized by Powder X-ray diffraction (PXRD),
Fourier Transform Infrared Spectroscopy (FTIR),
Scanning Electron Microscope (SEM), Energy
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Dispersive Spectroscopy
Photoluminescence (PL) studies.

(EDS) and

I1l. CHARACTERIZATION

The prepared Nano TiO, was characterized by
Powder XRD using XPERTPRO diffractometer.
FTIR spectra of the as prepared NanoTiO, were
characterized by Jasco 4100 Spectro Photometer
equipped with ATR. SEM micrographs were
recorded using JEOL Model JSM-6390LV Scanning
Electron Microscope instrument. EDS spectra were
recorded using JEOL Model JED-2300 Energy
Dispersive Spectrometer. The Photoluminescence
spectra of the as prepared samples were recorded
using VARIAN-CARY  Eclipse  Fluorescence
Spectrophotometer.

IV. RESULTS AND DISCUSSION

4.1. Powder XRD analysis

Fig.1 Shows the Powder X-ray diffraction
(PXRD) patterns of TiO, Nanoparticles prepared via
solvothermal synthesis and is calcinated to 550°C.
As prepared TiO, showedno peaks, and had the
characteristic appearance of an amorphous material.
The samples treated to 550°C were crystallized. This
showed the peaks at 20 values about 25.58, 38.04,
48.30, 54.13, 55.24, 69.04, 70.52 and 75.31. These
values corresponds to the Miller indices of (1 0 1), (0
04),(200),(105),(211),(116),(220)and (21
5) planes, respectively. The observed peaks
correspond to the anatase crystalline phase of TiO..
The data obtained is in good agreement with standard
JCPDS (JCPDS 21-1272) data of anatase crystalline
phase of TiO,.

—TiOp : Ag 5%
—Ti0p 1 Ag 3%

— Calcinated TiOp
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Fig 1. Powder XRD spectrum of the as prepared and
Ag-doped TiO,Nanoparticles.

The crystallite size can be determined from the
classical Scherrer formula, D=K A / B cos 6, where, D
is the crystallite size, A is the wavelength of the X-ray
radiation (Cu Ko-1 radiation=1.54060 A), K is the
Scherrer constant (usually taken as 0.9) for spherical
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shape, and B is the full width at half-maximum
height, 6 is the Bragg’s diffraction angle [11].
Average crystallite size of the as prepared and Ag-
doped Nano TiO; is in the range between 17-20 nm.
There is no impurity peak observed in the as prepared
and Ag-doped TiO, Nanoparticles confirm that the
samples are in pure form.

4.2 FTIR Analysis
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Fig 2. FTIR spectrum of the as prepared and Ag-
doped TiO, Nanoparticles.

Fig.2 shows the FTIR spectrum of as prepared
and Ag-doped TiO,Nanoparticles. The peaks around
2922 cm™ and 2850 cm™ denoted as C-H vibration
mode of CH, groups. Peak at 2922 cm™ assigned to
antisymmetric and 2850 cm™ assigned to symmetric
mode. The peaks around 630 cm™ assigned to the
characteristic vibrations of Ti-O-Ti network in
titanium dioxide [12]. The broad peak at 3433 cm™
corresponds to the stretching vibration of hydroxyl
groups in water and the H-O-H bending mode at
1630 cm™ is also water characteristic [13].

4.3 SEM Micrograph Analysis
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Fig 3. SEM micrograph of the as prepared
TiO,Nanoparticles.
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20kV  X1,500
Fig 4. SEM micrograph of the as prepared calcinated
TiO,Nanoparticles.
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Fig.3, 4, 5 and 6 show the SEM micrograph of
the as prepared and Ag-doped TiO,Nanoparticles. All
these images have the same morphology. The
morphology has different shapes of grains with
irregular boundaries. With increasing the Ag loading
concentration, the morphology slightly changes with
mixing of Nano clusters and grain boundaries. From
the SEM images, the average size of the grains is
found to be in the range of 7-14 um.
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Fig 5. SEM micrograph of the 3 wt% Ag-doped
TiO,Nanoparticles.
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Fig 6. SEM micrograph of the 5 wt% Ag-doped
TiO,Nanoparticles.
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The same morphology was obtained previously
by N. Bahadur and et.al. using Titanium isopropyl
orthotitanate as a precursor and propanol as a solvent
with AgNO; as a dopant material.

4.4 EDS Analysis

Fig.7shows the EDS spectrum of the as prepared
TiO,Nanoparticles. The spectra show the only
elements Ti and O. Fig. 8 shows the EDS spectrum of
Ag-doped TiO,Nanoparticles. The peaks of Ag, Ti
and O can be clearly seen in the EDS spectra, which
indicate that the Nanoparticles contain Ti, Ag and O
elements.
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Fig 7. EDS spectra of the as prepared
TiO,Nanoparticles.
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Fig 8. EDS spectra of the Ag-doped
TiO,Nanoparticles.

The presence of signal of Au can be ascribed to
the Au grid. There is no impurity peaks present in the
EDS spectra. This proves that the prepared samples
are in pure form like XRD analysis.

4.5 PL Analysis

Fig.9 Shows the PL spectrum of the as prepared
and Ag-doped TiO, Nanoparticles.PL spectra of as
prepared and Ag-doped Nanoparticles show that the
position of the peaks is almost similar except the as
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prepared TiO, Nanoparticles. But the PL intensity of
the as prepared TiO, is higher than the PL intensity of
3 wt% Ag -TiO, and 5 wt% Ag -TiO,. It implies that
the recombination of charge carriers is effectively
suppressed by the doping material Ag [15].
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Fig 9. Photoluminescence spectrum of the as
prepared and Ag-doped TiO,Nanoparticles.

The excitation wavelength of the as prepared
TiO,was found to be at 378 nm. Using this
wavelength the bandgap of the as prepared sample is
obtained as 3.28 eV. Similarly, other excitation
wavelength of calcinated, Ag-doped TiO, is observed
at 392,388 and 392 nm. Hence, the bandgap values of
Ag-doped TiO,Nanoparticles changes from 3.16 to
3.20eV.

V. CONCLUSIONS

TiO,Nano particles  were successfully
synthesized by solvothermal method using Titanium
tetra isopropoxide and Toluene. They were calcinated
to 550°C to get anatasecrystalline form of TiO,. The
calcinated TiO,Nanoparticles were characterized by
Powder XRD, FTIR, SEM, EDS and PL analysis.
The Powder XRD spectra reveal that anatase
crystalline phase is the main phase of TiO, Nano
particles. FTIR spectra displayed the peaks attributed
to the presence of C-H groups at 2922 cm™and
2850 cm®. SEM image displayed the uniform
morphology of all these as prepared and Ag-doped
TiO,Nanoparticles. EDS spectra confirm the samples
are in pure form. Decrease of Photoluminescence
intensity reveals the suppression of electron-hole
recombination by the dopant material Ag. Also, using
PL excitation wavelength, the bandgap of the as
prepared TiO, and Ag-doped TiO, are found to be
3.28 eV and 3.16 eV.
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