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ABSTRACT

Published: 30-12-2021

TiOznanoparticles and Ag-doped TiO2 nanocomposites (Ag-TiOz2) were synthesized by the Sol-Gel process using
titanium tetra isopropoxide as TiO2 and AgNOs as Ag precursors, respectively. The synthesized nanocomposites were
characterized by XRD, SEM, TEM, FT-IR and UV-Visible analyses. The XRD results show that Ag-doping increases the
grain size from 22 nm to 36 nm. From the UV-Visible spectra, the redshift in absorbance was observed, which indicates
the increase in grain size and reduction in the bandgap. The TEM analysis shows that all the particles are exhibited in the
nanometer range. The synthesized nanoparticles show good photocatalytic activity and they decompose the methyl orange

dye within 5 hours.
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1. INTRODUCTION

In this present century, the synthesis of
nanomaterials is much sought-after, owing to its
extensive applications. Particularly, semiconducting
metal oxide has gained more attention due to its merits
when compared to other materials. Especially,
semiconducting materials such as TiO2 have attracted
more curiosity in photocatalysts, photovoltaic cells,
water purification, gas sensors and biomedical devices
owing to their uniqueness, different band structure, good
mechanical behavior and chemical stability (Fukuda et
al. 2004; Wang et al. 2008). TiO2-based material has been
investigated due to its non-toxicity, high stability and
inexpensiveness (Liu et al. 2010) and also finding
various synthesis routes. Wet chemical synthesis is one
of the fine-tuned methods because of its fascinating
benefits that can be cited when utilizing the Sol-Gel
method:

(1) better control of structure and particle size

(2) better homogeneity in terms of molecular level
(3) selective heating with minimal loss of heat and
(4) relatively compact apparatus.

TiO2 materials have gained attention from
semiconducting researchers worldwide due to their
special  tunable properties and  corresponding
applications. Moreover, TiOz has been widely applied as
a photocatalyst due to its high reactivity, strong oxidizing
power for the decomposition of organic pollutants, non-
toxic, chemical inertness, photo-stability, environment-
friendliness, and low cost (Fox et al. 1993; Burns et al.
2004; Guo et al. 2012; Rajamanickam et al. 2015).

Typically, TiO2 exhibits rutile, brookite and anatase in
three phases. Rapid synthesis of TiO:2 based
nanomaterials with controllable nanostructure with
doping (Ag/La/Graphene) is possible.

The Sol-Gel method was used in this work to
synthesize TiOz nanoparticles. We further generated and
optimized Ag-TiO2 nanocomposites with different
compositions and Ag concentrations ranging from 2.5 to
10 % by weight. The size and form of the nanoparticles
have also been influenced. The impact of the usefulness
of the photocatalytic activity of the catalyst was
analyzed; other ways for nanoparticle production would
be examined further. X-ray diffractometry (XRD),
scanning transmission electron microscopy (STEM) and
energy-dispersive X-ray spectroscopy were used to
analyze the produced nanoparticles (EDX) and
ultraviolet-visible spectroscopy (UV-Vis) and Fourier
Transformation Infrared spectroscopy (FTIR) for
photocatalytic ~ studies. The nanoparticles and
nanocomposites were then tested for their ability to
decompose methyl orange dye over a range of time
intervals and concentrations. Under UV light, the
catalytic degradation performance of pure TiO2and Ag-
TiO2were evaluated.

2. MATERIALS AND METHODS
2.1 Materials
All reagents used were of analytical grade purity

and were procured from Merck Chemical Reagent Co.,
Ltd., India.
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2.2 Synthesis of TiO, Nanoparticles

Titanium tetra isopropoxide (TTIP) was used as
a precursor, Hydrochloric acid (HCI) as a peptizing agent
and ethanol as a solvent medium. HCI was mixed with
ethanol and was stirred for a few minutes. To this
mixture, TTIP was added in the ratio of 1:4:2 and the
stirring was continued for 1 hour at room temperature.
Then 100 ml of distilled water was added, the
temperature was raised to 50 °C and stirred for 3 hours
until the solution changed into a colorless gel. The high-
viscous gel was dried at room temperature to a fine
powder. The resulting powder was heated at 120 °C for 1
hour in a hot air oven. Finally, the colorless powder was
calcined at 400 °C for 2 hours.

2.3 Synthesis of Ag-doped TiO, Nanoparticles

The TiOz solution was prepared by the above-
said method. AgNOs solutions at various concentrations
(2.5 -10%) were added to this solution to form Ag-TiO2
composites.

The concentration of silver nitrate solution was
varied from 2.5 % to 10 % in steps of 2.5%. The total
concentration of the solution was maintained at 0.1
mol/litre. Silver nitrate solution was added to the above
solution with (Ag/Ti) nominal volume proportions 2.5, 5,
7.5 and 10 % and stirring was continued for 3 hours to
form Ag-TiO, nanocomposites. The fine residue was
rinsed with deionized water and dried for 1 hour at
120 °C. The powder was then calcined for 2 hours at
400 °C.

2.4 Characterization of Synthesized TiO,
Nanoparticles and Ag-TiO, Nanocomposites

The optical properties of TiO2nanoparticles and
Ag-TiO2 nanocomposites were characterized by UV-
Visible spectroscopy (Carry 5000 UV-Vis-NIR
spectrophotometer, Varian, USA). The crystalline
structure of synthesized TiO2 nanoparticles and Ag-TiO:
nanocomposites were analyzed using D8 Advance X-ray
diffraction meter (Bruker AXS, Germany) at room
temperature, operating at 30 kV and 30 mA, using Cu Ka
radiation (k = 0.15406 nm), and Scherrer's formula was
used to calculate crystal size. The surface morphology of
synthesized  TiO: nanoparticles and  Ag-TiO:
nanocomposites were characterized using a scanning
electron microscope (SEM) (Model JSM 6390LV, JOEL,
USA). The nanoparticles and composites were viewed
through a transmission electron microscope (TEM)
(JEOL-TEM 2100) at high magnification and exact
particle size was predicated.

2.5 Measurement of Photocatalytic Activity

Experiments were performed with an aqueous
solution of methyl orange with TiO, nanoparticles and
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Ag-TiO, nanocomposites under sunlight radiation. All
the reactions were carried out under pH 9. TiO2/methyl
orange and Ag-TiO:z suspensions were prepared for
10 mg L1 of methyl orange. Prior to sunlight radiation (5
h irradiation), the suspensions were stirred for 30 min to
allow for dye adsorption onto the nanoparticle surface.
10 mL of the sample was collected and centrifuged to
remove nanoparticles and the clear solution was carefully
transferred into a quartz cuvette and the absorption was
evaluated by UV-Vis spectrometer (kmax). The dye
adsorbed after equilibrium time was separated by
centrifugation and the quantity of dye adsorbed was
determined by employing a UV-Visible
spectrophotometer.

3. RESULTS AND DISCUSSION
3.1 SEM and EDAX analysis

TiO, and Ag-TiO; nanoparticles were
synthesized by Sol-Gel synthesis strategy in this research
work. SEM and TEM analysis analyzed the morphology
and microstructure of the nanoparticles. The synthesized
TiO2 and Ag-TiO2 were characterized by SEM analysis,
which revealed the spherical shape of the particles with a
diameter of nanosize to maximum 3.30 um diameter with
a few agglomerations (Fig. 1). It was clearly shown in the
figure (Fig. 1a and 1b) with a different magnification of
TiO,. Fig. 1c and 1d images revealed the presence of
silver nanoparticles to a maximum of 1.54 um with
spherically-grown agglomerated micro and few nanosize
particles. The Ag-TiO2morphology shows a spongy-like
appearance with some dense and smaller grains size
particles than pure TiO2 over there. Further, Fig. le
shows the EDAX analysis that the average atomic
percentage of nano-Ag is around 10% and with TiOzinter
lattice, thus indicating the Ag-ions were inbuilt in TiO2
crystal lattice.

3.2 TEM Analysis

Further evidence of nanostructure can be clearly
identified by transmission electron microscopy (TEM),
which is displayed in Fig 2. (a-b). The synthesized pure
TiO2 and silver-doped TiO2 show several nanometers
maximum 50 nm and 20 nm, respectively. As synthesized
Ag-TiO2 formation of the particles has differed with
respect to silver ion presence. Pure TiO2 was
agglomerated with a mixture of spherical, dendritic, and
a few lower-like shapes compared to Ag-TiO2. The
average diameters of Ag-TiO2 as-synthesized
nanoparticles are around 20 nm than pure TiO2z images,
which is reliable with the SEM images.

3.3 XRD Analysis
Fig. 3 (a and b) shows XRD patterns of the two

synthesized samples, clearly confirming strong
diffraction peaks at 25.6°, 36.2°, 41.2°, 48.4° and 62.57°,
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which correspond to the crystal planes of (1 0 1), (0 0 4),
(200) and (2 0 4), etc. of the standard card of anatase-
type TiO,,(PDF=21-1272) (Jiang et al. 2011). No such
characteristic peaks from the 211 crystal plane of
brookite as well as the 110 crystal plane of rutile pointed
out, the appearance of anatase phase crystals, and
crystalline size is 22 nm. The characteristic peak of the
111 crystal plane of Ag was noted at 25.6°, which was
covered by strong diffraction peaks in the vicinity of the
101 crystal plane of anatase TiO; at 25.6. It revealed that
the doping of silver ions could increase the particle size
of TiO2 up to 36 nm has a significant quantum size effect
so that Ag-TiO, can provide better photocatalytic
behavior (Almquist et al. 2002).
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Fig. 1. (a, b) SEM images of pure TiO:and (c, d) images of Ag-
TiO: nanoparticles (e) EDAX analysis of Ag-TiO:
nanoparticles

Further evidence, in the case of Ag-TiO:2
sample, shows sharp and little broad peak indicates that
crystalline, as well as nanostructure, has built well, which
has good agreement with the results are showed
nanoparticle. Therefore, rutile and brookite phases have
not been detected (Sahu et al., 2011). Further, we
compared the pure TiO2and Ag-TiO2samples only peak
position at 36.1°, which indicates the Ag+ ion dopped in
the TiO2 structure corresponding plan (111). Hence, the
anatase phase possesses a higher effective photocatalyst
character than the rutile phase titania because it has a
more existing vacancy and defect (Abdul Gafoor et al.,
2012). Scherrer's equation calculated the crystallite size
from the full-width at half-maximum (FWHM) of the (1
0 1) diffraction peak.

3.4 FTIR Spectral Analysis

FTIR spectral analysis of the pure TiO, and Ag-
TiO2 nanoparticles is illustrated in Fig. 4 (a and b). The
spectral analysis confirmed that the silver ion behavior
affects TiO; structure. A slight shift in several peaks can
be ascribed to the binding effect of silver ions on anatase
TiO, structure in Fig. 4b. The peaks that appeared at
650 cm* and 1352 cm™* were due to the lattice vibrations
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of TiO; structure, especially Ti-O-Ti Stretching mode of
vibration (Fig. 4a). —OH bending and stretching modes
were also observed at 1627cm? and 3380cm™,
identifying the surface absorbed OH groups and water
molecules (Li et al. 2005). Further, the addition of Ag on
TiO; structural lattice, TiO, structural lattice vibration
observed and shifted from 1400 cm™ to 1335 cm.4, which
indicates the formation of bonding of Ag* ion in the
lattice of TiO; structure. The band at 713 cm™ can
probably be due to Ti-O-Ag's asymmetric vibration (Tom
etal., 2003).

50 nm
—

Fig. 2 (a, b) TEM analysis of pure TiO-and Ag-TiO:
nanoparticles images with different magnification

3.5 UV-Visible Spectrum

UV-Visible spectral analysis of the pure TiO2
and Ag-TiOznanoparticles was illustrated in Fig. 5 (a and
b). The figure shows absorbance at 320 nm and attained
that bandgap of 3.26 eV, for TiO, and Ag-TiO;
nanoparticles shows absorbance at 346 nm and attained
that bandgap of 3.12 eV. The bandgap of TiOz shifted to
the visible region because of Ag doping TiO2. It has
expected that redshift of the bandgap absorption expected
while doping the silver ion on anatase phase TiOs2.
Incorporation of silver in titanium oxide lattice has
further profitability by the same route which has been

utilized to boost the UV-Visible light reaping. Ag-TiO2
nanoparticles have led to an effective photocatalytic
degradation of methyl orange.
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Fig. 3: XRD analysis of pure TiO:and Ag-TiO; samples
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Fig. 4: FTIR analysis of pure TiO;and Ag-TiO2 samples
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3.6 Determination of Surface Area - BET
Method

The BET-specific surface areas of the samples
calcined at 4000C were 54 for TiOz, and it gradually
increases with increasing Ag concentration, and it was
found to be 63 for Ag modified TiO2, respectively. The
characterization of Ag-modified TiO2 materials has been
reported elsewhere. The surface area of the TiO2
increased as a result of Ag concentration. It is possible
that Ag forms clusters within the TiO2 nanoparticle
sphere, thereby displacing some of the TiO2 particles and
increasing the surface area.
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Fig. 6: Photocatalysis analysis of pure TiO.and Ag-TiO:
samples at various time intervel

3.7 Photocatalyst Analysis
3.7.1 Results of Full-spectrum Scan

Fig. 6 shows the full spectrum scan of methyl
orange within a 5 hours reaction at pH 9, dye
concentration 50 mgL-1, TiO2and Ag-TiO2 concentration
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10 mgL*? with particle size 10 nm. The primary
adsorption peaks of the original dye solution are 525 nm
in the spectral range of 300 to 750 nm. As the reaction
time increases, the peaks disappear gradually, and the
full-spectrum scanning pattern changes after 5 hours. At
the end of the 5 hr reaction time, no evident adsorption
peak was observed at 525 nm. The adsorption also
decreased. It indicates that the original chromophores in
the dye solution are decomposed in the photocatalytic
reaction and proves that methyl orange is decomposed in
solar/TiOzand solar/Ag-TiOz systems.

3.8 Investigation on Biodegradability

COD of the water sample before and after
decomposition was estimated by 0.1N K2Cr207 solution.
The COD level decreased from the initial concentration
of 41.5 mg/L to 9.4 mg/L. The data indicate that the non-
biodegradable organic part of the dye molecule was
decomposed and mineralized in the photocatalytic
process during the 5 hours reaction time. It has indicated
that there were fewer organic compounds that were
difficult to biodegrade after the decomposition of methyl
orange.

4. CONCLUSION

TiO2 nanoparticles (TiO2) and Ag-doped TiO2
nanocomposites (Ag-TiOz2) were synthesized by the Sol-
Gel technique. The synthesized nanocomposites were
characterized by XRD, SEM, TEM, FT-IR and UV-
Visible analysis. The XRD results show that doping of
Ag increases the grain size from 22 nm to 36 nm.
Increasing grain size increases the bandgap and surface
area, which shows good photocatalytic activity. The
synthesized nanoparticles decompose the methyl orange
dye within 5 hours.
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