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ABSTRACT

Undoped and silver-doped titanium dioxide (TiO,) nanoparticles are prepared by the Sol-Gel process using Titanium iso-

propoxide (TTIP) as a precursor. The synthesized nanoparticles are characterized by powder X-ray diffraction (PXRD),

Fourier transform infrared spectroscopy (FT-IR), UV-VIS spectroscopy and photocatalytic studies. The powder X-ray

diffraction characterization results showed that the thermal treatment at 500 °C leads to the formation of anatase-rutile

mixed phase TiO, nanoparticles. The formation of TiO, nanoparticles is also confirmed from the dominant FT-IR peaks

observed below 650 cm™'. The UV-VIS spectroscopy shows that the silver-doping causes narrowing the optical band gap

value of ~2.89 eV. Photocatalytic investigation shows that the silver-doping leads to higher degradation efficiency of

86.35%.
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1. INTRODUCTION

Titanium  dioxide a well-known semiconducting
nanomaterial found major applications in the field of
photocatalysis [1]. TiO, exist in three polymorphs
namely, anatase, rutile and brookite. Due to the large
bandgap (~3.2 eV) values of these three crystallographic
forms their potential applications excellent only in the
UV region [2]. The major factor which affects the
photocatalytic efficiency is rapid recombination of
photogenerated electron-hole pairs [3]. One of the
effective ways for splitting-up of this photogenerated
electron-hole pair is doping with silver ions [4].
Numerous methods such as ball-milling [5], combustion
method [6], microwave method [7], solvothermal
method [8], hydrothermal method [9], and sol-gel
method [10] have been adapted to synthesize silver doped
TiO,nanoparticles. Among these methods, the sol-gel
process is the most promising technique for synthesizing
silver-doped TiO,nanoparticles.In this paper, nanosized
undoped and silver-doped TiO, nanoparticles are
prepared by the sol-gel technique. The structural
properties of the nanosized undoped and silver-doped
TiO,nanoparticles are characterized by PXRD and FT-IR.

The optical property of these samples was investigated by

UV-VIS Kubelka-Munk absorption. The photocatalytic
silver-doped ~ TiO,

nanoparticles are investigated by the photodegradation of

efficiency of undoped and
methyl orange (MO) solution under visible light

illumination.

2. EXPERIMENTAL

2.1. Materials

Titanium  tetra-isopropoxide (TTIP, 97%, Sigma
Aldrich), Ethanol (RANKEM), Deionized water, Silver
Nitrate (Merck).

2.2. Preparation of TiO,Nanoparticles

Undoped and silver-doped TiO, nanoparticles are
prepared by the simple sol-gel route by using the
precursor TTIP and deionized water. In this procedure,
10 ml of deionized water is added to 100 ml of ethanol
taken in a beaker under room temperature. The mixed
solution is stirred well up for ten minutes. Now the pH
of the solution is adjusted in the acid range by using nitric
acid. Then 15 ml of TTIP is added dropwise to the above
mixed solution. While adding TTIP hydrolysis reaction
takes place and the TiO, nanoparticles are obtained in the
form of a gel in the beaker. The gel is filtered, dried,
powdered and calcinated to 500 °C. For the silver-doping
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suitable amount of doping material (1 wt% Ag+) is added
to the water and dissolves before mixed with ethanol.

2.3. Characterization

The synthesized undoped and silver-doped TiO,
nanoparticles are characterized by various sophisticated
techniques. Powder X-ray diffraction (PXRD) spectra are
recorded by using XPERTPRO diffractometer with
diffraction angle 20 in the range10-80° using Cu-Ka
radiation of wavelength 1.54060 A. FTIR spectra are
recorded by using BRUKER-TENSOR 27 model FTIR
instrument. UV-VIS diffuse reflectance spectra are carried
out by using the VARIANCary 500 Scan model
spectrometer.

2.4. Photocatalytic activity

The photocatalytic activity of undoped and silver-doped
TiO, nanoparticles are evaluated by checking over the
degradation of azo dye methyl orange (MO) under visible
light (18 W, fluorescent lamp) excitation. For this typical
study, 50 ml of 10 ppm aqueous MO solution is taken in
a 100 ml beaker. 0.1 g of undoped and silver-doped
powdered TiO, nanoparticles are dispersed separately in
this solution. The solution is irradiated with UV light up
to 210 min. Every 30 min, 5 ml of MO solution is taken
out and is centrifuged immediately to remove the
catalyst. The degradation efficiency of undoped and
silver-doped TiO,nanoparticles is viewed through UV-
Vis absorption spectra of MO solution. The standard
curve between concentration and absorption, the value of
((C-C/Cy) x 100%) is calculated, signified as the
degradation percentage. Figure (1) shows the image of
the photocatalytic experimental reactor.
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Fig.1: Image of the Photocatalytic Experimental
Reactor

3. RESULTS AND DISCUSSION

3.1. Powder X-ray diffraction Analysis

Figures (2&3) show the PXRD patterns of undoped and
silver-doped TiO, nanoparticles. The peaks are very
sharp which specifies that the crystallinity is increased
due to calcination. Both the spectra shows anatase-rutile
mixed-phase TiO,with high-intensity peaks of rutile and
lower intense peaks of anatase phase.
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Fig. 2: PXRD pattern of undoped TiO,
nanoparticles
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Fig.3: PXRD pattern of silver-doped TiO,

nanoparticles

The spectrum of undoped TiO,shows twelve peaks
appears at 20 values 27.63, 36.27, 39.38, 41.43, 44.21,
54.49, 56.80, 62.91, 64.25, 69.13, 69.94, and 76.68 are
nominated as (1 10), (101), (200), (111), (210), (2
1 1), (220), (002), (310), (30 1),(112),and (2 02)
planes of rutile phase, respectively. Furthermore, The
spectrum of silver-doped TiO,shows twelve peaks exist
at 20 angles at 27.57, 36.22, 39.26, 41.36, 44.13,
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54.45, 56.74, 62.82, 64.16, 69.07, 69.86and 76.59 are
corresponding to the planes of rutile phase(1 1 0), (1 0
1),(200), (111),(210),(211),(220),(002), (31
0), 30 1),(1 12),and (2 0 2), respectively [11]. The
undoped TiO, spectrum shows five characteristic
diffraction peaks of anatase about 20 values at 25.50,
38.04, 48.24, 55.32, and 75.23,
corresponding to the Miller indices of planes (1 0 1), (1 1
2),(200), (211),and (2 15), respectively. The silver-
doped TiO, spectrum shows three characteristic

which are

diffraction peaks of anatase about 20 values at 25.41,
38.11, and 47.81 are assigned to the Miller indices of
planes (1 0 1), (1 1 2), and (2 0 0), respectively
[12].Moreover, in the case of silver-doped TiO,spectrum
the peaks of anatase are suppressed which suggests that
the doping with silver ions promote the phase
transformation from anatase to rutile at lower
temperature calcination which agrees with the previous
findings of silver-doped TiO,nanoparticles [13]. The
fraction of anatase-rutile is determined by the Spurr-
Myers equation [14],

W, =100/ (1+1.2651,/1,) (1)
W, =100 / (1+0.8 1,/1,) (2)

Where, W, and W, are the weight percentage of rutile
and anatase. I, is the intensity of anatase peak and I is
the intensity of rutile peak. For undoped

TiO,nanoparticles the anatase-rutile weight ratio
calculated from the above relation is 18:72, and for
silver-doped TiO,nanoparticles, it is found to be 3:97.

The average crystallite size of the undoped and silver-
doped TiO,nanoparticlesis determined by the familiar

Scherrer formula [15, 16],
C, = 0.9A / Pcosd 3)

Where C, is the average crystallite size, A is the
wavelength of X-ray, B is the full-width half maximum
(FWHM) and 0 is the Bragg’s angle of diffraction. The
crystallite size obtained from the above formula is 54 and
60 nm for undoped anatase and rutile phase TiO,
nanoparticles, respectively. Which is calculated from the
(1 0 1) plane of anatase and (1 1 0) plane of rutile phases,
correspondingly. For silver-doped TiO,nanoparticles, it is
estimated at 40 and 70 nm for anatase and rutile phase,
respectively. Moreover, the ionic radius of Ag'ion (1.26
A) is much larger than Ti*"ion(0.74A) as a consequence
that the silver ions cannot replace the Ti*"ions.Hence,

the silver ions are distributed on the surface of TiO, [17-
20].

3.2. FT-IR Analysis
Figure (4) shows the FT-IR spectrum of undoped TiO,
nanoparticles. The spectrum displays two low intense
peaks located at 3426 and 1623 cm’' the former is
assigned to surface adsorbed water and later is assigned to
O-H group. In addition to this, the spectrum flashes two
high-intensity peaks exist at 659 and 537 cm’' which is
attributed to stretching modes of Ti-O bonds [21-23].
The silver-doped FT-IR spectrum (Figure (5)) have been
seemed to be identical bands with a slight shift in peak
positions. The peaks appear below 650 cm’ are assigned
to Ti-O and Ag-O vibrations [24]. These assessments
agree with the previous findings [25].
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Fig. 4: FI-IR spectrum of undoped TiO,
nanoparticles
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Fig. 5: FI-IR spectrum of silver-doped TiO,
nanoparticles
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3.3. UV-VIS spectral Analysis
In order to examine the optical band gap of the
synthesized undoped and silver-doped TiO, nanoparticles
diffuse reflectance spectral studies in the UV-VIS region
is performed.
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Fig. 6: UV-VIS Kubelka-Munk
spectrum of undoped TiO,nanoparticles (Inner

absorption

graph - corresponding Tauc Plot)
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Fig. 7: UV-VIS Kubelka-Munk absorption
spectrumof silver-doped TiO,nanoparticles

(Inner graph - corresponding Tauc Plot)

The diffuse reflectance spectrum is transformed into the
Kubelka-Munk absorbance F(R) by using the relation
[26],

F(R) = (1-R)’/ 2R 4)

The optical band gap value of undoped and silver-doped
TiO, nanoparticles are evaluated from the Tauc’s
relationship [27-31],

[F(R)hv]'= B (hv-E,) (5)

Where hv is the energy of the photon, B is the constant
of proportionality, and n is the constant, which depends
on the nature of the optical transition. The value of n is
2 for the indirect optical transition. Assuming the
indirect band gap and plotting the graph between [F(R)
hv]'’and hv along y and x-axis gives the Tauc plot. To
determine the optical band gap from the graph a line is
drawn from the maximum slope of the curve to the hv
axis at [F(R) hv]'’=0 gives the value of indirect band
gap.

For undoped TiO, nanoparticles, the band gap value
obtained from Tauc plot is 2.97 eV. The optical
absorption edge shifted to red light zone for silver-doped
TiO, nanoparticles correspondingly the reduction in the
optical band gap is observed, which is equal to 2.89 eV.

3.4. Investigation of Photocatalytic Efficiency
The photocatalytic efficiency of the undoped and silver-
doped TiO, nanoparticlesis investigated under visible
light using an azo-dye MO as a model pollutant.
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Fig. 8: Decolourisation of MO solution vs. Time
in a typical photocatalytic experiment with
undoped TiO,performed under visible light

irradiation

Figures 8 & 9 show the decolourisation of MO under
visible light irradiation with undoped and silver-doped
TiO,, respectively. The photocatalytic degradation
silver-doped  TiO,
nanoparticles is shown in figure 10. The silver-doped
TiO, shows the photocatalytic efficiency of 86.35%,
which is greater than the photocatalytic efficiency of
undoped TiO, (68.29%).

efficiency  of

undoped  and
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Fig. 9: Decolourisation of MO solution vs. Time
in a typical photocatalytic experiment with
silver-doped TiO,performed under visible light
irradiation
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Fig. 10: Photocatalytic degradation efficiency of
undoped and silver-doped TiO, nanoparticles

This improvement in photocatalytic activity is explained
as follows. On account of illumination of TiO,
nanoparticles with visible light of energy greater than or
equal to the bandgap, an electron from the valence band
excited to the conduction band and generates electron-
hole pairs. The lifetime of these charge carriers is very
short, so they are recombined instantly thereby by
reducing the photocatalytic activity. Herein, PXRD
result suggests that the silver ions are adsorbed on the
surface of TiO,.

trapping site and capture the photogenerated electrons

It follows that the silver ions act as a

thereby inhibits the electron-hole pair recombination.
Further, these electrons and holes produce superoxide

(O,7) and hydroxyl (OH) radicals which react with the

water and degrade the MO solution efficiently [32-34].
Hence, the photocatalytic efficiency is more for silver-
doped TiO, nanoparticles than undoped TiO, nano-
particles.

4. SUMMARY AND CONCLUSION

The undoped and silver-doped TiO,nanoparticles are
successfully synthesized by the simple sol-gel technique.
Anatase-rutile mixed phase TiO,nanoparticles are
obtained after annealing to 500 °C. PXRD results suggest
that the silver-ions are located on the surface of TiO,due
to larger ionic radius than Ti*". The FT-IR result indicates
that the Ti-O and Ag-O vibrations have strongly
appeared below 650 cm’'. The UV-VIS spectral studies
show that the absorption edge is red shifted for silver-
doped TiO, nanoparticles. The silver-doped TiO, shows
higher photocatalytic efficiency than undoped TiO,.The
presence of silver ions on the surface of TiO,retards
there combination rate of electron-hole pairs. Hence, the
separation of charge carriers enhanced thereby increasing
the photocatalytic efficiency of silver-doped TiO,
silver-doped  TiO,
nanoparticles are the effective photocatalysis than

nanoparticles. In  conclusion,
undoped TiO, nanoparticles for completely decolorizing
azo-dyes.
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