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ABSTRACT

TiO, (anatase) — based photocatalyst powders containing up to 1.00 wit% of
magnesium(ll) and copper(ll) were synthesized using sol- gel method. The powders
were characterized by UV-visible Diffuse Reflectance Spectroscopy (DRS), X-ray
diffraction (XRD), N, adsorption—desorption (BET), X-ray Photoelectron Spectroscopy
(XPS), Scanning Electron Microscopy (SEM) and Energy Dispersive Spectrometry
(EDS). The XRD patterns show that the undoped TiO, and co-doped TiO, have only
anatase form, while the BET surface areas of the co-doped TiO, has larger surface area
compared to undoped TiO,. The DRS results indicated that the band gap of co-doped
photocatalysts is smaller than undoped TiO, and there is a shift in absorption band
towards visible light. The SEM images of the co-doped catalysts show the smaller
particle size than the undoped catalysts. The photocatalytic efficiency of synthesized
catalysts was evaluated by the degradation of methylene blue in solution under visible
light irradiation. The degradation results revealed that the co-doped catalysts have
better photocatalytic activity than undoped TiO, and Degussa P25.
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1. INTRODUCTION

Over the last 20 years problems related to hazardous waste remediation have emerged as
national and international priority. In order to address this significant environmental problem,
different research activities are underway using different advanced analytical, biochemical
and physicochemical methods (Hoffmann et al., 1995) for characterization and elimination of
hazardous chemicals from air, soil and water. According to literature (Legrini et al., 1993;
Robertson, 1996) advanced oxidation process (AOP) is an alternative way of treating
undesirable pollutants including dye stuffs. Even though AOP divided in to two categories
(heterogeneous and homogenous catalysis), heterogeneous catalysis has been successfully
employed for the degradation of various families of hazardous materials (Blake, 2001).
Semiconductors used as a catalyst in AOP, in which TiO, has been extensively investigated
as a heterogeneous photocatalyst for the remediation of contaminated environment (Kim et
al. 2005). But it is active only under UV irradiation (A < 388 nm), since it has a wide band
gap energy of about 3.2 eV (Wang et al., 1997) which accounts for less than 4-5% of solar
light energy. For a better utilization of the dominant part of the solar spectrum i.e. visible
light, the photocatalyst should be made sensitive in visible light. Hence, the search of active
photocatalysts in visible light has become a subject of interest for researchers (Jeong et al.,
2008). In order to overcome the narrow absorption range of TiO,, and at the same time to
retard possible electron recombination, many groups have been involved in simple doping
with transition metal ions (Wang et al. 2008; Yu et al., 2006) or nonmetal elements (Chen et
al., 2008) to extend the absorption spectra into the visible region, very few attempts have
been made on co-doping of transition metals and nonmetals (Kahan et al., 2008; Sesha et
al. 2006; Zhang et al., 2008).

Copper doping has been less explored than the other transition elements and also it
appeared from the few literature reports that the doped catalyst has been tested only in the
UV-range of radiation (Choi and Kang, 2007). The sol-gel preparation of alkaline earth metal
(magnesium) doped nano TiO; is not widely reported (Venkatachalam et al., 2007), even if it
is more abundant element and less hazardous to use. The co-doped nanocatalysts of TiO,
with a combination of alkaline earth metal and transition metal ions are not reported so far.
So, authors are interested in the preparation of new catalglst by co-doping of magnesium(ll)
and copper(ll) into TiO, matrix. The ionic radii of both Mg=* (0.72 A%) and Cu®* (0.73 A% are
closer to that of Ti** (0.68 AO) (Shannon, 1976) to incorporate them easily into TiO, matrix.
The photocatalytic activities of catalysts were evaluated by the degradation of methylene
blue as representative dye pollutant. The effect of dopant concentration pH, catalyst dosage
and dye concentration on the photocatalytic activity of prepared catalysts have been
examined in detail.

2. EXPERIMENTAL DETAILS
2.1 Catalyst Preparation

All the starting materials were reagent grade and were used without further purification and
double distilled water was used for solutions preparation. Titanium tetra-n-butoxide (Ti(O-
Bu),) and nitrates of magnesium and copper metals are obtained from E- Merck (Germany)
were used as titanium, magnesium and copper sources for preparing undoped TiO, and co-
doped TiO, catalysts respectively. Methylene blue dye was used as a model compound for
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degradation. A sol-gel method (Zhang et al., 2008) was employed to prepare co-doped TiO,
catalysts.

2.1.1 Procedure

Initially a solution containing 20 mL of absolute alcohol, 3 mL of H,O, and metal nitrates for
Mg2+ 0.07793 g — 0.3173 g and for Cu®* 0.0281 g to 0.11234 g are taken for the preparation
of required percentages (solution-l). Another solution (solution-1l) was prepared using 10.5
mL of Ti(O-Bu), dissolved in 20 mL of absolute alcohol with stirring for 10 minutes, and then
1.5 mL of HNO; was added drop wise under continuous stirring for 30 minutes. Solution-I
was added to solution-1l slowly from the burette with vigorous stirring at room temperature
until the transparent sol was obtained, and the resulting sol was further stirred for 1h. The
gel was prepared by aging the sol for 48 h at room temperature. The derived gel was dried
at 100 °C in an oven and ground. The catalyst powder was calcined at 400 °C in furnace for
2 h. Undoped TiO, is also prepared with same procedure without metal nitrates. Figure 1
illustrates the pattern of sol-gel method.

Solution-I = Metal nitrate + Ethanol
+ water

Added slowly drop wise

A 4

Solution-1l = Ti(O-Bu)4 + Ethanol +
HNO;

After 1 h stirring

A 4

- N
Aged for 48 h

\\§ J
\ 4

( N\

Dried at 100°C for 24 h & ground

. J
\ 4
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Calcined at 400°C for 2 h

A 4
Mg & Cu co-doped TiO, catalyst ]

Ve

g

Fig. 1. Schematic diagram of the sol-gel method for the preparation of the catalyst.
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2.2 Characterization of Catalysts

The Diffuse reflectance spectra (DRS) were recorded with a Shimadzu 3600 UV-Visible NIR
spectrophotometer equipped with an integrating sphere diffuse reflectance accessory, using
BaSO, as reference scatter. Powder samples were loaded into a quartz cell and spectra
were recorded in the range of 200-900 nm. Crystalline structures of photocatalysts were
determined by X-ray diffractometer (Model Ultima 1V, RIGAKU) using CuKa (A =0.154059
nm) radiation with a nickel filter. The applied current and voltage were 40 mA and 40 kV,
respectively. The 26 scanning range was 3° to 90° with a scan rate of 2° min™. The
Brunauer-Emmett-Teller (BET) surface area was determined from the N, adsorpt|on-
desorption isotherm at 77.3 K by using a Quantachrome Nova 2200 E system. The sample
was out gassed for 3 h at 300 °C prior to the adsorption. The specific surface area was
determined by using the standard BET method. X-ray photoelectron spectroscopy (XPS)
was recorded with a PHI quantum ESCA microprobe system, using the AlKa line of a 250 W
X-ray tube as a radiation source W|th the energy of 1253.6 eV, 16 mA x 12,5 kV and a
working pressure lower than 1 x 10~ ® Nm™. As an internal reference for the absolute binding
energies, the C 1s peak of hydrocarbon contamination was used as reference to 284.8 eV.
The fitting of XPS curves was analyzed with Multipak 6.0 A software. The morphology and
size of particles was characterized using scanning electron microscope (SEM) (JSM-6610
LV) equipped with an energy dispersive X-ray (EDS) spectrophotometer and operated at
20kV.

2.3 Photo Activity Measurements

The high pressure mercury vapor lamp (400W, Osoram) with UV filter has been used as a
visible light source (output is 436 - 546 nm) with 35000 lumen and placed 20 cm away from
the photo reactor. The photoreactor setup has been given elsewhere (Jeffrey, 2004). Cut off
filter was placed in the path of light for complete removal of UV radiation and running water
was circulated around the sample container to filter IR radiation and to keep the reaction
mixture at room temperature.

A general photocatalytic procedure was carried out with a required amount of catalyst added
to fresh 100 mL aqueous dye solution of required concentration in 150 ml Pyrex glass vessel
with continues stirring. Prior to irradiation the solution with catalyst was stirred in the dark for
45 minutes to ensure establishment of adsorption—desorption equilibrium of MB dye on
catalyst surface. Aliquots of the samples were withdrawn from the solution by using Millipore
syringe (0.45 pm) at certain time intervals and analyzed for methylene blue dye
concentration. The percentage degradation of dye was checked by measuring the
absorbance of dye solution at 660 nm using a UV-visible (Milton-Roy Spectronic 1201)
Spectrophotometer. A pH meter (Digital pH meter model 111E, El) was used for adjusting
and investigation of pH variation during the process. The pH of the dye solutions was
adjusted prior to irradiation by addition of 0.1N NaOH or 0.1N HCI to get required pH.

3. RESULTS AND DISCUSSION
3.1 Diffuse Reflectance Spectra

The diffuse reflectance spectra (DRS) of the co-doped and undoped TiO, samples are given
in Fig. 2. The spectra of undoped TiO, showed an absorption peak at 388 nm in the UV
region (Anpo and Takeuchi, 2003). There are bands in the region of 220-260 nm of Fig. 2,
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which show O% (2p) — Cu®* (3d) ligand to metal charge transfer. This result is in good
agreement with reported by (Colon et al. 2006). The co-doped TiO, with different
percentages of Mg>* & Cu®* has shown considerable shift in the absorption peak towards the
visible region at around 400-900 nm for all the samples. The tailing absorption peaks can be
considered as the extra tail states in the band gap because of the synergistic effect of added
Mg2+ & Cu®* to the TiO, matrix (Forsh et al. 2001). The extension of adsorption edge to
longer wave lengths for Mg®* & Cu®*/TiO, indicates the existence of good contact between
TiO, and Mg & Cu grains and promotes the photocatalytic activity of catalysts in visible light.

The UV-vis. absorption edge and band gap energies of the samples have been determined
from the reflectance [F(R)] spectra using the Kubelka-Monk (KM) formalism and Tauc plot
(Yoong et al. 2009). For the semiconductor materials, a plot of [F(R).hv]" against hv should
show a linear region just above the optical absorption edge for n = Y2 if the band gap is direct
transition, or for n = 2 if it is indirect (Murphy, 2007) over the linear region of plots, the
relationship has been given elsewhere (Yoong et al. 2009). The extrapolated line shown in
Fig. 3, have been used to determine the band gap energy for different Mg(ll) & Cu(ll) co-
doped TiO, and undoped TiO, samples. The calculated band gap energies are given in
Table 1. The largest reduction band gap is observed for co-doped catalysts of 0.75 wt % of
Mg & 0.25 wt % of Cu and 0.50 wt % of Mg & 0.50 wt % of Cu co-doped TiO,. This large
reduction band gap may be attributed to those impurities incorporated into the host (TiOy)
structure which create extra energy levels within the band gap (Thomas and Thomas, 1997).
Due to the creation of extra energy level with in the band gap, Fermi energy will shift away
from the centre of the band gap towards valence band since both metals create P-type
semiconductor.

a) Undoped TiO,
b) Degussa P25

c) 0.50% Mg & 0.50% Cu

4.0 d) 0.75% Mg & 0.25% Cu

3.5 e) 0.25% Mg & 1.0% Cu

30 f) 0.25% Mg & 0.75% Cu
= e g) 1.0% Mg & 0.25% Cu
= 2.5
T ]

2.0

1.5 1

1.0

0.5 4

0.0

T T T 1 N I N I N I N I v T T 1
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Wave length (nm)

Fig. 2. The DRS -UV-vis. spectra of co-doped TiO, with different percentage of
Mg & Cu and Degussa P25
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Fig. 3. Plots of transformed Kubelka-Munk functions [F(R).hv]"? versus hv for different
percentage of co-doped TiO,, undoped TiO, and Degussa P25 samples

3.2 X-Ray Diffraction Study and BET Results

A series of a) 0.25 wt % of Mg & 1.0 wt % of Cu, b) 0.75 wt % of Mg & 0.25 wt % of Cu, c)
0.50 wt % of Mg & 0.50 wt % of Cu, Mg & Cu co-doped TiO, samples and d) undoped TiO,
nano crystalline titania were successfully prepared and characterized by XRD. The XRD
patterns of undoped TiO, and co-doped TiO, powder samples were given in Fig. 4. All the
peaks in the XRD patterns correspond to the reported data of anatase TiO, (JCPDS, 00-021-
1272, JCPDS, 01-086-1157). Since the ionic radii of Mg®* (0.72 A%) and Cu®* (0.73 A% are
closer to that of Ti** (0.68 AO) it is easier for these ions to be incorporated into the matrix of
TiO, without causing much crystalline distortion. The average particle size of prepared
catalysts was calculated from the broadening of the full width at half maximum (FWHM) peak
(1 0 1) using Scherrer's equation (Jeong et al., 2008) ranges from 10 to 39.96 nm. The
doped TiO, did not show the presence of magnesium or copper related oxide. The BET
surface area results have shown that there is a much increase in surface area of co-doped
catalysts than undoped and Degussa P 25. With the incorporation of Cu* and Mg2+ dopants
during the sol-gel preparation technique there was crystal growth suppression, favoring the
formation of smaller TiO, crystallite. This effect may be attributed to the enhanced lattice
strain in the doped TiO, network and then decrease grain growth rate. Similar observation
was reported by Yang et al. (Yang et al., 2009). Furthermore, this higher surface area values
also may be due to the removal of nitrate from the crystal during calcinations at temperature
lower than 400 °C which is from Cu and Mg (magnesium and copper nitrates) precursors
and thermally decompose. This will increase the porosity of surface which results in
increasing surface area of the doped TiO, than undoped one as also reported by (Colon et
al., 2006). This result is also given in Table 1.
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4. XRD patterns of (a) 0.25 wt % of Mg & 1.0 wt % of Cu co-doped TiO,, (b) 0.75 wt

% of Mg & 0.25 wt % of Cu co-doped TiO,, (¢) 0.50 wt % of Mg & 0.50 wt % of Cu co-

doped TiO, and (d) Undoped TiO,

Table 1. BET surface area and Band gap energy of each catalyst, calcined at 400°C

Sample Photocatalyst Crystallite  BET surface Band gap energy
No. size (nm) area (m2/g), (eV), from DRS
spectra
1 0.25 wt % Mg &
1.0 wt % Cu 12.04 88.442 2.60
2 0.25 wt % Mg &
0.75 wt % Cu 13.14 84.342 2.75
3 0.75 wt % Mg &
0.25 wt % Cu 10.00 111.713 2.50
4 1.0 wt % Mg &
0.25 wt % Cu 39.96 98.907 2.8
5 0.50 wt % Mg &
0.50 wt % Cu 10.13 100.486 2.50
6 Undoped TiO, 16.50 79.382 3.2
7 Degussa P25 - 69.962 3.1
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Based on the trial photodegradation of MB with above samples, samples 3 and sample 5
have shown higher degradation rate. Hence, the further characterizations have been done
only for these two samples.

3.3 X-Ray Photoelectron Spectroscopy

X-ray photoelectron spectroscopy (XPS) analysis of copper(ll) and magnesium(Il) co-doped
sample was performed, and the survey spectrum and high-resolution scans are shown in
Figure 5. From the XPS survey spectrum of Cu, Mg, Ti and O photoelectron lines were
detected along with C peaks. The XPS observations were consistent with EDS results in
that, only Cu, Mg, Ti and O, elements were detected from the samples in survey spectrum
analysis. In Fig. 5 (b), Cu 2ps» and Cu 2ps» peaks were located at binding energies of
934.400 and 954.209 eV respectively, and were belongs to the compound of CuO (Tseng et
al., 2004; Xu et al., 2010) and shake-up peaks are also observed which is a characteristics
for Cu®* that bonds with oxygen atoms. The binding energy of Mg 2p was found to be 50.967
eV which is a typical of Mg~ that bonded to oxygen and it was assigned to the compound
MgO (Moulder et al., 1992). The binding energies of Ti 2ps» and Ti 2p;,» were found to be
458.493 and 464.012 eV and these bands could be belongs to Ti** (Choi and Kang, 2007)
and there was no fitting peak for Ti®*. Hence the XPS spectra confirmed the chemical
composition of magnesium and copper co-doped sample to be CuO, MgO and TiO..
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Fig. 5. (a) XPS survey spectrum of magnesium & copper co-doped TiO, (b) High resolution
of Cu 2p spectrum (c) High resolution of Mg 2p and (d) High resolution of Ti 2p spectrum

3.4 Scanning Electron Microscopy and Energy Dispersive Spectrometry

3.4.1 Scanning electron microscopy

The SEM images of undoped and co-doped TiO, (sample 3 & 5) is shown in Figure 6. There
is uneven distribution of agglomerated particles. However, they generally consisted of
spherical particles and many micro and mesopores were expected at the interstices of the
particles, and also they show the morphological changes with an average particle size of 1.2
pm, 0.64 ym and 0.95um respectively. The decrease in particle size and increase in surface
area of catalyst shows an enhanced photocatalytic activity.

samplei T
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Fig. 6. SEM images of (a) Undoped TiO, (b) Co-doped TiO, with 0.75 wt % of Mg & 0.25
wt % of Cu and (c) 0.50 wt % of Mg & 0.50 wt % of Cu.

3.4.2 Energy dispersive spectrometry

The energy dispersive spectrometry (EDS) used to identify elements exist in the prepared
catalyst by taking a selective portion of SEM image in the form of peaks of spectrum. The
elemental composition of the prepared catalysts are listed in the Table 2a & b in percentage
weight as well as percentage of atomic elements in the sample and its spectral images are

given in Figures 7a & b.

Table 2a. Composition of the 0.75 wt% of Mg & 0.25 wt% of Cu co-doped TiO, catalyst

Element

Weight% Atomic% Compd% Formula

Mg
Ti
Cu
0

Totals

0.76 0.49 0.74 MgO
59.20 32.93 98.91 TiO,
0.24 0.12 0.35 CuO
39.80 66.47
100.00
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Table 2b. Composition of the 0.50 wt% of Mg & 0.50 wt% of Cu co-doped TiO, catalyst

Element Weight% Atomic% Compd% Formula

Mg 0.53 0.62 0.94 MgO
Ti 59.06 32.80 98.51 TiO,
Cu 0.47 0.19 0.55 CuO
0] 39.94 66.40

Totals 100.00

Spectrum 1

1] 2 4 =] g 10 12 14 16 18
ull Zcale 2711 otz Cursor: 0,000 ke

Fig. 7a. EDS spectrum of 0.75 wt% of Mg & 0.25 wt% of Cu co-doped TiO,.

Spectrum 2

] 2 4 (=] g 10 12 14 16 18
ull Zcale 2711 otz Cursor: 0,000 ke

Fig. 7b. EDS spectrum of 0.50 wt % of Mg & 0.50 wt% of Cu co-doped TiO,
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The possible formulae of compounds in the prepared catalysts were also found from EDS
analysis presented in the Table. Hence, this analysis confirms the presence of both
magnesium and copper in the TiO, matrix.

3.5 Photocatalytic Activity of Catalyst - Degradation of Methylene Blue

In a controlled experiment, 50.0 mL of 10 ppm solution containing methylene blue was taken
in four beakers. The first beaker was kept in dark and the second beaker was in light for 4 h.
The third and fourth beakers containing dye and 0.10 g of catalyst were kept in dark and
exposed to visible light for 4 h respectively. The absorbance of the MB solution of four
beakers was measured by spectrophotometer. It was observed that solutions of the first
three beakers has no significant change in initial absorbance, while the absorbance of
solution in the fourth beaker has shown drastic decrease from initial absorbance, indicating
that the degradation reaction is a photocatalytic reaction in which both catalysts and visible
light are required for the reaction to proceed. The result was in good agreement with the
previous report by (Mohamed and Al-Esaimi 2006). Experimental parameters like
concentration of dopants, catalyst dosage, pH of the solution and initial concentration of
pollutant would affect the efficiency of co-doped nanocatalyst. Hence, it is critical to optimize
these parameters to achieve higher degradation efficiency of photocatalyts for degradation
of methylene blue.

3.5.1 Effect of dopant concentration on the deqradation of MB

To determine the optimum dopant concentration of the co-doped TiO,, experiments were
carried out with catalysts for the degradation of methylene blue under visible light
irradiations. The rate of degradation of MB has been quantified by the measurement of MB
absorbance and the results are presented in Fig. 8. It can be observed from the figure that
the photocatalytic performance of TiO, was higher by co-doping with Mg and Cu at 0.75 &
0.25 wt % and 0.50 & 0.50 wt %. The highest photocatalytic performance of the co-doped
catalyst may be because of its high surface area (Table 1). Furthermore figure 8 show that
the co-doped catalysts display higher catalytic activity than Mg and Cu single doped TiO..
Similar results has been reported by (Deng et al., 2009) that V and Ga co-doping rather than
sole V or Ga doping can alter the band gap of TiO; significantly and they also observed the
content and the proportion of V and Ga play dominant role for narrowing the band gap of
TiO..
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Fig. 8. Effect of dopant concentration on the rate of degradation of methylene blue.
Catalyst Dosage = 0.10g, pH = 9 and [MB] = 10 ppm.

3.5.2 Effect of solution pH

The influence of pH on the degradation of MB is shown in Figure 9. The results showed that
there was a strong dependence of the heterogeneous photoprocess on pH of the solution. It
is known that the metal oxide particles suspended in water behave similar to diprotic acids.
For TiO,, hydroxyl groups undergo two acid base equilibria (Saquib et al., 2008;
Senthilkumaar et al. 2006):

N
_TiOHy* === TOH + H', pH<6.25

—~————

Tang and An (1995) and Wang et al. (2000) showed that for charged substrates, there is a
significant dependency of the photocatalytic degradation efficiency on pH value, since the
overall surface charge and hence the adsorptive properties of TiO, particles depend strongly
on solution pH.

In this experiment, any change in rate of degradation with varying pH values can be related
to variations of the acid/base properties of the Mg** & Cu®* co-doped TiO, particle surface.
The MB is a cationic dye in aqueous solution and in an acidic pH the surface of catalyst
(Mg** & Cu®* co-doped TiO,) and MB dye will both attain positive charge and there would be
electrostatic repulsion between them, which retards the degradation percentage of the dye.
But in basic pH since MB is cationic dye in aqueous solution and the surface of the catalyst
attains negative charge, there would be electrostatic attraction which would enhance
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degradation percentage and it reach maximum at pH 10. In alkaline pH values, there would
be a chance for hydroxyl radicals to diffuse away and degrade the dye in the bulk solution
(Saquib et al., 2008). (Poulios and Tsachpinis, 1999) previously reported similar behavior on
the photodegradation of other cationic dyes.

2.5—- /-

2.0+
1.5
1.0 4

0'5_: /

0.0 L L e L L L D R B A

Rate (mgL'min™)

pH of solution

Fig. 9. The effect of pH on the rate of degradation of methylene blue by Mg** and Cu®*
co-doped TiO,. Catalyst dosage = 0.10 g and [MB] = 10 ppm

3.5.3 Effect of catalyst dosage

A series of experiments were conducted to study the effect of catalyst dosage on the
degradation of methylene blue and to get optimum catalyst loading by varying the nano co-
doped TiO, from 0.025 to 0.3 g in 100 mL methylene blue solution of concentration 10 ppm.
The rate of degradation increases with increase of catalyst loading up to 0.1 g since the
number of photons absorbed and the number of dye molecules adsorbed are increased with
respect to an increase in the number of catalyst molecules until the active surface becomes
constant. After certain number of catalyst molecules, the dye molecules are not sufficient for
adsorption by increased number of catalyst molecules. Hence the additional catalyst powder
is not effectively involved in the photocatalytic activity rather increase in the turbidity of the
solution, which interfere with penetration of light transmission. Further, it was explained that
the deactivation of activated molecule by collision with the ground state molecule with the
shielding of TiO, may also take place (Chen, 2007; Neppolian et al. 2002; Sahoo et al.,
2005; Saritha et al., 2007; Sauer et al., 2002). The effect of catalyst dose is given in Figure
10.

97



International Research Journal of Pure & Applied Chemistry, 1(3): 84-103, 2011

25_ //
|
‘TC
€ 201
"
(@]
£
o 1.5
©
e
1.0 "
05 T T T T T

T T T T T T T 1
0.00 0.05 0.10 0.15 0.20 0.25 0.30
Catalyst dosage (g)

Fig. 10. The effect of catalyst dosage on the rate of degradation of methylene blue by

Mg?*/Cu®* co-doped TiO,, pH = 10 and [MB] = 10 ppm.

3.5.4 Effect of methylene blue initial concentration

The effect of initial methylene blue concentration on rate of degradation of the dye is

illustrated in Figure 11.
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Fig. 11. The effect of initial concentration of dye on the rate of degradation of
methylene blue pH = 10, catalyst dosage = 0.10 g.
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The influence of initial concentration of methylene blue on rate of degradation was studied
from 5 ppm to 20 ppm at a fixed concentration of catalyst (0.10 g of 0.75 wt % of Mg & 0.25
wt % of Cu co-doped TiO,), using a solution of pH 10 of 100 mL methylene blue in 150 mi
Pyrex glass. Photocatalytic degradation increases with increase in the concentration of dye
up to 10 ppm. This may be attributed to the fact that as the concentration of the dye
increased, more dye molecules will be available for excitation and energy transfer (Balaram
et al. 2010; Poulios and Tsachpinis, 1999), which increases the percentage of degradation.
But beyond 10 ppm of the dye concentration it may adversely affect the percentage of
degradation (Kusvuran et al., 2004). This is due to the fact that at higher concentration dyes
start covering the surface of photocatalyst from light intensity.

At dopant concentration of 0.75 wt.% of Mg2+ & 0.25 wt.% of Cu** co-doped TiO,, pH 10,
catalyst dosage 0.10 g and when the 10 ppm MB is the initial concentration, the rate of
degradation is high when compared with the previous works (Ge et al., 2006; Shi et al.,
2011; Wang et al., 2009). The rate constant of degradation of MB with best catalyst so
prefared1 was estimated from the slope of percentage degradation versus time to be 8.33 X

107 min™.
3.6 Photocatalytic Mechanism

Based on the experimental results the following mechanism would be proposed for the
photocatalytic reactions of magnesium and copper co-doped TiO, (Balaram et al., 2010;
Saquib et al., 2008; Senthilkumaar et al., 2006; Venkatachalam et al., 2007).

a. Upon visible light illumination of photocatalyst, electrons are ejected from the
valence band to the conduction band leaving positive holes in the valence band.

. + -
TiO, + hv ——> Wy + €y

b. The metal ions co-doped into TiO; lattice, trapped these ejected electrons, holding
up the recombination process.

Cu* + € —» Cut

9y ) Un-stable
Mg™ + ¢ —» Mgt

c. The trapped electrons can be further scavenged by molecular oxygen, which is
adsorbed on the TiO, surface, to generate superoxide radical, and this in turn
produces hydrogen peroxide (H.O,), hydroperoxy (HO, °¢) and hydroxyl (*OH)
radicals.

ct + 0 — ¥, 07
® —
Mgt + 0 —— Mg" 1+ O

0, + H,0 ——» HO,® +OH
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HO; + ud, ; HLO —> H0, + 0 1+ 20H

H0, + (O, —— «OH +OH + O
H202 + € _— «OH + OH
OH + h*y, —_— *OH

d. The positive holes in the valence band act as good oxidizing agents available for
degradation of dye in the solution, *OH (or h*) where ‘dye’ is the pollutant, an
electron donor.

«OH (h*,;) + Dye — Dye* — ... Products.

Thus, the MB is attacked by the hydroxyl radicals formed both by trapped electrons and hole
in the VB as given in the above equations, to generate organic radicals or other
intermediates, which further undergo degradation.

4. CONCLUSION

The DRS analysis show that co-doping of Mgz*/Cu2+ into TiO, shifts the absorbance band of
TiO, from UV to visible region and the band gap energy is reduced for all co-doped catalysts
(from 3.2 eV to 2.50 eV), the largest reduction gap was observed for co-doped catalysts of
0.75 wt. % of Mg & 0.25 wt. % of Cu. The incorporation of Mg®* and Cu®* ions into the TiO,
were evidenced by XPS analysis and EDS results. The BET results also show that there is
an increase in surface area of the catalyst, which enhances the photocatalytic degradation of
methylene blue in visible light. The photocatalytic degradation of methylene blue over the
catalyst surface of nano co-doped Mg?* / Cu®* TiO; is higher than over undoped TiO, and
Degussa P25. The enhanced adsorption of methylene blue over the catalyst surface is
increased by increasing pH.
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