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Abstract

The effect of phosphomolybdic acid (H3PMo01,040; PMo32) on structural,
surface, morphology, optical as well as photoluminescence and photocatalytic
properties of TiO, prepared by sol-gel method under template-free condition has
rarely been reported. The present work has found that the content of different
PMoi, manipulated of TiO, crystal phase (rutile/anatase ratio). The TEM
analysis confirms the formation of titania mesoporous in the presence of PMo;s,.
The increasing of PMoj, contents significantly increased the TiO, surface area
and decreased of crystal size as a result of introducing of kegging unit. The
PMo;, contents were not only controlled the crystal and surface properties of
TiO, nanoparticles but also were controlled the optical properties also. The UV-
Vis light reflectance spectra and PL emission of PMoj, doped TiO;, were blue
shifted in as compared to pure TiO, nanoparticles. The photoluminescence
measurements for pure and PMo;, doped TiO, confirm that PMos, significantly
decrease the electron—hole recombination chance in the obtained TiO,. The
photo-oxidative activity of different PMo;, doped TiO, mesoporous was
evaluated using new fluorescent probe and dye methods. Moreover, the effect of
different calcination temperatures and time during preparation on

physicochemical properties of PMo;, doped TiO, were also studied.
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1. Introduction

Advanced photochemical oxidation (APO) considered a one of the important
technologies for treatment of contaminated water, air, and solids. Nano-
semiconductors are used to destroy environmental contaminants. The metal
oxides are considered as efficient examples of semiconductors and their reaction
takes place by light-induced redox reactions and generation of conduction band
electrons and valence band holes. A wide range of metal oxides may be used for
semiconductor-sensitized processes, such as TiO,, ZnO, MgO, WO3, Fe,O3 and
CdS [1, 2].

TiO, is mostly chosen in APO process due to its high photoconductivity and
photostablity in solution, ready availability, low toxicity, low cost, a large band
gap of 3.2 eV, higher electron mobility, low dielectric constant and lower
density [3, 4]. For these reasons, several heterogeneous applications have been
reported at the interface of illuminated TiO, photocatalyst like environmental
cleanup, self-cleaning, antimicrobial surfaces, sterilization and hydrogen
evolution [5-9]. Rutile, anatase and brookite are the most important three
crystalline forms of TiO; [8, 10]. Rutile is the thermodynamically stable state,
whereas the other two phases are metastable. Anatase and brookite structures
transformed to the rutile phase after reaching a certain particle size. So phases of
TiO, are considered the critical parameter which determines the activity of TiO,
[8, 11].

TiO, suffers from several limitations like the high electrons and holes
recombination ratio on the TiO, surface under ultraviolet illumination and null

photoresponse of TiO, under visible light irradiation [4]. These limitations can
¢
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be overcome by preparation method and dopping with different materials [3, 4,
8, 12]. The used methods to overcome the limitations of TiO, effect on crystal
size, phase type, morphology and a phase-dependent synergistic effect. A phase-
dependent synergistic effect means that photo-excited electrons in the
conduction band (CB) of one polymorph of TiO, migrate across the phase
boundary to the CB of the other [13-20].

polyoxometallates (POMs, molecular metal oxide anions) is considered one
of dopant materials supported on TiO,. Heteropolyacids (HPA), such as
H3sPMo01,040 (PMo012) is considered as a kind of widely used POMs which is
very strong Br@nsted acids and efficient oxidants that perform fast and
reversible redox multielectron transformations under mild conditions. It can act
as bifunctional catalyst used in solution as acid and oxidation catalyst. Also, it
has well defined structure and properties and its size is typically a few
nanometers [3, 4, 12]. Unfortunately, PMo;, as one of HPAs is soluble in
aqueous solution and cannot be separated for recovery. So, incorporation of
HPA (PMoy,) into TiO, has attracted much attention since the support makes
HPA easily recycled. In the HPA-TIO, system, the synergistic effect originates
from the interfacial electron transfer from TiO, conduction band to HPA
(PMoy,) after UV irradiation. Such effective electron transfer can inhibit fast
electron - hole recombination in TiO,, and the trapped holes have sufficient time
to react with H,O to generate "OH radicals which degraded the dye solution [4].

Most of published research focused on preparation of HPA modified titania
by different methods such as sol-gel and hydrothermal in the presence of
template for different photocatalytic studies [4, 16, 22, 25-26]. However, the
effect of heteropolyacids on structural, surface, morphology, optical as well as
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photoluminescence and photocatalytic properties of TiO, prepared by sol-gel
method under template-free condition has rarely been reported.

In this work, PMo;, as one of heteropolyacids - controlled titania
nanostructure properties was synthesized by sol-gel method in the absence of
any template. The effect of PMo;, on different physicochemical properties of
titania like structural, surface, morphology, optical and photoluminescence were
investigated under different conditions. The photocatalytic activity of PMoy,
modified titania nanostructure was evaluated using new fluorescent probe
method and dye method.

2. Experimental
2.1. Materials and reagents

The chemicals used for preparation of catalysts were used as received and
there were of analytical grade. Titanium tetraisopropoxide (TTIP), Ti
[O(C3H7)]4 was purchased from ACROS (USA). Phosphomolybdic acid hydrate
(PMo012), H3PM01,040.24H,0 was supplied from ALPHA CHEMIKA and was
as extra pure. Nitric acid (96%) was purchased from Merck (Germany).
Coumarin CyHgO, was obtained from Aldrich. 7-hydroxycoumarin CgHgO3 was
obtained from ACROS ORGANICS. Bi-distilled water was used. The Remazol
Red RB-133 dye (Reactive Red RB 133, RR) was obtained from DyeStar. The

molecular structure of the dye is given in Figure 1.
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Figure 1: The molecular structure of Ramazol Red RB-133.
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2.2. Sol gel preparation method for x-PMo1,/TiO;

Different nano-photocatalysts PMo1,/TiO, with different contents of PMo,
(0.0020, 0.0025, 0.0050, 0.0070, 0.0100, 0.0150 and 0.0200 mol) were prepared
by sol gel method as following: Titanium tetraisopropoxide (TTIP, 2.5 mL)
were dissolved in 50 ml acidified aqueous solution (pH=1+0.02), which added
dropwise under vigorous stirring in an ice bath for 45 minutes till a clear
solution was obtained. Then PMo;, was added to the above solution under
vigorous stirring. The obtained clear solution was stirred for 4h at 80°C. The
resulting semitransparent colloidal suspension solution was evaporated at 80°C
to get a powder. The powder was calcinated at 450°C for 1 hour. For
comparison, pure TiO, was also prepared in the same way without doping by
HPA. In the meantime, the effect of calcination temperature (400, 450 and
500°C for 1h.) and calcination time (1, 2 and 3h at 450°C) were studied for
0.0050 PMo1,/TiO; only.

2.3. Characterization

The crystal properties were investigated by X-ray diffraction (XRD) (a
Bruker AXS D8 Advance diffractometer equipped with a graphite
monochromator).  The surface analysis was measured by a
QuantachromeTouchWin™ version 1.11, (USA). The FT-IR spectra of the
photocatalysts were recorded using Nicolet 1S10 FT-IR 430 spectrometer
(USA). UV-vis absorbance and diffuse reflectance spectroscopy (UV-vis/DR)
was measured on JASCO V-550 spectrometer (Japan) equipped with an
integrating sphere accessory for diffuse reflectance spectra. Barium sulfate was
used as a reference in case of diffuse reflectance measurements. Illumination of
the prepared photocatalyst were carried out using UV photoreactor (Photon Co.,
Egypt), in the range from 320 to 410 nm and the intensity of UV radiation is
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0.768 mW/cm?. LS55 spectrofluorometer (Perkin Elemr, USA) used to measure
the active oxidative species hydroxyl radicals ("fOH) produced during the

photocatalytic reaction.

2.4. Evaluation methods of photocatalytic activity

Fluorescent probe and dye degradation are the famous methods which used to
evaluate the photocatalytic activity of prepared nano-photocatalysts.
2.4.1. Fluorescent probe method for determination of "OH radicals

Evaluation of the photo-oxidative activity of the prepared nano-powders
using fluorescent probe method was carried out as follows: 0.1 g of
photocatalyst was added to acidified aqueous coumarin solution (1.0 x 10° M;
pH = 3) and illuminated with UV light under vigorous stirring. The fluorescence
spectrum (Aex = 332 nm) for the solution was measured every 10 min of
illumination. The concentrations of 7-hydroxycoumarin were specified using a
calibration curve based on fluorescence intensity at Amax= 480 nm versus 7-
hydroxycoumarin concentration. The apparent rate constant was calculated
using the slope of the fluorescence concentration—illumination time curves.
They can indirectly represent the apparent rate constant, but not the real values
of the rate constant. It should be noted that the blank experiment at the same
conditions but without photocatalyst was carried out, which showed that the
coumarin without photocatalyst nanoparticles was totally inactive under UV
illumination.
2.4.2. Dye method for degradation of RR

This method was carried out as following: 0.1 g of photocatalyst into 100 ml
acidified dye solution (5 x 10° M, pH = 3). The dye solution is stirred in the
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dark for 15 min. after the addition of catalyst to establish an adsorption /
desorption equilibrium. Samples of suspension are withdrawn every 2.5 min for
30 min. from illumination and are immediately centrifuged at 4500 rpm for 15
min to complete the elimination of catalyst particle. The decolorization
efficiency of the studied dye using HPA/TIO, at time t, can be expressed as
Decolorization efficiency =100 x (Aj- As) / Ai (1)

where A; and As are the initial and final absorbance values of the dye solution
[17, 21].
3. Results and discussion
3.1. Characterization of prepared nano-photocatalyst
3.1.1. XRD

XRD was used to investigate the phase structure and the crystallite size of the
as- prepared nanoparticles. Figure 2 shows XRD patterns of pure TiO, and
PMo1,/TiO, with different contents of PMoj, (0.0025, 0.0050, 0.0070 and
0.0100). Crystal parameters of nanocatalysts were listed in Table 1. All samples
showed well-indexed anatase phase (JCPDS 21- 1272) with the diffraction
peaks at 25.3°(101), 37.9°(103, 004, and 112), 48.1°(200), 54.4°(105, 211),
62.7°(204) and 69.0°(116,220) [22]. Beside anatase phase, only 0.0050 PMoy, /
TiO, sample contain small amount of rutile phase (JCPDS 21-1276) with the
diffraction peaks at 27.5°(110), 36.1°(101) and 41.3°(200) [3, 23]. No diffraction
lines attributed to the crystalline PMo;, or its decomposition products were
observed, indicating that PMo;, has been highly dispersed on the support [4, 13,
24-26]. The full width at half maximum (FWHM) increased and the crystal size
decreased by increasing doping concentration (Figure 2 and Table 1).

Also, the analytical results showed that the relative intensity of anatase to

rutile phases of TiO, depending on the content of PMos,. The ratio of the rutile
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(110) peak at 27.3° 26 to anatase (101) peak at 25.3° 20 was calculated by Spurr
and Myers method from the following formula Wg/Wa=1.22(Ir/14)-0.028,
Where Wr and W, are weight fractions of rutile and anatase, respectively and
Ir/la is the ratio of the intensities of (110) and (101) peaks [8, 27]. For pure
TiOy, the Wr/W4 equal 0.73. This means that the amount of anatase is higher
than that of rutile by 0.2. While Wgr/Wa ratio is equal 0.21 for 0.0050
PMo1,/TiO,, due to A — R transformation (Table 1). This means that PMo;, act

as strong inhibitor for titania phase transformation because of rutile phase

disappearance in

Relative Intensity (a.u.)

Figure 2: XRD patterns of TiO, with different contents of PMo;, (0.000, 0.0250,

the others samples.
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3.1.2. Surface area measurements
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The textural properties of as prepared TiO, and PMo3,/TiO, nanoparticles
with different contents of PMo;, were evaluated by the nitrogen sorption
determination (Figures 3). From Figures 3, it can be seen that the isotherms
belong to type IV according to the IUPAC classification and the result indicates
that all samples mainly possess mesoporosity [13, 16, 25, 26]. Table 1 shows the
specific surface area Sger, monolayer volume (Vy), total pore volume Vp,
average pore radius (r') and mean pore diameter obtained from the N
adsorption desorption isotherms and pore size distributions of nanopowders.
Seer, Vm and Vp of all doped TiO, nanoparticles are higher than undoped one.
This is attributed to introducing of kegging unit accompanied by dopping. For
0.0500 PMo012/TiOy, it has a smallest Sger and crystal size compared to other
PMos, contents because of its containing anatase and rutile phases (presence of
rutile phase is accompanied by decreasing in Sger [16]). So absence of rutile
phase is accompanied by increase in Sger [16]. The average values of pore
radius (1) appear similar for all samples and not much higher than 5.5 nm,
indicating that most porosity is due to very small cavities, with size near the

boundary of micro and mesopores.

AR
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Figure 3: Nitrogen adsorption—desorption isotherms TiO, with different contents
of PMo; (0.000, 0.0250, 0.0050, 0.0070 and 0.0100).

Additionally, from BJH desorption pore distribution curves, the pure TiO,

has relatively broad distribution in the meso range with maximum pore diameter

of 3.2 nm. PMo1,/TiO, with different contents have broad distribution from

micro to meso range with maximum pore diameter around 1.9 nm in most

prepared samples (Table 1, Figures 4).

VY
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Figure 4: Pore size distribution of TiO, with different contents of PMo;, (0.000,
0.0050, 0.0070, 0.0100, 0.0150 and 0.0200).

Table 1: XRD analysis and surface properties of PMo1,/ TiO, nanoparticles.

L(nm) FWHM y v . Mcffe“
Sampl Wr/W  SBET m B p
o (m?/g) (cm’g (cm’/g (nm  diamete
A R A R A g ) ) ) r
(nm)
Tio, 40 153 057 050 74 5g375 0017 0014 4P 3245
5 2 2 7 9
00025 117 0.68 153.24 557
PMon 6 T 4 5 0044 0427 7' 1906
00050 105 182 076 0.44 141.02 3.11
Mo 0 3 s 0213 o 0040 0220 g7 1926
0.0070 1.01 168.64 3.28
Mo, 192 < 5 4 0048 0276 T 1924
00100 ., 148 17318 0.049 0390 450 2773
PMo, > -3 3 8
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3.13.FT-IR

FTIR spectra of pure TiO, and PMo12/TiO, with different contents were
shown in Figure 5. For pure TiO,, there are three main bands at 3418 cm™, 1630
cm™? and 530.9 cm™ assigned to stretching vibration of different surface
hydroxyl groups (free or bounded), molecular water and the absorption of
titania, respectively [26]. In the spectra of PMo1,/TiO, with different contents of
PMoy,, the bands attributed to the Keggin's unit skeletal vibrations (1064 cm™,
975 cm™, 870 cm™ and 810 cm™ for P- O,, M0=04, Mo0-Op-Mo and Mo-Oc-Mo,
respectively [29]) did not become more intense and they are difficulty noticed
implying strong interaction between the Keggin's unit and TiO, support at the
interface of the two components. Also there are somewhat shifts of the
frequencies due to the formation of Mo-O-Ti covelant bonds derived from the
interactions between the terminal Mo=0 bonds within Keggin units and the

surface Ti-OH groups within TiO, matrix (Figure 5).

V¢
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Figure 5: FTIR spectra of pure TiO, and PMo4,/TiO, with different contents of
PMo;, (0.0050, 0.0070, 0.0100, 0.0150 and 0.0200).

3.1.4. UV-Vis diffuse reflectance and band gap analysis

The effects of different preparation conditions (PMoi, concentration and
calcination temperature and time) on the optical absorption properties of TiO,
nanoparticles were studied. Figures 6 a-c report the diffuse reflectance UV-vis
spectra (DRS) of pure TiO, and PMo3,/TiO, with different contents of PMo;5,
calcination temperatures and times. The optical absorption edge and band gap
values of different prepared photocatalysts were collected in Table 2. For pure
TiO,, the broad intense absorption edge from ~400 nm to lower wavelengths

region is associated with the intrinsic band gap absorption of the TiO; in which

Vo
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Ti is present as a tetrahedral Ti (IV) (Figure 6a). This absorption band is
generally associated with the electronic excitation of the valence band O2p
electron to the conduction band Ti 3d level [21]. No separated absorption peak
corresponding to PMo;, was detected. This result confirmed that the Keggin unit
was uniformly dispersed at the atomic level throughout the coupled TiO..
Compared by the absorption edge wavelength of pure TiO, at ~371.9, all PMo3;
doped TiO; observe blue shifts from ~371.9 nm to ~333.2 nm under different
preparation conditions, indicating the increasing of the optical band gap (Figure
6a and Table 2) [22, 30-32]. These observations could be related to interaction
between PMoj, and TiO,. Moreover, the absorption edge of 0.0050 PMoi;
doped TiO; increased till 450 °C then decreased by increasing the calcination
temperatures (Figures 6b, Table 2). Furthermore, the absorption edge of 0.0050
PMo1,/TiO, calcined at 450°C for 1h has the highest value of absorption edge
(Figures 6c, Table 2).

The band gap (Eg) of the prepared nanomaterials with different content of
PMoy, was estimated by extrapolation of the linear portion of (ahv)? versus
photon energy (hv) plots using the relation [21] ahv= A(hV'Eg)l/Z 2
where o= 2.303x In(I/1)/t, here In(lo/l), absorbance and t, thickness of the
sample. A is a constant for a direct transition and hv is photon energy of the
incident radiation. Inset of Figures 6 a-c show the (chv)® vs. (hv) plot of
different nanomaterials. The band gap of pure TiO, is 3.04 eV. The different
contents of PMoy; increased the value of band gap of pure TiO,. The widening
of the TiO, band gap energy with the incorporation of PMo;; is due to Moss—
Burstein effect [14]. The energy difference between the highest level of the
valance band and the lowest level of the conduction band is the band gap energy

(Eg). When the semiconductor is incorporated with another element, the Fermi

V1
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energy level (Ef) lies within the conduction band by certain energy (En). Since
the states below the energy E, are already filled (5d (Mo) and 3d (Ti) orbital),
the fundamental transitions to states below Ey + E, are forbidden. Hence the
absorption edge should shift to higher energies by about E,, and consequently the
measured band gap is determined from the onset of interband absorption and
moves to higher energy or blue shifted. The other important factor to increasing
the band gap of the samples is the decrease of the particle sizes with the
increasing PMo;, loadings may also lead to the change of the band gap of the
nanoparticles. The result is confirmed by XRD analysis. The blue shifting of the
band gap energy has an enormous impact on the photo-activity of the material.
In photocatalysis, the semiconductor becomes more effective when one can
minimize the electron— hole recombination. Upon excitation, the electron jumps
to conduction band leaving a positively charge hole in the valance band and in
an effective photocatalyst more electrons in the conduction band is used for the
catalytic activity rather than letting it recombine with the holes in the valence
band. In our case, due to the extra energy E, by which the Fermi energy level E¢
is embedded into the conduction band, it somehow inhibits the recombination

process and make the electrons available for effective photooxidation process.

ARY%
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times (c). Inset: plot of (ahv)? versus photonenergy (hv).

Table 2: Absorption edge and band gap values of TiO, and the others chosen
PMo1,/TiO, from UV-Vis spectra analysis.

P MOlz/TiOQ
Conc. 'z‘gggrg[ :rc:)n Band gap (eV)
0.000 (450°C/1h) 371.91 3.041
0.0020 (450°C/1h) 339.06 3.067
0.0025 (450°C/1h) 34151 3.055
0.0050 (450°C/1h) 344.10 3.051
0.0070 (450°C/1h) 338.85 3.094
0.0100 (450°C/1h) 337.06 3.114
0.0150 (450 C/1h) 336.31 3.128
0.0200 (450°C/1h) 335.61 3.147
0.0050 (400°C/1h) 333.52 3.067
0.0050 (500°C/1h) 330.01 3.098
0.0050 (450 C/2h) 337.12 3.105
0.0050 (450°C/3h) 333.42 3.160

Y4
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3.1.5. Photoluminescence properties

The photoluminescence (PL) emission spectra of the TiO, in the
presence of PM;; as a dopant were studied to disclose the separation efficiency
of charge carriers, because PL emission results from the recombination of free
carrier [9, 14, 21]. Pure TiO, exhibited PL emission in blue region (Figure 7).
The blue emission was attributed to the recombination of excitons. Slightly blue
shift in the emission bands of all PMo;, doped TiO, samples were observed
relative to the pure TiO, (Figure 7). This is in line with the observation made by
absorption measurements. This indicates that the optical properties of prepared
TiO, are sensitive to the PMo, doping. Moreover, it can be seen that the PL
emission of pure TiO, samples was significantly quenched by doping with
PMog, (Figure 7). This means that PMo1, doping could effectively enhance the
separation efficiency of electron — hole pairs by increasing the formation rate of

*OH radicals so the photocatalytic activity increased [9, 21].
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Figure 7: The PL emission spectra of different prepared PMo;, doped TiO, (Aex
=325 nm)
3.2. Evaluation methods of photocatalytic activity

3.2.1 Fluorescent probe method
The hydroxyl radicals (°OH) generated on the surface of prepared nano-

photocatalysts in the semiconductor sensitized advanced photo-oxidation
process can be detected by fluorescent probe method using UV irradiation. In
this method, a non-fluorescent material (such as Coumarin) is converted to a
fluorescent one (7-hydroxycoumarin) using ‘OH radicals produced within
irradiation [33]. Figure 8 presents the increasing of 7-hydroxycoumarin amount

by increasing illumination time using 0.0050 PMo;, / TiO, as model example.

Y
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Figure 8: Fluorescence spectral changes of 7-hydroxycoumarin observed
during illumination of 0.0050PMo01,/TiO; at 450 °C /1h immersed in coumarin
solution (1.0 X 10° M). Ae,= 332 nm.

Graphical relations between the produced 7-hydroxycoumarin fluorescent
concentration against illumination time of pure TiO, and PMoi,/TiO, with
different contents are presented in Figure 9. 7-hydroxycoumarin concentration
was converted from its intensity using the calibration curve, that they are
directly proportional to illumination time; achieving the kinetics of pseudo-zero-
order reaction rate. The rate constant for photocatalytic oxidation of Coumarin
to 7-hydroxycoumarin can be determined from the slope of lines in Figure 9.
The rate constant (kf) of TiO, and PMoy,/TiO, under a varity of conditions
(PMo;, contents, calcination temperature and calcination time) gained from
fluorescent probe method were recorded in Table 3. The increasing of PMo,
content enhances the "OH radicals production ability until reach to maximum

value for 0.0050 content then decreased. Also from Table 3, it was observed that
Yy



ILA h)uﬂ:\_ﬁ)ﬂ\w\yac Z\SMUE;\)&LM\M\

the optimum calcination temperature was 450°C and the suitable calcination
time was for one hour. The improvement of production of 7-hydroxycoumarin
using PMo12/TiO;, than pure TiO; is a result of the reduction of electron / hole
recombination rate as seen in the PL study section and this explained as
following: the nano-photocatalyst gain photons whose energy higher than that of
PMo1,/TiO,'s band gap, generating electron-hole pairs. Owing to the synergistic
effect between PMoj, and TiO,, the electrons transfer from the conduction band
of TiO, to PMo12. PMoy, accept these electrons and converted to the reduced
form (PMosy). After that the PMo;,” come back to its original form of HPA by
oxidation using O yielding ‘O, which can form "OH through chain reactions
while the reproduced HPA enter another cycle. Holes can react with H,O to give
"OH radicals (eq.3-8) [13, 34].

TiO, + hy——>  e+h' (3)
PMo;, +6—>  PMog,’ (4)
PMoi, + O, ———> 'O, +PMos, (5)
PMo;, ——> recycling (6)
"0, (chain reactiony—> °‘OH (7)
h* +H,0 ———> OH +H" (8)

Unfourtainatly, the conversion rate of coumarin to 7-hydroxycoumarin
decreased after 0.0050 PMo;, / TiO; due to the presence of anatase phase only
so the production of "OH radicals decreased. The presence of anatase and rutile
phases in TiO, leads to synergistic effect between them, so the electron transfer
from conduction band (CB) of one phase to the CB of the other retard the

recombination rate between electron and hole.
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Figure 9: Plots of fluorescence concentration against illumination time for 7-
hydroxycoumarin using PMoj, /TiO, at different contents at 481 nm and
(pH=3).

Table 3: The rate constant (kf) of TiO, and PMo012/TiO; gained from fluorescent
probe method.

Photocatalyst PMo,/TiO,

Y¢
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kix10°+ Error limit x 1072

R

TiO, (450°C /1h) 0.731+2.58 0.99
0.0020 (450°C /1h) 0.4240.49 0.99
0.0025 (450°C /1h) 1.0441.22 0.99
0.0050 (450°C /1h) 1.68+2.64 0.99
0.0070 (450°C /1h) 1.46+3.82 0.99
0.0100 (450°C /1h) 1.2241.91 0.99
0.0150 (450°C /1h) 1.191.75 0.99
0.0200 (450°C /1h) 0.79+1.67 0.99
0.0050 (400°C /1h) 0.9542.82 0.99
0.0050 (500°C /1h) 1.37+1.37 0.99
0.0050 (450°C /2h) 1.08+2.52 0.99
0.0050 (450°C /3h) 0.66+1.98 0.99

3.2.2 Dye method for evaluation of photocatalytic activity of prepared
catalysts

Figure 10 shows that the main absorption peak of RR (513 nm at pH=3) was
reduced after 30 min in the presence of 0.0050 PMo12/TiO; as the representative
example. The comparison of initial decolorization rates (K) of RR using the
prepared PMo1,/TiO, with different PMos, contents from 0.0050 to 0.0200 were
shown in Figure 11. Pure TiO, 0.0020 PMo012/TiO, and 0.0025 PMo1,/TiO,
were found that have adsorption behavior not photoctalytic one. The
experimental data (rate constants and decolorization efficiency) of the

mesoporous nanoparticles estimated using first order Kinetic equation: Ln
Yo
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(AJA,) = - kt are shown in Table 4. Where A, and A are the concentration of the
absorbance of RR solution at UV light irradiation time of t= 0 and t, respectively
[33, 35, 36]. Table 4 and Figure 11 shows that, the values of k and
decolorization efficiency of 0.0050 PMo,/TiO, have the maximum values
compared to the each series separately. By increasing doping content, the value
of k decreases as a result the decolorization efficiency decreased. Also, by
increasing the calcinations temperature, the rate constant increases until 450°C
then decreased (Table 4). On the other hand, we found the highest rate constant
and decolorization efficiency in case of 1 h calcinations time (Table 1).

Two general factors play important functions to improve the photocatalytic
activity of nano-particles. The first one is catalytic factor that include the effects
of crystal size, surface area and morphology of the particles. The second one
was the photo-factor such as band gap, formation of "OH radicals and
synergistic effect between different polymorphs. Although 0.0050 PMo01,/TiO,
calcined at 450°C for one hour has small surface and large crystal size, it has the
highest photocatalytic activity. This is due to owing high ratio between rutile
and anatase (synergistic effect), small band gap and high ‘OH radicals
production as shown from XRD, UV-vis/DR and Fluorescent probe method. By
increasing the concentration of PMoj, than 0.0050 the photocatalytic activity
decreased and this is a result of the disappearance of rutile compared to that of
anatase, increasing the band gap and consequently low ‘OH radicals production.
0.0050PMo1,/TiO; (450° C/1h) has the highest photocatalytic activity comparing
by the others that prepared in different conditions due to presence both anatase

and rutile phases and this means high separation between electron and hole.
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Figure 10: The UV-Vis spectra of RR in acidic aqueous medium (pH=3) at
different UVA irradiation times intervals of 0.0050 PMo1,/TiO; at 450 °C /1h.
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Figure 11: The decolorization rates of RR (5 x 10° M) using TiO; at different
contents of PMoj..

YA



ILA h)uﬂ:\_ﬁ)ﬂ\w\yac Z\SMUE;\)&LM\M\

Table 4: Rate constants and decolorization efficiency of RR dye degradation
from dye method by TiO, and PMo012/TiO,.

PMOlleiOZ
First rate Second rate o
Photocatalyst kx10°£ error kx10"£ error - Decolcz);lzatlon
limit x 10 limit x 10°® 0

TiO, - - -

0.0020

0.0025 - - - - -

0.0050 -20.2+£16.9 0.97 -57.1+£35.7 0.98 23.57

0.0070 -9.13+£6.26 0.98 -30.1£9.69 0.99 12.23

0.0100 -6.06 + 4.18 0.98 -12.2+7.44 0.98 6.98

0.0150 -3.22 + 3.58 0.95 -14.7£7.07 0.98 5.08

0.0200 -1.17+£0.74 0.98 -1.84+1.35 0.98 0.71
0.0050 400 C/1h -16.01+140 0.97 -304+25.28 0.97 8.44
0.0050 500°C/1h -14.7+15.1 0.96 -33.4+185 0.98 15.23
0.0050 450°C/2h -15.2+16.4 0.96 -26.1 +20.2 0.97 15.34
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