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ABSTRACT
InWO3-InMoO3 loaded-TiO2 nanomaterial was synthesised by co-precipitation method and
sonication technique. The nanomaterial was characterized by High-resolution scanning electron
microscopy (HR-SEM) with elementary dispersive X-ray (EDX), High-resolution transmission electron
microscopy (HR-TEM), photoluminescence spectroscopy (PL) and UV-Vis diffuse reflectance
spectroscopy (DRS). The photocatalytic activity of InWO3-InMoO3 loaded-TiO2 nanomaterial was
studied from the photodegradation of methyl green (MEG) and methylene blue (MB) under UV-light
irradiation at 365 nm. The hydroxyl radical formation in the mechanism was confirmed by
fluorescence quenching technique. The mineralization confirmed by chemical oxygen demand
measurements. A flaxisible mechanism is proposed for higher catalytic activity of InWO3-InMoO3TiO2 under UV-light for 365 nm. This catalyst was found to be stable and reusable without appreciable
loss of catalytic activity up to five cycles. The InWO3- InMoO3 loaded-TiO2 nanomaterial on MEG
was high photocatalytic activity that of MB so high photocatalytic activity has been discussed by first
order kinetics, rate constant value and high quantum yield. This material was showed increased
hydrophobicity that of TiO2 electrochemical study and antibacterial activity of the analysis was also
studied.
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1. INTRODUCTION
The dyes from industrial effluent often pose a major environmental problem. The MEG
dye was one of the most common dying materials for cotton, silk and wood [1,2]. Titanium
dioxide has been widely used in photocatalytic processes due to being nontoxic, highly stable,
excellent resistance to photocorrosion and low cost [3-5]. This multimodal metal oxide system
depends on their compositions. The metal oxides such as WO3/TiO2 and TiO2/MoO3 have
been considered for their single chemical, physical and photocatalytic properties [6,7]. Jiang
Yin et al reported that MCrO4 (M = Ba and Sr) had show potential photocatalytic properties
[8,9]. In this present work, InWO3-InMoO3 loaded-TiO2 nanomaterial was synthesised by coprecipitation method and sonication technique. The nanomaterial was characterized by HRSEM with EDX, HR-TEM, PL and UV-Vis-DRS. The photocatalytic activity of InWO3InMoO3 loaded-TiO2 nanomaterial was studied from the photodegradation of malachite green
(MEG) under UV-light irradiation at 365 nm. The hydroxyl radical formation in the
mechanisam was confirmed by fluorescence quenching technique. It is proposed that the
catalyst was found to be stable and reusable.
2. EXPERIMENTAL
2. 1. Reagents
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Fig. 1. Chemical structure of (a) Methyl green (MEG) and (b) Methylen blue (MB)

Tetraisopropyl orthotitanate, Sodium tungstate (Na2WO4), Ammonium heptamolybdate
((NH4)6Mo7O244H2O), Indium chloride (InCl3), NH3 solution, Nitric acid-65%, Chemical
structure of Methyl green (C26H33N3Cl2) (MEG) and Methylene blue (C18H18N3SCl3H2O). The
chemical structure of MEG& MB is shown in Fig. 1. Used are gift sample of TiO2−P25 (80%
anatase) and ethanol, the guaranteed reagents of Sigma Aldrich. Deionized water was used as
a solvent throughout the experiment.
2. 2. Synthesis of InWO3-InMoO3 doped-TiO2 nanomaterial
Synthesis of InWO3 nanomaterial
InWO3 synthesis was conducted in the following way, indium chloride and Sodium
tungstate were first dissolved with anhydrous ethanol and deionized water respectively, the as
prepared InCl3 solution was put in a beaker, and then slowly added Sodium tungstate until it
reached to 1:1 composite. Frequent magnetic stirring for 2 h was carried out to keep the
reactant mixed equally. The pH of the solution was adjusted to 9 with ammonia solution. The
obtained solution was placed in sonication for 40 mins to get a precipitate. The precipitate
was filtered and washed with distilled water for four to six times to remove the remaining Clˉ
and Na+ ions. finally the sample was dried at 100 °C for 1 h.
Synthesis of InMoO3 nanomaterial
Indium chloride and Ammonium heptamolybdate were dissolved with deionized water.
The as prepared InCl3 solution was put in a beaker, and then slowly added. Ammonium
heptamolybdate until it is reached to 1:1 composite. Frequent magnetic stirring for 2 h was
carried out to keep the reactant mixed uniformly. The pH of the solution was adjusted to 9
with ammonia solution. The obtained solution was placed in sonication for 40 mins to get a
white precipitate. The precipitate was filtered and washed with distilled water for four to six
times to remove the remaining Clˉ and Na+ ions. Finaly the sample was dried at 100 °C for 2 h
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Synthesis of InWO3–InMoO3 loaded –TiO2 nanomaterial
In the third step, the obtained InWO3 and InMoO3 were added into tetraisopropyl
orthotitanate with anhydrous ethanol and deionized water respectively. The resulting solution
was stirred at room temperature for 4 h and ultrasonication was carried out for 20 min, until a
precipitate was formed. The precipitate was filtered and washed with distilled water and
ethanol until the alkali phases were removed from the precipitate. The precipitate was dried in
an oven at 100 °C for 12 h. The resulting powder was finally calcined at 600 °C for 3 h as
shown in Scheme 1.

Scheme 1. Preparation scheme of the InWO3-InMoO3 loaded-TiO2 nanomaterial

2. 3. Photocatalysis
The photocatalytic activities of the photocatalysts (TiO2 and InWO3-InMoO3 loadedTiO2) were evaluated by the photodegradation of methyl green (MEG) and methylene blue
(MB). The light source was UV lamp at 365 nm.
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The reaction was carriedout at ambient temperature (303 K). In a typical experiment,
aqueous suspensions of dye (40 mL, 1×10−4 M) and 0.150 g of photocatalyst were loaded in
reaction tube of 50 mL capacity. Prior to the irradiation, the suspension was magnetically
stirred in dark to ensure the establishment of an adsorption/desorption equilibrium. The
suspension was kept under constant air-equilibrated condition. At the intervals of given
irradiation time. The suspension was measured spectrophotometrically MEG (630 nm) and
MB (665 nm) within the Beer–Lambert law limit.
2. 4. Determination of Antibacterial activity
Determination of antibacterial activity by disc diffusion method
Nutrient agar plates were prepared under sterile conditions and incubated overnight to
identify any contamination. About 0.2 mL of working stock culture was shifted into separate
nutrient agar plates and spread thoroughly using a glass spreader. Whatman No.1 discs (6 mm
in diameter) were impregnated in the testing compounds dissolved in DMSO (200 mg/mL)
for about half an hour. Commercially available drug disc, Ciprofloxacin (10 mg/disc) was
used as positive reference standard. The discs were placed on the incubated agar plates and
incubated at 37±1 °C for about 2h. Antibacterial activity was valued by measuring the zone of
incubation beside the test organism. Bacteria strains and ciprofloxacin are used as a standard
and results obtained.
2. 5. Contact angle measurements
The water contact angles on the catalyst coated surfaces were considered using a Drop
Shape analyzer (DSA) (Kruss GmbH, Germany). The quantity of water droplet was
approximately 4 µL and the standard of 5 measurements is reported as the water contact angle
(WCA) on the substrate. InWO3-InMoO3 loaded-TiO2 modified slides coatings were
successfully fabricated on a glass substrate by spin coating method at room temperature.
InWO3-InMoO3 loaded-TiO2 coated substrates were sintered at 125 °C for 2 h with heating
rate of 5 °C min-1 in planned furnace to ensure densification of the gel system.
2. 6. Analytical Methods
The Scanning electron microscopy (HR-SEM) with elementary dispersive X-ray
analysis (EDX) was carried out on a FEI Quanta FEG 200 instrument with EDX analyzer
facility at 25 °C. The sample was prepared by placing a small quantity of prepared material on
a carbon coated copper grid and allowing the solvent to evaporate. The morphology of the
sample was examined using a JEOL 3010 high-resolution transmission electron microscope
(HR-TEM). Photoluminescence (PL) spectra at room temperature were recorded using a
Perkin-Elmer LS 55 fluorescence spectrometer. The crystallinity was characterized by an UVVis DRS the direct band gap energy, was analyzed UV-Visible (Shimadzu UV-1650 PC)
spectrophotometer. UV spectral measurements were done using a Hitachi-U-2001
spectrometer. Ultraviolet and visible (UV-Vis) absorbance spectra were measured over a
range of 800-200 nm with a Shimadzu UV-1650PC recording spectrometer using a quartz cell
with 10 mm of optical path length. Fulorescence technique with coumarin (1 mM of 4hydroxycoumarin) were measured on a Hitachi F-7000 fluorescence spectrophotometer. The
Photovoltaic properties of the material was characterized by recording the photo current
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voltage (I-V) curve under illumination of A.M.1.5 (100 Mw/cm2). The antibacterial activity
was studied by disc diffusion method, the test compound was dissolved in DMSO (200
mg/mL) for about half an hour. Commercially available drug disc, Ciprofloxacin (10 mg/disc)
was used as positive reference standard and Cyclic voltammetry (CV) measurements were
carried out using CHI 60 AC electrochemical analyzer (CHI Instruments Inc. USA).

3. RESULTS AND DISCUSSION
3. 1. HR-SEM with EDX analysis

Fig. 2. HR-SEM by InWO3-InMoO3 loaded-TiO2 (a) Image, (b) EDX elemental analysis, (c)
image profile and (d) Particle size distribution
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HR-SEM image of InWO3-InMoO3 loaded-TiO2 are shown in Fig. 2 (a) respectively.
The HR-SEM image exposed that surface morphology as anagglomerated various sized and
mixed InWO3-InMoO3 loaded-TiO2 and highly spherical nanochain structure. The HR-SEM
images of the InWO3- InMoO3-TiO2 shows an average particle size of 30 nm. Fig. 2 (b) EDX
analysis conforms In, W, Mo, Ti and O are present in InWO3-InMoO3 loaded-TiO2
nanomaterial. Fig. 2 (c) Shows image profile and Fig. 2 (d) Showed in average particle size as
about 2.1 nm by selected particle area in Fig. 2a.
3. 2. HR-TEM analysis

(a)

(b)

(c)

(d)

Fig. 3. HR-TEM by InWO3-InMoO3 loaded-TiO2 (a) Image, (b) SAED pattern (c) image
profile and (d) Particle size distribution of selected area highlighted in (a)
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The High-resolution transmission electron microscope (HR-TEM) measurements of
InWO3- InMoO3 loaded -TiO2 are shown in Fig. 3a it is established that the presence of particles
are depicted from the HR-TEM micrographs of the mixed nanomaterial at 50 nm as well
crystalline and spherical shaped. Fig 3b (SAED) pattern for the selected area electron
diffraction shows bright rings matching to the crystal plane of (corresponding to
polycrystalline nature).
The distances between the bonds were measured by analysis software. Fig 3c represents
an image profile; Fig. 3d shows an average particle size as about 0.2 nm by selected particle
area highlighted show in Fig. 3a.
3. 3. PL analysis
PL analysis of TiO2 and InWO3-InMoO3 loaded-TiO2 are shown in Fig. 4 a and b,
respectively. As photoluminescence occurs due to electron/hole pairs under equivalent light
irradiation important to highly developed photocatalytic activity, the intensity is directly
proportional to the rate of electron–hole recombination [10] The emission spectra of synthesis
TiO2 and InWO3-InMoO3 loaded-TiO2 show that both section exhibited characteristic green
emission in the range 350-600 nm. It is well-known that the PL of a nanomaterial is due to
radioactive recombination process of generated electron/hole pairs. Therefore, the decreased
PL intensity of InWO3-InMoO3 loaded-TiO2 as a low recombination rate of electron/hole
pairs, through a explanation for the enhancement in photocatalytic activity [11].

(a

(b

Fig. 4. PL spectra of (a) TiO2 (b) InWO3-InMoO3 loaded-TiO2 nanomaterial.
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3. 4. UV-Vis-DRS analysis

Fig. 5. DRS-Plot of transferred Kubelka−Munk versus energy of the light absorbed
of the (a) bare TiO2 and (b) InWO3-InMoO3 loaded-TiO2 nanomaterial
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The UV-Vis-DRS spectra of TiO2 and InWO3-InMoO3 loaded-TiO2 are shown in Fig. 5.
The direct band gap of the synthesized material has been resolute from the tauc plots. The
plots of [F(R) hv]2 Vs the photon energy (hv) give the direct band gap of the synthesized TiO2
and InWO3-InMoO3 loaded-TiO2 as 3.44 and 3.1 eV correspondingly. The UV-Vis-DRS
consequences confirm a decrease in the direct band gap of InWO3-InMoO3 loaded-TiO2 that
of TiO2. The band gap energy obtained from the plot of the modified Kubelka−Munk function
(F(R) E)1/2 versus the energy of the absorbed light E by the equation - (1)

--------------------- (1)

UV-Vis-DRS results established a decrease in the direct band gap of InWO3-InMoO3
loaded-TiO2 compared to TiO2. The results recognized InWO3-InMoO3 loaded-TiO2 having
high photocatalytic and UV-Vis activity show in Fig. 5. (a and b).
3. 5. Photocatalytic study
3. 5. 1. Degradation of MEG dye
InWO3-InMoO3 loaded-TiO2 nanomaterial (0, 5, 26, 46, 60 and 98.8 %) shows superior
photocatalytic activity when compare to that of TiO2 (0, 3, 7, 31, 46, and 58%), TiO2 P25
(0,10, 18, 32, 40, 50), Dark (0,3, 5, 8, 10 and 12) and Nil catalyst (0, 1, 2.5, 4, 5, 7) The
reaction of MEG undergoes % of degradation under UV-light at 365 nm by measuring the
time dependent degradation efficiency of MEG. The photocatalytic degradation is in the order
of the catalyst material used InWO3-InMoO3 loaded TiO2 > TiO2> TiO2P25 > Dark >Nil
catalyst shown in Fig. 6 a. The Typical run time absorbence in precence of rate constant value
shown in Table 1a
Table 1. (a) A Typical run time absorbence in precence of rate constant value
(a) A Typical run
InWO3-InMoO3-TiO2 = 0.150 g
pH = 7, [MEG] = 1 × 10-4 M
Light Intensity = 60.0 mWcm-2

Time (min.)
0
10
20
35
40
50

Absorbance (A)
0.525
0.497
0.385
0.281
0.140
0.041

• InWO3-InMoO3-TiO2 Rate constant (k) = 2.2094 × 10-4 sec-1
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1 + log A
0.7201
0.6963
0.5854
0.4487
0.1461
-0.3872
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Fig. 6. photodegradation study of (a) MEG dye and (b) MB dye under
UV-light irradiation at 365 nm
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3. 5. 2. Degradation of MB dye
InWO3-InMoO3 loaded-TiO2 nanomaterial (0, 3, 17, 33, 47, 58 and 78 %) shows
superior photocatalytic activity when compare to that of TiO2 (0, 2, 13, 27, 34, 42 and 53%),
TiO2 P25 (0, 8, 12, 27, 36, 40 and 48), Dark (0, 2, 4, 6, 7.5, 9 and 10) and Nil catalyst (0, 1,
2.3, 5, 6 and 6.5) The reaction of MB undergoes % of degradation under UV-light at 365 nm
by measuring the time dependent degradation efficiency of MB. The photocatalytic
degradation is in the order of the catalyst material used InWO3-InMoO3 loaded-TiO2 > TiO2>
TiO2P25 > Dark>Nil catalyst shown in Fig. 6 b.
3. 5. 3. Mechanism for photocatalytic effect of InWO3-InMoO3 loaded-TiO2
nanomaterial
On the basis of these observations, a mechanism in favor of photocatalytic degradation
of two dyes (MEG & MB) is proposed as follows:
* Dyes- (Methyl green (MEG) and Methylene blue (MB))
* Semiconductor (SC) - InWO3-InMoO3-TiO2
1
Dyes 0 + hν → Dyes 1
1
Dyes 1 + ISC →3 Dyes 1
InWO3-InMoO3-TiO2 (SC) + hν → e–(CB) + h +(VB)
–
OH + h+ → •OH

OH + 3 Dyes 1 → Leuco Dye
Leuco Dyes → Products

…(2)
…(3)
…(4)
…(5)
…(6)
…(7)

Scheme 2. Schematic diagram of photodegradation of MEG and MB on InWO3-InMoO3TiO2 nanocomposite material under UV-light for successive mineralization.

-349-

World Scientific News 67(2) (2017) 3 38-364

Dyes (MEG & MB) absorb radiation of desired wavelength and it forms excited singlet
state. Further, it undergoes intersystem crossing (ISC) to give its more stable triplet state. Along
with this, the semiconducting InWO3-InMoO3 loaded-TiO2 (SC) also utilizes this energy to
excite its electron from valence band to the conduction band. An electron can be abstracted
from hydroxyl ion by hole (h+) present in the valence band of semiconductor generating •OH
radical. This hydroxyl radical will oxidize methyl green to its leuco form, which may
ultimately degrade to products [2] It was confirmed that the •OH radical participates as an
active oxidizing species in the degradation of Dye (MEG & MB) as the rate of degradation was
appreciably reduced in presence of hydroxyl radical scavenger (2-propanol) are shown in
Scheme 2
3. 5. 4. Stability and reusability

Time (min)
Fig. 7. Stability and reusability of InWO3-InMoO3 loaded-TiO2 nnomaterial
The stability and reusability of the InWO3-InMoO3 loaded-TiO2 nnomaterial are
achieved by repeating MEG & MB degradation experiments for fifth more times. After each
cycle the InWO3-InMoO3 loaded-TiO2 catalysts were washed thoroughly with water, and a
fresh solution of MEG & MB dyes was made before every run in the photoreactor. The
complete degradation occurs in the MEG [1st cycle (100 %), 2nd cycle (98 %), 3rd cycle (97
%), 4th cycle (97 %) and 5th cycle (97 %)] the photocatalytic efficiency of decreased gradually
with reuse. The lost cycle a 3% loss in material was observed. Further MB [1st cycle (100 %),
2nd cycle (98 %), 3rd cycle (95 %), 4th cycle (94 %) and 5th cycle (94 %)] the photocatalytic
efficiency of decreased gradually with reuse.
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The lost cycle a 6% loss in material was observed show in Fig.7. The result indicates
that the prepared catalysts are stable and reusable. After the completion of the degradation
process, the solution was tested for In3+ by leaching with Na2S. There is no precipitation of
In3+ S (black color) was found. As there is no further leaching of In3+. So this responded
material is non-hazardous for waste water treatment [12 ].
3.5.5. Hydroxyl radical analysis
The photocatalytic activity of the prepared TiO2 and InWO3-InMoO3 loaded- TiO2
nanomaterial was further confirmed by the detection of •OH from the change in the
fluorescence spectra with coumarin solution at UV-light irradiation in 45 min. It is suggested
that the fluorescence intensity arises [2,13,14] from the chemical reaction between coumarin
solution and •OH occurance of the emission peaks in the UV-visible region is due to the
electronic transitions mediated in the defect levels such like oxygen vacancies in the band gap
[15,16]. The hydroxyl radical analysis confirms the radicals are active group in photocatalytic
reactions. On the other hand, the formation rate of •OH is directly related to the photocatalytic
activity of InWO3-InMoO3 loaded-TiO2 nanomaterial. Formed on the illuminated InWO3InMoO3 loaded- TiO2 nonmaterial show in Fig. 8a and b.

375 nm
(b)
(a)

Fig. 8. Hydroxyl radical analysis of (a) TiO2 and (b) InWO3-InMoO3 loaded-TiO2
nnomaterial
3. 5. 6. The effect of pH
The effect of pH on degradation efficiency of InWO3-InMoO3-TiO2 nanomaterial under
UV-light at 365 nm, after time irradiation 60 min. The effect of pH solution degradation of
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MEG and MB was investigated for MEG dye degradation it has maximum efficiency at
neutral pH for higher photcatalytic activity so discussed MEG dye in the pH range 3, 5, 7, 9
and 11 show in Fig. 9 (a and b) and the results are reported in Table 1b, it was observed that
the % of degradation (13, 46, 98.8, 50 and 37) and degradation rate (1.3501, 1.4823, 2.2094,
1.7103 and 1.2610×10-4 (sec–1)) increases with an increases for pH up to 7 and then decreases.
The low removal efficiency in the acidic pH range may have been due to the dissolution of the
% of degradation and degradation rate InWO3-InMoO3 loaded-TiO2 is more effective than
TiO2.

Fig. 9. The effect of InWO3-InMoO3 loaded-TiO2 on different dyes at pH = 3 , 5, 7, 9 and 11
(a) MB and (b) MEG
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Table 1. (b) Effect of pH absorbence in precence of rate constant value
Effect of pH
[MEG] 1×10-4 M

InWO3-InMoO3-TiO2 = 0.150 g
Light Intensity = 60.0 mWcm-2

pH

Rate constant (k) × 10-4 (sec–1)

3

1.3501

5

1.4823

7

2.2094

9

1.7103

11

1.2610

3. 5. 7. The effect of dye concentration

Fig. 10. The effect of InWO3-InMoO3 loaded-TiO2 on different dyes at concentration 1×10-5,
1×10-4 and 2×10-4 (a) MEG and (b) MB
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The effect of dyes concentration of MEG & MB, and hence different amounts of dyes
concentration with InWO3-InMoO3 loaded-TiO2 material were used. The dyes concentration
in photocatalytic processes is an significant feature that can strongly influence dye
degradation. different dyes concentration of InWO3-InMoO3 loaded-TiO2 suspended in the
reaction medium leads to increase of the degradation at 1×10-5, 1×10-4 and 2×10-4 and the
total volume of solution used in each 40 mL are shown in Fig. 10 a and b. This study can be
explained in terms of the accessibility of active sites on the catalyst and access of UV-light at
365 nm into the suspension. The effect of dye concentration is explained on the basis that on
increasing the concentration of MEG & MB, more molecules of MEG & MB are available for
degradation. However on increasing the concentration above 1×10-4 M, the photodegradation
and decolorization was found to decrease. A further increase in concentration brought a
sudden decrease in the rate of degradation, perhaps because more molecules of MEG & MB
were available for degradation, or because the glut of MEG & MB dye may act as a filter for
the incident light, preventing a sufficient intensity of light from reaching the dyes molecule in
the bulk of the solution. The final result order of photodegradation and decolorization
increases with an increases 1×10-4 then decreases 2×10-4 on MEG dye was faster than MB dye
by InWO3-InMoO3 loaded-TiO2 nanomaterial Table 2a.
3. 5. 8. The effect of catalyst loading
Table 2(a). Effect of MEG concentration in presence of rate constant value
pH = 7
[MEG] × 10-4

Light intensity = 60.0 mWcm-2
Rate constant (k) × 10-4 (sec-1)

1.00

2.2094

2.00

1.4821

Table 2(b). Effect of Catalyst loading in presence of rate constant value.

pH = 7

MEG 1×10-4 M
Light intensity = 60.0 mWcm-2

InWO3-InMoO3-TiO2 (g)

Rate constant (k) × 10-4 (sec-1)

0.100 g

1.4982

0.150 g

2.2094

0.200 g

1.2538
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The effect of catalyst loading affect the degradation of MEG & MB, and hence different
amounts of InWO3-InMoO3 loaded-TiO2 were used. The catalyst loading in photocatalytic
processes is an significant feature that can strongly influence dye degradation. different of the
amount of InWO3-InMoO3 loaded-TiO2 suspended in the reaction medium leads to increase of
the degradation at catalyst loading amounts of 0.100 g, 0.150 g and 0.200 g, and the total
volume of solution used in each 40 mL are shown in Fig. 11 a and d. This study can be
explained in terms of the accessibility of active sites on the catalyst surface and access of UVlight at 365 nm into the suspension. The total active surface area increases with increasing
catalyst loading. However, with excess catalyst dosage there is a decrease in UV-light
penetration as a result of increased light scattering by photocatalyst particles. As a result, the
photo activated volume of the suspension decreases. Additionally, it is important to keep the
treatment expenses low for industrial use. Thus, we used 0.150 g as the optimal catalyst
amount in high activity in our work. (InWO3-InMoO3 loaded-TiO2 –MEG) catalyst was faster
than (InWO3-InMoO3 loaded-TiO2-MB dye) so (InWO3-InMoO3 loaded-TiO2 –MEG)
discussed photodegradation rate constant (1.4982, 2.2094 and 1.2538 × 10-4 (sec-1)) show in
Table 2b, rate of degradation increases with an increases 0.150 g then decreases 0.200 g on
MEG dye was faster than MB dye by InWO3-InMoO3 loaded-TiO2 nanomaterial.

Fig. 11. The effect of InWO3-InMoO3 loaded-TiO2 on different dyes at catalyst amound
of 0.100 g, 0.150 g and 0.200 g (a) MEG and (b) MB
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3. 6. Kinetic study
The kinetic study of MEG on TiO2 and InWO3-InMoO3 loaded-TiO2 are calculated by
using the pseudo-first-order kinetics model eq (8)

ln(C0/Ct) = Kappt

--------------- (8)

where Kappt is the rate constant [min], C0 is the initial concentration of MEG, and Ct is the
concentration of MEG at reaction time (t), InWO3-InMoO3 loaded-TiO2 showes the maximum
degradation rate constant, around which is higher than that of TiO2. The photodegradation rate
constants (k′) of MEG dye in the monochromatic light source yields reaction quantum yield2
by applied following eq (9)

k
Φ =

------------ (9)

2.303 I 0, λ εDλ l
where Φ is the reaction of quantum yield (dimensionless), Io is the light intensity of the
incident light range at 200-800 nm range (1.381×10-6), ε Dλ is the molar absorptivity of MEG
at 560 nm (3.192×10 4 cm−1 M−1) and (l) is the path length of the reaction tube and is 0.24 m
for 50 mL of irradiated solution. The final results of degradation quantum yields by, InWO 3InMoO3 loaded-TiO2 and TiO2 are 6.0×10-2 and 4.2×10-2 respectively Table 3. These results
indicate that the quantum yield of the InWO3-InMoO3 loaded-TiO2 process greater than TiO2
nanomaterial.
Table 3. Kinetic data of photocatalytic degradation of MEG in aqueous solution after 50 mins

Catalyst

Quantum yield
(Mole/Einsten)

TiO2

4.2 × 10-2

InWO3-InMoO3-TiO2

6.9 × 10-2

3. 6. 1. Chemical oxygen demand analysis (COD)
COD analysis of MEG and MB on mineralization of InWO3-InMoO3 loaded-TiO2
photocatalyst loading amount of o.150 g on dye concentration (1×10ˉ4) suspension for 40 mL
pH = 7 solution and air passing with UV- light at 365 nm. The % of Chemical oxygen
demand analysis reduction of MEG [ 0 (0%), 10 (4%), 20 (25%), 30 (44.5%), 40 (58%) and
50 (97.5) min and MB [ 0 (0%), 10 (2.5%), 20 (19 %), 30 (34.%), 40 (49 %), 50 (56 %) and
60 (79 %) of Chemical oxygen demand analysis measurements reduction is obtained. The
mineralization is also specific by formation of calcium carbonate when the evolved gas
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(carbandioxide) through photodegradation is accepted and calcium hydroxide is obtained
show in Fig. 12 a and b.

Fig 12. Chemical oxygen demand analysis of InWO3-InMoO3 loaded-TiO2 (a) MB and
(b) MEG

3. 6. 2. Water conduct angle measurement
The surface wettability (or) the hydrophobicity of the InWO3-InMoO3 loaded-TiO2
catalyst was revealed by Water conduct angle measurement hydrophobicity of catalyst.
Uncoated, TEOS, TEOS + TiO2 and TEOS + InWO3-InMoO3 loaded-TiO2. The images of
water drops on coated and uncoated glass slides are shown in Fig. 13. The photocatalyst nano
particle be coated on the slides by spin coating method using silica sol, shows the
hydrophilicity and this Water conduct angle measurement increases gradually on slides coated
with TEOS (50° %), TEOS+TiO2 (62° %) and TEOS+InWO3-InMoO3 loaded-TiO2 (115° %).
Than uncoated Water conduct angle measurement (39° %). This shows that shows that the
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surface coated with TEOS+InWO3-InMoO3 loaded-TiO2 (115° %) has more hydrophobic
character. This decrease in surface wettability leads to a self cleaning of the property of
catalyst [17-20].

Fig 13.Water conduct angle (a) uncoated, (b) TEOS, (c) TEOS+TiO2 and
(d) TEOS+InWO3-InMoO3 loaded -TiO2

3. 7. Antibacterial activity

(b)

(a)
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(c)

Fig. 14. The antibacterial activity effect of synthesized TiO2 and InWO3-InMoO3 loaded-TiO2
(a) Bacillus subtilis (b) Escherichia coli (c) The antibacterial effect of column chat

The antibacterial activity of the InWO3-InMoO3 loaded-TiO2 nanomaterial was assessed
against two pathogenic bacteria using the disc diffusion method. Antibacterial activity against
Gram positive and Gram negative are used this prepared TiO2 and InWO3-InMoO3-TiO2
nanomaterial [2]. InWO3-InMoO3 loaded-TiO2 nanomaterial was higher antibacterial activity
against (a) Bacillus subtilis (Gram positive) (b) Escherichia coli (Gram negative) Than TiO2
shows in Fig. 14 a-c & Table 4.
Table 4. Antibacterial activity [disc diffusion method]
Zone of inhibition (mm)
S. No.

Bacteria*

Standard
TiO2

InWO3-InMoO3-TiO2

Control
(DMSO)

1.

Bacillus subtilis

22

12

19

-

2.

Escherichia coli

23

11

18

-

*ciprofloxacin
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3. 8. Photoconductivity analysis
Photoconductivity analysis was considered by irradiating the illustration with 100 W
halogen lamps. The photocurrent analysis for final result is InWO3-InMoO3 loaded-TiO2
material is higher than dark current. At 100 V cm-1 the photocurrent of 2.7×10-4 mA is
1.45×10-4 mA higher than dark current (1.7×10-4 mA) shown in Fig. 15 a and b. This positive
photoconductivity analysis may be due to the increase of charge carriers on radiation. The
InWO3-InMoO3 loaded-TiO2 nanomaterials exhibiting good DC and photoconductivity can be
exceptionally greatly useful for solution wave communication as well as solar cell
applications [21].

Fig. 15. Synthesis material (InWO3-InMoO3 loaded-TiO2) Photoconductivity by applied
electric field (V/cm) vs. electric current (mA). (a) Dark and (b) on irradiation
with 100 W halogen lamp

3. 8. 1. Photovoltaic characterization
Fig. 16 a and b shows the photo current voltage (J-V) characteristic of the Dye
Sensitized Solar cells (DSSCs). The TiO2 and InWO3-InMoO3 loaded-TiO2 act as
photoelectrode are coated on Fluorine doped Tin oxide (FTO-plate) glass substract. The
routine solar cell is fabricated with TiO2 and InWO3-InMoO3 loaded-TiO2 with Ruthenium
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dye (535-bis TBA, N719). From the data, it is clear that (N719), with InWO3-InMoO3 loadedTiO2 cell gives the most brilliant performance reunite the highest value of short-circuit current
density, Jsc (3.3 mA/cm2), open-circuit voltage, Voc (500 mV), fill-factor, FF (0.94 and
efficiency, η (1.7%). It is observed that the effectiveness of doped photo electrode based cell
is much higher than TiO2 [22,23].

Fig. 16. Current density–voltage (J–V) curves for the DSSCs fabricated from nanomaterial
(a) TiO2 and (b) InWO3-InMoO3 loaded -TiO2

3. 8. 2. Cyclic voltammogram (CV) analysis
The prepared material TiO2 and InWO3-InMoO3 loaded-TiO2 modified electrode is
constructed through the mechanical attachment. Fig. 17 (a-c) shows the cyclic voltammogram
of using unmodified/modified glassy carbon electrode on the electrochemical
oxidation/reduction potential of potassium chloride (KCl) solution.
Although it is showing that the electrochemical redox reaction of KCl is a reversible
process (enhanced anodic current and the (Epa) peak potential of 0.350 V, and i = 4.0 e-5A).
The result thus suggests that the occurrence of could increases current and improves the
relation electron transferred by InWO3-InMoO3 loaded-TiO2 nanomaterial [24].
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GCE

GCE+TiO2

GCE+InWO3-InMoO3-TiO2

KCl solution

KCl solution

KCl solution

(a)

(b)

(c)

Fig. 17. Cyclic voltammeter (CV) analysis of (a) uncoated GCE with 0.1 M KCl (blue curve),
(b) TiO2 coated GCE in 0.1 M KCl (dark blue curve) and (c) InWO3-InMoO3 loaded-TiO2
coated GCE in 0.1 M KCl (red curve)
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The prepared material TiO2 and InWO3-InMoO3 loaded-TiO2 modified electrode is
constructed through the mechanical attachment. Fig. 17 (a-c) shows the cyclic voltammogram
of using unmodified/modified glassy carbon electrode on the electrochemical
oxidation/reduction potential of potassium chloride (KCl) solution. Although it is showing
that the electrochemical redox reaction of KCl is a reversible process (enhanced anodic
current and the (Epa) peak potential of 0.350 V, and i = 4.0 e-5A). The result thus suggests that
the occurrence of could increases current and improves the relation electron transferred by
InWO3-InMoO3 loaded-TiO2 nanomaterial [24].

4. CONCLUSIONS
InWO3-InMoO3 loaded-TiO2 nnomaterial was synthesized by simple co-precipitation
method. It was characterized by HR-SEM with EDX, HR-TEM image showed spherical
shaped structure. EDX spectra revealed the presence of Ti, In, W, Mo and O in the catalyst.
PL analysis of a low electron and hole recombination rate implies a lower luminescence emission
intensity and higher photocatalytic activity. UV-Vis-DRS results demonstrated that the
decrease in the direct band gap high photocatalytic activity by InWO3-InMoO3 loaded-TiO2
nnomaterial that of TiO2 nanomaterial. The InWO3-InMoO3 loaded-TiO2 nnomaterial was
higher photocatalytic activity when compared that of TiO2 nnomaterial on MEG and MB dye
under UV-light irradiation at 365 nm and MEG dye was high photocatalytic that of MB dye.
The high photocatalyst on MEG has been discussed by first order kinetics, rate constant value
and high quantum yield calculated was donning. The conformed hydroxyl radical analysis by
fluorescence technique. The result indicates that the prepared nanomaterial are stable and
reusable. The higher Photovoltaic property of the Dye Sensitized Solar Cells (DSSCs) was
observed. The cyclic voltammogram (CV) result showed increases of current and improves
the relation of electron transfer by InWO3-InMoO3 loaded-TiO2 nanomaterial was higher
antibacterial activity against (a) Bacillus subtilis (Gram positive) and (Gram negative) (b)
Escherichia coli Than TiO2. Seeing that InWO3-InMoO3 loaded-TiO2 shows elevated
hydrophobicity, it can be used as a self-Cleaning nanomaterial for expanded important
industrial applications.
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