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Abstract
Objectives: To synthesize a TiO2-phosphomolybdic acid composite by sonica-
tion method. The above prepared samples were characterized and study the
application. Method: The above prepared composites were characterized by
UV-Visible, FTIR, XRD, EDAX and SEM studies. Also, the applications studies such
as, photocatalytic activities, antimicrobial activities and electrical conductivi-
ties. Findings: The UV-Visible and FTIR shows that there is a strong interaction
between TiO2 and the dopant, phosphomolybdic acid. XRD and SEM showed
a decrease in particle size and uniform distribution of dopant, phosphomolyb-
dic acid into the TiO2 matrix. The composite exhibited excellent photo-catalytic
activity, with a degradation of MB at a rate of 99.58% with in 180min. The com-
posites also had good antimicrobial activity with an inhibition rate 99%. The
composites had good electrical conductivity with a conductivity of 100s/cm.
Novelty: The light sensitizer functionality of TiO2 and heterogeneous catalysis
of phosphomolybdic acid, PMA have been combined in the composites.
Keywords: Composite; TiO2 Phosphomolybdic Acid; Photocatalytic Activity;
Streptococcus pyogenes; Dielectric Constant

1 Introduction
Titanium dioxide (TiO2) composites are one of the most widely used materials in
various fields due to their excellent physical and chemical properties. In recent years,
TiO2 composite materials have been studied extensively because of their potential
applications in various fields, ranging from automotive and aerospace industries to
medical, environmental, and energy applications. TiO2 composites have been used in
various forms including powder, nanoparticles, thin films, and nano-fibers.
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They also have a unique combination of properties such as strong electrical conductivity, high thermal stability, and strong
mechanical strength. In addition, they possess low-cost production which makes them suitable for industrial applications (1,2).

Phosphomolybdic acid is a widely used as homogeneous and heterogenous catalyst. The photocatalytic activity, electrical
conductivity, and optical properties of the composite can be improved by doping TiO2 with phosphomolybdic acid and lead
to reducing the recombination of electron-hole pairs, enhanced the stability, catalytic activity, and increasing the adsorption
capacity of the composite (3).

TiO2-phosphomolybdic acid composite is a novel photocatalyst with enhanced photocatalytic activity (4),which, due
to its unique structure. Its activity results from the presence of the two components, TiO2 and phosphomolybdic acid.
The combination of TiO2 and phosphomolybdic acid results in unique interactions at the nano-level that boost the
photocatalytic activity and enhance its activity for a broad range of industrial and environmental applications. In addition
to its improved photocatalytic activity (5),TiO2 doped with phosphomolybdic acid also exhibits other enhanced properties,
such as increased electrical conductivity, improved mechanical strength, and better thermal stability. These properties make
TiO2-phosphomolybdic acid composite a promising material for a variety of applications.

TiO2-phosphomolybdic acid composite is a material that is also used in antibacterial applications. This composite material
has been found to possess a range of antibacterial properties when tested against various bacteria. The disc diffusion method
of Streptococcus pyogenes is a commonly used method to evaluate the antibacterial activity of a material (6).In this method, a
disc of the composite material is placed on a plate of agar containing a bacterial culture. After a period of incubation, a zone of
inhibition is observed around the disc, indicating the antibacterial effect of the composite material (7).

Composites were characterized byUV-DRS, FT-IR, XRD, and SEM-EDAX techniques.The optical property of these samples
were investigated by UV-Vis Kubelka-Munk absorption. Measurements of the frequency-dependent conductivity of all the
samples were performed using a Precision LCRMeter [Agilent 4284A] over a temperature range of 303 to 393K and a frequency
range of 100 Hz to 1 MHz. The results of the conductivity measurements were used to determine the electrical properties of
the samples and to understand the effect of temperature and frequency on the conductivity. The photocatalytic degradation
efficiency of doped composites were investigated by the photodegradation of Methylene Blue [MB] solution under visible light
illumination. Furtherly, the effect of initial ion concentration, catalyst loading, and pH with irradiation time had been also
studied. TiO2-PMA composites were experimented with to find their antimicrobial activity against various bacterial species
like Streptococcus pyogenes. Keeping application aspects of TiO2-PMA composites in view, the present study has focused on
photocatalytic and antimicrobial activity. Composites due to their unique physic-chemical and biological properties could have
far-reaching industrial and microbial applications.

2 Methodology
The procedures for the synthesis of TiO2 composite and TiO2-doped Phosphomolybdic acid composites were briefly
summarized below.The chemicals used in this study were all commercially available. TiO2 was obtained from Loba Chemicals,
HCl and NaOH pellets from Spectrum Chemicals, and phosphomolybdic acid from SRL Pvt. Ltd. Methylene blue dye was
purchased from Himedia Ltd. All the reagents used in this study were of analytical grade

2.1 Synthesis of TiO2-Phosphomolybdic acid composites

The synthesis of TiO2-doped with phosphomolybdic acid composites were carried out by sonication method. The sonication
methodwas a simple and efficientway to synthesize TiO2 composites.The sonication process helps to disperse theTiO2 particles
evenly in the solution, which results in a more uniform composite.The different concentrations of phosphomolybdic acid were
used to study the effect of doping on the properties of the composites. 1 g of TiO2 suspended in 50 mL of water in 250mL
beaker and was sonicated for 60 minutes. The above sonication process was repeated with various concentrations of dopant
phosphomolybdic acid (0.01M, 0.001M, 0.05M, and 0.005M) to prepare samples 2, 3, 4, and 5, respectively. After the sonication
step, the suspensions were centrifuged to separate the precipitates from the supernatant. The precipitates were then dried in an
oven at 110◦C for 24 hours. The dried precipitates were ground into powder and stored for further study.

2.2 Characterization Techniques

The composites were commonly characterized by UV-DRS absorption spectroscopy and Fourier Transform Infra-Red
(FTIR) spectroscopy. Their size, purity, morphology, and shape were found by using advanced techniques such as
Powder X-ray Diffraction [PXRD], Scanning electron Microscopy (SEM-EDX), and Elemental analysis Mapping. Moreover,
photodegradation, electrical and antimicrobial activity of composites were to be found.

https://www.indjst.org/ 3268

https://www.indjst.org/


Praveendaniel et al. / Indian Journal of Science and Technology 2023;16(38):3267–3282

2.2.1 UV DRS visible absorption spectroscopy
UV absorption of the synthesized composites had been carried out by using a JascoV-600 UV-Vis spectrometer, in the
wavelength range 200-800 nm with a 1000 mm quartz cell. The spectrum was plotted as wavelength on X-axis and absorbance
on the Y-axis.

Band gap energy can be done by applying the Tauc plot method, which involves plotting the absorbance (αhv)2 against the
energy of the incident light (eV). The equation is

E = (αhv)2
(
eV cm−1

)2 vs Energy (eV ) (1)

The Tauc plot is based on the relationship between the absorption coefficient α and the photon energy hν . This relationship is
described by the following equation is

αhv = A(hv−Eg)n (2)

where A is a constant, Eg is the band gap energy, and n is a parameter that depends on the material (7). This equation states that
when the photon energy is equal to the band gap energy, the absorption coefficient will be zero.

The Urbach energy method is based on the fact that the absorption coefficient of a material is exponentially dependent on
the energy of the incident light. In this method, the Urbach energy (∆E) is determined by fitting an exponential curve to the
absorption spectrum of the material. The UV-Vis spectra of the pure TiO2 and TiO2 doped phosphomolybdic acid composites
were measured in the range of 200-800 nm.The sample of the absorption spectra was obtained by plotting the absorbance (A)
against the wavelength (λ ).

2.2.2 Fourier Transform Infra-Red Spectroscopy
This technique was a very powerful technique that uses electromagnetic radiation in the infrared region for the determination
and identification of molecular structures, in which FTIR spectra usingmodel 8400S Shimadzu the electronic spectra Jasco 550
double beam spectrophotometer was used.

2.2.3 Powder X-ray diffraction
The particle size, purity, nature of the compound crystalline phase, and planes can be evaluated by using PXRD. Every single
phase exhibits peak at different 2θ values. The 2θ values can interpret the exact phase of the sample. X-ray diffraction (PXRD)
studies were carried out for the TiO2-doped Phosphomolybdic acid composites by using a Philips powder X-ray diffractometer
Model PW1710. The PXRD patterns were recorded in the 2θ range of 10º-80º with a step width of 0.02º and steps time of 1.25
sec using Cu Kα radiation, λ=1.5406 Å.

2.2.4 Scanning Electron Microscopy
SEM of TiO2 doped Phosphomolybdic acid composites was carried out by using scanning electron microscopy SEM model
TESCAN’S VEGAS-3 operating at 20kV.

2.3 Photocatalytic & Degradation studies

The photocatalytic degradation of Methylene Blue was carried out by using an inner radiation-type photocatalytic reactor. Dye
solutions and the photocatalyst were aerated for 30 minutes to reach equilibrium before being placed in the reaction chamber
and subjected to irradiation at 365 nm for 3h. Samples of the dye solution were taken at intervals of 10, 20, 30, 40, 50, 60,
120, and 180 minutes and their degradations were measured by using an Optical Density in UV-vis spectrophotometer. The
percentage of degradation efficiency (η) was calculated by comparing the initial concentration (Co) of Methylene Blue with the
concentration (Ct) after a certain period (t). The equation used for the measurement was as follows:

η =
(Ct −Co)

CtX100
(3)

These experiments were conducted to measure the effect of initial concentration, catalyst loading pH variation, and irradiation
to use had been studied.
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2.4 Electrical conductivity of TiO2 -PMA composites
The sample used for electrical conductivity was taken in a mortar and ground to form a powder.Then, 10% weight of polyvinyl
alcohol was added as a binder to the powder. The powder was pressed into discs of 11 mm diameter and 3 mm thickness by
applying a pressure of 260 MPa in a hydraulic press at room temperature. The resulting pellets had a uniform shape and size.

By using Two Probe methods, (AC with DC), the electrical conductivity of TiO2 and TiO2 doped phosphomolybdic acid
composites had been taken. A Precision LCR Meter (Agilent 4284A) was used to measure the electrical conductivity of the
samples within a temperature range of 303 to 393 K and a frequency range of 100 Hz to 1 MHz. Each sample was placed
between two blocking electrodes with a diameter of 2.5 cm under spring pressure. This method was used to measure more
accurate and detailed measurements of the conductivity of composites. Eventually, the two-probe method was a reliable and
accurate method for measuring the electrical conductivity of TiO2 and TiO2-doped phosphomolybdic acid composites.

The AC conductivity was determined by using equation

εr =
2πFcd
A tanδ

(4)

The dielectric constant εr was calculated by multiplying the capacitance c, distance d, and area A of the sample together, where
the capacitance is determined by the frequency F of the signal and the loss tangent [tan δ ].The dielectric constant was ameasure
of the ability of the material to store energy in an electric field, while the loss tangent is a measure of the energy lost to heat.

The two-probe method was a reliable and versatile technique for measuring the dielectric constant of TiO2 and TiO2−doped
phosphomolybdic acid (0.05M) composites. The procedure for measuring the dielectric constant of these composites using the
two-probe method begins with the preparation of the sample. The plates were then connected to a two-probe apparatus, which
consists of two metal plates separated by a dielectric material. A voltage was applied across the two probes and the capacitance
of the sample and reference materials was measured. The area of the plates was also measured.

The dielectric constant was obtained from the following equation (8).

εr =
cd
Aεo

(5)

Where c is the measured capacitance of the sample composite, d is the distance between the two plates, A is the area of the
plates, and εo is the permittivity of free space.

The dielectric loss [tanδ ] was calculated using the following equation (9).

tanδ =
εr

εo
(6)

The two-probe method was used to measure the dielectric loss of pure TiO2 and TiO2-doped phosphomolybdic acid (0.05M)
composite .Themethod uses the equation (6), where εr is the relative dielectric constant and εo is the permittivity of free space.

2.5 Antimicrobial Activity of Composites
Bacterial strain preparation of Streptococcus pyogenes [MTCC 442] was acquired from the HiMedia Laboratories Pvt. Ltd.
Mumbai, India. All the bacterial strains were cultured in the liquid medium, Mueller Hinton broth (M-H Broth) [HiMedia,
Mumbai, India] at 33ºC for 2hrs with 200rpm stirring. The antimicrobial activity of TiO2-doped phosphomolybdic acid
composites was evaluated by the standard disk diffusion method. After incubating TiO2 composite for 48hrs, bacterial
suspensions of Streptococcus pyogenes were daubed on separate Nutrient Agar plates by L-rod. Whatman filter paper (No.1)
and discs of 20 mm diameter were dividedly infused with a 20 µL solution of TiO2 doped phosphomolybdic acid composite in
dimethyl sulfoxide (DMSO). The discs were vaporized and impregnated on the plates. Antibiotics of Amoxicillin & Potassium
Clavulanate 20 µL of 20mg/mL solution were used as a positive control against fungus and bacteria to stop the bacterial growth
respectively. Also, DMSO assisted as the negative control. Bacterial cultures were incubated at the temperature of 37oC, while
the fungus was incubated at the temperature of 33ºC for 48 hrs.The diameter activity zones of inhibition ring formation, growth
in bacteria, and composites were examined.

3 Results and Discussion

3.1 UV-Vis spectra analysis
The UV-Vis spectrum of the above-prepared composite samples were recorded and the results were shown in Figure 1. The
pure TiO2 sample showed a strong absorption peak at 350 nm. Sample 2 acquired a slight increase in the absorbance at 356
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Fig 1.UV-Visible spectrum of TiO2 and TiO2 doped with Phosphomolybdic acid composite

nm, indicating the presence of the dopant. Sample 3 obtained a further decrease in absorbance, indicating an even lower
concentration of phosphomolybdic acid. Sample 4 showed a higher absorbance at 360 nm indicating a higher concentration
of phosphomolybdic acid. Sample 5 showed a slight decrease in the absorbance at 356 nm, indicating a lower concentration of
phosphomolybdic acid (10).The results indicate that the addition of phosphomolybdic acid to TiO2 increases the absorbance in
the range of 354nm to 360nm.The addition of phosphomolybdic acid increases the stability of the TiO2 composite , making it
more suitable to be used in photocatalytic applications.

3.2 Determination of Bandgap Energy

TiO2 is a widely used semiconductor in the field of optoelectronics due to its unique optical properties. By analyzing the UV-
vis spectra of pure TiO2 and TiO2 doped with phosphomolybdic acid composites in different concentrations (0.01M, 0.001M,
0.05M, and 0.005M), the band gap energy can be determined (11).

The band gap energy of TiO2 and its composites were shown in Figure 2 and Table 1. The UV-vis spectra of the pure
TiO2 reached an absorption peak at 3.2 eV and the absorbance increased rapidly with a further decrease in energy. The TiO2
composites maintained a similar pattern of absorbance for pure TiO2 however, the absorbance is lower due to the presence of
the dopant. The band gap energies of the TiO2 doped with phosphomolybdic acid composites of 0.01M, 0.001M, 0.05M, and
0.005Mwere 2.78 eV, 2.73 eV, 2.55 eV, and 2.42 eV respectively.These values indicate that the band gap energy of TiO2 decreases
with the increased concentration of the dopant.These results showed that phosphomolybdic acid dopants can effectively reduce
the band gap energy of TiO2 composites.

3.3 Determination of Urbach Energy

The UV-Vis spectra of pure TiO2, and TiO2 doped with phosphomolybdic acid concentrations of 0.01M, 0.001M, 0.05M, and
0.005M were analyzed by using the Urbach energy method.This analysis is a useful tool for investigating the optical properties
of materials and characterizing their band gap structures. The spectra showed strong absorption peak in the UV region. The
results exhibited that the Urbach energy of the pure TiO2 sample was 0.90 eV.The value was slightly lower than the TiO2-doped
phosphomolybdic acid composites, (Table 1). Which ranged from 0.90 eV to 0.30 eV, depending on the concentration of the
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Fig 2. Band gap and Urbach energy of TiO2 and TiO2 doped with Phosphomolybdic acid composite

Table 1. V-DRS using Band gap and Urbach Energy.
No Sample UV-Vis peaks (nm) Band gap Energy (eV) Urbach Energy (meV)
1 TiO 2 350 3.20 0.93
2 Doped Sample (0.01M) 356 2.78 0.39
3 Doped Sample (0.001M) 334 2.73 0.30
4 Doped Sample (0.05M) 360 2.55 0.64
5 Doped Sample (0.005M) 356 2.92 0.50

doping agent. Eventually, the doping of phosphomolybdic acid into the TiO2 had a significant effect on their optical properties,
resulting in a lower Urbach energy (12).

3.4 FTIR Analysis

Figure 4 shows the FTIR analysis of sample 1 pure TiO2. The absorption bands are 3408 cm-1 (asymmetric stretching of Ti-O),
2917 cm-1 (symmetric stretching of Ti-O), 1615 cm-1 (bending of Ti-O), 1372 cm-1 (bending of O-Ti-O), and 616 cm-1 (Ti-O
stretching). These bands are characteristic of pure TiO2. Sample 2 shows the absorption bands at 2934, 2379, 1641, 1380, and
679 cm-1 correspond to the characteristic peaks for TiO2 and phosphomolybdic acid.The bands at 2934 cm-1 is due to the Ti-O
stretching vibration in TiO2, while the two new bands at 2379 and 1641 cm-1 are due to the P-O andMo-O stretching vibrations
in phosphomolybdic acid. The bands at 1380 cm-1 is due to the Mo-O-Mo bending vibration in phosphomolybdic acid, and
the bands at 679 cm-1 is due to the Ti-O bending vibration in TiO2. Sample 3 shows the absorption bands at 2888, 2367, 1636,
1359, and 675 cm-1 are similar spectrum to Sample 2, but the peaks are slightly weaker. This is because the concentration of
phosphomolybdic acid is lower in Sample 3. Sample 4 shows the bands at 2926, 2379, 1653, 1385, and 657 cm-1 are spectrum
with more pronounced bands than Samples 2 and 3. This is because the concentration of phosphomolybdic acid is higher in
Sample 4. Sample 5 shows the absorption bands at 2850, 2388, 1641, 1372, and 696 cm-1 are spectrum with a slightly different
shape than the other samples.This is because the concentration of phosphomolybdic acid is very low in Sample 5, and the peaks
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Fig 3. Band gap and Urbachenergy of TiO2 and TiO2 doped with Phosphomolybdic acidcomposite (Continuous)

are more spread out.
The results of the FTIR analysis show for the samples 2 to 5 show that the doping of TiO2 with phosphomolybdic acid causes

a shift in the wavenumbers of the bands. This shift is due to the interaction between the TiO2 and the phosphomolybdic acid
molecules. The higher the concentration of phosphomolybdic acid, the larger the shift in the wavenumbers of the bands (13).

Fig 4. FTIR spectra of TiO2doped phosphomolybdic acid composites
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3.5 XRD Analysis and W-H Plot

The XRD graphs of Pure TiO2 and TiO2 doped with Phosphomolybdic acid composites with concentrations 0.01M, 0.001M,
0.05M, and 0.005Mwere shown in Figure 4.TheXRDpattern of pureTiO2 (JCPDSFileNo. 89-6975) is (110), (101), (111), (210),
(211), (220), (002), and (311) planes and corresponding 2θ angles were 27.14◦, 35.79◦, 38.92◦, 40.96◦, 43.77◦, 54.07◦, 56.37◦,
62.52◦, 63.81◦, and 68.77◦, respectively. It can be seen that the peak intensity of the (111) plane was the highest among all the
frequencies.This was for a tetragonal structure.The sharpness of the peak indicates that the TiO2 sample was crystalline (14).The
XRD results of TiO2 doped with phosphomolybdic acid composite (0.01M, 0.05M, 0.001M, and 0.005M] were also presented
here. The XRD pattern of the samples is compared with JCPDS File No. 39-0026 shown in Figure 5. The main peak of the
XRD pattern have the 2θ angles 27.21◦, 34.50◦, 36.14◦, 54.04◦, 56.32◦, and 68.71◦. From the XRD pattern, it can be seen
that the peak intensity of the (100) plane was the maximum among all the frequencies. This was typical of a monoclinic
structure. The sharpness of the peak indicates that the samples were more crystalline. The XRD results show that the doping
of phosphomolybdic acid slightly affects the crystallinity of the TiO2. The presence of the dopant can be confirmed through
the shift in the peak positions. The peak positions of the phosphomolybdic acid composite samples were shifted away from
the peak positions of the pure TiO2 sample. The XRD results of this study were in agreement with the literature, confirming
the successful incorporation of PMA into TiO2 and the formation of composites with improved properties. The information
about the particle size of TiO2 doped with phosphomolybdic acid composites had been obtained from the following Scherrer
relations.

D =
0.94λ
β cosθ

(2)

where D is the average particle size, λ is the wavelength of the incident X-ray is 1.5418Å, β is the full widths half maximum
FWHM of the X-ray, and θ is the diffraction peak position in the diffractograms. The average particle size is given in Table 2.

Fig 5. XRD spectrum of Phosphomolybdic acid doped TiO2 composites

Table 2.W-Hmethod for TiO2-PMA composite

Composites Parameters Peak
Position FWHM Intercept Crystallite

Size Slope Micro
strain
(ε)X10-3

d-spacing
(Å)

Average
d-

spacing
(Å)

dhkl
=λ /(2sinθ )K λ (Å) 2θ (°) β (°) c=kλ /D D(nm) m

Pure TiO 2 0.94 1.54 27.14 0.2775 0.0037 29.63 0.0004 0.48 3.28 1.99
TiO2 +PMA 0.01M 0.94 1.54 27.21 0.4786 0.0088 10.56 0.0006 0.65 3.27 2.05
TiO2 +PMA 0.001M 0.94 1.54 27.30 0.7099 0.0037 11.92 0.0004 0.40 3.26 1.99
TiO2 +PMA 0.05M 0.94 1.54 10.78 0.0086 0.0307 100 0.0040 4.00 8.19 3.02
TiO2 +PMA 0.005M 0.94 1.54 27.58 8.8978 0.0097 15.77 0.0041 4.17 3.23 2.21
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The W-H plot was used to analyze the XRD results of pure TiO2 and TiO2 doped with phosphomolybdic acid composite
having concentrations 0.01M, 0.05M, 0.001M, and 0.005M shown in Table 2. The W-H plot is a valuable tool in XRD analysis
and can provide valuable information about the structure of a material. The d-spacing results show that the addition of
phosphomolybdic acid composite in the TiO2 samples led to slight changes in the d-spacing. The results also show that the
d-spacing of the samples increased with an increase in the concentration of phosphomolybdic acid composite . The results
indicate that the addition of phosphomolybdic acid in the TiO2 samples caused a slight increase in the d-spacing of the samples.

3.6 SEM-EDAX Analysis

TheSEM images of pure TiO2 and TiO2 doped with phosphomolybdic acid at various concentrations of 0.01M, 0.001M, 0.05M,
and 0.005Mwere shown in Figure 6. In the SEM images, the particles are spherical with a smooth surface.The particles of SEM
images have a uniform size distribution, with an average particle size ranging from 500nm. The surface of the particles was
relatively smooth, with no visible large pores or cracks. At the concentration of PMA in sample 2 (0.01M) the particles were
larger andmore densely packed, while in sample 3 [0.001M) they appear to be smaller andmore scattered. As the concentration
of PMA increases, the particles become more uniform in size and shape, with a higher density of particles. At a concentration
of PMA in sample 4 (0.05M), the particles were about the larger size, but appear to be more tightly packed together. Finally, at a
concentration of PMA in sample 5 (0.005M), the particles had amore uniform size and shape, with a higher density of particles.
In every SEM image, the particles appear to be composed of a core of TiO2 surrounded by a thin layer of phosphomolybdic
acid. The thin layer of phosphomolybdic acid forms a protective coating around the TiO2 core, which prevents the particles
from clumping together and helps to preserve their spherical shape.The size and shape of the particles differ slightly depending
on the concentration of the composites (15).

Fig 6. SEM & EDAX ofPure TiO2 and TiO2 doped with Phosphomolybdic acidcomposites, average diameter analysis
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Fig 7. SEM & EDAX of Pure TiO2 and TiO2doped with Phosphomolybdic acid composites, average diameter analysis(Continuous)

Fig 8. SEM & EDAX ofPure TiO2 and TiO2 doped with Phosphomolybdic acidcomposites, average diameter analysis (Continuous)
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EDAX analysis had been used to examine the composite of pure TiO2 and TiO2 doped with phosphomolybdic acid. The
results of the analysis reveal that the composite consists of titanium, oxygen, phosphorus, andmolybdenum.The TiO2 particles
were found to be dispersed homogeneously. The phosphomolybdic acid was evenly distributed and successfully doped the
TiO2 particles. The presence of phosphorus and molybdenum confirms that the composite was composed of PMA materials,
as intended.

3.7 Average Diameter Distribution analysis

ImageJ is a software application which is used for the analysis of digital images (16).It is useful for various applications, including
the analysis of nanocomposites. This can be done by measuring the size, shape and distribution of the nanocomposites.
In this study, ImageJ were used to analyze the Pure TiO2 (0.15nm) and TiO2-phosphomolybdic acid nanocomposites with
different concentrations (0.01M, 0.001M, 0.05M and 0.005M). The results revealed that the mean particle size of the Pure
TiO2 nanocomposite were 0.15nm,Themean particle size of the various concentrations of TiO2 doped with phosphomolybdic
acid were 0.17, 0.11, 0.15 and 0.19 nm respectively. The number of particles and percentage of the area of every image were
occupied by the nanocomposites which were increased by increasing the concentration of phosphomolybdic acid. The results
obtained with ImageJ showed that the mean particle size of the nanocomposites had increased by increasing concentration of
the phosphomolybdic acid. This suggests that the phosphomolybdic acid may be acting as a surfactant, increasing the surface
area of the nanocomposites and their size. Furthermore, indicating that the nanocomposites were more densely packed.

Fig 9. Phosphomolybdic acidphotocatalyst concentration variation, a) 10mg b) 20mg c) 50mg d) 100mg e) 125mg f) 150mg,n Condition:
Methylene blue = 50mg/L; Temp = 33ºC; Without airflow and Photodegradation wavelength = 365nm, and O.Dmeasured at λmax= 460 nm

3.8 Photocatalytic Studies

3.8.1 Photodegradation studies of methylene blue dye by TiO2-PMA without airflow
The photodegradation of methylene blue dye (17)was studied by using TiO2 doped with phosphomolybdic acid as the catalyst.
The initial concentration of the dye was 50mg/L and the catalyst dosage at 0.5g/L, without airflow. The wavelength used for
photodegradation was 365 nm.The results of the study showed that a maximum of 99.58% degradation of the dye was achieved.
The absence of airflow thus improved the photodegradation activity of the TiO2 doped with phosphomolybdic acid composite.

3.8.2 Effect of pH on photocatalytic degradation of methylene blue
The photocatalytic degradation of methylene blue was studied at different pH values (18).A solution of methylene blue at a
concentration of 50mg/L was mixed with 0.5g/L of the catalyst and exposed to UV radiation at 365nm.The pH was adjusted to
4, 6, and 8 by adding 0.1M of HCl and NaOH, after 60 minutes, the efficiency of degradation was found to be 98.82%, 77.46%,
and 63.19%, respectively. The highest degradation efficiency was observed at pH 4, and the lowest at pH 6 and 8. Therefore,
pH 4 is helpful to the maximum degradation of methylene blue. This was confirmed by the results obtained, with the highest
degradation at pH 4. The results of this study indicate that pH plays an important role in the photocatalytic degradation of

https://www.indjst.org/ 3277

https://www.indjst.org/


Praveendaniel et al. / Indian Journal of Science and Technology 2023;16(38):3267–3282

Fig 10. Effect of pH variation on photodegradation of methylene blue a) 4 b) 6 c) 8 Condition: Methylene blue = 50mg/L; Temp = 33ºC;
catalyst dose = 0.5g/Land Photodegradation wavelength = 365nm

methylene blue. As the pH of the solution increases, the rate of degradation decreases. Thus, to obtain the best results, the pH
of the solution should be adjusted to 4. This will provide the optimum pH conditions for the photocatalytic degradation of
methylene blue.

3.8.3 Effect of demineralization of Methylene blue dye
Methylene blue is a dye, it was capable of absorbing a wide range of wavelengths, which allows it to be used for their
demineralization and this can be done through photocatalysis. Photocatalysis involves the absorption of ultraviolet light by
the dye, which results in the formation of reactive oxygen species that can oxidize the dye. In addition, the dye can also reduce
the surface tension of thewater,making itmore conducive to complete demineralization (19).The demineralization ofMethylene
blue dye was studied by subjecting it to optimized conditions. This included the concentration of dye at 50mg/L, catalyst dose
of 0.5g/L, temperature 33ºC, pH=4, and UV wavelength of 365nm for the photodegradation. The results showed that the dye
was able to be completely demineralized within 4 hours. This shows that the photocatalytic effect of methylene blue dye can
be used to enhance the efficiency of existing water treatment technologies. It can be used to reduce the levels of pollutants and
harmful bacteria in water and make it more suitable for drinking and other uses.

3.9 Electrical conductivity studies by Two probe Method

Theelectrical conductivity of both pure TiO2 and TiO2 dopedwith phosphomolybdic acid (0.05M) composite wasmeasured by
using two probe methods.The electrical conductivity of the pure TiO2 sample was found that it was lower than that of the TiO2
doped with phosphomolybdic acid (0.05M) composite sample. This difference in conductivity can be attributed to the doping
of the sample with the phosphorus-molybdenum heteropoly acid, which acts as an electron donor, increasing the number of
available charge carriers and electrical conductivity. The doping of the sample with the phosphorus-molybdenum heteropoly
acid created a more ordered network, which also contributed to the increased electrical conductivity. The conductivity of the
doped sample increased when the frequency was increased from 100 Hz to 1MHz, indicating a frequency-dependent response.
At high frequencies, the charge carriers had more time to move around and, if increased the electrical conductivity. The results
obtained from this study demonstrate that the doping of TiO2 with phosphomolybdic acid [0.05M] composite can significantly
improve the electrical conductivity of the material. This comparison can be used to understand the differences in the electrical
properties of the two materials and used to investigate their behavior further.
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Fig 11. Effect ofdemineralization of Methylene blue dye Condition: Methylene blue = 50mg/L;Temp = 33ºC; catalyst dose = 0.5g/L and
Photodegradation wavelength = 365nm

3.9.1 AC conductivity studies
The frequency-dependent AC conductivity (20)of TiO2 and TiO2 doped with Phosphomolybdic acid [0.05M] composites are
shown in Figure 12.

The TiO2 has a wide band-gap energy and an electrical insulator, when it is doped with phosphomolybdic acid, it exhibits
increased electrical conduction. The increased electrical conduction of the doped TiO2 composite existed due to the increased
number of free charge carriers, which enables the material to store more energy. The dielectric constant and loss tangent
of the doped TiO2 composite was found to be higher than those of the pure TiO2, showing that doping the material with
phosphomolybdic acid improves its electrical properties. The increased electrical conduction of the doped TiO2 composite
could be used for various applications, such as electrodes and solar cells.

Fig 12. Frequency dependent AC of Pure TiO2 and TiO2 doped Phosphomolybdic acid (0.05M) composites at varying temperatures

In, Figure 13 the DC conductivity (21)of pure TiO2 and TiO2 doped with phosphomolybdic acid (0.05M) composites at a
temperature of 35oC were given. It shows a linear relationship between voltage and current, with a saturation point at around
400V. At low voltage, the current is low and the resistance of the material is high. However, as the voltage increases, the current
increases and the resistance of the material decreases. The saturation point was reached at 400V, where the resistance of the
material was no longer changing with increasing voltage, and the current remains constant.DC Conductivity of Pure TiOand
TiOcomposites
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Fig 13.DC Conductivity of Pure TiO2 and TiO2 doped with Phosphomolybdic acid (0.05M) composites at varying temperatures

3.9.2 Dielectric studies
The results were shown in Figure 14, that the dielectric constant of the TiO2 and TiO2 doped phosphomolybdic acid [0.05M]
composite was significantly higher than that of pure TiO2. This was attributed to the presence of phosphomolybdic acid in
the composites, which increases the dielectric constant of the material due to its polar nature. Additionally, it was found
that the dielectric constant of the material increases with increasing doping concentration, indicating that the doping of
phosphomolybdic acid can be used to tune the dielectric constant of the composites.Frequency dependent dielectric constant
for Pure TiOcomposites at varying temperatures.

Fig 14. Frequency dependent dielectric constant for Pure TiO2 and TiO2 doped Phosphomolybdic acid (0.05M) composites at varying
temperatures

In Figure 15 the results of the two-probe method showed that the dielectric loss of the TiO2-doped phosphomolybdic acid
compositewasmuchhigher than that of pureTiO2.This indicates that the composite hadmuchhigher dielectric losses thanpure
TiO2. The higher dielectric losses of the composite can be attributed to the doping of phosphomolybdic acid, which increased
the dielectric constant of the material. The higher dielectric constant of the composite resulted in higher dielectric losses. This
finding indicates that the two-probe method is an effective way to measure the dielectric loss of materials.

Fig 15. Frequency dependent Dielectric Loss for Pure TiO2 and TiO2 doped Phosphomolybdic acid (0.05M) composites at varying
temperatures
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3.10 Antimicrobial Activity of Disc Diffusion Method

The antibiotic combination of amoxicillin and potassium clavulanate has been widely used in the treatment of infections
caused by Streptococcus pyogenes bacteria, a common cause of dental caries (22).To evaluate the antimicrobial activity of
amoxicillin and potassium clavulanate, a disc diffusion method was employed by using a TiO2−doped phosphomolybdic
acid composite. The composite was dissolved in dimethylformamide and then applied to filter paper discs. These discs were
then placed on the agar plates containing the Streptococcus pyogenes bacteria. The plates were then incubated for 48 hours
at 37◦C. After the incubation period, the inhibitory effect of the composite was assessed by measuring the diameter of the
zone of inhibition around the paper discs. The results showed that the TiO2-doped phosphomolybdic acid composite had a
potent antimicrobial effect against Streptococcus pyogenes bacteria. The zone of inhibition around the discs containing the
composite was significantly larger than that of the control discs, indicating that the composite was effective at inhibiting the
growth of the bacteria. Moreover, the combination of amoxicillin and potassium clavulanate displayed a strong antimicrobial
activity than the composite alone, indicating that the two antibiotics synergistically enhanced the antimicrobial activity of the
composite. Overall, the disc diffusionmethod, using TiO2-doped phosphomolybdic acid composite combined with amoxicillin
and potassium clavulanate, demonstrated a potent antimicrobial effect against Streptococcus pyogenes bacteria. This suggests
that the combination of these two antibiotics with the composite could be used as an effective treatment for infections caused
by this particular bacteria (23).

Fig 16. Anti mycobacterial activity TiO2 doped phosphomolybdic acid composites

4 Conclusion
TiO2-PMA composites, were synthesized by TiO2 doped with various concentrations of phosphomolybdic acids by sonication
method. UV-Vis and FTIR spectra revealed the strong interaction between TiO2 and metal-heteropoly acid. The structural
morphology of the composites was examined by SEM analysis. EDX analysis was used to confirm the purity of the samples and
XRD showed that the composites were crystalline. Furthermore, the photocatalytic activity of the composites was evaluated,
showing 99.58% degradation efficiency at pH 4, Condition: [Methylene blue] = 50mg/L, 3ºC; catalyst dose = 0.05M, without
airflow andPhotodegradationwavelength = 365nm.These results indicate that the light absorption of TiO2 and the catalytic role
of phosphomolybdic acid are intervened, allowing for enhancing photocatalytic activity.The composites were also found to have
strong antibacterial activity, suggesting potential applications. Moreover, the composite exhibit temperature and frequency-
dependent AC and DC conductivities. The enhanced photocatalytic activity, simple fabrication, electrical conductivity, and
antibacterial activity of the TiO2-phosphomolybdic acid composites render them a potential application material.
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