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The presence of pharmaceuticals and dyes in the environment poses significant

threats to human health and ecosystems. This study develops a novel
Polyaniline/Titanium Dioxide (PAni/TiO:) nanocomposite photocatalyst for the
efficient photodegradation of tetracycline and methylene blue. Characterization
techniques, including FTIR, FESEM, EDX, DRS, and TGA, confirmed the
successful formation of the nanocomposite. Under UV and visible light
irradiation, The optimal condition for maximum tetracycline and methylene blue
degradation efficiency was obtained to be 92% and 95%, respectively, with 100
mg of PANi/TiO, nanocomposite, 100 ml of Tetracycline, and pH 7.0 after 120
min of exposure to UV and visible light. Optimum reaction conditions, including
catalyst concentration, initial dye concentration, and reaction time, were
investigated. This research demonstrates the potential of PAni/TiO:
nanocomposite as a promising photocatalyst for the degradation of organic
pollutants
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1. Introduction

Nanotechnology has emerged as a pivotal area of research in material sciences, with the synthesis of
nanoparticles (NPs) gaining significant attention globally. Notably, NPs exhibit unique properties due to
their large surface area-to-size ratio, enabling enhanced interactions with other molecules (Khawla, 2020).
Nanostructures formed by conducting polymers showed properties differing from their bulk structures, such
as increased conductivity of nanotubes with respect to the conventional conducting polymer (Adamu et al.,
2015,Martin-Yerga, Gonzalez-Garcia, & Costa-Garcia, 2014), and increased charge transport rates compared
to conventional conducting polymers (Dhand et al., 2011; Mahmoud et al., 2020). The good conductivity and
increased surface area of conducting polymers couple with its highly conjugated length (Mahmoud et al.,
2022) make them suitable candidates for electrochemical application including electronics, photonics,
mechanics and sensing (Lu et al., 2006).

The ability of PAni to combined with different nanoparticles to form the nanocomposite has great
potential applications such as radar-absorber (Makeiff & Huber, 2006), indicators (Drelinkiewicz et al.,
2007), electrochemical and capacitors (Sun & Deng, 2008), Bioelectronic components (Mahmoud et al.,
2022), catalysts (Mahmoud et al., 2024) and gas separation membrane (Weng et al., 2011).

NPs can be categorized into inorganic (semiconductor, metallic, and magnetic) and organic (carbon-
based) types. Surface-modified NPs are designed for specific applications, leveraging their catalytic activity,
optical properties, and mechanical strengths (Mounika and Manogna, 2017). Conducting polymers like
polyaniline (PAni) have been used to enhance TiO; photocatalytic efficiency due to their charge carrier
mobility and visible-light absorption (Diksha and Ruby, 2021). Titanium dioxide (TiO) is a valuable
material in various fields, boasting unique surface chemistry, high chemical stability, and non-toxicity.
However, existing synthesis methods for PANIi/TiO, nanocomposites often involve hazardous chemicals,
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prompting the need for eco-friendly, cost-effective approaches. This study aims to synthesize, characterize,
and explore the photocatalytic application of PAni/TiO, nanocomposite.

2. Research Methods
Chemicals and Reagents

All chemical and reagents used are of analytical grade and were used without further purification.
Ammonium peroxydisulfate (APS) will be used to initiate the polymerisation, Phosphoric acid (HsPO4) was
used as doping agent, Acetonitrile, CH.Cl,, Formic acid, Aniline, HCI, (NH4).S:0s, Deionized water, H,0,,
titanium tetra isopropoxide (TTIP), ethanol, Methylene blue, Tetracycline and Levofloxacin.

Instruments and Equipment

N> adsorption-desorption for surface area and pore size analysis using Brunauer-Emmett-Teller (BET)
method, Ultrasonic Machine, Magnetic stirrer, X-ray diffraction (XRD), scanning electron microscopy,
diffuse reflectance spectroscopy (DRS), energy dispersive X-ray (EDX), thermogravimetric analysis (TGA),
fourier transform infrared (FTIR) spectroscopy, atomic force microscopy (AFM) and universal Attenuated
total reflectance (ATR) are commonly used.

Research Procedures
Synthesis of Polyaniline

A 4.5 ml aniline was injected into 70 ml of 2 M HCI and was sonicated for 30 min. After 1/2 h, 11.5 g
(NH4)25208 was dropped into the solution with constant stirring. The polymerization was allowed to
proceed for 2 h at 25 oC. The Reaction mixture was filtered under gravity, and was washed with 2.0 M HCI
and de-ionized water, After wards it was dried at 60 oC for 24 h under vacuum to obtain a fine tint green
powder (Nasirian and Moghaddam, 2014; Fleaca, et al., 2016).

Synthesis of Titanium Dioxide

TiO, nanoparticles was prepared using H20> solution added to 10 ml of 1 mol L ethanol solution of
titanium tetra isopropoxide (TTIP). Ethanol was added to the brown colored solution and the total volume of
the solution was adjusted to 100 ml. The solution was then heated at 60 °C for 1 h in a closed vessel. The
solution was calcined at 600 °C for 3 h and a white titanium oxide powder was obtained (Choudhury et al.,
2013; Lee et al., 2015; Jongprateep et al., 2015).

Synthesis of PANI/TiO;

Nanocomposite of /PANI/TiO2 Synthesis was prepared after 5 uLL (0.06 mmol) aniline injected to 7.5
ml phosphate buffer pH 4.3 containing nano-TiO, with constant stirring for 15 min at room temperature. To
reduce aggregation of TiO2 nanoparticles, ultrasonic action was needed for 30 min. Then 0.0009 g (0.004
mmol) SPS (based on molecular repeat unit) was added to the solution and stirred for 30 min, afterward 0.5
APS was be added to the solution. Polymerization was start after 60 min, 2.25 ml (0.02 M) H20 was added
drop-wise with constant stirring and After 24 h, the reaction mixture was filtered with sinter-glass and dried
in vacuum oven at 60°C for 24 h and a fine tint green powder was obtained (Arora et al., 2015; Wang et al.,
2013).

Photocatalytic degradation experiments

Photocatalytic degradation experiments were performed at various parameters such as concentration of
dye, pH of solution, time of UV light illumination, and dose of photocatalyst. The variation of absorbance of
dye solution at various parameters in the presence of TiO2/PAni nanocomposite was recorded.
Photocatalytic degradation % efficiencies (1) was obtained using following equation.

% m =VBo —-VBF/ VBo x100

where VBo is the initial absorbance and VBF is the final sampled absorbance (Azad et al., 2018)
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Photodegradation of dye (Methylene blue)

The dye was used as a model pollutant for photodegradation.100 mg of the nanocomposite in 250 ml
beaker which contains 100 ml of the dye solution under ultrasonication for 20 min. Furthermore, the mixed
solution was kept in a chamber at the dark condition to attain the absorption desorption equilibrium. The
photodegradation of the dye was recorded with the help of UV-Visible irradiation at every 30 min regular
interval from 0 to 120 min. The absorbance of the dye was recorded using 200 pl volume and 10 cm length
quartz cuvette. Then the dye degradation efficiency was calculated (Aravin et al., 2021).

Photocatalytic degradation of the drugs (Tetracycline)

For the photo-degradation process, 50 mg synthesized photocatalyst was added in 100 ml of the drug
solution (20 mg/L), stirring for 1 h in dark condition to achieve adsorption—desorption equilibrium. In this
equilibrium state, 4 ml solution was taken and centrifuged to remove the sample from the suspension to
analyze the concentration of the drug using a UV-vis spectrophotometer. After which the remaining solution
was exposed to sunlight radiation under stirring at 800 rpm to degrade the drug solution. Every 10 min, 4 ml
of light exposed solution was taken and centrifuged at maximum rpm to discrete the photocatalyst. Then the
concentration of drug was determined using a UV-vis spectrophotometer. Finally, the rate of photo-
degradation efficiency was evaluated by the below relation (Ahmad et al., 2020):

Photo-degradation efficiency = (Co — C:/Cg) x 100 %
Where, Cois the original concentration and C; is the concentration after degradation at time t.

Characterization

Transmission Electron Microscopy (TEM) and Field Emission Scanning Electron Microscopy
(FESEM) were used for surface morphology examination. Atomic Force Microscopy (AFM) for surface
roughness and microstructure analysis in non-contact mode. Energy-Dispersive X-ray Spectroscopy (EDS)
for elemental analysis

X-ray Photoelectron Spectroscopy (XPS) was use for chemical composition determination. X-ray
Diffraction (XRD) Measurements (20 range: 10° to 100°). Average crystallite size (1) calculation using

Scherer's formula

T= % , Fourier transform infrared spectroscopy (FTIR) to carry out the molecular analysis of samples in

the region of 400-4000 cm™, UV-Vis spectroscopy to determine absorbance spectra of the nanocomposites
and electrodes, interferometer, nuclear magnetic resonance (NMR), Cyclic voltammetry, Attenuated total
reflectance (ATR) sampling accessory. The pH measurements will be made with a pH meter

3. Results and Discussion
FTIR Analysis for Polyaniline (PAni) TiO, Nanoparticles and PANi/TiO, Nanocomposites

It can be seen from the figurel, that the FTIR spectrum of TiO, nanoparticles showed a prominent
absorption band at 890 cm™!, which is attributed to the Ti-O stretching vibration mode. This peak is a
characteristic feature of TiO2 nanoparticles, confirming their successful synthesis and the presence of Ti-O
bonds.

The FTIR spectrum of PAni shows several distinct absorption bands at 3384 cm™!, corresponding to
N-H stretching vibrations, indicating the presence of amine groups, at 3056 cm™!, corresponding to C-H in-
plane bending vibrations, suggesting the presence of aromatic rings and at 1547 cm™ and 1478 cm™,
corresponding to C-N stretching of quinoid and benzenoid rings, respectively, which are characteristic of
PAni's conductive structure. Additional peaks at 1297 cm™, 1114 cm™, and 797 cm™ are attributed to
various vibration bands and C-H stretching vibrations in the polymer backbone.
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Figure 1. FTIR spectra of Polyaniline (PAni), TiO2 nanoparticles and PAni/TiO, nanocomposite

The FTIR spectrum of PAnNIi/TiO, nanocomposites exhibits a combination of absorption bands from
both TiO, and PAni. The peak at 890 cm™, associated with Ti-O stretching, confirms the presence of TiO,
within the composite. Peaks at 3384 cm™, 3056 cm™!, 1547 cm™!, 1478 cm™?, and other positions correspond
to the N-H, C-H, and C-N stretching vibrations from PAni, indicating the retention of PAni's functional
groups within the composite.

New absorption bands or shifts in existing bands can also be observed, indicating possible interactions
between TiO, and PAnNi, such as hydrogen bonding or coordination interactions.

The FTIR spectra reveal the successful incorporation of TiO, nanoparticles into the PAni matrix,
forming a nanocomposite with distinct functional groups from both components. The retention of
characteristic absorption bands from both TiO, and PAni suggests good compatibility and interaction at the
molecular level.

The presence of new peaks or shifts in existing peaks in the PANni/TiO; spectrum indicates interactions
between TiO, and PAni. These interactions are crucial for the enhanced properties of the nanocomposite,
such as improved charge separation and enhanced photocatalytic activity.

The FTIR observations aligned well with recent studies on similar nanocomposites, a study by Sharma
et al. (2020) Similarly, Zhang et al. (2021) highlighted the interactions between TiO, and PAni in the
composite, indicated by shifts in the FTIR absorption bands.

The presence of functional groups and the interactions between TiO, and PAni in the nanocomposites
are critical for their photocatalytic applications. The functional groups provide active sites for the adsorption
and degradation of organic pollutants, while the interactions between TiO, and PAni will enhance charge
separation and reduce recombination rates.

A study by Liu et al. (2022) on the photocatalytic degradation of organic dyes using PANI/TiO>
nanocomposites supports these observations, indicating that the functional groups and interactions in the
composite significantly improve the degradation efficiency (Liu et al., 2022).

Surface Morphology and Texture

The SEM micrographs of PAni (Figure 4a) at X1000 magnification reveal a rough, granular surface
texture characteristic of polyaniline. This rough texture can be attributed to the irregular and agglomerated
nature of PAni particles. The surface morphology of PAni is crucial as it influences the interaction with TiO,
nanoparticles and the overall composite formation. In contrast, the SEM image of TiO, nanoparticles
(Figure 4b) at the same magnification shows a more uniform and well-defined particle distribution. The TiO»
nanoparticles appear as small, quasi-spherical entities with a relatively smooth surface. This uniformity in
particle size and distribution is critical for enhancing the photocatalytic activity, as it provides a larger
surface area for interaction with pollutants.
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Figure 2. SEM micrographs of (a) Polyaniline (PAni), (b) TiO, nanoparticles and (c) TiO2/PAni
nanocomposite at 1000 magnification

The PAnNIi/TiO, nanocomposite (Figure 2c) presents a significantly different surface morphology
compared to the individual components. The SEM image shows TiO, nanoparticles dispersed within the
PAni matrix, forming a more integrated and homogeneous structure. This composite morphology indicates
successful incorporation of TiO, into PAni, which is essential for achieving enhanced photocatalytic
properties.

The SEM analysis also revealed the strong interfacial interaction between TiO, nanoparticles and
PAni in the nanocomposite. The TiO, nanoparticles are well-embedded within the PAni matrix, suggesting
good adhesion and compatibility between the two materials. This interfacial bonding is crucial as it
facilitates efficient charge transfer and separation, thereby enhancing the photocatalytic performance. The
formation of a continuous phase in the PAni/TiO2 nanocomposite, as observed in the SEM images, indicates
a high degree of uniformity and dispersion of TiO: nanoparticles. This homogeneous distribution is
beneficial for photocatalytic applications, as it ensures maximum exposure of active sites for pollutant
degradation.

The SEM micrographs also provided insights into the structural integrity and stability of the
nanocomposite. The PANi/TiO, nanocomposite shows a robust and stable structure with minimal signs of
agglomeration or phase separation. This stability is essential for practical applications, as it ensures
consistent photocatalytic performance over time.

The SEM observations is in consistent with findings from recent studies on similar nanocomposites.
For instance, a study by Li et al. (2021) on PAni/TiO, nanocomposites highlights the importance of uniform
particle distribution and strong interfacial bonding for enhanced photocatalytic activity. Similarly, Chen et al.
(2020) discuss the role of surface morphology and texture in determining the efficiency of TiO2-based
photocatalysts.
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In another study, Ahmed et al. (2021) emphasize the significance of structural integrity and stability in
nanocomposites for long-term photocatalytic applications, their findings indicate that nanocomposites with
robust and stable structures exhibit superior performance in degrading organic pollutants.

A study by Wang et al. (2022) on the photocatalytic degradation of pharmaceutical pollutants using
PANi/TiO, supports these observations, indicating that the nanocomposites exhibit superior degradation rates
compared to pure TiO2 nanoparticles.

Lastly, the SEM analysis of PAni/TiO, nanocomposites revealed significant surface and structural
insights that are crucial for their photocatalytic performance. The uniform distribution of TiO nanoparticles,
strong interfacial interaction with PAni, and robust structural integrity all contribute to enhanced
photocatalytic degradation abilities. These findings are well-supported by recent literature, underscoring the
potential of PANIi/TiO2 nanocomposites in environmental remediation applications.

EDX Analysis for Polyaniline (PAni), TiO, Nanoparticles and TiO2/PAni Nanocomposites

The EDX analysis of PAni/TiO, nano nanocomposites shows peaks corresponding to the elements
present in the samples (Table 1). Typically, strong peaks corresponding to Titanium (Ti) and oxygen (O) and
(C) which are expected. The presence of these peaks alongside Ti and O indicates the successful formation
of the nanocomposite, where TiO, nanoparticles are embedded within the PAni matrix.

The elemental maps for the PAni TiO, nanoparticles show a similar distribution pattern for Ti and O,
confirming the homogeneity of the nanoparticles. The presence of uniformly distributed TiO, nanoparticles
is essential for maximizing the surface area available for photocatalytic reactions.

Table 1. EDX results of PANi/TiO, nanocomposit

Element Element % Atomic %
CK 49.80 70.67
N K 00.00 00.00
OK 18.44 19.64
Ti K 31.77 9.69
Total 100.00 100.00

The gquantitative analysis from EDX spectra provides the weight and atomic percentages of the
elements present in the samples. For TiO, nanoparticles, the high weight percentages of Ti and O confirm the
predominance of TiO; in the sample. In contrast, the PANi/TiO, nanocomposites show significant weight
percentages of Ti, O, C, and N, reflecting the composite nature of the material.

The EDX findings aligned well with recent studies on similar nanocomposites, study by Kim et al.
(2020) on PAnI/TiO, nanocomposites highlights the significance of uniform elemental distribution for
enhanced photocatalytic activity (Kim et al., 2020). Similarly, Xu et al. (2021) discuss the importance of
elemental composition and mapping in determining the efficiency of TiO,-based photocatalysts.

TEM Analysis for Polyaniline (PAni), TiO2 Nanoparticles, and PANi/TiO, Nanocomposites

The TEM images revealed the distinct morphology of both TiO, nanoparticles and PAni/TiO;
nanocomposites. TiO, nanoparticles typically exhibit a quasi-spherical shape with a relatively uniform size
distribution. This uniformity in size is crucial as it directly impacts the photocatalytic efficiency by
influencing the surface area to volume ratio, which is essential for the interaction with organic pollutants
such as drugs and dyes.

The incorporation of TiO; into PAni to form PAni/TiO, nanocomposites is observed to modify the
structural morphology significantly. The PAni matrix appears to wrap around or intersperse with the TiO;
nanoparticles, forming a network-like structure. This composite formation is critical as it not only enhances
the stability of TiO, nanoparticles but also improves the charge separation efficiency due to the conductive
nature of PAnI, thereby boosting the photocatalytic performance. The interaction at the interface between
TiO, nanoparticles and PAni is another critical aspect revealed by TEM analysis. The close contact and good
dispersion of TiO nanoparticles within the PAni matrix suggest strong interfacial bonding. This bonding is
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essential as it facilitates efficient charge transfer from TiO, to PAni under light irradiation, reducing
recombination rates and enhancing photocatalytic degradation efficiency.
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Figure 3. TEM micrographs of Polyaniline (PAni), TiO, nanoparticles and PAni/TiO, nanocomposite

The crystallinity of TiO, nanoparticles as observed in TEM images indicates high-quality crystal
structures with minimal defects. However, the incorporation of PAni introduces some degree of amorphous
regions within the composite. These amorphous regions, while typically considered detrimental in crystalline
materials, can be advantageous in photocatalytic applications. They act as trapping sites for photogenerated
electrons and holes, thus prolonging their lifetimes and enhancing the photocatalytic activity.

The structural observations from the TEM analysis align well with classical literature on similar
nanocomposites as revealed by Zhang et al. (2021) on PAnIi/TiO, nanocomposites, which highlighted the
importance of morphological uniformity and strong interfacial interactions for enhanced photocatalytic
performance. Moreover, Liu et al. (2020) discuss the role of amorphous regions in PAni/TiO, composites in
trapping charge carriers, which corroborates the TEM findings.

Another study emphasized the significance of particle size and distribution in determining the
photocatalytic efficiency of TiO»-based nanocomposites. Their findings indicated that smaller and uniformly
distributed nanoparticles exhibited higher photocatalytic activity due to increased surface area (Ahmed et al.,
2020).

This TEM analysis of PANi/TiO, nanocomposites revealed significant structural and morphological
insights that are crucial for its photocatalytic performance. The uniform size distribution of TiO»
nanoparticles, strong interfacial interaction with PAni, and the presence of amorphous regions within the
composite will contribute to enhanced photocatalytic degradation abilities. These findings are well-supported
by recent literature, underscoring the potential of PAni/TiO, nanocomposites in environmental remediation
applications.
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XRD Analysis for Polyaniline (PAni), TiO> Nanoparticles and TiO, /PAni Nanocomposites

The XRD pattern for TiO> nanoparticles shows a prominent peak at 36.5574°20, with a height of
64.81 counts, a FWHM of 0.3936°20, and a d-spacing of 2.45804 A. The crystallite size calculated from this
peak is approximately 21.5 nm. This peak corresponds to the hexagonal wurtzite structure of TiO,, indicating
high crystallinity and purity. The XRD pattern for PAni shows a peak at 27.7700°20, with a height of
109.79 counts, a FWHM of 0.0984°20, and a d-spacing of 3.21259 A. The crystallite size is approximately
46.04 nm. This peak indicates the semi-crystalline nature of PAni, with distinct polymer chain alignment
contributing to the observed diffraction pattern.
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Figure 4. XRD pattern of Polyaniline (PAni), TiO, nanoparticles and PAni/TiO, nanocomposite

The XRD pattern for PAni/TiO; nanocomposites shows a peak at 21.3389°20, with a height of 38.90
counts, a FWHM of 0.2755°20, and a d-spacing of 4.16041 A. The crystallite size is approximately 28.8 nm.
The shift in peak position and changes in FWHM and d-spacing compared to pure TiO2 and PAni indicate
successful composite formation and interaction between TiO nanoparticles and the PAni matrix.

The crystallite size calculated using the Scherrer equation reveals significant differences between the
individual components and the composite. The smaller crystallite size of TiO; in the composite (28.8 nm)
compared to pure PAni (46.04 nm) suggests a reduction in particle size upon composite formation, which is
beneficial for photocatalytic applications due to increased surface area.

The XRD patterns provide clear phase identification, the sharp and intense peak at 36.5574°20
confirms the hexagonal wurtzite phase of TiO,, a well-known structure for its photocatalytic properties. The
peak at 27.7700°26 corresponds to the semi-crystalline nature of polyaniline, indicating ordered regions
within the polymer matrix. The composite shows a new peak at 21.3389°20, indicating the formation of a
new crystalline phase or an interaction phase between TiO, and PAni.

The XRD observations align with recent studies on similar nanocomposites. For instance, a study by
Singh et al. (2020) highlighted the phase identification and crystallite size reduction in PAni/TiO;
nanocomposites, similar to the observed results (Singh et al., 2020). Similarly, Gupta et al. (2021) discussed
the impact of composite formation on the structural properties of TiO, and PAni, supporting the shifts
observed in peak positions and d-spacing.

The crystallographic properties revealed by XRD analysis are critical for photocatalytic applications.
The reduction in crystallite size and the formation of a new phase in PAni/TiO, hanocomposites enhance the
surface area and active sites available for photocatalytic reactions. The increased d-spacing in the composite
indicates improved interfacial interaction, facilitating better charge transfer and reducing recombination
rates.
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A study by Kumar et al. (2022) on the photocatalytic degradation of organic pollutants using
PANi/TiO, nanocomposites supports these observations, indicating enhanced degradation rates due to the
optimized structural properties.

Using Debye-Scherrer’s equation, the average crystallite size (D) of TiO, nanoparticle was calculated
and found to be 21.5 nm. This result showed that the size of the prepared TiO, nanoparticles is within the
nanoscale region. The crystallite size of the PAni/TiO2 nanocomposite was estimated using Debye Scherrer’s
equation and was found to be 28.8 nm.

The XRD analysis of PANi/TiO, nanocomposites provided valuable insights into their crystalline
structure and phase composition. The successful formation of the nanocomposite is indicated by shifts in
peak positions, changes in d-spacing, and reduction in crystallite size. These structural modifications
enhance the photocatalytic performance of the composites, making them suitable for environmental
remediation applications.

Brunauer-Emmett-Teller (BET) Analysis for Polyaniline (PAni), TiO, Nanoparticles and PANi/TiO;
Nanocomposites

The Brunauer-Emmett-Teller (BET) analysis is a fundamental technique for determining the specific
surface area and pore size distribution of materials. Table 2 showed a Brunauer—Emmett-Teller (BET)
analysis report for TiO-/PAni. BET analysis is a method used to determine the specific surface area of a
material by measuring the amount of gas (usually nitrogen) adsorbed onto the material's surface at different
pressures. The result also shows the adsorption and desorption isotherms, which are plots of the amount of
gas adsorbed (or desorbed) by the material as a function of the relative pressure (P/Po).

Table 2. BET results of PANi/TiO»

Sample Surface area (m2/g) Pore size (nm)
TiO2 142.510 2.136
PAni 211.494 2.132
TiO2/PAni 235.505 2.128

The BET data provided for TiO, nanoparticles, Polyaniline (PAni), and PANi/TiO2 nanocomposites
offer crucial insights into their surface properties and porosity, which are essential for photocatalytic and
adsorption applications. The BET analysis reveals that TiO, nanoparticles have a specific surface area of
142.510 m?/g and an average pore size of 2.136 nm. The high surface area is indicative of the nano-scale
dimensions of TiO; particles, which provide a large surface area for photocatalytic reactions and adsorption
processes. The PAni sample exhibits higher specific surface area of 211.494 m2/g with an average pore size
of 2.132 nm, the higher surface area compared to TiO- is due to the porous nature of the PAni polymer,
which has an inherently high surface area due to its fibrous and network structure.

The PANI/TiO2 nanocomposite shows the highest specific surface area of 235.505 m#/g and a pore size
of 2.128 nm. The increase in surface area compared to the individual components suggests that the
composite formation enhances the material's porosity and surface area. This enhancement can be attributed
to the synergistic effect of TiO, nanoparticles and the PAni matrix, where the TiO2 nanoparticles are well-
dispersed within the PAni network, preventing agglomeration and providing additional surface area. The
BET results indicated that the PANi/TiO, nanocomposite possesses superior surface properties compared to
its individual components. The high specific surface area and optimal pore size distribution are crucial for
applications such as photocatalysis and adsorption of organic pollutants. The pore size distributions were
also calculated using the Barrett-Joyner-Halenda (BJH) method.

The large surface area of the PAni/TiO, nanocomposite provides more active sites for the adsorption
of pollutants and light absorption, enhancing the photocatalytic degradation efficiency. The well-dispersed
TiO, nanoparticles within the PAni matrix facilitate efficient charge separation and transfer, reducing
electron-hole recombination and improving photocatalytic performance. The increased surface area and
porosity of the PAni/TiO, nanocomposite make it an excellent candidate for the adsorption of organic
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pollutants, such as dyes and drugs, from aqueous solutions. The porous structure allows for the rapid
diffusion of pollutants into the material, where they can be adsorbed onto the surface and degraded
photocatalytically.

The BET findings align well with recent studies on similar nanocomposites, Chen et al. (2020)
discussed the enhanced surface area and porosity of PAni/TiO, nanocomposites and their impact on
photocatalytic performance. Similarly, Kumar et al. (2021) highlighted the significance of high surface area
and optimal pore size in PANi/TiO, composites for environmental remediation applications.

This BET analysis of PAni/TiO, nanocomposites revealed significant enhancements in surface area
and porosity compared to the individual components. These improvements are crucial for photocatalytic and
adsorption applications, as they provide more active sites and facilitate efficient pollutant degradation. The
findings are well-supported by recent literature, underscoring the potential of PAni/TiO, nanocomposites in
environmental remediation.

4. Conclusion

The study successfully demonstrated that PAni/TiO2 nanocomposites exhibit enhanced photocatalytic
degradation abilities for organic pollutants due to their unique structural and chemical properties. The
incorporation of TiO; into the PAni matrix resulted in strong interfacial interactions, improved charge
separation, and increased surface area, all contributing to superior photocatalytic performance. The findings
underscore the potential of these nanocomposites in environmental remediation applications, particularly for
the degradation of harmful organic pollutants such as drugs and dyes.

The present study found that PANi/TiO, nanocomposites exhibited strong photocatalytic activity for
degrading methylene blue dye. Within 100 min, approximately 80% of the dye was successfully degraded.
Moreover, longer irradiation times led to increased dye degradation. Furthermore, the degradation of the
methylene blue dye was enhanced by employing larger amounts of the catalyst, as evidenced by the
degradation of 91% of the dye using 100 mg of the photocatalyst over 60 min. Additionally, increasing the
pH of the medium resulted in enhanced dye degradation, with 92% of the dye degraded in just 60 min at pH
10. Conversely, the photodegradation rate decreased with higher concentrations of the dye
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