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Abstract

Titanium dioxide is a very important metal oxide semiconductor and has
its applications in almost every sphere of life including photocatalysis because
of its distinct optical nature. Its large band gap (BG) (3-3.2 eV) allows under
sunlight. The main focus of this research was to increase the photocatalytic
activity of TiO2 doping with metal such as silver nitrate (AgNO3). TiO2 was
prepared by sol-gel method and silver nitrate was prepared by hydrothermal
method. After preparation TiO2 and AgNO3 both were doped with each other.
The main purpose is to study the kinetics of the dilapidation process of due and
reactions by varying photocatalytic parameters under sunlight. The synthesized
composite was employed as a catalyst for photocatalytic degradation of
methyl blue (MB) in aqueous media. Dissimilar variations such as initial dye
concentration, time exploring, loading of catalyst and pH of solution were used
to check the photocatalytic activity of pure and doped TiO2. The obtained result
suggested that the dye TiO2-AgNO3 composite shows the highest degradation
rate at pH-11 with the optimized amount of 2mg catalyst and concentration
20ppm under sunlight. The doped TiO2-AgNO3 composite exhibit more
photocatalytic performance as compared to the pure TiO2. Prepared TiO2
based composite was characterized by FTIR, XRD, and SEM/EDX. Prepared
composite much better photocatalytic performance than pure TiO2 for water
purification and environmental purification.

Keywords: Photocatalyst; TiO.; AgNOs; Sol—gel; Water purification; Dye
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Introduction

The photocatalytic activity of titanium dioxide (TiO,) was first
demonstrated by Honda and Fujishima in 1972, when they reported
its ability to drive water splitting under ultraviolet (UV) irradiation
[1]. Since then, TiO, has emerged as one of the most versatile
semiconductor materials, with widespread applications in water
purification, fuel cells, self-cleaning coatings, solar energy conversion,
biomedical implants, and as a pigment in paints, food additives, and
pharmaceuticals [2,3]. Its technological significance lies in its unique
combination of chemical stability, non-toxicity, corrosion resistance,
low cost, and favorable optical and electronic properties, making it
a benchmark photocatalyst for environmental and energy-related
applications [4].

Structurally, TiO, exists in three crystalline polymorphs: anatase,
rutile, and brookite. Anatase and rutile, both tetragonal in structure,
are the most studied due to their photocatalytic activity. Anatase
possesses a band gap (Eg) of ~3.2 eV, slightly higher than that of rutile
(~3.0 eV), and is generally considered the more active phase under
UV irradiation [5,6]. However, mixed anatase-rutile systems often
demonstrate superior photocatalytic performance due to synergistic
charge separation effects [7]. Phase transformation between anatase
and rutile is strongly dependent on synthesis method, particle size,
and calcination temperature, typically occurring above 450-600 °C
via oxygen vacancy-mediated rearrangements [8].

Despite its advantages, a major limitation of TiO, is its wide band
gap, which restricts absorption primarily to the UV region (A < 400
nm), accounting for less than 5% of solar radiation. To address this,
various modification strategies have been investigated, including

metal/non-metal doping, surface sensitization, and semiconductor
coupling. Among these, doping with transition metals (e.g., Fe,
Cu, Zn), noble metals (e.g., Ag, Pt), and rare-earth elements has
proven particularly effective in extending TiO, absorption into the
visible spectrum, suppressing charge recombination, and enhancing
photocatalytic activity [9,10,11]. For example, Ag- and Cu-doped
TiO, systems have demonstrated significant improvements in
the degradation of organic dyes and other pollutants under solar
irradiation [12].

Dye pollutants, especially methylene blue (MB), remain a major
environmental challenge due to their persistence, complex aromatic
structures, and resistance to conventional treatment methods.
Advanced oxidation processes (AOPs) such as photocatalysis offer
a sustainable solution, enabling complete mineralization of dyes
under mild operating conditions [13]. Recent studies have further
demonstrated that coupling TiO, with silver-based compounds (e.g.,
AgNO;, Ag nanoparticles) enhances electron trapping, promotes
charge separation, and increases visible light responsiveness, making
such composites promising candidates for wastewater remediation
[14,15].Building on this background, the present study focuses on
the synthesis and photocatalytic evaluation of an AgNO;-TiO,
nanocomposite. TiO, nanoparticles were prepared via a sol-
gel method, while AgNO; was synthesized hydrothermally and
subsequently integrated to form the composite. The photocatalytic
performance of the AgNO;-TiO, system was assessed by the
degradation of methylene blue under light irradiation. The findings
aim to advance the development of cost-effective and visible-light-
active photocatalysts for environmental remediation.
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Materials and Methods
Materials

The chemicals used in this study included hydrochloric acid
(HC), acetic acid (CH;COOH), distilled water, ethanol (C,H;OH),
and titanium tetra-iso-propoxide (TTIP) as the titanium precursor.
Acetyl acetone was employed as a stabilizing agent, while methylene
blue (MB) served as the model dye pollutant. All reagents were of
analytical grade and were used without further purification.

Instruments and Equipment’s:

The subsequent instrument was used in this experiment as shown
in Table 1.

Preparation of Stock Solutions of Methylene Blue (MB):

Stock and working solutions of methylene blue (MB) were
prepared for photocatalytic experiments. A 1000 ppm stock solution
was obtained by dissolving 100 mg of MB in 100 mL of distilled water
with thorough stirring. From this, a series of working solutions (5, 10,
20, 40, 60, and 100 ppm) were prepared by appropriate dilution with
distilled water. The 20 ppm solution was further adjusted to different
pH values to evaluate the photocatalytic activity of pure TiO, as

shown in Figure 1.
Table 1: Equipment’s list.

Sr. No. Apparatus name Specifications
1 Oven Lab tech
2 Furnace ZTML104
3 pH meter OHAUS, STARTER300
4 Sonicator Elamsonic
5 UV-Vis spectroscopy 190-1100
6 Autoclave reactors Capacity of 80 ml

This table shows the list of main equipment used during the synthesis and characterization processes. Each
instrument was selected based on precision and reliability for material preparation and analysis.

Figure 1: The image shows three conical flasks labeled with different pH
values (e.g., pH-3, pH-7, pH-11) containing blue-colored solutions, likely
used during the synthesis of TiO. nanomaterials.

Figure 2: The image shows a small vial containing white powder, likely the
TiO: nanoparticles obtained after the synthesis process.

Figure 3: The image shows two small vials labeled “Pure” — the left one
contains a blue-colored solution, while the right one appears colorless
or lighter after exposure to sunlight. This illustrates the photocatalytic
performance of pure TiO. nanoparticles.

Among the various reported approaches for TiO, synthesis—
such as hydrothermal, deposition, and sol-gel methods—the sol-
gel technique was selected in this work due to its simplicity, cost-
effectiveness, and ability to produce highly crystalline anatase-phase
nanoparticles with narrow particle size distribution [16,17].

Sol-Gel Method

The sol-gel method allows for precise control over stoichiometry,
phase composition, and morphology, making it highly suitable for
photocatalyst preparation. Compared with the hydrothermal route, the
sol-gel process produces smaller, more crystalline TiO, nanoparticles
under identical conditions [18]. Calcination temperature strongly
influences particle size, surface area, and pore structure, with higher
temperatures favoring growth and partial anatase-rutile phase
transition [19].

Advantages of the Sol-Gel Method:
The sol-gel process offers several advantages:

o Formation of thin and uniform films with good adhesion
to substrates.

o Cost-effectiveness and scalability.
o Capability to fabricate complex geometries.
o Tunable composition and structure.

o Corrosion resistance and protective properties of derived
coatings.

Experimental Procedure for TiO. Synthesis

TiO, nanoparticles were synthesized using titanium tetra-iso-
propoxide (TTIP) as a precursor. First, 8.11 g of acetyl acetone was
placed in a 500 mL beaker under continuous magnetic stirring.
Subsequently, 22.39 g of TTIP was added dropwise to the solution
while maintaining vigorous stirring. In a separate beaker, 4.82 g of
acetic acid was diluted with 200 mL of distilled water.

The dilute acetic acid solution was then added dropwise (one
drop every two seconds) from a burette into the TTIP-acetyl acetone
mixture, which was continuously stirred. After complete addition, the
mixture was stirred for an additional 1 h to obtain a homogeneous sol.
The resulting sol was stored in a sealed plastic container at 4 °C until
further use. volumetric ratio of precursors used as shown in Table 2.

Synthesis of TiO. Nanoparticles from TiO: Sol

Ten milliliters of the prepared TiO, sol were dried at 70 °C for
8 h to obtain a TiO, xerogel. The dried material was ground with a
mortar and pestle to form a fine powder. The resulting powder was
then calcined at 600 °C for 2 h in a muffle furnace to yield uniform
TiO, nanoparticles (Figure 2).

Photocatalytic Testing of Pure TiO:

The photocatalytic activity of the synthesized TiO, nanoparticles
was tested using a 20 ppm MB solution. Small bottles were labeled,
and each was filled with 10 mL of 20 ppm MB solution adjusted to
pH 11. To each bottle, 2 mg of pure TiO, nanoparticles was added.
The suspensions were exposed to direct sunlight, and the degradation
activity was monitored (Figures 3).

Preparation of 1% Silver Nitrate (AgNOs) Solution

A 1% AgNO; solution was prepared by dissolving 0.01 g of silver
nitrate in 10 mL of distilled water. The solution was magnetically
stirred for 2 h, then stored in a tightly sealed plastic container at 4 °C
as shown in Figure 4.
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Figure 4: The image shows a magnetic stirrer with heating — a common
lab device used to mix and gently heat solutions uniformly.

Figure 5: The image shows microcentrifuge tubes containing white and
off-white powder samples, labeled differently — likely representing doped
TiO: (titanium dioxide) nanoparticles synthesized under various conditions
or with different dopants.

Figure 6: The image shows two sets of bottles — one set with a blue-
colored solution and the other appearing colorless or lighter after exposure,
likely indicating a photocatalytic activity test of AQNOs—TiO. nanocomposite
under sunlight.

pure-3
doped-3
dark-3
pure-7
doped-7
dark-7
pure-11
doped-11
dark-11

Absorbance(Au)

400 600 800
wavelength (nm)

Figure 7: This image shows a UV-Visible absorption spectrum comparing
pure and doped TiO. samples under different conditions (labeled as pure-3,
doped-3, dark-3, etc.).

Hydrothermal Method (Background)

The hydrothermal technique involves crystallization of
nanomaterials in aqueous solution under controlled temperature
and pressure [20]. Unlike the sol-gel method, it can produce
highly crystalline nanoparticles without post-calcination. Despite
its advantages, the process is less controllable due to complex
electrochemical and thermodynamic factors.

Preparation of AQNO:-TiO. Nanocomposites

AgNO;-TiO, nanocomposites were prepared by mixing TiO, sol
with varying amounts of AgNO; solution, followed by drying and
calcination. Four compositions were prepared:

e 1:10 ratio - 1 mL AgNO; added to 10 mL TiO;, sol, dried
at 70 °C for 15 h.

e 1:20 ratio - 0.05 mL AgNO; added to 10 mL TiO, sol, dried
at 80 °C for 12 h.

e 1:40 ratio - 0.25 mL AgNO; added to 10 mL TiO, sol, dried
at 80 °C for 12 h.

e 1:120 ratio - 0.0083 mL AgNO; added to 10 mL TiO sol,
dried at 80 °C for 12 h.

All dried samples were collected in glass Petri dishes (Figure 3.9),
ground into fine powders, and calcined at 600 °C for 2 h (Figure. 5).
The resulting AgNO;-TiO, powders are shown in Figure 5.

Optimization of AgQNOs—TiO:. Photocatalysts

The photocatalytic activity of AgNO;-TiO, composites with
different Ag:TiO, ratios (1:20, 1:30, 1:40, 1:120) was evaluated against
20 ppm MB solution at pH 11. For each test, 2 mg of catalyst was
added to 10 mL of MB solution in labeled bottles. The suspensions
were exposed to sunlight for 2 h, and dye degradation was monitored
as shown in Figure 6. Among the tested samples, the 1:120 AgNO;-
TiO, composite showed the highest degradation efficiency

Characterization Techniques

The synthesized nanomaterials were characterized using
multiple analytical techniques. Scanning electron microscopy (SEM)
was employed to investigate the surface morphology and particle
distribution of TiO, and AgNO;-TiO, composites. Atomic force
microscopy (AFM) provided high-resolution topographic images
and enabled conductance measurements at the nanoscale. X-ray
diffraction (XRD) analysis was carried out to confirm the crystal
structure and estimate the average crystallite size of the samples.
Additionally, Fourier transform infrared spectroscopy (FTIR) was
used to identify surface functional groups and verify the chemical
bonding within the nanomaterials.

Photocatalytic Degradation of Methylene Blue (MB)

Photocatalytic degradation experiments were carried out using
both pure TiO, and AgNO;-TiO, nanocomposites under sunlight.
Reaction parameters were varied as follows:

» pH effect (3,7, 11): Solutions adjusted with HCl or NaOHj
optimum degradation was observed at pH 11.

 Catalyst dose: Different masses of catalyst were tested in 10
mL MB solution at pH 11 to study the influence of dosage.

* Dye concentration: MB solutions of 10 ppm and 20 ppm
were used to study degradation efficiency.

 Irradiation time: Experiments were conducted for 15, 35,
and 50 minutes to monitor time-dependent degradation.

UV-Vis spectrophotometry was used to record absorption spectra,
and degradation efficiency was calculated using Beer-Lambert’s law.
Results confirmed superior photocatalytic performance of AgNO;-
TiO, composites compared to pure TiO,.

Results and Discussion
Photodegradation Behavior of AgNOs-TiO: Systems
Effect of pH on MB Degradation

The pH of the solution is a critical factor influencing the
photocatalytic activity of TiO,-based systems because it affects the
surface charge of the catalyst, the ionization state of the dye, and the
generation of reactive species. As shown in Figure 7, methylene blue
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Figure 8: These two graphs show UV-Vis absorption spectra of methylene
blue (MB) solutions at different concentrations (20 ppm and 10 ppm),
comparing pure TiO: and doped TiO: photocatalysts.
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Figure 9: This graph shows the UV-Vis absorption spectra of methylene
blue (MB, 20 ppm) after photocatalytic treatment using different dosages of
doped TiO: catalyst (0.5 mg, 1 mg, 4 mg, 6 mg).

Figure 10: This graph shows UV-Vis absorption spectra of methylene blue
(MB, 20 ppm) under photocatalytic degradation using TiO. and Ag-TiO-
catalysts for different exposure times (30, 45, and 60 minutes).

(MB) degradation efficiency increased significantly with increasing
alkalinity. At pH 11, almost 90% of MB was degraded within 80
minutes under sunlight irradiation, whereas the rates at pH 3 and 7
were considerably lower. This can be explained by the mechanism of
hydroxyl radical formation. At higher pH values, hydroxide ions (OH")
are more abundant and readily interact with photogenerated holes in
TiO, to form hydroxyl radicals (-OH), which are strong oxidizing
agents responsible for dye degradation. Conversely, under acidic
conditions, the surface of TiO, becomes positively charged, which
can repel cationic dyes such as MB and reduce adsorption efficiency.
Previous studies also reported similar behavior, showing that alkaline
conditions favor -OH-mediated oxidation pathways, while acidic
conditions promote hole-driven oxidation [21 Therefore, the
results indicate that alkaline environments are more effective for
MB photodegradation with AgNO;-TiO,, as they facilitate both dye
adsorption and -OH generation as shown in Figure 7.

Effect of Initial Dye Concentration

The degradation efficiency was also dependent on the initial MB
concentration. Figure. 8 shows that the doped catalyst performed
better than pure TiO, at both 10 ppm and 20 ppm, with the

improvement being more pronounced at higher concentration. At
low MB concentrations, most dye molecules are effectively degraded
because sufficient active sites are available on the catalyst surface.
However, at higher concentrations, competition for active sites
increases, and the penetration of photons into the solution decreases
due to dye shielding effects. Despite this, AgNO;-TiO, maintained
higher activity than pure TiO,, suggesting that doping improved
charge separation and extended the lifetime of reactive species. This
implies that silver species play a role in trapping electrons, thereby
reducing recombination and allowing more efficient utilization of
photogenerated holes and radicals as shown in Figure 8.

Effect of Catalyst Dosage

The effect of catalyst dosage was examined by varying AgNO;—
TiO, amounts between 0.5 and 6 mg in 10 mL MB solution (10 ppm).
Figure. 9 indicates that increasing dosage beyond a certain point did
not significantly enhance degradation efficiency (Figure 9).

At lower dosages, degradation is limited by the availability of
active sites. However, excessive catalyst loading leads to particle
agglomeration and turbidity, which reduce the penetration of light
into the suspension and increase scattering effects. This results in
fewer photons reaching the catalyst surface, thereby reducing the
efficiency of the photocatalytic process. Thus, there is an optimum
dosage beyond which no further benefit is achieved, and in some
cases, performance can even decline. This observation aligns with
literature reports where excessive photocatalyst concentrations hinder
reaction efficiency due to light attenuation and catalyst aggregation as
shown in Figure. 9.

Effect of Irradiation Time

The impact of irradiation duration was studied at constant pH
(11) and catalyst loading (2 mg). As shown in Figure.10 both pure
and doped TiO, showed increasing MB degradation with longer
irradiation times, but the doped system consistently outperformed
pure TiO, as shown in Figure 10.

This behavior is expected, as prolonged irradiation allows
more electron-hole pairs to be generated, increasing the likelihood
of pollutant degradation. However, the superior performance of
AgNO;-TiO, highlights the role of silver species in suppressing
recombination and facilitating electron transfer. The data indicate
that doped catalysts are more efficient at sustaining photocatalytic
activity over time, which is crucial for practical wastewater treatment
applications.

The absorbance of the remaining dye solution was measured using
a UV-Vis spectrophotometer in the 400-700 nm wavelength range.
The maximum absorbance (A\_max = 484 nm) was determined, and
the photodegradation of MB was measured at different time intervals.
The percentage degradation of MB was calculated using the following
equation [22].

= qu_ﬂt x 100

Anywheere A, is the maximum preoccupation at zero time and A,
is the maximum obsession at maximum time or when the degradation
process is complete. Percentage Degradation Efficiency of Pure and
Ag doped TiO, as shown in Table 3. Ag-TiO, is about 9 % more
efficient than the pure.

Characterization of Catalysts
X-ray Diffraction (XRD)

XRD patterns (Figure 11) confirmed that calcined TiO, and
AgNO;-TiO, samples were mainly composed of anatase with traces
of rutile. The anatase phase is known to exhibit superior photocatalytic
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Figure 11: This image shows the X-ray diffraction (XRD) pattern of TiO-
(titanium dioxide), a common method used to identify its crystalline phase
and structure.
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Figure 12: This image shows the FTIR (Fourier Transform Infrared) spectra
of pure TiO: and Ag-TiO. nanocomposite samples. FTIR is used to identify
the functional groups and chemical bonding present in the materials.

Figure 13: This image shows the Raman spectrum of Ag—TiO-, which is
used to identify the crystalline phase, structural properties, and effects of
doping on TiO-.

Figure 14: This figure presents SEM micrographs show aggregated
nanostructures composed of uniformly distributed TiO. nanoparticles. The
particles appear to have a spherical to slightly irregular morphology, with sizes
typically in the nanometer range (20-50 nm). The agglomeration observed
is due to the high surface energy and strong interparticle interactions among
TiO: nanoparticles. The surface texture indicates a porous structure, which is
beneficial for applications such as photocatalysis and adsorption.

activity compared to rutile, due to its higher surface area and lower
recombination rate of charge carriers. With increasing calcination
temperature (300-800 °C), diffraction peaks became sharper and
more intense, indicating improved crystallinity and larger particle
sizes.

The relative proportion of rutile also increased with calcination
temperature, consistent with the anatase-to-rutile phase
transformation. Since rutile generally shows lower photocatalytic
activity, maintaining anatase-rich structures is beneficial. The
incorporation of AgNO; appears to stabilize the anatase phase,
thereby enhancing photocatalytic efficiency, as show in Figure 11.

Based on the observed diffraction peaks, the average particle
size was estimated using the Debye-Scherrer equation, while the
interplanar spacing (d-spacing) was determined using Bragg’s Law.
The calculated values are summarized in Table X.

D=(0.9 2)/BCos6
2dsinf=ni

Where, A is wavelength of X-Ray (0.1540 nm), p is FWHM (full
width at half maximum), 0 is diffraction angle, d is d- spacing and
D is particle diameter size and XRD Spectra Peak Identification and
Crystallite Size calculation as shown in Table 4.

Average Crystallite Size = 26.42 nm
Mineral Type: Anatase
Crystal System: Tetragonal
Fourier Transform Infrared Spectroscopy (FTIR)

FTIR spectra (Figure. 12) revealed characteristic Ti-O stretching
vibrations below 1000 cm™. Although no distinct silver-related peaks
were observed, silver doping influenced the intensity and shape of
absorption bands, suggesting interaction between silver species and
the TiO, lattice.

Annealing reduced hydrogen-bonding features, while hydroxyl-
related bands became more evident at higher calcination temperatures
(=500 °C). Hydroxyl groups on the surface are known to act as
active sites for -OH radical generation, which directly contributes to
enhanced photocatalytic activity. Therefore, the presence of surface
hydroxyls in the doped system may explain its improved performance
compared to pure TiO,, as shown as Figure 12.

Raman Analysis

Raman spectroscopy is a powerful technique for investigating
the vibrational properties of Ag-TiO, nanoparticles. The recorded
Raman spectra (Figure 13) confirm the successful formation of Ag-
doped TiO,, consistent with the XRD and FTIR results. Prominent
Raman bands were observed at 202.4, 400.3, 540.8, and 635 cm ™,
which are attributed to Ti-O vibrational modes of TiO».

Notably, the intensity of the characteristic Raman peaks increased
upon Ag loading. This enhancement can be attributed to the influence
of metal doping, which is known to modify the crystal structure,
particle size, morphology, and specific surface area of TiO,. In this
study, the stronger Raman signals of the Ag-doped TiO, nanotubes,
compared to the undoped samples, indicate improved crystallinity,
further confirming the structural refinement induced by silver
incorporation, as shown in Figure 13.

Scanning Electron Microscopy (SEM)

SEM images (Figure.14) of pure TiO, revealed nanoscale particles
with moderate aggregation. In the AgNO;-TiO, system, larger clusters
(~5-6 pm) were observed, within which AgNO; nanoparticles of
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Figure 15: EDX spectrum confirms the presence of Ti, O, and Ag,
indicating the formation of pure Ag—TiO.. The Ag peak around 3 keV verifies
successful silver incorporation onto the TiO- surface without impurities.

Table 2: volumetric ratio of precursors used.

Sample Name

TTiP

Acetyl acetone

Distilled H,0

Acetic acid ‘

Titanium sol

22.93g

8.11g

200ml

4829

Table 3: Percentage Degradation Efficiency of Pure and Ag doped TiO,,.

Time A, A, % Degrodation
30 minutes (Pure Ti0,) 1.4373 0. 7846 A
30 rmanutes |Ag-TeD;) 1.4373 0.6653 53%
45 minutes (Pure Ti0,) 1.4273 0.5655 B1%
A5 reniuties |Ag-TeD2) 1.4273 0.457 B8 %
B0 minutes (Pure Ti0,) 1.4273 0.378 T3%
B0 raniutes |AZ-TYO2) 14747 0.2538 82%

Comparison of photodegradation performance for Pure TiO: and Ag—TiO- under UV irradiation.

Table 4: XRD Spectra.
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XRD results confirm the crystaﬁine nature of TiO: with predominant anatase phase reflections corresponding to
the (101), (004), and (200) planes.

Table 5: EDX Analysis.

Elemen| Line Apparent Wit Standard
£ Type Concentration k Ratio| Wit Sigma Label
) 16.29 0.05483| 42.37 | 1.08 sioz
K
Ti i 41.73 0.4173 56.57 1.08 Ti
Ag sehes 0.76 0.00756 1.06 0.36 Ag
Total: 100

The EDX spectrum confirms the presence of Ti, O, and Ag elements, validating the successful doping of Ag into
the TiO. matrix.

25-27 nm were dispersed. The addition of polyethylene glycol (PEG)
during synthesis likely influenced particle growth, reducing TiO,
crystallite size and modifying morphology.

The smaller AgNO; nanoparticles are expected to act as electron
sinks, reducing recombination and enabling more effective charge
separation. This structural modification is consistent with the
observed improvement in photocatalytic activity of doped catalysts
as show in Figure 14.

Energy Dispersive X-ray Spectroscopy (EDS)

The elemental composition of the synthesized Ag-TiO,
nanoparticles was confirmed by Energy Dispersive X-ray Spectroscopy
(EDS), as shown in Figure 15. The spectrum exhibits distinct peaks
corresponding to titanium (Ti), oxygen (O), and silver (Ag), verifying
the successful formation of Ag-doped TiO, nanostructures.

The strong peaks of Ti and O indicate the presence of TiO, as the
main constituent of the sample. The high-intensity Ti peak near 4.5-
4.8 keV and the O peak at approximately 0.5 keV are characteristic
signals of TiO,. In addition, the presence of a weaker but well-defined
Ag peak around 3 keV confirms the successful incorporation of silver
into the TiO, matrix as shown in Figure 15.

The absence of additional impurity peaks in the spectrum
demonstrates the high purity of the synthesized material. These results,
in combination with XRD and FTIR analyses, further confirm that
Ag is effectively doped into the TiO;, lattice without the formation of
secondary phases. The incorporation of Ag is expected to enhance the
photocatalytic performance of TiO, by improving charge separation
efficiency and reducing electron-hole recombination (Figure 15) and
EDX Analysis as shown in Table 5.

Discussion

The combined photocatalytic and characterization results
clearly demonstrate that AgNO; doping significantly enhances
the performance of TiO, for methylene blue (MB) degradation.
This improvement can be attributed to multiple synergistic factors.
First, silver nanoparticles act as electron traps, which suppress
recombination and extend the lifetime of photogenerated carriers,
thereby facilitating more efficient redox reactions. Second, FTIR
analysis revealed an increase in surface hydroxyl groups upon doping,
promoting the generation of hydroxyl radicals (-OH), which are key
oxidizing species in the degradation process. Third, SEM observations
showed that PEG-assisted synthesis and AgNO; incorporation led
to reduced TiO, particle size and modified surface morphology,
providing a greater number of active sites for photocatalysis. In
addition, XRD analysis suggested that silver addition helps stabilize
the anatase phase, which is known to exhibit higher photocatalytic
activity than rutile. Finally, environmental factors such as pH,
dye concentration, and irradiation time were found to strongly
influence efficiency, with alkaline conditions and longer exposure
times favoring higher degradation rates. Collectively, these findings
confirm that AgNO;-TiO, nanocomposites outperform pure TiO, in
degrading organic pollutants such as methylene blue and highlight
important design parameters for developing effective photocatalysts
for wastewater treatment applications.
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