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Abstract:

In this study, T10. and Ag-Ti0: thin-film photocatalysts were synthesized using the sol-gel dip-
coating technique. The films were examined using X-ray diffraction (XRD), UV-Vis spectroscopy, and
Fourier-transform infrared (FTIR) spectroscopy. According to the XRD data, anatase phase T10. with a
crystalline size of 10.49 nm was formed. The transmission spectra of the Ag-TiO: films show a slight
redshift compared to pure TiO.. FTIR spectroscopy revealed the formation of a TiO: network. The Ag-T10:
thin films exhibited considerably improved photocatalytic performance for Plasmocorinth B dye degradation
compared to pure TiO: thin films. Ag-TiO: showed the highest photocatalytic activity at 1 at.% Ag
concentration of degrading Plasmocorinth B by over 70% in 60 min upon UV exposure at a rate constant of
0.09 min'. This is a notable improvement over pure TiO., demonstrating the beneficial effects of adding
stlver, such as improved charge separation and increased photocatalytic activity. In addition, Ag-T10. thin
Silms show high visual homogenezty, transparency, and good adherence to the substrate, making them strong
candidates for photocatalytic applications.
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Introduction:

Clean water is a major concern in modern society.Traditional wastewater treatment techniques,
which encompass physical, chemical, and biological processes, frequently generate secondary
pollutants and fail to effectively eliminate specific organic contaminants. To address these
limitations, advanced oxidation processes (AOPs) are widely used [17]. AOPs generate highly
reactive oxidizing species that degrade pollutants into less harmful and non-toxic products [27.
Common AOP techniques include ozonation, photocatalysis, Fenton reactions, ultrasonic
irradiation, and electron beam irradiation, among which photocatalysis has been the most
extensively studied [87. Photocatalysis is a light-driven process that occurs in the presence of
photocatalysts [47]. Upon light irradiation, electrons in the photocatalyst are excited from the
valence band to the conduction band, creating electron-hole pairs.
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These charge carriers participate in redox reactions on the catalyst surface, producing reactive species responsible for
pollutant degradation [57. Various semiconductor materials, such as ZnO, TiO,, WOs, and SnO,, have been commonly employed
as photocatalysts. [67. Titanium dioxide (TiO,) is the most extensively studied material because of its remarkable photocatalytic
efficiency, affordability, non-toxicity, and strong chemical stability [7-97.

Titanium dioxide (TiO,) exists in three crystalline forms: anatase, rutile, and brookite. Among these, the anatase phase
exhibits superior photocatalytic activity compared to the other two phases [107. Various techniques have been employed to
synthesize TiO, photocatalysts, including chemical vapor deposition, sol-gel, hydrothermal, solvothermal, electro-deposition, and
microwave methods [117. The sol-gel method is the most widely preferred method for producing thin films because it offers
versatility, uniformity, straightforward synthesis, and reactions that occur under mild ambient conditions [127.Various substrates,
regardless of their size and shape, can be coated using the sol-gel technique.Additionally, substrates such as stainless steel plates,
silica rings, glass wool, and glass slides can be deposited using this method [187. The sol-gel technique can be categorized into
sol-gel dip and spin coatings.In the current study, a dip-coating approach was employed to deposit the films.This process involves
three stages. Initially, the substrate was immersed in the sol solution and allowed to remain submerged for a specific duration,
facilitating the interaction between the substrate surface and the sol.In the second step, the substrate was withdrawn from the sol
at a constant retrieval speed.In the final step, the solvent in the sol evaporates, forming a uniform, thin film on the substrate
surface [147].Although TiO, has great properties, it still has certain limitations, such as a very large band gap, high recombination
rate, and activation under UV light. To improve its performance under visible light and reduce recombination, different methods
have been used, such as doping with metals, nonmetals, and composite formation.Difterent noble metals, such as Pt, Ag, Ce, and
Au, have been used as dopants in TiOs, as they enhance the activity to some extend [15-177.Silver is a widely used dopant because
of its ability to create accumulation sites for electrons, which helps reduce the catalyst grain size, thereby increasing the specific
surface area [187. J.A. Borrego Pérez et. al. studied the photocatalytic degradation phenomenon of Ag-dispersed TiO, thin films of
different wt. % synthesized using sol-gel spin coating method and annealed at 400 °C. They observed that the prepared Ag-TiO,
was 60% more efficient than pure TiO, for the photocatalytic degradation of methylene blue [197.Similarly, in another study by
Komaraiah etal. Ag-TiO, films were synthesized on a glass substrate via the sol-gel spin-coating method with different percentages
of Ag loading. They studied the photocatalysts for the decoloration of methyl orange and methylene blue. They observed that 5%
Ag-TiO, exhibited good efficiency [207.In this study, we report the photocatalytic degradation of the Plasmocorinth B dye using
Ag-TiO, prepared using the sol-gel dip-coating method.

Materials and Experimental Methods:

Silver nitrate (Ag-N Fermont 99%), 2-Methoxy Ethanol, Titanium (IV) isopropoxide (99.99%), Ethyl Acetoacetate,
Pluronic P123, Absolute Ethanol, Tetraethyl orthosilicate (98%), and Nitric Acid (68%) were purchased from Sigma Aldrich. The
preparation of a silica (SiOs) sol involved the use of tetraethoxysilicate (TEOS) as the starting material. The mixture included
ethanol with a molar ratio of n(EtOH)/n(Si)=6.47, nitric acid at n(HNO3)/n(Si)=0.44, and water with n(H.0)/n(Si)=8.06.The sol
was made uniform by stirring the mixture for 2 h, after which it was used for film deposition through the dip-coating technique
[21, 227.Single-layer SiO, films were formed on glass substrates with calcination at 500°C for 30 min.This SiO, coated glass slide
acts as a substrate for the deposition of TiO, thin films.SiO, has a dense structure that acts as an effective barrier to prevent the
migration of Na' ions into the TiO, lattice during heat treatment.Hence, it avoids the detrimental effect on the photocatalyst
performance.

For the preparation of the titania sol, titanium precursor (TiP) and 2-methoxyethanol (2ME) were mixed in a molar ratio
of (TiP)/(2ME) = 0.0736, while the ratio of (2ME)/(EAA) was maintained at 13.2548. The mixture was magnetically stirred for 1
h to obtain a homogeneous TiO, sol.Subsequently, a surfactant was added under continuous stirring for 1 h.The prepared sol was
used for the deposition of TiO; on a previously SiO, coated glass substrate using a sol-gel dip-coating unit named this samples as
A-T.Using a similar procedure, Ag-doped TiO, samples were prepared with different at. % of Ag loading. The 0.5 at. % Ag-TiO, is
prepared by adding required ratio of AgNO; precursor to prepared TiO, sol and labelled as B-T. Similarly, samples with different
dopant concentrations of 1 at.% (C-T), 1.5 at.% (D-T), and 2 at.% (E-T) were prepared and labelled.

Catalysts characterization

To identify the crystal phase, X-ray diffraction (XRD) patterns were recorded using a Miniflex 600 RIKAGU X-ray
diffractometer. The device was set to an al configuration and employed Cu Kal radiation (1.5406 A) for the XRD
measurements.Measurements were taken over a broad angular range (20) from 20° to 80° in increments of 0.1°.Scherrer’s equation
was employed to calculate the average crystallite size, utilizing the broadening observed in the (101) reflection peak of the
anatase.A Shimadzu UV-Vis spectrophotometer was used to measure the UV-Vis transmittance spectra of the TiO, coatings and
dye concentration.An Agilent Cary 630 FTIR spectrophotometer was used to examine the bonding.

Photocatalytic cell configuration and examination

The photocatalytic performance of TiO; and Ag-TiO, films with varying atomic percentages of Ag doping was examined
by monitoring the breakdown of the azo dye Plasmocorinth B (PB) in a water-based solution.The process was monitored using a
Shimadzu UV-Vis spectrophotometer, which identified a distinctive absorption peak at 526 nm (Ama).The dye solution was
prepared in distilled water. Plasmocorinth B is an ideal model pollutant for photocatalytic evaluation because of its high aqueous
solubility and molar absorptivity, which enables the precise detection of minor concentration changes.Its chemical stability in the
absence of light ensures that any observed degradation is attributable solely to the photocatalytic process, providing a reliable
benchmark for the catalytic efficiency [237. For the experiment, a batch-type continuous-flow reactor with an online UV-Vis
monitoring system was used.The prepared samples were placed inside a photocatalytic cell containing 12 ml of dye solution with

an initial concentration of 10 mg L.
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Result and Discussion
XRD analysis

The X-ray diffraction (XRD) patterns of the TiO; and Ag- TiO, thin film deposited on SiO, precoated substrates are
shown in Fig 1. The diffraction profiles revealed well-defined peaks, confirming the successful formation of a crystalline structure
through the sol-gel synthesis route. The prominent diffraction peaks observed at 20 values of 25.39° 38", 48.1°, and 54.32 ‘are
attributed to the (101), (004), (200), and (105) crystallographic planes of anatase TiO, respectively [247]. The peak at (101) shows
the highest intensity, indicating its prominent orientation and significant contribution to the crystal structure. Additionally,
doping of silver (Ag) in the TiO, lattice did not show any separate additional peak in the XRD patterns owing to the very low
concentration and large dispersion of Ag into the TiO, matrix. In addition, the presence of Ag affects the microstructure and
photocatalytic properties, as silver acts as an electron trapper, thereby reducing electron—hole recombination. The Scherrer
equation was used to determine the average crystalline size of the TiO, and Ag-TiO, nanoparticles using the full width at half
maximum (FWHM) of the most intense (101) diffraction peak.The calculated crystalline size for TiO, and Ag-TiO, is found to be
was 10.49 nm and 10.41 nm, respectively. Hence, the XRD analysis confirmed the formation of nanocrystalline TiO, with a pure
anatase phase.
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Fig 1: XRD spectrum of pure TiO; and Ag-TiO,

UV- Visible analysis

The optical behavior of Ag-doped TiO. thin films was studied using UV-Vis spectroscopy. Fig. 2 shows reduction in
band gap energy and red shift in absorption due to incorporation of Ag in TiO, lattice. This redshift indicates the successful
doping of Ag into the TiO, matrix.This improvement in absorption comes from the formation of localized energy levels and the
surface plasmon resonance effect [257]. The films show strong absorption in the UV region and high transiency in the visible
region.With different doping percentages of Ag, 0.5 at% Ag-TiO, (B-T) shows a distinct redshift in the absorbance spectrum. This
red shift in absorption suggests that doping of Ag in TiO, modifies electronic structure, narrows the band gap, or induces a
localized surface plasmon resonance effect. Ag-TiO, (B-T) absorbs light at longer wavelengths, thereby enhancing its
photocatalytic performance by expanding its activity in the visible region.

100 -

BO 4 / g = — G102
& { - AT
3 f - —BT
8 eo f / CT
£ K,’ D-T
& [ 8] E-T
’g N

-
1=
A
——

)
i
20 /x{'

T v 7 v
00 400 500 800 700
Wavelength(nm)

Fig 2: UV spectra of pure TiO, and Ag-TiO,
FTIR Analysis

Fourier Transform 1K spectroscopy used to analysed the chemical structures ot the synthesized TiOzand Ag-TiOs,, as
illustrated in Fig.3. The FTIR results confirmed the formation of TiO, and displayed characteristic absorption peaks
corresponding to TiOs. The spectrum shows well-defined peaks at 751.1, 896.4, 1047, 1640 and 3373.2, cm™!. A broad peak in the
1000-400 cm™! region corresponds to the Ti-O stretching and Ti-O-Ti bridging vibration modes [267.In the 400-800 cm™! range,
the peak observed at 751.1 cm™! for pure TiO; is linked to the anatase phase of titania. The stretching vibrations of Ti-O-Ti bonds
are confirmed by the absorption band at 896.4.cm™! in the IR spectrum [27, 287. Additionally, the peak at 1047 cm™!is ascribed to
the C-O stretching vibration [297]. The bending vibration of the O-H bonds was observed at an absorption peak of 1627.28

50


https://ijersd.com/

International Journal of Engineering Research for Sustainable Development
ISSN: 3067-2325 / Website: https://ijersd.com / Volume 2, Issue 3 / June- 2026

cm” 1. The two broad peaks observed at 8373.2 and 1627.28 cm™'are characteristic of surface-adsorbed water and hydroxyl groups,
respectively[807. Surface hydroxyl groups were found to be significantly present in TiO..Furthermore, the small size of the
crystallites may have caused peak broadening.The symmetric and asymmetric stretching vibrations of the Ti-OH bonds are
associated with the spectroscopic band at approximately 3373.2 cm™' [317].Although there was no indication of Ag-O bond

formation, FTIR analysis showed that the addition of silver changed the absorption band shape and intensity [327.
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Fig 8: FTIR spectra of pure TiO, and Ag-TiO,

Photocatalytic activity

The degradation performance of the prepared films is shown in Fig.4.An online measurement system was used to analyse
the photocatalytic activity of the prepared TiO. and Ag-TiO, thin films. The performance was evaluated by monitoring the
degradation of the azo dye, Plasmocorinth B (PB), under UV irradiation (UV lamp, 125 watt).Fig. 4 shows the plot of percentage
removal efficiency with irradiation time; graph reveals that progress in exposure time is function of dye degradation.Furthermore,
the Ag doping concentration (at.%) plotted against the rate constant (k) evidently reveals that the amount of Ag doping in the
TiO. lattice strongly influenced the photocatalytic performance.The graph shows that the photocatalytic efficiency of TiO,
considerably improved with Ag doping, with a maximum at 1at% Ag.This improvement results from Ag acting as an electron
trapper, as it reduces electron-hole recombination.This charge undergoes a redox reaction, promoting the formation of reactive
species, such as hydroxyl radicals (*OH) and superoxide radicals (O.™), which are essential for the breakdown of dye
molecules.Under UV light exposure, the Ag-TiO, photocatalyst with 1 at.% of Ag showed the highest activity, with nearly 70%
degradation of Plasmocorinth B within 60 min, with a reaction rate of 0.09 min™".This signifies that the doping of Ag in the TiO,
lattice improved the photocatalytic performance compared to pure TiO..Beyond the optimum value, Ag doping decreases the
photocatalytic efficiency. The accumulation of excess Ag nanoparticles on the TiO, surface blocked the active sites and decreased
the light absorption efficiency, thereby reducing the efficiency.These findings show that optimizing the Ag concentration improves
the photocatalytic performance of TiO, thin films by ensuring an effective equilibrium between enhanced charge separation and
the surface activity of the photocatalyst.
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Fig 4« photocatalytic performance of pure TiO, and Ag-TiO,
Mechanism of photocatalytic performance
A possible mechanism for the photocatalytic performance of Ag-TiO, thin films is visually demonstrated in Fig.5.Upon
UV irradiation, the photogenerated electrons were absorbed by the Ag-TiO; photocatalyst. These photogenerated electrons excited

from the valence to the conduction band leave holes behind in the valence band, generating electron-hole (e”/h+) pairs.The
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photogenerated electrons react with dissolved oxygen, resulting in the formation of superoxide radicals (Oy"™), whereas holes

interact with water or hydroxyl ions to produce hydroxyl radicals (*OH) [197]. These reactive speciesplay animportant role for the
degradation of the Plasmocorinth B azo dye.Pure TiO; suffers from the rapid recombination of electron-hole pairs, which affects
the photocatalytic efficiency; however, the doping of Ag in TiO; significantly mitigates this recombination.Ag and TiO. have
different Fermi levels, which causes an internal electric field to form at their interface and improves charge separation.Ag also
enhances the optical characteristics by lowering the bandgap, which results in improved light absorption and a greater photo-
response [337.Plasmocorinth B degraded more quickly because of the increased availability of charge carriers to produce reactive
radicals. Therefore, Ag-TiO, thin films perform better photocatalytically than pure TiO, because of improved charge separation,
decreased recombination, and higher reactive species production.

by peoducts

=

Fig 5: Mechanism of photocatalytic performance of Ag-TiO,

Conclusion

The present study explored the potential of Ag-TiO, thin films for the photocatalytic degradation of azo dye.Pure TiO, and Ag-
TiO, thin films were synthesized via the sol-gel dip-coating method. These thin films were characterized using X-ray diffraction
(XRD), UV-visible spectroscopy, and FFourier-transform infrared (FTIR) spectroscopy.XRD revealed the formation of the anatase
phase of TiO, with an average crystalline size of approximately 10.49 nm.Owing to the very low concentration of silver along with
the uniform dispersion of Ag in the TiO, matrix, no distinct peak was observed for Ag in the XRD spectrum.A red shift in the
transmission spectra was observed by UV-visible analysis, suggesting better light absorption in the visible region.The formation
of the TiO; network was confirmed by FTIR analysis.Photocatalytic testing revealed that Ag-TiO, performed better than pure
TiO,, degrading the Plasmocorinth B azo dye by approximately 70% in just 60 min. The sample containing 1 at% Ag exhibited the
highest activity with a rate constant of 0.09 min '.According to our results, Ag-TiO, thin films are effective and promising
photocatalysts for environmental remediation and dye degradation applications.
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