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ABSTRACT 

The sol-gel process was used to prepare Ag-doped TiO2 nanoparticles with Ag concentrations of 1–5 mol%, which 

were then calcined for 3 hours at 500 ℃. X-ray diffraction, field emission scanning electron microscopy with EDAX, and 

ultraviolet–visible spectroscopy were used to study the structural, morphological, and optical characteristics. Following Ag 

incorporation, the optical study showed improved light absorption and a notable decrease in band gap energy from 3.32 eV 

to roughly 2.00 eV. The degradation of Rhodamine B (RhB) and Eosin Yellow (EY) under UV light was used to measure the 

photocatalytic activity. The 5 mol% Ag-doped TiO2 sample performed most effectively, reaching 99.07% degradation for EY 

and 98.15% for RhB. According to these results, a higher silver concentration enhances degradation by increasing light 

absorption and facilitating electron-hole separation. The incorporation of silver improves the photocatalytic activity of TiO2 

under UV irradiation. 
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1. INTRODUCTION  

Nanoparticles play critical roles in many 

applications, and their formation, study, and use have 

recently attracted increasing attention from researchers 

(Huang et al. 2025). Because of their nanoscale structure 

and large numbers of active surface sites, semiconductor 

and metal oxide nanoparticles used in piezoelectric, 

optoelectronic, and sensing applications exhibit 

exceptional chemical and physical properties (Fujishima 

and Honda, 1972). Because of their high chemical 

stability, resistance to biodegradation, and potential 

toxicity, synthetic dyes from the textile, paper, leather, 

and chemical industries are particularly concerning as 

pollutants (Cardoso et al. 2021). The development of 

more effective and environmentally friendly treatment 

technologies is necessary because traditional wastewater 

treatment techniques (Mohamadpour et al. 2024), 

including adsorption, coagulation, and biological 

processes, often fail to fully mineralize these persistent 

pollutants. (Liang et al. 2017 and Mahdi et al. 2023) 

Semiconductor-based photocatalysis has 

become a viable method for degrading organic 

contaminants by converting light energy into highly 

reactive species that mineralize complex chemical 

compounds into harmless end products (Ramesh et al. 

2024; Balachandran et al. 2021). Excellent chemical 

stability, non-toxicity, low cost, and high oxidative 

potential make TiO2 one of the most widely studied 

photocatalysts (Wang et al. 2012; Pawar et al. 2021). The 

broad band gap of TiO2 (3.2 eV), which limits 

photoactivity primarily to the UV spectrum, and the rapid 

recombination of photogenerated electron–hole pairs, 

which drastically lowers photocatalytic efficiency, limit 

the material's practical use (Sen et al. 2005) 

Silver doping has attracted interest because it 

can enhance light absorption and facilitate charge 

separation. However, few detailed studies have examined 

how varying amounts of silver affect the optical, 

structural, and photocatalytic properties of TiO2 

nanoparticles prepared by the sol-gel method. This study 

examines Ag-doped TiO2 nanoparticles at various silver 

concentrations and assesses their ability to degrade 

Rhodamine B (RhB) and Eosin Yellow (EY) under UV 

light (Hossain et al. 2018). Titanium dioxide is 

commonly used in semiconductor photocatalysis to 

degrade organic dyes such as RhB and EY. This is 

because it has strong oxidative properties, is chemically 

stable, and is inexpensive (Lavorato et al. 2017). The 

present study focuses on the synthesis of pure and Ag-

doped TiO2 nanoparticles via the sol-gel method for 

photocatalytic applications (Jin et al. 2017; Liu et al. 

2004; Bensouici et al. 2015). Rhodamine B and Eosin 

Yellow dyes were used in photocatalytic applications. 

Because of their distinct chemical structures and 

photophysical properties, EY and RhB are common test 

dyes for evaluating photocatalytic efficiency across a 

variety of organic pollutants. Eosin Yellow is an anionic 

dye widely used to dye silk, wool, and modified acrylic 

textiles for its vivid pinkish-red tone and superior 
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photostability (Ghime et al.2020). On the other hand, 

optical tracing, textiles, and cosmetics all extensively 

use RhB, a cationic synthetic dye. Analysing the 

degradation of both dyes improves understanding of the 

adsorption and photocatalytic processes occurring on the 

catalyst surface. Additionally, these dyes exhibit strong 

absorption in the visible wavelengths, making them 

suitable experimental materials for UV-visible spectral 

studies of photocatalytic removal. Thus, the 

photocatalytic efficiency of Ag-doped TiO2 nanoparticles 

in removing organic pollutants from wastewater can be 

effectively evaluated using RhB and EY dyes (Sultana et 

al. 2023). 

2. MATERIALS AND METHODS 

2.1 Chemicals and Reagents 

All chemicals used in this study were of 

analytical grade and employed without further 

purification. Titanium (IV) isopropoxide (97%) 

precursor and silver nitrate (>99%) (AgNO3), used as the 

Ag dopant source, were obtained from Sigma-Aldrich 

Merck, Bangalore. Double-distilled water was used 

throughout the synthesis and photocatalytic experiments. 

Eosin Yellow and Rhodamine B dyes were selected as 

model organic pollutants to evaluate photocatalytic 

performance. 

2.2 Experimental Design and Ag Doping Strategy 

TiO2 samples with 1, 2, 3, 4, and 5 mol% silver 

were prepared to reduce strong reaction effects and 

analyze a selection of doping levels. To ensure the 

precision of the results, every sample was prepared 

using the same method. 

2.3 Synthesis of Pure TiO2 Nanoparticles 

Initially, 40 mL of ethanol was stirred for 10 

minutes and then 29.606 mL of Titanium (IV) 

isopropoxide (TTIP) was added dropwise to the solvent 

at 1 mol%, and the mixture was stirred for 10 minutes. 

Afterwards, the mixture was continuously agitated while 

10 mL of distilled water was added gradually. The 

mixture was then heated and kept at 50℃ for 30 minutes. 

Hydrochloric acid was added dropwise over two hours, 

while continuously mixing the ingredients, to produce a 

milky-white solution with a pH of 3. This sol was aged 

for 10 hours and then dried in an oven at 100℃ until all 

moisture was removed. The dried gel was manually 

crushed with a mortar and pestle. The product was then 

calcined for three hours at 500℃ min-1 in a muffle 

furnace. The final TiO2 particles were produced by 

grinding the white powder after the furnace cooled to 

room temperature (Kamrul et al. 2025). 

2.4 Synthesis of Ag-Doped TiO2 (1–5 mol%) 

Silver nitrate solutions corresponding to 1 

mol%, 2 mol%, 3 mol%, 4 mol%, and 5 mol% were 

dissolved in distilled water and added dropwise to the sol 

under stirring at 60℃ for 2 hours. Ag nanoparticles were 

deposited on the TiO2 surface. The gel was allowed to 

settle for 12 hours, washed with distilled water and 

acetone and then dried in an oven at 100℃ until all 

moisture was removed. The dried gel was manually 

crushed with a mortar and pestle. The product was then 

calcined for 3 hours at 500 °C in a muffle furnace. The 

final Ag-doped TiO2 particles were obtained by further 

grinding the light grey powder after the furnace had 

cooled to room temperature (Ghime et al. 2020). 

2.5 Structural and Morphological 
Characterization 

The crystalline structure and phase composition 

of pure and Ag-doped TiO2 nanoparticles were analyzed 

using XRD with Cu Kα radiation. Diffraction patterns 

were recorded to identify phase purity and estimate 

crystallite size. Surface morphology and particle 

distribution were examined using FESEM. Energy-

dispersive X-ray spectroscopy coupled with FESEM was 

employed to confirm elemental composition and quantify 

Ag incorporation. 

2.6 Optical Characterization 

UV–visible absorption spectra were recorded in 

the wavelength range 200–800 nm using a UV–visible 

spectrophotometer. Band gap energies were estimated 

from Tauc plots based on absorption data. The optical 

properties of pure TiO2 were compared with those of Ag-

doped TiO2 to evaluate the influence of Ag incorporation 

on light absorption behavior. 

2.7 Photocatalytic Activity  

2.7.1 Selection of Model Pollutant 

The photocatalytic activity of Ag-doped TiO2 

nanostructures in degrading RhB and EY dyes was 

evaluated under visible light. 

2.7.2 Procedure for Photocatalytic Degradation  

To prepare the stock solutions, 100 mg of each 

dye was dissolved in 1 L of double-distilled water, 

yielding a concentration of 100 mg/L. For photocatalytic 

experiments, 100 mL of the dye solution and 100 mg of 

photocatalyst were introduced into a cylindrical glass 

reactor to form a uniform suspension. The mixture was 

stirred with a magnetic stirrer in the dark for 30 minutes 

before exposure to light, allowing the dye and catalyst to 

reach adsorption-desorption equilibrium. Photocatalytic 

degradation was conducted under visible light from a 15 
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W lamp positioned 5 cm above the reactor. Stirring was 

maintained throughout the experiment to ensure 

homogeneous catalyst dispersion and consistent light 

exposure. At predetermined intervals, 3- to 5-mL samples 

were taken and left to settle. The clear liquid above the 

settled material was analyzed using a UV–Visible 

spectrophotometer (Cary 8454, Agilent, Singapore) to 

determine the residual dye concentration. Absorbance 

was measured at 560 nm for RhB and at 433 nm for EY 

(Mali et al. 2025; Kannan et al. 2025). 

2.7.3 Degradation Efficiency Calculation 

Photocatalytic degradation efficiency was 

calculated using: 

Degradation efficiency (%) = [(Co – Ct) / Co] × 100, 

where Co and Ct represent the initial dye concentration 

and concentration at irradiation time t, respectively. 

3. RESULTS AND DISCUSSION 

3.1 Structural Analysis  

Table 1. XRD analysis of pure and Ag-doped TiO2 
nanoparticles 

Sample Code 
Ag 

Content(mol%) 

Crystallite 

Size, D(nm) 

TTIP (Pure 

TiO2) 
0 34.48 

TAg1% 1% 33.53 

TAg2% 2% 32.39 

TAg3% 3% 31.08 

TAg4% 4% 30.91 

TAg5% 5% 29.43 

The crystalline structure and phase composition 

of pure and Ag-doped TiO2 nanoparticles were 

investigated using X-ray diffraction analysis. The XRD 

patterns show that the prepared materials exhibit 

crystalline and structural phases, identified using a Pro 

Penalty CAL instrument with Cu Kα radiation (1.5406 

Å). Fig. 1 shows Ag-doped TiO2 nanoparticles at 

different concentrations (1%, 2%, 3%, 4%, and 5%). In 

the XRD pattern of pure TiO2 and Ag-doped TiO2 NPs, 

the diffraction peaks corresponding to the (101), (004), 

(200), (105), (116), and (204) crystallographic planes 

confirm the tetragonal rutile phase of TiO2, in good 

agreement with JCPDS No. 21-1276. The respective 

values are in accordance with standard rutile TiO2 data 

(Deng et al. 2023). The crystalline size was calculated by 

using Scherrer’s formula. 

D = Kλ/βcosθ, 

where λ is the wavelength of the X-ray beam, θ is the 

diffraction angle, D-crystallite size, K is the shape factor, 

and β is the full width at half maximum of the peak. 

Reducing the crystalline size and adding Ag 

both improve charge separation and light absorption, 

thereby increasing photocatalytic activity (Gupta et al. 

2013). Since both pure and Ag-doped samples show the 

same diffraction peaks, Ag does not change the crystal 

structure of TiO2. 

 

Fig. 1: XRD analysis of pure TiO2, TAg1%, TAg2%, TAg3%, 
TAg4% and TAg5% 

3.2 Morphological and Elemental Analysis 
(FESEM and EDAX) 

Field-emission scanning electron microscopy 

was employed to study the surfaces of pure and Ag-doped 

TiO2 nanoparticles. Most of the nanoparticles appeared 

nearly spherical and were evenly distributed. Particle size 

was measured from FESEM micrographs using image 

analysis software (ImageJ) by randomly selecting 

particles across multiple fields of view. The particle size 

distribution was determined by calculating the mean 

particle size. Measurements from images with 100-200 

nm scale bars showed that increasing the amount of Ag 

reduced particle size. The average sizes of pure and Ag-

doped TiO2 were 28.28 nm, 26.06 nm, 23.58 nm, 22.37 

nm, 20.58 nm, and 19.75 nm (Wang et al. 2012). 

Previous studies reported similar morphological 

characteristics and particle-size reductions in Ag-

modified TiO2 systems. Metal doping affected nucleation 

and crystal growth during synthesis, resulting in smaller 

nanoparticles and improved photocatalytic activity 

(Pawar et al. 2021). 
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Fig. 2: The FESEM images of pure TiO2 and TAg1%, TAg2%, TAg3%, TAg4%, TAg5% 
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Fig. 3: EDAX and atomic weight% analysis of pure TiO2 and doped TAg 1%,2%,3%,4%,5 mol% 

The elemental composition of both pure and Ag-
doped TiO2 nanoparticles was determined using energy-
dispersive X-ray analysis. Only the peaks for Ti and O 
are seen in the EDAX spectrum of the pure TiO2 sample, 
showing that no impurities are present during the 
formation of TiO2. The presence of additional peaks for 
silver in the EDAX spectra of Ag-doped TiO2 samples 
indicates successful incorporation of Ag into the TiO2 
material. Ag was shown to enhance photocatalytic 
performance by improving electron-hole separation and 
increasing ultraviolet light absorption (Lee et al. 2020) 

3.3 Optical Properties (UV–visible Spectroscopy) 

The UV–visible absorption spectra of pure and 
Ag-doped TiO2 nanoparticles were recorded in the 
wavelength range 200–800 nm to evaluate the influence 
of silver incorporation on the optical properties of the 
material. The spectrum of pure TiO2 exhibits strong 
absorption in the ultraviolet region, with a sharp 
absorption edge around 380–390 nm, corresponding to 
the intrinsic band-gap transition of TiO2. This absorption 
behaviour is characteristic of wide-band-gap 
semiconductor materials and confirms the formation of 
phase-pure TiO2. 

The absorption coefficient (α) formed by UV-
Vis absorption measurements was used to calculate the 
optical band gap of pure and Ag-doped TiO2 
nanoparticles. The following formula was used for 
calculating the absorption coefficient: 

α=2.303A/d, 

where d is the optical path length, and A is the sample's 

absorbance. Additionally, Tauc plots were used to 

determine the optical band gap energy of both pure and 

Ag-doped TiO2. The absorption coefficient and photon 

energy are related in the following way: 

(αհ𝑣)2 = A(hv-Eg), 

where h is Planck's constant (6.626 × 10⁻³¹ Js), ν is the 

incident photon frequency, α is the absorption 

coefficient, and A is a parameter relating to the effective 

mass associated with the valence and conduction bands. 

The linear region of the (αհν) ² vs. hν plot was used to 

determine the band gap energy. The band gap values for 

pure and Ag-doped TiO2 nanoparticles were calculated 

using these Tauc plots. Pure and Ag-doped TiO2 

nanoparticle band gap values were calculated. The 

synthesis material's optical energy was TiO2 and TAg (1–

5 mol%). From 3.32 eV to 3.03 eV, 2.79 eV, 2.69 eV, 2.02 

eV, and 2.00 eV, the corresponding band gap energy 

decreased. (Gupta et al. 2013). 

The surface plasmon resonance (SPR) effect of 

metallic silver nanoparticles is responsible for increased 

absorption in the visible range, a trend that becomes more 

pronounced with increasing Ag concentration. (Mahdi et 

al. 2023). These optical changes facilitate more efficient 

generation and separation of charge carriers under UV 
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irradiation, which directly contributes to the improved 

photocatalytic degradation performance observed for 

RhB and EY dyes (Sen et al. 2005). 

3.4 Rhodamine B and Eosin Yellow Dye 
Degradation Studies 

The full-scan UV–visible absorption spectra of 

RhB and EY at pH 3 during the photocatalytic studies are 

shown in Figures 4 and 5. The efficiency of pure TiO2 

and Ag-doped TiO2 nanoparticles (1–5 mol% Ag) in the 

degradation of Rhodamine B (RhB) and Eosin Yellow 

(EY) under identical UV radiation conditions was 

examined in this study (Deng et al. 2019). UV–visible 

spectrophotometry was used to measure dye 

concentrations at 433 nm for EY and at 560 nm for RhB 

(Sultana et al. 2023). The photocatalytic degradation 

efficiencies of both dyes were calculated using the same 

methods. 

 The results show that adding silver to the TiO2 

structure increases the degradation efficiency of RhB. 

Pure TiO2 achieves about 60.34% degradation after 150 

minutes of irradiation, but adding silver significantly 

improves its photocatalytic performance. The 5 mol% 

Ag-doped TiO2 sample performs best, reaching about 

98.15% degradation of RhB. This suggests that silver 

doping helps separate photogenerated electron-hole pairs 

and reduces charge recombination. A similar pattern 

appears in the degradation of EY dye. Pure TiO2 achieves 

about 74.74% degradation in 120 minutes, faster than 

with RhB. This improved performance may be due to the 

EY molecular structure, which helps it adhere more 

strongly to the catalyst and makes it easier to break its 

molecular rings. As Ag content increases, degradation 

efficiency rises steadily to 79.30%, 83.03%, 89.08%, 

92.37%, and 99.07% for TiO2 doped with 1%, 2%, 3%, 

4%, and 5% Ag, respectively. The 5% Ag-doped TiO2 

sample removes EY almost completely in a shorter time. 

The overall photocatalytic process for both dyes is the 

same; EY shows higher degradation efficiency with pure 

TiO2 than RhB. The surface plasmon interaction of Ag 

nanoparticles enhances light absorption and facilitates 

efficient hole-driven oxidation during photocatalysis, 

thereby increasing activity with Ag doping (Krejčíková 

et al. 2012). When exposed to light, Ag-modified TiO2 

absorbs photons with energy equal to or greater than its 

band gap. This process moves electrons from the valence 

band to the conduction band, leaving behind holes in the 

valence band. The absorbed electrons react with 

dissolved oxygen to produce superoxide radicals (•O2
-), 

while the holes react with water molecules or hydroxide 

ions to form hydroxyl radicals (•OH). As a result, the 

organic dye molecules are broken down into CO2 and 

H2O (Zarzzeka et al. 2024).  

3.4.1 Photocatalytic Reaction Equation: 

Light excitation: 

TiO2 + hv + e-(CB) + h+ (VB)         ... (1) 

Electron Trapping by Ag: 

Ag + e- →Ag-                             … (2) 

Superoxide Radical Formation: 

O2 + e-→(•O2
-)                       ... (3) 

Hydroxyl Radical Formation: 

h+ + H2O → ■OH + H+                      … (4) 

 

h+ + H2O → ■OH                         … (5) 

Dye Degradation: 

      RhB + ■OH → CO2 + H2O + Inorganic acid     … (6) 

EY + ■OH → CO2 + H2O + Inorganic acid     … (7) 
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Fig. 4: The time-dependent UV-vis absorption spectra of 
eosin yellow dye degradation 
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Fig. 5: Time-dependent UV-vis absorption spectra of eosin 
yellow dye degradation 

Table 3: Time-dependent UV-Vis absorption spectra of RhB 
and EY dyes degradation 

S. 

NO. 

Sample 

Name 

Dye 

Used 

Degradation 

Efficiency 

(%) 

Dye 

Used 

Degradation 

Efficiency 

(%) 

1. 
Pure 
TiO2 

RhB 60.34% EY 74.74% 

2. AgT1% RhB 75.36% EY 79.30% 

3. AgT2% RhB 81.96% EY 83.03% 

4. AgT3% RhB 86.23% EY 89.08% 

5. AgT4% RhB 92.98% EY 92.37% 

6. AgT5% RhB 98.15% EY 99.07% 

 

 

Fig. 6: Schematic representation of the photocatalytic 
activity of Ag-doped TiO2 nanoparticles using RhB and EY 
degradation 

4. CONCLUSION 

Ag-doped TiO2 nanoparticles containing 1–5 

mol% Ag were synthesized using the sol–gel method and 

exhibited enhanced photocatalytic activity. Specifically, 

X-ray diffraction analysis indicated that the rutile phase 

was predominant, while the crystallite size decreased 

with increasing Ag concentration. Furthermore, optical 

characterization revealed improved light absorption 

following Ag incorporation. As a result, photocatalytic 

analysis under ultraviolet irradiation indicated that the 

degradation efficiency of RhB and EY increased with 

increasing Ag concentration, with 5 mol% Ag-doped 

TiO2 achieving the highest removal efficiency. This 

improved performance is likely due to improved charge-

carrier separation and increased light absorption, 

suggesting that Ag-doped TiO2 could be useful for 

wastewater treatment. 
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