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 The world has witnessed substantial deterioration of water resources by 

different effluents. The most reported among effluents that have caused damage 

to the water resources are azo dyes that need to be expelled by most efficient 

techniques such as photocatalysis. This specific study has focused on the 

synthesis and augmentation of TiO2 for the degradation of methylene blue 

(MB). In this work TiO2 was synthesized by biogenic route using the extract of 

Citrus paradisi and the synthesized metal oxide (TiO2) was doped with Ag to 

escalate the photocatalytic degradation of MB. The synthesized biogenic 

photocatalyst was characterized by employing XRD and FTIR techniques, 

which confirms the purity of TiO2. The stability of Ag-doped TiO2 

photocatalyst was investigated by performing Zeta-potential and the surface 

morphology was studied thorough FE- SEM. The photocatalytic efficiency of 

the photocatalysts were evaluated using UV-vis-Spectroscopy. The XRD 

analysis confirmed the phase purity of synthesized TiO2 and Ag-doped TiO2. 

The presence of functional groups associated with the TiO2 and Ag-doped TiO2 

were also observed through FTIR. The developed photocatalysts via biogenic 

route were tested for the degradation of MB that exhibited 56.38% for TiO2 and 

85.55% Ag-TiO2 in 120mins respectively. 

1. Introduction 

The deterioration of water resources around the 

globe is a worldwide concern that needs to be 

addressed swiftly. According to a report published 

by the World Bank, around 17-20% of industrial 

water is the primary source of water pollution. 

Environmental awareness has compelled the 

scientific community to develop sustainable 

strategies for removing dyes and other effluents 

produced by multiple industries over time. [1-5]. 

Several approaches like membrane filtration [6], 

ozonation [7], ion exchange [8], adsorption [9] [10], 

catalytic reduction [11] and photocatalytic 

degradation [12] are employed, to remove dyes and 

different grades of pollutants. Since absorption 

techniques are only recommended for pre-release 

elimination of effluents because of easy operation 

and cost effectiveness [13]. However, due to certain 

demerits like low absorption efficiency, deprived 

mechanical stability of adsorbents results in 

ineffective removal of effluents making them less 

preferred [14, 15]. 

Photocatalysis involves heterogeneous catalysis 

where a metal oxide semi-conductor photocatalyst 
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absorbs certain spectra of visible light that results in 

redox reaction that in turn produces ROS species 

those expel environmental effluents from aquatic 

and atmospheric organic pollutants. 

Photodegradation is inherited with several 

advantages over available conventional water 

treatment techniques, such as complete degradation 

is obtained within few hours using renewable energy 

source at ambient temperature [16, 17]. Another 

feature that makes photocatalysts superior is non-

formation of secondary toxic residues as all the 

organic effluents are mineralized by H2O and CO2 

that are non-hazardous in nature [18, 19]. Oxides of 

transition metals are employed in the process of 

photodegradation due to their superior chemical and 

physical attributes like high surface area, better 

stability, catalytic efficiency, suitable morphology, 

non-toxic nature and appropriate bandgap.  Though 

metal oxide photocatalysts hold reasonable light 

harvesting characteristics yet various studies 

conclude that some factors like high charge 

recombination rate of photo-generated electron-hole 

pairs and wide band gap confine practical 

applications [20, 21]. 

For the enhancement of the photocatalytic 

performance of most of the metal oxides, it has been 

proposed that the development of heterojunction by 

introducing noble metals in the crystal lattice of 

metal oxide produce surface plasmon effect, that 

results in the  oscillation of  surface electron 

primarily produced on the surface of noble metals is 

moved to the conduction band of the semi-conductor 

metal oxide due Schottky barrier, that keeps 

photogenerated charges disintegrated [22]. As a 

result, metal oxide photocatalyst doping improves 

Photocatalysis caused by electron-hole separation 

expands light absorption, improves surface electron 

excitation due to plasmon resonance caused by UV 

irradiation, and aids in the modification of surface 

properties of metal oxide photocatalysts. [23]. Many 

metal oxides like TiO2[24] CuO [25], CeO2 [26], 

MgO[27], and doped photocatalyst [28] were 

developed, but had inadequate efficacy for the 

photodegradation of azo dyes. This could be due to 

the swift charge recombination rate during the 

photodegradation, in this regard doping is one of the 

viable methods to prevent such phenomenon to 

achieve extended and enhanced photodegradation. 

This work reports the synthesis of TiO2, through 

biogenic route that shall help in reducing toxic by-

products [29], and augmentation by Ag doping TiO2 

for efficient photocatalytic degradation of MB. 

2. Materials and Methods 

2.1 Materials 

All the materials were of analytical grade. Titanium 

tetra isopropoxide (TTIP, 98% purity) was 

purchased from Sigma Aldrich and used as precursor 

to synthesize titania. Ethanol 99.5% pure was 

procured from Fisher Scientific. Sweden. Silver 

nitrate (AgNO3, of ≥ 99.0% purity) was used as 

dopant and acquired from Honeywell Fluka. Sodium 

hydroxide (NaOH, ≥98.0% purity) and methylene 

blue were bought from Dae-Jung chemicals 

Republic of South Korea.   

2.2 Preparation of reducing agent from citrus 

paradisi extract 

Farm fresh grapefruits (citrus paradisi) were 

procured from an indigenous orchard located at 

Kandiaro city of district Nausheroferoze, in the 

province of Sindh Pakistan. Before extraction of the 

extract from the pulp, grapefruits were washed and 

peeled. Lately 500ml of the fruit extract was poured 

in a glass beaker. The extract obtained from citrus 

paradisi was placed under cover with aluminum foil 

under dark for 20days for fermentation process. 

After completion of the fermentation cycle a clear 

white acetic acid was produced with a pH range in 

2-3 after filtration. 

2.3 Synthesis of TiO2 Using Citrus paradisi extract 

The nanoparticles of biogenic TiO2 photocatalyst 

were synthesized by employing sol-gel process. For 

the first step of this typical synthesis 40ml of de-

ionized water was stirred, during this constant 

stirring titanium isopropoxide was added in the 

beaker containing de-ionized water. After adding the 

precursor (titanium isopropoxide), the solution was 

left under stirring for 30mins till the mixture was 

completely homogenized. After the solution was 

entirely homogenized, 9ml of reducing agent 

prepared through fermentation of citrus paradisi 

extract was added dropwise using burette under 

gentle stirring for 90mins. During this interval 0.1M 

of NaOH was supplemented to homogenized 

solution containing the precursor with reducing 

agent under stirring at room temperature for further 

90mins more to complete the precipitation process. 

After the precipitation process ended the solution 

was centrifuged till pH of 7 was achieved. Later on, 

the solution was left to settle down the white 

precipitates and the leftover water was decanted to 

start the drying at 80℃ for overnight. After the 

powder was completely dried, calcination process 

was performed at 350 ℃ for 120 mins in an 

automated muffle furnace. 
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2.4 Preparation of Ag doped TiO2 

Ethanol was mixed with de-ionized water with ratio 

of 30:70 (100mL). 500mg of TiO2 nanoparticles 

synthesized via biogenic route were dispersed in the 

solution and sonicated for 2 hours. The obtained 

solution after Sonication was    homogenized at 350 

rpm under constant stirring. After adequate 

homogenization, 50mL of 0.4M of AgNO3 was 

added dropwise under gentle agitation and was aged 

for 24hrs. in dark. 

3. Characterization 

Composition of the phase and size of the crystallite 

was done using XRD Diffractometer (XRD). 

Patterns of XRD were recorded using BRUKER D8 

ADVANCE (40Kv/30mA) consisting of Cu K 

radiation at a scanning rate of 2θ/min and Scherrer 

equation was employed to compute the crystalline 

dimension of the crystal. Surface topography was 

examined using Field Emission Scanning Electron 

Microscopy (FESEM) JEOL-JSM -6380LV. Fourier 

Transform infrared spectroscopy (FTIR) was 

employed to identify the functional groups absorbed 

on the surface of TiO2 with transmission mode 

ranging from 400-4000cm-1. UV-vis-Spectroscopy 

was performed using Perkin Elmer Lambda 365 

consisting closed quartz cell to investigate optical 

absorptions (optical path length :1cm). Particle size 

distribution was calculated using Malvern Zeta Sizer 

nano ZS. 

4. Results and Discussion 

4.1 Physiochemical Attributes 

The average particle size distribution of TiO2 and 

Ag-TiO2 synthesized using Citrus paradisi extract 

was recorded as shown in Fig. 1. The physico-

chemical properties such as agglomeration and 

surface charges are critical factors that influence the 

photocatalytic degradation. TiO2 and Ag-doped 

exhibit negative values that are in good agreement 

with previous research investigations. In our study 

TiO2 was doped with Ag for augmentation of 

photocatalytic behavior. The reduction of surface 

charges is evident in the Ag-TiO2, due to 

pronounced effect of Ag+ ion that holds Ti++[30]. 

Furthermore, this phenomenon creates surface active 

sites for the separation of water molecules and helps 

to retain h+, that in return reduce charge 

recombination of e-/h+ pairs by curtailing -OH 

groups on the surface of Ag/TiO2 photocatalyst and 

increased ROS species are formed that promote 

photodegradation of effluents specifically azo 

dyes.[31].  Studies have established a fact that if 

substantial positive and negative zeta potential is 

induced on the particles, such phenomenon will lead 

to repulsion of the particles hence no agglomeration 

of particles will occur [32]. 

 

Fig. 1. Zetapotential of TiO2 and Ag doped TiO2 

4.2 Identification of Phase, crystallinity, and IR- 

spectroscopy 

The phase identification of biogenic TiO2, and Ag-

doped TiO2 (Biogenic) was performed in 2θ= 20-80° 

range, as illustrated in Fig.2. The XRD patterns of 

pristine biogenic TiO2 can be seen at 25°, 36°, 47°, 

53°, 62.6° and 78° respectively that correspond to 

(101), (103), (112), (200), (105), (204), (206) crystal 

planes of anatase tetragonal phase of TiO2. This 

diffraction pattern is indexed with JCPDS card no. 

01-075-1537. Similarly, the XRD pattern for Ag-

TiO2 exhibits no change in the diffraction pattern 

and exists only in anatase phase, since no other 

peaks corresponding to rutile and brookite phase are 

present, this further validates that the nps of biogenic 

synthesized TiO2 are highly refined. This 

corresponding phenomenon suggests that the dopant 

is only attached at the surface interface of the crystal 

lattice of the biogenic TiO2 nanoparticles, and the 

dopant did not have substantial influence on the 

crystal lattice of Ag- biogenic TiO2.  It is observed 

from this diffraction pattern anatase phase remains 

stable even after doping the biogenic TiO2, such 

phenomenon exists in all Ag doped TiO2 

photocatalysts. Several research groups have 

established this fact that metal dopants only lay on 

the interface of the crystal lattice without developing 

a covalent bond with crystal lattice of metal oxides 

[33]. Another reason that is important to elaborate 
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here is that this retention of anatase phase in Ag-

TiO2 does not rely on the concentration of Ag but 

doping certainly plays pivotal role in the formation 

of anatase phase in comparison to rutile or any 

morphological phase of TiO2 [34, 35]. 

FTIR spectroscopy technique was employed to 

identify the functional groups present in pristine 

TiO2 and Ag doped TiO2 as shown in Fig 3. The 

peaks present in the 500-876 cm-1 zone are linked to 

bending vibrations of Ti-O-Ti, the peaks in this zone 

are common for all the metal oxides. Similarly, the 

corresponding region present in the fig below 

confirms the presence of pristine TiO2. In a similar 

fashion the bands at 3455 and 2929 cm-1 are 

attributed to OH group. In the spectra of doped TiO2 

there is no major difference seen, except a distinct 

peak at 1385cm-1 related to Ag-O-Ti group, which is 

not present in the spectra of pristine TiO2, this peak 

is present due to interactions between TiO2 and Ag 

molecules. Additionally, the peak appearing at 1639 

cm-1 in both the spectra relates to bending of OH 

bonds. Prior research additionally indicates that Ag 

does not change or influence the molecular structure 

in the powders since Ag is doped on the surface of 

the metal oxide, however it does not mean that it has 

no effect on the photocatalytic behavior [36]. 

Moreover, presence of OH groups is considered 

pivotal such that they enhance the photocatalysis and 

make the photocatalyst capable of apprehending 

charges for producing ROS species that further 

accelerate photocatalysis. 

 

Fig.2. XRD Spectra of TiO2 and Ag doped TiO2 

 

Fig. 3. FTIR Spectra of TiO2 and Ag doped TiO2 

4.3 Surface Morphology of the Synthesized Ag-TiO2  

FE-SEM was employed to assess the surface 

topography of biogenic Ag/TiO2 nano photocatalyst. 

The surface morphology was analyzed at 25X and 

50X magnifications. The SEM images of the 

examined biogenic doped photocatalyst illustrate a 

non-homogenous distribution of silver on the surface 

of TiO2. The Ag- doped titania also possesses 

irregular geometry along with formation of 

clusters/agglomerates. Such agglomeration of the 

photocatalyst nanoparticles could be beneficial 

during the separation from the aqueous media 

containing the azo dye after treatment. Furthermore, 

rough, porous and sponge like morphology can be 

seen in micrographs. Such morphology has been 

proved in escalating the photocatalytic degradation 

[4]. 
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Fig. 4. FE-SEM images of Ag-TiO2 Nano Photocatalyst 

4.4 Assessment of Photocatalytic Degradation and 

Mechanism 

For the assessment of photocatalytic performance 

methylene blue (MB) was degraded using biogenic 

TiO2 and Ag-TiO2. Diminutive changes are visible 

in the concentration of MB in absence of 

photocatalyst and similar phenomenon was also 

observed when the azo-dye was kept under dark. 

The above-mentioned phenomenon concludes that 

for photocatalytic degradation presence of light is 

mandatory for substantial and swift degradation of 

effluent.  Extensive depletion in the concentration of 

MB is apparent in both pristine and Ag doped titania 

after the exposure of sunlight. The outcomes of 

photocatalytic degradation of MB under sunlight and 

in presence of photocatalyst are exhibited in Fig 4. 

The photo triggered reaction in presence of pristine 

TiO2 and Ag-doped titania resulted in ~ 56% and 

85% of effluent degradation respectively after 120 

minutes of exposure in daylight Perpetual reduction 

of the absorbance values with respect to time shows 

the photodegradation of MB.  These degradation 

values further validate the doping of TiO2 with Ag 

and possess excellent degradation ability in 

120mins.  The substantial degradation of the model 

effluent is due to the synergistic influence of Ag and 

TiO2 nanoparticles. Ag-TiO2 exhibits the strongest 

photodegradation because of the doping's ability to 

delay charge recombination, which opens up more 

of the solar spectrum for absorption. The obtained 

efficiency of Ag-TiO2 is due to several factors like 

crystallinity, surface characteristics, morphology, 

and optical attributes and effectiveness of charge 

separation. The mechanism that led to high 

degradation by Ag-TiO2 is because when the doped 

photocatalyst was irradiated to sunlight that caused 

to separate the charge i.e., an electron from the 

valence band. The photoinduced electrons present in 

the conduction band (CB) of the TiO2 got transferred 

to the Ag particles due to Schottky heterojunction 

present at Ag/TiO2 interface. Moreover, these 

reacted with the dissolved oxygen to produce 

superoxide radical O−2. Simultaneously, the 

photogenerated h+ reacted and formed OH radical. 

These ROS species are highly strong oxidizing 

agents that accelerate swift degradation of azo-dyes 

during photocatalytic reactions. The resulting high 

photocatalytic efficiency for Ag-TiO2 photocatalyst 

could be due to delayed photoinduced e-/h+ 

recombination by improved photoinduced charge 

carrying separation due to interfacial process of 

charge transfer. [37]. 

 

 

 

Fig. 5. (a) Photocatalytic degradation of MB with Ag 

doped TiO2, (b) Photocatalytic degradation of MB with 

pristine TiO2 (c) Degradation efficiency of pristine and 

Ag Doped TiO2 
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5. Conclusion 

In this study TiO2 was synthesized via biogenic 

route for the degradation of MB. Since metal oxides 

are prone to high charge recombination in this 

regard the synthesized titania was later doped with 

Ag to escalate the photocatalytic degradation of the 

model effluent. The synthesized photocatalyst were 

tested under sunlight for the photodegradation. The 

Ag-doped Titania had the highest efficacy with 

85.55% Degradation in 120mins, that suggests that 

doping can have substantial influence on the 

degradation of azo dyes and other metal oxides may 

also be used to for the photodegradation of various 

azo dyes. 

6. Acknowledgement 

The authors are thankful to Mehran University of 

Engineering and Technology, Jamshoro for 

providing financial assistance for this research. 

6. References 

[1] R. Kant, "Textile dyeing industry an 

environmental hazard %J Natural Science," 

vol. Vol.04No.01, p. 5, 2012, Art. no. 17027. 

[2] I. K. Konstantinou and T. A. Albanis, "TiO2-

assisted photocatalytic degradation of azo 

dyes in aqueous solution: kinetic and 

mechanistic investigations: A review," 

Applied Catalysis B: Environmental, vol. 

49, no. 1, pp. 1-14, 2004/04/20/ 2004. 

[3] A. Krishnan, A. Swarnalal, D. Das, M. 

Krishnan, V. S. Saji, and S. M. A. Shibli, "A 

review on transition metal oxides based 

photocatalysts for degradation of synthetic 

organic pollutants," Journal of 

Environmental Sciences, vol. 139, pp. 389-

417, 2024/05/01/ 2024. 

[4] G. K. Sukhadeve, H. Bandewar, S. Y. 

Janbandhu, J. R. Jayaramaiah, and R. S. 

Gedam, "Photocatalytic hydrogen 

production, dye degradation, and 

antimicrobial activity by Ag-Fe co-doped 

TiO2 nanoparticles," Journal of Molecular 

Liquids, vol. 369, p. 120948, 2023/01/01/ 

2023. 

[5] L. V. Samarasinghe, S. Muthukumaran, and 

K. Baskaran, "Recent advances in visible 

light-activated photocatalysts for 

degradation of dyes: A comprehensive 

review," Chemosphere, vol. 349, p. 140818, 

2024/02/01/ 2024. 

[6] Z. Li, "Variation of United States 

environmental regulations on pesticide soil 

standard values," Journal of Chemical 

Health and Safety, vol. 25, no. 5, pp. 28-38, 

2018/09/01/ 2018. 

[7] K. H. Hama Aziz et al., "Comparative study 

on 2,4-dichlorophenoxyacetic acid and 2,4-

dichlorophenol removal from aqueous 

solutions via ozonation, photocatalysis and 

non-thermal plasma using a planar falling 

film reactor," Journal of Hazardous 

Materials, vol. 343, pp. 107-115, 

2018/02/05/ 2018. 

[8] A. Nezamzadeh-Ejhieh and M. Kabiri-

Samani, "Effective removal of Ni(II) from 

aqueous solutions by modification of nano 

particles of clinoptilolite with 

dimethylglyoxime," Journal of Hazardous 

Materials, vol. 260, pp. 339-349, 

2013/09/15/ 2013. 

[9] M. A. Memon, M. W. Akhtar, R. Shahbaz, 

N. M. Gabol, and M. Baloch, "Preparation 

of a nano-clay-based super absorbent 

polymer composite for water absorption 

applications," (in English), Mehran 

University Research Journal Of Engineering 

and Technology, Journal Article vol. 41, no. 

4, pp. 87-94, 2022. 

[10] A. R. Hernandez-Martínez et al., "Swelling 

and methylene blue adsorption of poly(N,N-

dimethylacrylamide-co-2-hydroxyethyl 

methacrylate) hydrogel," Reactive and 

Functional Polymers, vol. 122, pp. 75-84, 

2018/01/01/ 2018. 

[11] M. Nasrollahzadeh, M. Sajjadi, and S. M. 

Sajadi, "Biosynthesis of copper 

nanoparticles supported on manganese 

dioxide nanoparticles using Centella asiatica 

L. leaf extract for the efficient catalytic 

reduction of organic dyes and nitroarenes," 

Chinese Journal of Catalysis, vol. 39, no. 1, 

pp. 109-117, 2018/01/01/ 2018. 

[12] Y. Yu, C. Zhao, X. Liu, M. Sui, and Y. 

Meng, "Selective flocculation of pollutants 

in wastewater using pH responsive HM-

alginate/chitosan complexes," Journal of 

Environmental Chemical Engineering, vol. 

5, no. 6, pp. 5406-5410, 2017/12/01/ 2017. 



© Mehran University of Engineering and Technology 2024  168 

[13] N. Demirkıran, G. D. Turhan Özdemir, M. 

Saraç, and M. Dardağan, "Adsorption of 

methylene blue from aqueous solutions by 

pyrolusite ore," Mongolian Journal of 

Chemistry, vol. 18, no. 44, pp. 5-11, 2018. 

[14] A. Raza et al., "A comparative study of dirac 

2D materials, TMDCs and 2D insulators 

with regard to their structures and 

photocatalytic/sonophotocatalytic behavior," 

Applied Nanoscience, vol. 10, no. 10, pp. 

3875-3899, 2020/10/01 2020. 

[15] M. Ikram et al., "Promising performance of 

chemically exfoliated Zr-doped MoS2 

nanosheets for catalytic and antibacterial 

applications," RSC Advances, vol. 10, no. 

35, pp. 20559-20571, 2020. 

[16] A. Rafiq et al., "Photocatalytic degradation 

of dyes using semiconductor photocatalysts 

to clean industrial water pollution," Journal 

of Industrial and Engineering Chemistry, 

vol. 97, pp. 111-128, 2021/05/25/ 2021. 

[17] M. F. Lanjwani, M. Tuzen, M. Y. Khuhawar, 

and T. A. Saleh, "Trends in photocatalytic 

degradation of organic dye pollutants using 

nanoparticles: A review," Inorganic 

Chemistry Communications, vol. 159, p. 

111613, 2024/01/01/ 2024. 

[18] M. A. Aramendía, A. Marinas, J. M. 

Marinas, J. M. Moreno, and F. J. Urbano, 

"Photocatalytic degradation of herbicide 

fluroxypyr in aqueous suspension of TiO2," 

Catalysis Today, vol. 101, no. 3, pp. 187-

193, 2005/04/15/ 2005. 

[19] Y. Y. Lee et al., "Visible-light driven 

photocatalytic degradation of organic dyes 

over ordered mesoporous CdxZn1–xS 

materials," The Journal of Physical 

Chemistry C, vol. 121, no. 9, pp. 5137-5144, 

2017/03/09 2017. 

[20] N. Seyedi, K. Saidi, and H. Sheibani, 

"Green synthesis of Pd nanoparticles 

supported on magnetic graphene oxide by 

origanum vulgare leaf plant extract: catalytic 

activity in the reduction of organic dyes and 

suzuki–miyaura cross-coupling reaction," 

Catalysis Letters, vol. 148, no. 1, pp. 277-

288, 2018/01/01 2018. 

[21] M. Ikram et al., "2D chemically exfoliated 

hexagonal boron nitride (hBN) nanosheets 

doped with Ni: synthesis, properties and 

catalytic application for the treatment of 

industrial wastewater," Applied 

Nanoscience, vol. 10, no. 9, pp. 3525-3528, 

2020/09/01 2020. 

[22] S. Ali, J. Abdul Nasir, R. Nasir Dara, and Z. 

Rehman, "Modification strategies of metal 

oxide photocatalysts for clean energy and 

environmental applications: A review," 

Inorganic Chemistry Communications, vol. 

145, p. 110011, 2022/11/01/ 2022. 

[23] M. Humayun, F. Raziq, A. Khan, and W. 

Luo, "Modification strategies of TiO2 for 

potential applications in photocatalysis: 

a critical review," Green Chemistry Letters 

and Reviews, vol. 11, no. 2, pp. 86-102, 

2018/04/03 2018. 

[24] Ö. Kerkez-Kuyumcu, E. Kibar, K. Dayıoğlu, 

F. Gedik, A. N. Akın, and Ş. Özkara-

Aydınoğlu, "A comparative study for 

removal of different dyes over M/TiO2 

(M=Cu, Ni, Co, Fe, Mn and Cr) 

photocatalysts under visible light 

irradiation," Journal of Photochemistry and 

Photobiology A: Chemistry, vol. 311, pp. 

176-185, 2015/10/01/ 2015. 

[25] R. A. Basit et al., "Successive Photocatalytic 

Degradation of Methylene Blue by ZnO, 

CuO and ZnO/CuO Synthesized from 

Coriandrum sativum Plant Extract via Green 

Synthesis Technique," vol. 13, no. 2, p. 281, 

2023. 

[26] S. Sehar et al., "Shape-controlled synthesis 

of cerium oxide nanoparticles for efficient 

dye photodegradation and antibacterial 

activities," vol. 35, no. 1, p. e6069, 2021. 

[27] G. Balakrishnan, R. Velavan, K. M. Batoo, 

and E. H. J. R. i. P. Raslan, "Microstructure, 

optical and photocatalytic properties of 

MgO nanoparticles," vol. 16, p. 103013, 

2020. 

[28] V. Subramanian, E. E. Wolf, and P. V. J. J. o. 

t. A. C. S. Kamat, "Catalysis with TiO2/gold 

nanocomposites. Effect of metal particle size 

on the Fermi level equilibration," vol. 126, 

no. 15, pp. 4943-4950, 2004. 



© Mehran University of Engineering and Technology 2024  169 

[29] P. Papolu and A. Bhogi, "Green synthesis of 

various metal oxide nanoparticles for the 

environmental remediation-An overview," 

Materials Today: Proceedings, 2023/05/08/ 

2023. 

[30] X.-j. Yang, S. Wang, H.-m. Sun, X.-b. Wang, 

and J.-s. Lian, "Preparation and 

photocatalytic performance of Cu-doped 

TiO2 nanoparticles," Transactions of 

Nonferrous Metals Society of China, vol. 

25, no. 2, pp. 504-509, 2015/02/01/ 2015. 

[31] V. R. Chelli, S. Chakraborty, and A. K. J. J. 

o. M. L. Golder, "Ag-doping on TiO2 using 

plant-based glycosidic compounds for high 

photonic efficiency degradative oxidation 

under visible light," vol. 271, pp. 380-388, 

2018. 

[32] M. C. Ceballos-Chuc, C. M. Ramos-

Castillo, M. Rodríguez-Pérez, M. Á. Ruiz-

Gómez, G. Rodríguez-Gattorno, and J. 

Villanueva-Cab, "Synergistic correlation in 

the colloidal properties of TiO2 

nanoparticles and its impact on the 

photocatalytic activity," vol. 10, no. 9, p. 

125, 2022. 

[33] N. Sobana, M. Muruganadham, and M. 

Swaminathan, "Nano-Ag particles doped 

TiO2 for efficient photodegradation of direct 

azo dyes," Journal of Molecular Catalysis A-

chemical - J MOL CATAL A-CHEM, vol. 

258, pp. 124-132, 10/01 2006. 

[34] A. Zielińska et al., "Silver-doped TiO2 

prepared by microemulsion method: Surface 

properties, bio- and photoactivity," 

Separation and Purification Technology, vol. 

72, no. 3, pp. 309-318, 2010/05/11/ 2010. 

[35] Y. Yonezawa, N. Kometani, T. Sakaue, and 

A. Yano, "Photoreduction of silver ions in a 

colloidal titanium dioxide suspension," 

Journal of Photochemistry and Photobiology 

A: Chemistry, vol. 171, no. 1, pp. 1-8, 

2005/04/15/ 2005. 

[36] S. Abbad et al., "Effect of silver doping on 

the photocatalytic activity of TiO2 

nanopowders synthesized by the sol-gel 

route," Journal of Environmental Chemical 

Engineering, vol. 8, no. 3, p. 103718, 

2020/06/01/ 2020. 

[37] N. Yerli-Soylu, A. Akturk, Ö. Kabak, M. 

Erol-Taygun, F. Karbancioglu-Guler, and S. 

Küçükbayrak, "TiO2 nanocomposite 

ceramics doped with silver nanoparticles for 

the photocatalytic degradation of methylene 

blue and antibacterial activity against 

Escherichia coli," Engineering Science and 

Technology, an International Journal, vol. 35, 

p. 101175, 2022/11/01/ 2022. 

 


