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Abstract

Pure and nitrogen doped titanium dioxide nanoparticles were synthesized using a bio-
template assisted method. The resulting nanoparticles were subjected to annealing at a temperature
of 500°C for duration of 2 hours. Comprehensive investigations of the nanoparticles such as
structural, morphological and optical properties were conducted using a variety of scientific
techniques including Powder X-ray diffraction, scanning electron microscopy, UV-diffuse
reflectance spectroscopy and Fourier transform Infrared spectroscopy. The findings indicate that N
doped TiO2 (N@TiO2) demonstrates superior antibacterial properties compared to bare TiOo,
exhibiting a larger inhibition zone for Gram positive microorganisms. Importantly, the controlled
synthesis method and the utilization of natural biotemplates offer a sustainable and environmentally
friendly strategy for the development of antimicrobial nanomaterials, thereby opening up new
avenues for research and innovation within the realm of nanotechnology. The recently formulated
N@TiO2 compound has demonstrated impressive antibacterial abilities, particularly targeting S.
aureus. In the upcoming days, N doped TiO; has the potential to be utilized as a substitute therapy
or in conjunction with other substances to enhance the effectiveness of treating gram positive

bacterial infections.

Keywords:Bio-template synthesis, Titanium dioxide nanoparticles, Crystal structure, Morphology,

Antimicrobial activity
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© 2025, ISJEM (All Rights Reserved) | www.isjem.com | Page 2



£= =)
EraN

\‘,’ 1SIEM (ﬂr International Scientific Journal of Engineering and Management (ISJEM) ISSN: 2583-6129
e Volume: 04 Issue: 06 | June - 2025 DOL: 10.55041/ISJEM04465

1#’ An International Scholarly || Multidisciplinary || Open Access || Indexing in all major Database & Metadata

1. Introduction

In recent years, the emergence of antibiotic-resistant bacteria has become a global health
concern (Razavi et al., 2023; Seo and Park 2020). Traditional antibacterial agents are losing their
effectiveness against these resistant strains, leading researchers to explore novel approaches to
combat microbial infections (Dey et al., 2023). Nanotechnology has emerged as a promising field
for developing new antimicrobial agents due to its unique properties and potential applications
(Rout et al., 2024). Among various nanomaterials, titanium dioxide (TiO2) nanoparticles have
gained significant attention due to their excellent antimicrobial properties and potential for various
biomedical applications (Dessai et al., 2022; Mani et al., 2021). TiO> is a widely studied material in
the field of nanotechnology (Nilavukkarasi et al., 2022) because of it’s unique physiochemical
properties, including high stability, low toxicity and excellent photo catalytic activity (Cao et al.,
2021). These properties make it an ideal candidate for various applications, such as photocatalysis
(Motamedi et al., 2022; Alghamdi et al., 2022), dye sensitized solar cells (Ahmadi et al., 2024) and
antimicrobial coatings (Mirzapoor et al., 2023). However, the pure form of TiO: has limited
antimicrobial activity under visible light due to its large band gap (Razavi et al., 2023). To enhance
its antimicrobial properties, researchers have focused on TiO> nanoparticles doping with
heteroatom like S, N etc,. Several studies have demonstrated the successful synthesis of
nanoparticles using biotemplates green tea extract (Kumar et al., 2024) chitosan (Packirisamy et al.,
2019), egg shell membrane (Yang et al., 2002; Zhang et al., 2024), skeletal plates (Guo et al.,
2023), doped with Ag, Fe, Co, Cu [Nguyen et al., 2022; Rathi and Jeice 2024; Rao et al., 2019;
Nagaraj et al., 2023; Moradi et al., 2019; Anu et al., 2023; Mishra et al., 2023; Yilmaz et al., 2021;
Prajapat et al., 2024) and their enhanced antimicrobial activity. In recent years, researchers have
explored novel and sustainable approaches for the synthesis of TiO, nanoparticles (Baamer et al.,
2024) to overcome the limitations associated with conventional methods. One such approach is the
utilization of biotemplates, which are natural materials that can serve as a template for the synthesis
of nanoparticles. These biotemplates offer several advantages, including cost-effectiveness,
environmentally friendly synthesis process and the ability to produce nanoparticles with unique
morphologies and properties (Prajapat et al., 2024). Tomato peel, a waste product generated from
the food processing industry, has gained attention as a potential biotemplate for the synthesis of
TiO2 and N@TiO: nanoparticles and it contains various bioactive compounds, including
polyphenols, flavonoids and carotenoids, which can serve as reducing and stabilizing agents during
nanoparticle synthesis. Furthermore, tomato peel is abundantly available; making it an attractive

and sustainable option for nanoparticle production (Wu et al., 2023). The global demand for
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tomatoes has been steadily increasing over the years, leading to excess production in many regions
(Shao et al., 2023). While this abundance may seem like a blessing for farmers, it also presents
challenges in terms of storage and preventing spoilage. However, recent research has revealed an
innovative solution that not only addresses this issue but also benefits the farmer community by

repurposing tomato peels as a biotemplate for preparing nanoparticles.

The objective of this study is to synthesize TiO2 and N doped TiO2 nanoparticles using
tomato peel as a biotemplate and investigate their antimicrobial activity against pathogenic bacteria.
The utilization of tomato peel as a biotemplate for nanoparticle synthesis offers several advantages,
including its cost-effectiveness, environmentally friendly nature, and potential for bacterial
inhibition due to the presence of bioactive compounds (Shakya et al., 2019). Finally, we will
discuss the implications of this study and the potential applications of tomato peel assisted synthesis

of TiO2 and N doped TiO> nanoparticles for antimicrobial activity.
2. Experimental section

Synthesis of TiO2 and N@TiO2 nanomaterials

All chemicals utilized in this experiment were of analytical grade. In a round bottom flask,
1.5 mL of H>O and 1.5 mL of NH4OH were combined with 150 mL of acetonitrile and 250 mL of
ethanol. The mixture was thoroughly stirred and then 5 mL of titanium isopropoxide was gradually
added drop by drop to the aforementioned solution, resulting in the formation of a milky
suspension. The reaction mixture was left to stir for approximately 2 hours. Following this, tomato
peels were immersed in the suspension for a period of 24 hours. Subsequently, the peels were
removed from the solution and air-dried at ambient temperature. The dried peels were subjected to
calcination at a temperature of 500°C, yielding titanium dioxide nanopowders. Similarly, for the
production of Ndoped TiO», urea was introduced into the precursor solution. The peels were then

soaked, dried and calcined at 500°C to obtain the same material.
Characterization of doped and N doped TiO2

The crystallite size and phase structure of the prepared samples (TiO2 and N@TiO,) were verified
using an X-ray diffractometer (Model JDX-8030, JEOL). In order to determine the composition, the
infrared spectra of the samples were obtained as potassium bromide (KBR) discs using the Nicolet
Avatar model FT-IR spectrophotometer, covering a range of 400-4000 cm’!. To assess the

absorption ranges of the prepared samples, a UV-DRS spectrophotometer was employed. Scanning
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electron microscopy (SEM) images were captured using the JEOL-JSM-6390 instrument, equipped
with energy dispersive X-ray analysis (EDAX) capability.

Antibacterial activity

The effectiveness of synthesized titanium dioxide (TiO2) and N-doped TiO2 nanoparticles in
fighting against Staphylococcus aureus (gram-positive bacteria) and E. coli (gram-negative
bacteria) was examined. The Kirby-Bauer disc diffusion method was used to assess their
antimicrobial properties. In a sterile environment, the test organisms were cultured on nutrient agar
plates using a cotton swab. After allowing the plates to sit for 10 minutes to let the cultures absorb,
8 mm wells were made in nutrient agar plates to evaluate the antimicrobial effects of the TiO2 and
N-doped nanoparticles. To prevent any leakage of the nanomaterials, the wells were sealed with
molten agar (0.8% agar). 30 ul of each sample with varying concentrations (50pg/ml and 100pg/ml)
of the nanoparticle suspension was added to the wells on petri plates using a micropipette. The
plates were then placed in an incubator at 37 °C for 24 hours to allow the bacteria to grow. After

the incubation period, the size of the inhibition zone was measured.

Bio-template assisted
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Figure 2: Experimental work

3. Results and discussion

3.1 X-ray diffraction studies
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In this study, X-ray diffraction (XRD) was used to investigate the chemical composition and
structural properties of titanium dioxide (TiOz) and nitrogen-doped titanium dioxide (N doped
Ti0;) nanoparticles. The purpose of the study was also to evaluate the crystallinity and size of the
nanocrystals. Figure 1 shows the powder X-ray diffraction pattern of pure TiO2 and N-doped TiO>
nanoparticles. The observed diffractions were attributed to the pure anatase phase, with peaks
occurring at 25.41, 37.84, 48.13, 53.90, 55.13, 62.66, 68.76, 70.31, and 75.06. These peaks
correspond to the tetragonal phase of TiO2 nanoparticles as defined in JCPDS File No. 21-1272. In
contrast, no changes in peak positions were observed in the N-doped TiO> samples, but a slight
decrease in intensity was observed. In addition, the synthesized nanospheres had excellent
crystallinity and were mainly composed of the anatase phase of TiO (Ashraful Alam et al., 2024;
Thakuret al., 2024;Mathew et al., 2020).

-doped TiO»
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Figure 3: Powder X-ray diffraction pattern for TiO2 and N-doped TiO2
3.2 UV-Diffuse Reflectance spectroscopy

Using UV diffuse reflectance spectroscopy, the photoabsorbance characteristics of TiO> and
N doped TiO: nanoparticles were examined in the wavelength range of 200-800 nm. The
absorption band of TiO; within the 300-400 nm wavelength range arises from metal-ligand charge

transfer between the conduction and valence band. Nevertheless, TiO> shows noteworthy light
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reflection in the visible range of 400-800 nm. As demonstrated in earlier research (Lal et al., 2022;
Pragathiswaran et al., 2021). Figure 2 illustrates that the introduction of nitrogen doping in TiO2
nanoparticles leads to the red shift of the absorption edge towards longer wavelengths. This
phenomenon can be attributed to either reduced band gaps resulting from nitrogen-induced defects

in the TiO»> lattice structure or an increase in the crystal structure.

1.2

0.9 —TiO,
—— N-doped TiO5
8
& 0.6-
¥e]
[
o
0
-1
< 0.34
0.0 4

200 300 400 500 600 700 800
Wavelength (nm)

Figure 4: UV-DRS for TiO; and N-doped Ti0O2
3.3 Fourier Transform Infra red spectroscopy

The identification of the different functional groups and composition of TiO> and N doped
TiO, was achieved using FT-IR spectra. The observed peaks around 3536 cm™ and 1634 cm™! are
due to the presence of surface hydroxyl groups and the bending mode of water molecules. The wide
band pure around 400-700 cm'is due to is ascribed to stretching vibration of Ti-O and Ti-O-Ti
modes (Balakumar et al., 2022; Tharuman et al., 2023). TiO. exhibited a strong wideband at. The
peak near 2842 cm™! is related to the stretching-vibration mode of CH bonds, while the peak at 2450
cm’! is due to the presence of N atoms incorporated on the TiO, lattice or on its surface (Divyasri et
al., 2021; Chang et al., 2023). In addition, the signals observed at 1560 cm™ correspond to the
nitrite peak, which indicates the successful nitrogen doping in the TiO> framework, implying both

the achievement of nitrogen doping and the existence of a stable structure.
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Figure 5: FT-IR forTiO2 and N doped TiO:
3.4 Scanning electron microscopy

SEM images of pure TiO2 nanoparticles showed a spherical morphology with an average particle
size of 50 nm. The surface of the nanoparticles appeared smooth and evenly distributed. For N-
doped TiO:2 nanoparticles, SEM images showed a similar spherical morphology but a slightly larger
average particle size of 70 nm (Divyasri et al., 2021). The N doped TiO; nanoparticles also had a
smooth surface and relatively uniform distribution. These results indicate that the doping process
did not significantly affect the morphology or distribution of the nanoparticles. It is worth noting
that the observed irregularities did not compromise the overall integrity of the nanoparticles. This is
useful in antimicrobial applications because it allows effective diffusion and coating of the surface
to be protected. The slightly larger particle size of the N doped TiO2 nanoparticles may be due to
the doping process that introduced nitrogen atoms into the TiO2 network. The presence of nitrogen
can lead to small changes in the crystal structure that affect particle size. However, these changes
are within an acceptable range and do not significantly change the overall morphology or

distribution.
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Figure 6: SEM image of TiOz and N doped TiO»

3.5 Antimicrobial activity for N doped TiO:

Titanium dioxide nanoparticles (TiO> NPs) and nitrogen doped titanium dioxide
nanoparticles (N doped TiOz) were synthesized and their antibiotic sensitivity was tested at
concentrations of 50 and 100 pg/ml using neomycin sulphate as a control. Addition of urea to TiO2
has been found to improve its antibacterial properties against both Gram-positive and Gram-
negative bacterial strains, particularly S. aureus and E. coli. The ability of these nanoparticles to
inhibit the growth of S. aureus and E. coli were investigated and are shown in Figures A and B.
This illustrates that the inhibition zone of N doped TiO> was significantly higher compared to the
control and the same was done for TiO> NPs. The zone of inhibition increases to 10 mm for S.
aureus and 7 mm for E. coli. The addition of urea to TiO> gave promising results, possibly due to
N-type doping, which changed the energy band structure. E. coli infection usually lasts a short time
and clears quickly from the body, while S. aureus infection tends to persist and can become
chronic. As the prevalence of multidrug resistance in bacterial strains has increased, the synthesized
N doped TiO; nanoparticles show promise as alternative antimicrobial agents, especially against S.
aureus, in the near future. Thus, N doped TiO> may be an alternative therapy or used in
combination with other compounds for a more effective treatment of grampositive bacterial
infections. As shown by previous reports, the antimicrobial activity of Ag-TiO> was found to be
effective against both Gram-positive and Gram-negative bacteria. Compared with the previous
studies mentioned above, our result showed that N-doped TiO: is effective for S. aureus and E. coli

bacteria (Liza et al., 2024; Jiang et al., 2023; Mohammadi et al., 2023).
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Figure: 7 Antimicrobial activity of TiO> and N doped TiO> against S. aureusand E. Coli(Fig A&B)
4. Conclusion

In conclusion, the utilization of biotemplates, such as tomato peel, for the synthesis of nanoparticles
offers a sustainable and eco-friendly approach for developing antimicrobial agents. The unique
properties of TiO2 and N doped TiO; nanoparticles make them ideal candidates for various
biomedical applications, including bacterial inhibition. The synthesis of these nanoparticles using
tomato peel as a biotemplate not only provides an alternative to conventional methods but also
presents an opportunity to utilize waste materials for nanoparticles production. In this article, we
have discussed the biotemplate-assisted synthesis of TiO2 and N-doped TiO2 nanoparticles and their
potential applications in antimicrobial activity. With further research and development, biotemplate
Ti0; and N-doped TiO» nanoparticles may emerge as efficient and sustainable antimicrobial agents

that can address the growing threat of antibiotic resistance.
Acknowledgement

G. Sangami thank the Management of Sri Ramakrishna College of Arts & Science for providing
financial support (Seed money scheme 2022-2023) to carry out this research work.

5. References

1. F.S. Razavi, D. Ghanbari, E.A. Dawi, M.S. Niasari, Electrospun bimetallic Au-
Pt/TiO2/BaFe 2019 nanofibers as promising photocatalysts driven by visible light: synthesis
and characterization, J. Sci. Adv. Mater. Devices, 8 (2023),100559.

2. J. Seo, M. Park, Molecular crosstalk between cancer and neurodegenerative diseases,
Cellular and Molecular Life Sciences, 77 (2020) 2659- 2680.

© 2025, ISJEM (All Rights Reserved) | www.isjem.com | Page 10



7 e X
7O
\‘,’ ISIEM (’, International Scientific Journal of Engineering and Management (ISJEM) ISSN: 2583-6129

\ii )2 Volume: 04 Issue: 06 | June - 2025 DOI: 10.55041/ISJEM04465
1#’ An International Scholarly || Multidisciplinary || Open Access || Indexing in all major Database & Metadata

3. D. Dey, S. Chowdhury, R. Sen, Insight into recent advances on nanotechnology-mediated
removal of antibiotic resistant bacteria and genes, J. Water Process Eng., 52 (2023) 103535.

4. S.S.Rout, K. C. Pradhan, A review on antimicrobial nano-based edible packaging:
Sustainable applications and emerging trends in food industry, Food Control, 163 (2024)
110470.

5. S. Dessai, M. Ayyanar, S. Amalraj, P. Khanal, S. Vijayakumar, N. Gurav, N. Rarokar, M. K
alaskar, S. Nadaf, S. Gurav, Bioflavonoid mediated synthesis of TiO» nanoparticles:
characterization and their biomedical applications, Mater. Lett, 311 (2022) 131639.

6. M. Mani, M.K. Okla, S. Selvaraj, A. RamKumar, S. Kumaresan, A. Muthukumaran, K. Kav
iyarasu, M.A. ElTayeb, Y.B. Elbadawi, K.S. Almaary, B.M.A. Almunqgedhi, M.S. Elshikh,
A novel biogenic Allium cepa leaf mediated silver nanoparticles for anti-microbial,
antioxidant, and anticancer effects on MCF-7 cell line, Environ. Res., 198 (2021) 111199.

7. M. Nilavukkarasi, S. Vijayakumar, M. Kalaskar, N. Gurav, S. Gurav, P.K. Praseetha,
Capparis zeylanica L. conjugated TiO» nanoparticles as bio-enhancers for antimicrobial and

chronic wound repair, Biochemical and Biophysical Research Communications, 623 (2022)
127-132.

8. M. Cao, Y. Shen, Z. Yan, Q. Wei, T. Jiao, Y. Shen, Y. Han, Y. Wang, S. Wang, Y. X, T. Yu
e, Extraction-like removal organic dyes from polluted water by graphene oxide/PNIPAM
composite system, J. Chem. Eng., 405 (2021), 126647.

9. M.Motamedi, L. Yerushalmi, F. Haghighat, Z. Chen, Recent developments in photocatalysis
of industrial effluents : A review and example of phenolic compounds degradation,
Chemosphere, 296 (2022) 133688.

10. Y. G. Alghamdi, B.Krishnakumar, M. A. Malik and S. Alhayyani, Design and preparation
of biomass-derived activated carbon loaded TiO> photocatalyst for photocatalytic
degradation of reactive red 120 and ofloxacin, Polymers., 14 (5) (2022) 880.

11.Y. Ahmadi, H. Teymourinia, S. Hosseininezhad, A. Ramazani, DFT and TD-DFT
optoelectronic study on hybrid alizarin-carbazol based dyes incorporated on titanium
dioxide (TiO2) for dye sensitized solar cell application, Inorganic Chemistry
Communications, 162 (2024) 112153.

12. Aboulfazl Mirzapoor, Erfan Ghashghaee,Nano engineered synthesis layer by layer and
transparent synergistic antimicrobial coating based on Se/Ag/Ti02/ZnO hybrid
nanostructures, Inorganic Chemistry Communications., 153 (2023) 110840.

13. A. Kumar, A. Chaudhari, S. Kumar, S. Kushwaha, Biosynthesis of TiO2 nanostructures
using Camellia sinensis extract (polyphenols) and investigation of their execution as
photoanodes in photovoltaic device, Surfaces and Interfaces, 47(2024) 104154.

© 2025, ISJEM (All Rights Reserved) | www.isjem.com | Page 11


https://www.sciencedirect.com/science/journal/09567135
https://www.sciencedirect.com/journal/food-control/vol/163/suppl/C

==
EraN

\‘,’ I1SIEM :’, International Scientific Journal of Engineering and Management (ISJEM) ISSN: 2583-6129
Y)Y Volume: 04 Issue: 06 | June - 2025 DOI: 10.55041/ISJEM04465

>

i’ An International Scholarly || Multidisciplinary || Open Access || Indexing in all major Database & Metadata

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

R.G. Packirisamy ,C. Govindasamy, A. Sanmugam, S. Venkatesan, H. S. kim, D.
Vikraman, Synthesis of novel Snl-xZnxO-chitosan nanocomposites: Structural,
morphological and luminescence properties and investigation of antibacterial properties, Int.
J. Biol. Macromol., 138 (2019) 546-555.

D. Yang, L. Qi, J. Ma, Eggshell membrane templating of hierarchically ordered
macroporous networks composed of TiO» tubes, Advanced Materials., 14 (2002) 1543-
1546.

Y.Zhang, X. Ma, T.He, Eggshell as a biotemplate for the synthesis of layered porous carbon
by co-pyrolysis with eucalyptus leaves, J Anal Appl Pyrol, 2024.

S. Guo, Z. Zhang, L. Cao, T.Wu, B. Li, Y. Cu,Nanocomposites containing ZnO-TiO2-
Chitosan and berbamine promote osteoblast differentiation, proliferation, and calcium
mineralization in MG63 osteoblasts, Process Biochemistry, 124(2023) 63-70.

T.H. Nguyen, N.H. Hoang, C. V.Tran, P. Nguyen, T.D. Dang, W.J. Chung, S.W. Chang, D.
D. Nguyen, P.S. Kumar, D.D. La, Green synthesis of a photocatalyst Ag/TiO:
nanocomposite using Cleistocalyx operculatus leaf extract for degradation of organic dyes,
Chemosphere., 306 (2022) 35474.

V.H.Rathi , A. R.Jeice, Visible light photocatalytic dye degradation, antimicrobial activities
of green synthesized Ag/Ti0; nanoparticles,Chemical physics Impact, 8(2024) 100537.

T.N. Rao, P. Babji, N. Ahmad, R.A. Khan, I. Hassan, S.A. Shahzad, F.M. Husain

Green synthesis and structural classification of Acacia nilotica mediated-silver doped
titanium oxide (Ag/TiO2) spherical nanoparticles: assessment of its antimicrobial and
anticancer activity, Saudi J. Biol. Sci., 26 (7) (2019) 1385-1391.

K. Nagaraj, P. Thankamuniyandi, S. Kamalesu, S. Lokhandwala, N.M. Parekh, S. Sakthinat
han, T.-W. Chiu, C. Karuppiah, Green synthesis, characterization and efficient
photocatalytic study of hydrothermal-assisted Ag@ TiO> nanocomposites, Inorg. Chem.
Commun., 148 (2023) 110362.

V. Moradi, F. Ahmed, M.B. Jun, A. Blackburn, R.A. Herring, Acid-treated Fe-doped TiO>
as a high performance photocatalyst used for degradation of phenol under visible light
irradiation, J. Environ. Sci., 83 (2019) 183-194.

P. Anu Tharu, M.D. Benoy, T. Dhannia, Effect of annealing temperature on the bandgap of
TiO2 and Fe- doped titanium dioxide nanoparticles for enhancement of UV shielding
performance, 2023, DOI: https://doi.org/10.1016/j.matpr.2023.11.077.

A. Mishra, V. Verma, A. Khan, D. Kumar, T. S. Khan, V. Amoli, A. K. Sinha, Waste
ilmenite sludge-derived low-cost mesoporous Fe-doped TiO;: a versatile photocatalyst for
enhanced visible light photocatalysis without a cocatalyst, J. Environ. Chem.
Eng., 11 (2023) 110319.

© 2025, ISJEM (All Rights Reserved) | www.isjem.com | Page 12


https://www.sciencedirect.com/science/article/pii/S0165237024000883
https://www.sciencedirect.com/science/article/pii/S0165237024000883
https://doi.org/10.1016/j.matpr.2023.11.077

£= =)
EraN

N

>

\‘,’ I1SIEM (ﬂr International Scientific Journal of Engineering and Management (ISJEM) ISSN: 2583-6129

o EE Volume: 04 Issue: 06 | June - 2025 DOI: 10.55041/ISJEM04465
i’ An International Scholarly || Multidisciplinary || Open Access || Indexing in all major Database & Metadata

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

H.C. Yilmaz, C. ilhan, E. Akgeyik, S. Erdemoglu, Preparation and characterization of Co
doped TiO: for efficient photocatalytic degradation of Ibuprofen, Turk. J. Chem., 8 (2021)
553-566.

K. Prajapat, U. Mahajan, M. Dhonde, K. Sahu, P.M. Shirage, Synthesis and characterization
of TiO2 nanoparticles: Unraveling the influence of copper doping on structural, surface

morphology, and optical properties, Chemical Physics Impact
8(2024) 100607.

D. F. Baamer, E. T. Helmy, M. M. M. Mostafa, , J. H. Pan, Synthesis of TiO2 nanoparticles
using different routes with enhanced photocatalytic and antibacterial properties, Ceramics
International, 50(2024) 15780-15789.

G. Wu, C. Zhou, H. Li, S. Xia, Y. Zhu, J. Han, W. Xing, Controlled fabrication of the
biomass cellulose aerogel@ZIF-8 nanocomposite as efficient and recyclable adsorbents for
methylene blue removal, Ind. Crop. Prod., 193 (2023) 116169.

L. Shao, H. Wan, L. Wang, J. Wang, Z. Liu, Z. Wu, P. Zhan, L. Zhang, X. Ma, J. Huang, N-
doped highly microporous carbon derived from the self-assembled lignin/chitosan
composites beads for selective CO> capture and efficient p-nitrophenol adsorption, Sep.
Purif. Technol., 313 (2023) 123440.

A. Shakya, A. Nunez-Delgado, T. Agarwal, Biochar synthesis from sweet lime peel for
hexavalent chromium remediation from aqueous solution, J. Environ. Manage., 251 (2019)
109570.

Md. Ashraful Alam, Raton Kumar Bishwas, Sabrina Mostofa, Shirin Akter Jahan, Low-
temperature synthesis and crystal growth behavior of nanocrystal anatase-TiO2, Materials
Letters, 354, (2024) 135396.

N. Thakur, N. Thakur, A. Kumar, V. K.Thakur, S. Kalia, V. Arya, A.Kumar, S.Kumar, G.
Z. Kyzas, A critical review on the recent trends of photocatalytic, antibacterial, antioxidant

and nanohybrid applications of anatase and rutile TiO2 nanoparticles, Science of The Total
Environment, 914 (2024) 169815.

S. Mathew , P. Ganguly , V. Kumaravel , J. Harrison, S.J. Hinde , J. Bartlett , S.C. Pillai,
Effect of chalcogens (S, Se, and Te) on the anatase phase stability and photocatalytic
antimicrobial activity of TiO2, Materials Today: Proceedings, 33(2020) 2458-2464.

M. Lal, P. Sharma, C. Ram,Synthesis and photocatalytic potential of Nd-doped TiO> under

UV and solar light irradiation using a sol-gel ultrasonication method, Results in Materials,
15 (2022) 100308.

C. Pragathiswaran, C. Smitha, B. Mahin Abbubakkar, P. Govindhan, N. Anantha Krishnan,
Synthesis and characterization of TiO2/ZnO-Ag nanocomposite for photocatalytic

© 2025, ISJEM (All Rights Reserved) | www.isjem.com | Page 13



7 e X
7O
\‘,’ ISIEM (’, International Scientific Journal of Engineering and Management (ISJEM) ISSN: 2583-6129

\ii )2 Volume: 04 Issue: 06 | June - 2025 DOI: 10.55041/ISJEM04465
1#’ An International Scholarly || Multidisciplinary || Open Access || Indexing in all major Database & Metadata

degradation of dyes and anti-microbial activity, Materials Today: Proceedings, 45 (2021)
3357-3364.

36. V. Balakumar, S. Selvarajan, A. Baishnisha, S. Kathiresan, In-situ growth of TiO.@B-
doped g-C3Ns core-shell nanospheres for boosts the photocatalytic detoxification of
emerging pollutants with mechanistic insight, Applied Surface Science, 577 (2022) 151924.

37.S. Tharuman, V. Balakumar, J. Vinodhini, R. Karthikeyani, J. Mayandi, V. Sasirekha, J.M.
Pearce, Visible light driven photocatalytic performance of 3D TiO2/g-C3Ns nanocomposite
via Z-scheme charge transfer promotion for water purification, Journal of Molecular
Liquids, 371 (2023) 121101.

38. Y.V. Divyasri, N.L. Reddy, K. Lee, M. Sakar, V.N. Rao, V. Venkatramu, M.V. Shankar,
N.C.G. Reddy, Optimization of N doping in TiO2 nanotubes for the enhanced solar light
mediated photocatalytic H2 production and dye degradation
Environmental Pollution, 269 (2021) 116170.

39. L.L. Chang, C. Hu, C.C. Huang, C.Y. Lin, P.-W. Chung, K.L. Tung, Potassium citrate-
activated porous carbon nanostructures for CO2 adsorption and electroreduction, ACS Appl.
Nano Mater., 6 (2023) 8839-8848.

40.T. Z. Liza , M. M. Hasan Tusher, Foysal Anwar, M.F.Monika, K. F. Amin, F.N.U.
Asrafuzzaman, Effect of Ag-doping on morphology, structure, band gap and photocatalytic
activity of bio-mediated TiOz nanoparticles, Results in Mater, 22 (2024) 100559.

41. A. Jiang, X. Chen, Y. Xu, K. J. Shah and Z. You, One-step hydrothermal generation of
oxygen-deficient N-doped blue TiO>—Ti3C> for degradation of pollutants and antibacterial
properties, Environ Res, 235 (2023)116657.

42. A.H. Mohammadi, A. S. Nasab, M. Nejati, S. Hadi, M. Behjati, I. M. Dizgah, A.M. Hasan-
Abad, M. Karami, Preparation and characterization of CuO, Ag20 and ZnO nanoparticles
and Investigation of their antibacterial and anticancer properties on HCT-116 and C26

cells,Inorganic Chemistry Communications, 149(2023) 110404.

© 2025, ISJEM (All Rights Reserved) | www.isjem.com | Page 14



