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The emergence of nanomaterials as an exciting class of materials is the main reason for the high demand for nanoparticle utility and |
practical applications in the modern era. At present, the green synthesis process has proved to be the most advanced method in the |
production of nanoparticles. In green synthetic method, plant or its part is used for bioreduction of metal ions to their elemental form.
Nanoparticles manufactured by this method are simple, accessible, eco-friendly and available at low cost and can be easily scaled up for |
larger operations. For this reason, in the modern era, their application is being done in areas like biosensors, lithium ion batteries, water |
purification, electrocatalysis, coating, photo-thermal therapies, drug delivery, ezc. Among the different metal and metal oxide nanoparticles |
TiO; is one of the most promising nanoparticles due to their unique structural chemical and morphological properties. Green synthesis of
TiO, nanoparticles by using extract of different biological agent is one of the most growing areas of research. Phytochemicals, enzymes, |
and proteins, all bioactive components, play an essential role in the production of nanoparticles. The potentiality of titania (TiO,) to |
operate as an antibacterial and photocatalytic agent is one of the topics that has garnered the most interest from the scientific community. |
This review provides an overview of different available green synthesis method for the fabrication of TiO, nanoparticles and also highlighted |
the different industrial applications of TiO,. |
|

Keywords: Green synthesis, Plant extract, Nanoparticles, TiO, nanoparticles.

account the efficiency of the infrastructure as much as possible
[6]. Physical approaches are better suited for the small scale
production than other approaches (i.e. chemical approaches),
as the price of the manufacturing is a concerned in the selection
of chemical methods [7], whereas the biological methods have
different importance.

INTRODUCTION

Nanotechnology was developed as a result of researchers
seeing potential in the many properties of nanoparticles, which
led to the development of the field. Due to its microscopic size,
durability and unmatched strength, it has immense potential
in many fields such as medicine, electronics, automobiles, petro-

leum, bioscience, forensics, efc. [1,2]. Nanoparticles are a broad Physical methods

category of substances that include particular matter, with a
particle size less than at least 100 nm. Thus, the content can be
0D, 1D, 2D or 3D depending on the size [3,4]. Scientists realized
the importance of these findings after learning that a substance’s
shape can alter its physical and chemical characteristics [4,5].
Synthetic methods of nanoparticles: The procedures for
the formation of nanoparticles are decided upon completely
on the basis of the requirements. Every strategy has a number
of advantages, in addition to a number of disadvantages. The
production procedures are selected with care and taking into

Ball milling: Planetary mills, vibratory mills, tumbler mills,
rod mills and mills made of carbide and steel rigid spheres are
all employed in the production of nanoparticles. The nano-
crystalline forms of Ti, Cr, Co, W and Ag-Fe are produced in
this procedure. The gas or air inside the vessels spins rapidly
around the axis of rotation [8] as the vessels spin in the ratio
of 2:1 of balls to ingredients. The material is squeezed between
the sides of the receptacles and the balls. For the purpose of
creating nanoparticles of a particular size, it is crucial to mill
them at the optimum duration and speed [9,10].
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Melt mixing: Nanoparticles are formed by mixing fusion
metal fluxes with high-speed disturbances. The nanoparticles
are taken out of a glass. Glass is an amorphous solid, an incom-
plete symmetrical arrangement of atoms and molecules [11].
The metal forms an amorphous solid-metallic glasses when
cooled to great cooling ratios. For example: hot stream of Ti
and molten stream of Cu-B form TiB, nanoparticles [12].

Pulse laser ablation: The objective sample is first moved
to the vacuum chamber. Plasma is then created by focusing a
highly pulsed laser beam on the sample. which is converted to
a colloidal solution of the nanoparticle. Lasers of the second
type of harmonic group are widely used in the production of
nanoparticles. The components influencing the final compo-
sition are as follows laser, few pulses, type of solvent and
pulsation time [13].

Pulsed wire discharge method: The pulsed wire discharge
method is another physical method technique for preparing
nanoparticles [14]. This technique is completely different as
compared to the physical techniques as discussed above. In
this technique, vaporization of a metallic cable through a pulsed
current is performed to generate vapour and then the vapour
is passed through an ambient gas to cool, after cooling to form
nanoparticles. This technology is rarely employed in industry,
since it is both prohibitively expensive and at first glance,
manifestly impractical for many metals [15]. However, for
metals with strong electric conductivity, its radial availability
in the form of thin wire is particularly advantageous [16].

Chemical vapour deposition: When it comes to produ-
cing nanomaterials based on carbon, this technique is signi-
ficant. In this method, vapour phase precursors film is formed
through a chemical reaction on the substrate surface. A precursor
for all intents and purposed is considered suitable for CVD
only if it has high definitely chemical purity, sufficient volatility,
generally low cost, pretty food stability (during evaporation),
a non-hazardous nature and a really long self-life and there
would be no remaining wastes after its decomposition. For
example, for carbon nanotube fabrication (by the CVD method.
A gas is slowly introduced into the system after the substance
is heating at high temperature in the furnace. At higher temper-
atures, the gas decomposed and carbon atoms are released.
These atoms then come back together on the substrate to form
carbon nanotubes [17]. However, the choice of catalyst is
important for the type and morphology of material. Overall,
CVD is a reliable method for producing nanoparticles of high
quality and it has gained recognition in the context of 2D
nanomaterials [18,19].

Laser pyrolysis: Carrier gas is used to introduce the gas-
eous phase precursors into a chamber, where the laser beam
and the precursors meet there. The excessive strength laser
beam has to generate an excessive nearby temperature to boost
up the nucleation and increase of nanoparticles. The catcher
equipment collects the particles from the filter. This process is
also known as the gaseous phase process [20].

Laser cluster beam deposition: In this method, the
deposited material is heated in a closed crucival to generate
steam and the resulting vapour is then discharged into a vacuum
through a nozzle [21,22]. Usually, the nozzle is about 1 to 2 mm

in diameter. Some of the material that is ejected is sent towards
the substrate because this material is turned into ions by being
hit with electrons where it comes with a neutral beam compo-
nent. The rapidly expanding vapour is believed to produce
supersonic jets in which the condensation process produces
clusters of 100 and 1000 of atoms. This type of process occurs
at low temperatures that would resemble the well-established
production of an atomic group of gas in a supersonic jet [23].
Depositing thin layers with ionized instead of ion groups solves
many of the problems associated with depositing low-energy
ions. The ideal strength should be on the order of the number
of ions arriving on the subtract to the atoms binding strength
at the surface of the film and shouldn’t exceed the sputtering
threshold [24].

Chemical methods

Sol-gel method: The sol gel method is a wet chemical
procedure widely used in industry to synthesize nanomaterials.
High-grade metallic oxide nanomaterials are generally synthe-
sized by sol-gel techniques [25]. This process takes place at a
low temperature, so the process consumes less energy and causes
less pollution. Sol liquids consist of a single solid particle,
which is a subclass of colloids, while the gel exists as a contin-
uous network of porous particles present in the fluid. In sol
gel process, the sol is first formed in liquid, then the sol particles
are joined to form a network. Powder and thin film of liquids
are possible only when the liquids are dried [26].

Sonochemical synthesis: During this procedure, intense
ultrasonic radiation is irradiated at the molecules, which in
turn causes a chemical reaction to take place. Advantages of
this method are that its operating conditions, simplicity and
can easily control nanoparticle size by changing the concen-
tration of precursors in the solution [27]. In sonolysis techni-
que, a metal is first carefully selected, a circle of precursors of
that complex metal is passed through waves of sound of a certain
frequency. In this, two types of materials are used in the prepar-
ation of volatile and non-volatile precursor nanomaterials.
There are some conditions in this method which are as follows:
(i) the speed limit of sound in liquid should be between 1000
to 1500 m/s; (ii) the ultrasonic wavelength range should be from
10 cm to 100 um; and (iii) the frequency range should be from
20 kHz to 15 MHz [28].

Co-precipitation method: This method is useful for syn-
thesizing high quality nanoparticles at low temperatures and
cheaply without the need for special environments because
the method not only requires high pressure but also does not
require high temperatures. In this method, by the filtration and
washing the impure materials are eliminated [29].

Inert gas condensation method: Buhrman & Granqvist
constructed an inert gas condensation system and used to prepare
the ultrafine-particle metal [30]. It is a technique for synthe-
sizing nanostructured materials using bottom-up method. The
process consists of two main steps viz. (i) allowing the material
to evaporate and then rapidly cooling it to produce nanopar-
ticles that have right size [31].

Hydrothermal synthesis: This method is counted among
the most robust processes, as it not only has easy conduction
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but also plays an important role in the preparation of the high-
quality nanomaterials. Researchers report that hydrothermal
synthesis is a chemical approach that produces nano-crystalline
powders without any firing step due to its low crystallization
temperature [32]. Metal ion content is typically limited in the
industrial applications due to the high degree of difficulties
associated with managing the chemical process during synth-
esis and preventing agglomeration [33].

Biological methods

Synthesis using microorganisms: The size and shape of
the nanoparticles depends on the pH, temperature and substance
concentration on the organism employed and the conditions
employed during synthesis. Different types of microorganisms
have different methods for manufacturing nanoparticles [34].
Microbes use enzymes to break down metal ions stuck inside
their cells into smaller, more manageable nanoparticles. There
are two ways in which bacteria influence mineral formation. In
the first place, at a specific point in time, the composition of the
solution changes, making it more supersaturated than it was
before. Another possibility is the manufacture of organic polymers,
also known as biodegradable polymers. The nucleation may
be affected by the first inhibition of the minerals [35]. Secondly,
in the intracellular approach, the unique ion transport found
in every single microbial cell is utilized. In this method, the
cell wall is involved in the synthesis of nanostructured particles
of intracellular and this cell wall is part of microorganism. There
is an electrostatic interaction between the negative charge of
the cell wall and the positive charge of metal ions. The enzymes
reduce the ions (which are present inside of cell wall) to the
nanoparticles and thus the cell wall dispersed by the nanopart-
icles. There is a stepwise process where verticillium makes
nanoparticles inside cells. The mechanism of this synthesis
involves bioreduction, trapping and capping, where the surface
of the fungal cells interacts with the metallic ions to trap the
ions by electrostatic interaction. This cell wall contains enzymes
that work to convert the metal ions into metal nanoparticles.
Nitrate reductase is an enzyme secreted by the fungus that plays
a key role in bioreduction and, by extension, the formation of
nanoparticles. For all these reasons, many researchers supported
nitrate reductase [36]. Different metal nanoparticles have been
synthesized from various kinds of microorganisms (bacteria,
fungi, algae, etc.) are listed in Table-1.

TABLE-1
SYNTHESIS OF TiO, NANOPARTICLES BY
USING DIFFERENT MICROORGANISMS

Microorganism Shape Size (nm) Ref.
Lactobacillus sp. Spherical 26.35 [37]
Saccharomyces cerevisiae Spherical 8-35 [37]
Staphylococcus aureus Spherical 20 [38]
Bacillus subtilis Spherical 66-77 [39]
Bacillus mycoides Spherical 40-60 [40]
Lactobacillus johnsonii Oval 4-9 [41]
Halomonas elongata Spherical 20-25 [42]
Aspergillus flavus Spherical 62-74 [43]
Aspergillus niger Irregular 200-800 [44]
Aeromonas hydrophilli Spherical 28-54 [45]
Acorus calamu Irregular 15-40 [46]
Parmotrema austrosinense Irregular 10-80 [47]

Synthesis using plant extracts

Plant: Several different parts of the various plants are
capable of gathering small quantities of heavy metals. Hence,
biosynthesis methods by employing extracts of plant have given
rise to an efficient, simple and cost-effective method as well
as a new technology as an excellent alternative means for the
production of nanoparticles. Many researchers used plant leaf
extracts through the green synthesis process to explore the
applications of nanoparticles [48-50]. Plants contain different
types of biomolecules like carbs, polypeptides, coenzymes,
etc. and these are capable of reducing metallic salts to respec-
tive metal nanoparticles. TiO, nanoparticles can be synthesized
using a wide variety of plants, including aloe vera, guava, basil,
lemon, neem, coriander, lemongrass, mustard, etc. [S1-54].

Plant leaf extract-based mechanism: Th extracts of plant
leaves are not only a source of synthesis of metal nanoparticles
but also an excellent source of synthesis of metal oxide nano-
particles. Moreover, the plant leaf extracts serve a dual role in
the manufacture of nanoparticles acting as both stabilizing and
reducing agents to facilitate the synthesis process [55]. An
important factor in the synthesis of nanoparticles is the compo-
sition of the leaf extract of the studied plant. For example,
different plant phytochemicals have different concentration
levels [56,57]. The various functional groups existing in flavon-
oids having the capability to reduce metallic ion [58]. Flavonoids
undergo tautomerization reactions that liberate reactive hydrogen
atoms; these atoms convert the enol-form to the keto-form, which
in turn decreases the number of cations in metallic nanparticles
[59]. Plant extracts may also contain the sugars glucose and
fructose, both of which have been linked to the formation of
metal nanoparticles; however, it is important to observe that
glucose can produce nanoparticles of varying morphology and
size, whereas fructose’s mediated nature is monodispersed in
TiO; nanoparticles [60,61].

TiO, nanoparticles and their applications: Titania,
which is an inorganic material, has important applications in
many technical fields due to its commercial importance, it is
commonly used as a pigment in paints, dielectrics and plays an
important role in the field of photocatalytic applications [62].
Titania is a biocompatible, non-toxic, inorganic substance that
can be used for photoelectrochemical energy generation [63].
Titania nanoparticles is also used in biomedical sciences such
as pharmaceutical industries as well as bone tissue engineering
[64] and the details of some applications are given in Table-2.
The significance and multiplicity of these applications have
pushed immense concern and significant advances in the manu-
facturing, classification and fundamentally understood of TiO,
nanomaterials in the preceding decades. Bulk modification of
positive ion and negative ion-doping is studied as a means of
addressing the drawbacks of electron-hole combining and a
relatively small surface zone in commercially-relevant TiO,
nanomaterials [65].

Conclusion

This mini-review focused on the several options for prod-
ucing nanoscale materials with practical industrial applications,
such as titanium dioxide. During the last few decades, a large
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TABLE-2
SUMMARY OF THE SYNTHESIS OF TiO, NANOPARTICLES BY USING PLANT EXTRACT
Name of the plant Characterization Size (nm) Morphology Applications Ref.

Jatropha curcas L. XRD, SAED TEM, 25-100 Spherical Biomedical, bioengineering, electronic and [66]

latex EDX, FTIR environmental systems

Aloe vera XTD, PSA, TEM, 32 Tetragonal Detoxifier, antiseptic, tonic for the nervous system, [67]
TG/DTA irregular immune boosting, harbal medicine

Cucurbita pepo seeds  XRD, (UV-VIS), Tetragonal Treat problems of the urinary system, hyper- [68]
FTIR tension, prevents the formation of kidney stones

Moringa oleifera XRD, (UV-VIS) 12.22 Tetragonal Antibacterial, antiseptics, antifungal, anti- [69]

inflammatory activities

Trigonella foenum- FTIR, UV, XRD, 20-90 Spherical Antimicrobial activities [70]

graecum HR-TEM, HR-SEM

Syzygiu-m cumini HR-SEM, HR-TEM, 10 Spherical Photocatalytic removal of lead form industrial [71]
EDS, FT-IR, XRD, wastewater
DLS, BET

Mentha arvensi XRD, UV-VIS, 20-70 Spherical Antibacterial and antifungal activities [72]
FTIR, SEM

Orange peel XRD, FE-SEM, 21.61-17.30  Triangular Antibacterial, cyto toxicity and humidity sensor [73]
FTIR, UV-VIS, PL,
EDX

Carica papaya XRD, FE-SEM, <20 Spherical Photocatalytic efficiency [74]
TEM, FTIR, BET,
UV-VIS

Cinnamon XRD, SEM, EDX, 70.1 Spherical Photocatalytic property [75]
UV-VIS, PL

number of researches have been carried out in the field of the
green synthesis of TiO, nanoparticles. However, there is a need
for more investigation into the potential usage of phyto-synthe-
sized TiO, nanoparticles beyond their current use in biome-
dicine and environmental remediation.

CONEFLICT OF INTEREST

The authors declare that there is no conflict of interests

regarding the publication of this article.

REFERENCES

P. Ayyub, R. Chandra, P. Taneja, A.K. Sharma and R. Pinto, Appl. Phys.,
A Mater. Sci. Process., 73, 67 (2001);
https://doi.org/10.1007/s003390100833

I. Khan, K. Saeed and 1. Khan, Arab. J. Chem., 12, 908 (2019);
https://doi.org/10.1016/j.arabjc.2017.05.011

M. Byakodi, N.S. Shrikrishna, R. Sharma, S. Bhansali, Y. Mishra, A.
Kaushik and S. Gandhi, Biosens. Bioelectron.: X, 12, 100284 (2022);
https://doi.org/10.1016/].biosx.2022.100284

B. Mekuye and B. Abera, Nano Select, (2023);
https://doi.org/10.1002/nan0.202300038

J. Singh, T. Dutta, K.H. Kim, M. Rawat, P. Samddar and P. Kumar, J.
Nanobiotechnology, 16, 84 (2018);
https://doi.org/10.1186/s12951-018-0408-4

A. Rautela, J. Rani and M. Debnath (Das), J. Anal. Sci. Technol., 10, 5
(2019);

https://doi.org/10.1186/s40543-018-0163-z

V.V. Ukidave and L.T. Ingale, Int. J. Agron., 83, 8310038 (2022);
https://doi.org/10.1155/2022/8310038

A. Angel Ezhilarasi, J. Judith Vijaya, K. Kaviyarasu, L. John Kennedy,
R.J. Ramalingam and H.A. Al-Lohedan, J. Photochem. Photobiol. B,
180, 39 (2018);

https://doi.org/10.1016/].jphotobiol.2018.01.023

T. Naseem and T. Durrani, Environ. Chem. Ecotoxicol., 3, 59 (2021);
https://doi.org/10.1016/j.enceco0.2020.12.001

M.S. Chavali and M.P. Nikolova, SN Appl. Sci., 1, 607 (2019);
https://doi.org/10.1007/s42452-019-0592-3

N.V.S. Vallabani and S. Singh, 3 Biotech., 8, 279 (2018);
https://doi.org/10.1007/s13205-018-1286-z

P.S. Bedi and A Kaur, World J. Pharm. Pharm. Sci., 4, 12 (2015).

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

A. Sharma, A. Ahmed, A. Singh, S.K. Oruganti, A. Khosla and S. Arya,
J. Electrochem. Soc., 168, 027505 (2021);
https://doi.org/10.1149/1945-7111/abdee8

W. Ahmad, A. Pandey, V. Rajput, V. Kumar, M. Verma and H. Kim,
Curr. Res. Green Sustainable Chem., 4, 100211 (2021);
https://doi.org/10.1016/j.crgsc.2021.100211

S.A. Akintelu, A.S. Folorunso, F.A. Folorunso and A.K. Oyebamiji,
Heliyon, 6, 04508 (2020);
https://doi.org/10.1016/j.heliyon.2020.04508

D. Ziental, B. Czarczynska-Goslinska, D.T. Mlynarczyk, A. Glowacka-
Sobotta, B. Stanisz, T. Goslinski and L. Sobotta, Nanomaterials, 10,
387 (2020);

https://doi.org/10.3390/nano10020387

W. Ahmad, S.C. Bhatt, M. Verma, V. Kumar and H. Kim, Environ.
Nanotechnol., Monit. Manage., 18, 100674 (2022);
https://doi.org/10.1016/j.enmm.2022.100674

K. Hamidian, A.H. Rigi, A. Najafidoust, M. Sarani and A. Miri,
Bioprocess Biosyst. Eng., 44, 2667 (2021);
https://doi.org/10.1007/s00449-021-02636-1

M.A. Rafique, S. Kiran, S. Javed, I. Ahmad, S. Yousaf, N. Igbal, G. Afzal
and F. Rani, Water Sci. Technol., 84, 2793 (2021);
https://doi.org/10.2166/wst.2021.237

R. Nateghi, G.R. Bonyadinejad, M.M. Amin and H. Mohammadi, Int.
J. Environ. Health Eng., 1, 25 (2012);
https://doi.org/10.4103/2277-9183.98384

T. Adinaveen, T. Karnan and S.A. Samuel Selvakumar, Heliyon, 5,
e01751 (2019);

https://doi.org/10.1016/j.heliyon.2019.e01751

F. Motahari, M.R. Mozdianfard and M. Salavati-Niasari, Process Saf.
Environ. Prot., 93, 282 (2015);
https://doi.org/10.1016/j.psep.2014.06.006

F. Motahari, M.R. Mozdianfard and M. Salavati-Niasari, Int. J. Environ.,
8, 741 (2014);

https://doi.org/10.1016/j.psep.2014.06.006

A.A. Olajire and A.A. Mohammed, Adv. Powder Technol., 31,211 (2020);
https://doi.org/10.1016/j.apt.2019.10.012

Y. Wang, J. Zhu, X. Yang, L. Lu and X. Wang, Thermochim. Acta, 437,
106 (2005);

https://doi.org/10.1016/j.tca.2005.06.027

D. Bokov, A.T. Jalil, S. Chupradit, W. Suksatan, M.J. Ansari, I.H.
Shewael, G.H. Valiev and E. Kianfar, Adv. Mater. Sci. Eng., 2021,
5102014 (2021);

https://doi.org/10.1155/2021/5102014




1774 Ahmad et al.

Asian J. Chem.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.
45.

46.

47.

48.

49.

N. Pokhrel, PK. Vabbina and N. Pala, Ultrason. Sonochem., 29, 104
(2016);

https://doi.org/10.1016/j.ultsonch.2015.07.023

M.S. AlSalhi, M.H. Aziz, M. Atif, M. Fatima, F. Shaheen, S. Devanesan
and W. Aslam Farooq, J. King Saud Univ. Sci., 32, 1395 (2020);
https://doi.org/10.1016/j.jksus.2019.11.033

M.A.J. Kouhbanani, Y. Sadeghipour, M. Sarani, E. Sefidgar, S. Ilkhani,
A.A. Amani and N. Beheshtkhoo, Green Chem. Lett. Rev., 14, 444
(2021);

https://doi.org/10.1080/17518253.2021.1939435

A.A. Ezhilarasi, J.J. Vijaya, K. Kaviyarasu, M. Maaza, A. Ayeshamariam
and L.J. Kennedy, J. Photochem. B: Biol., 164, 352 (2016);
https://doi.org/10.1016/j.jphotobiol.2016.10.003

C. Suryanarayana and B. Prabhu, Eds.: C.C. Koch, Synthesis of
Nanostructured Materials by Inert-Gas Condensation Methods, In:
Nanostructured Materials: Processing, Properties and Applications,
William Andrew, Inc., USA, Edn.: 2, Chap. 2, pp. 47-90 (2007).

Z. Sabouri, A. Akbari, H.A. Hosseini, M. Khatami and M. Darroudi,
Green Chem. Lett. Rev., 14, 404 (2021);
https://doi.org/10.1080/17518253.2021.1923824

K. Betageri, R. Veerapur, G. Lamraoui, A.A. Al-Kheraif, A.M. Elgorban,
A. Syed, C. Shivamallu and S.P. Kollur, Molecules, 26, 2448 (2021);
https://doi.org/10.3390/molecules26092448

G. Ilbeigi, A. Kariminik and M.H. Moshafi, Int. J. Basic Sci. Med., 4,
69 (2019);

https://doi.org/10.15171/ijbsm.2019.14

K.S. Khashan, G.M. Sulaiman, F.A. Abdul Ameer and G. Napolitano,
Pak. J. Pharm. Sci., 29, 541 (2016).

S.A. Khan, S. Shahid, A. Ayaz, J. Alkahtani, M.S. Elshikh and T. Riaz,
Int. J. Nanomedicine, 16, 1757 (2021);
https://doi.org/10.2147/1IN.S294012

A.K. Jha, K. Prasad and A.R. Kulkarni, Colloids Surf. B Biointerfaces,
71, 226 (2009);

https://doi.org/10.1016/j.colsurfb.2009.02.007

K.S. Landage, J.B. Chetan, K.A. Gajanan and P. Khanna, J. Microbiol.
Exp. Res. 8, 36 (2020);
https://doi.org/10.15406/jmen.2020.08.00283

A.V.Kirthi, A.A. Rahuman, G. Rajakumar, S. Marimuthu, T. Santhoshkumar,
C. Jayaseelan, G. Elango, A.A. Zahir, C. Kamaraj and A. Bagavan,
Mater. Lett., 65, 2745 (2011);
https://doi.org/10.1016/j.matlet.2011.05.077
N.Ordenes-Aenishanslins, L.A. Saona and V.M. Duran-Toro, Microb.
Cell Factories., 13, 1 (2014);
https://doi.org/10.1186/s12934-014-0090-7

H.A. Al-Zahrani, A.A. El-Waseif and D.E. EI-Ghwas, J. Innov. Pharm.
Biol. Sci. 5, 16 (2018);

https://doi.org/10.15171%2Fbi.2018.10

M. Taran, M. Rad and M. Alavi, Bioimpacts, 8, 81 (2018);
https://doi.org/10.15171/bi.2018.10

G. Rajakumar, A.A. Rahuman, S.M. Roopan, V.G. Khanna, G. Elango,
C. Kamaraj, A.A. Zahir and K. Velayutham, Spectrochim. Acta A: Mol.
Biomol. Spectrosc., 91, 23 (2012);
https://doi.org/10.1016/j.saa.2012.01.011

B. Durairaj, S. Muthu and T. Xavier, Pelagia Res. Libr., 6, 45 (2015).
C.Jayaseelan, A.A. Rahuman, S.M. Roopan, A.V. Kirthi, J. Venkatesan,
S.K. Kim, M. Iyappan and C. Siva, Spectrochim. Acta Mol. Biomol.
Spectrosc., 107, 82 (2013);
https://doi.org/10.1016/j.saa.2012.12.083

A. Ansari, V.U. Siddiqui, W.U. Rehman, M.K. Akram, W.A. Siddiqi,
A.M. Alosaimi, M.A. Hussein and M. Rafatullah, Catalysts, 12, 181
(2022);

https://doi.org/10.3390/catal 12020181

F.A. Alasmary, S.K. Rajaram, J. Rajabathar, G.M. Innasimuthu, K.
Sankar, S.S. Muthaiah, A.M.A. AlKahtani, A.S. Almalki and H.M.
Alhajri, Inorg. Chem. Commun., 45, 110007 (2022);
https://doi.org/10.1016/j.inoche.2022.110007

N.S. Alharbi, N.S. Alsubhi and A.l. Felimban, J. Radiat. Res. Appl.
Sci., 15, 109 (2022);

https://doi.org/10.1016/j.jrras.2022.06.012

C. Hano and B.H. Abbasi, Biomolecules, 12, 31 (2022);
https://doi.org/10.3390/biom 12010031

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

J. Singh, T. Dutta, K.-H. Kim, M. Rawat, P. Samddar and P. Kumar, J.
Nanobiotechnol., 16, 84 (2018);
https://doi.org/10.1186/s12951-018-0408-4

P.S. Jassal, D. Kaur, R. Prasad and J. Singh, J. Agric. Food Res., 10,
100361 (2022);

https://doi.org/10.1016/j.jafr.2022.100361

V. Verma, M. Al-Dossari, J. Singh, M. Rawat, M.G.M. Kordy and M.
Shaban, Polymers, 14, 1444 (2022),
https://doi.org/10.3390/polym 14071444

U.S. Ozturk and A. Citak, Turk. J. Chem., 46, 1345 (2022);
https://doi.org/10.55730/1300-0527.3443

M. Nadeem, D. Tungmunnithum, C. Hano, B.H. Abbasi, S.S. Hashmi,
W. Ahmad and A. Zahir, Green Chem. Lett. Rev., 11, 492 (2018);
https://doi.org/10.1080/17518253.2018.1538430

Y. Zhang, B. Mahdavi, M. Mohammadhosseini, E. Rezaei-Seresht, S.
Paydarfard, M. Qorbani, M. Karimian, N. Abbasi, H. Ghaneialvar and
E. Karimi, Arab. J. Chem., 14, 103105 (2021);
https://doi.org/10.1016/j.arabjc.2021.103105

S. Srihasam, K. Thyagarajan, M. Korivi, V.R. Lebaka and S.P.R. Mallem,
Biomolecules, 10, 89 (2020);

https://doi.org/10.3390/biom 10010089

S. Uddin, L.B. Safdar, S. Anwar, J. Igbal, S. Laila, B.A. Abbasi, M.S. Saif,
M. Ali, A. Rehman, A. Basit, Y. Wang and U.M. Quraishi, Molecules,
26, 1548 (2021);

https://doi.org/10.3390/molecules26061548

Y. Singh, R.S. Sodhi, P.P. Singh and S. Kaushal, Mater. Adv., 3, 4991
(2022);

https://doi.org/10.1039/D2MAQ0114D

M.A. Mannaa, K.F. Qasim, F.T. Alshorifi, S.M. El-Bahy and R.S.
Salama, ACS Omega, 6, 30386 (2021);
https://doi.org/10.1021/acsomega.1c03693

L. Agustina, S. Suprihatin, M. Romli and P. Suryadarma, /OP Conf.
Ser.: Earth Environ. Sci., 1063, 012014 (2022);
https://doi.org/10.1088/1755-1315/1063/1/012014

S.F. Shaikh, R.S. Mane, B.K. Min, Y.J. Hwang and O.-S. Joo, Sci.
Rep., 6, 20103 (2016);

https://doi.org/10.1038/srep20103

N. Chandrasekharan and P.V. Kamat, J. Phys. Chem. B, 104, 10851 (2000);
https://doi.org/10.1021/jp0010029

Y. Li, T. White and S.H. Lim, Rev. Adv. Mater. Sci., 5, 211 (2003).
PR. Mishra, A.K. Singh and O.N. Srivastava, Indian J. Phys., 78, 81
(2004).

M. Hudlikar, S. Joglekar, M. Dhaygude and K. Kodam, Mater. Lett.,
75, 196 (2012);

https://doi.org/10.1016/j.matlet.2012.02.018

M. Hudlikar, S. Joglekar, M. Dhaygude and K. Kodam, Mater. Lett., 75,
196 (2012);

https://doi.org/10.1016/j.matlet.2012.02.018

K.G. Rao, C.H. Ashok, K.V. Rao, C.S. Chakra and P. Tambur, Int. J.
Adv. Res. Phys. Sci., 2(1A), 28 (2015).

J.M. Abisharani, S. Devikala, R.D. Kumar, M. Arthanareeswari and P.
Kamaraj, Mater. Today Proc., 14, 302 (2019);
https://doi.org/10.1016/j.matpr.2019.04.151

V. Patidar and P. Jain, Int. Res. J. Eng. Technol., 4, 1 (2017).

S. Subhapriya and P. Gomathipriya, Microb. Pathog., 116, 215 (2018);
https://doi.org/10.1016/j.micpath.2018.01.027

N.K. Sethy, Z. Arif, P.K. Mishra and P. Kumar, Green Process. Synth.,
9, 171 (2020);

https://doi.org/10.1515/gps-2020-0018

'W. Ahmad, K.K. Jaiswal and S. Soni, Inorg. Nano-Metal Chem., 50, 1032
(2020);

https://doi.org/10.1080/24701556.2020.1732419

A.M. Amanulla and R.J.M.T.P. Sundaram, Mater. Today: Proc., 8, 323
(2019);

https://doi.org/10.1016/j.matpr.2019.02.118

H. Kaur, S. Kaur, J. Singh, M. Rawat and S. Kumar, Mater. Res. Express,
6, 095034 (2019);

https://doi.org/10.1088/2053-1591/ab2ecS5

G. Nabi, W. Raza and M.B. Tahir, J. Inorg. Organomet. Polym. Mater.,
30, 1425 (2020);

https://doi.org/10.1007/s10904-019-01248-3




