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Abstract: In this study, tulsi and neem oils were used to
effectively synthesise Ag/Fe,05/TiO, nanocomposite utilising
environmentally friendly methods. X-ray diffraction ana-
lysis (XRD), scanning electron microscopy (SEM), energy-dis-
persive X-ray spectroscopy, and Fourier-transform infrared
spectroscopy (FT-IR) methods were used to characterise the
green synthesised nanocomposite. The triangle-spherical
shaped nanoparticles (NPs) with an average size of 26-42 nm
were shown by XRD and SEM investigations to be crystalline in
Ag/Fe,04/TiO, nanocomposite, respectively. Additionally, the
dynamic light scattering histogram was used to quantify the
size distribution of these NPs, and the results were consistent
with those of the SEM picture, having an approximate element
size of 28 nm. The Ag/Fe,05/TiO, nanocomposite is reduced and
stabilised as a result of functional groups present in acacia, and
neem, and tulsi oils, as shown by FT-IR measurements. In a
nutshell, this method offers a quick, affordable, and environ-
mentally safe technique to create NPs without the use of poten-
tially dangerous chemical agents.

Keywords: tulsi oil, neem oil, Ag/Fe,03/TiO, nanocompo-
site, characterisation, green synthesis

1 Introduction

Biosynthesis of nanomaterials using medicinal plant oils
has received much attention in recent years. The synthesis of
nanomaterials by medicinal plant oils is more environmentally
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friendly and cost-effective than other synthesis methods, such
as chemical reduction and physical methods [1,2]. Biosynthesis
of nanomaterials has gained attention as an emerging feature
of the interface between nanotechnology and biotechnology
due to the increasing demand for environmentally friendly
material manufacturing techniques [3]. The hiosynthesis of
inorganic materials, especially metal nanoparticles (NPs), using
microbes and plants has received great attention [4-6]. “Green”
synthesis strategies include the use of non-toxic materials,
hazardous chemicals, biodegradable polymers, and eco-
friendly solvents such as plant extracts These methods use
extracts from various plant parts, microbial cells, and bio-
polymers, and are thus classified as green synthesis methods.
The essential benefit of using plant extracts as biogenic
sources of metallic synthesis is because they accelerate the
reduction and stability of the NPs at room temperature and
pressure (e.g., [7-9]). Due to its reputed therapeutic proper-
ties, tulsi (Ocimum sanctum), or Holy basil, from the family
Lamiaceae, has been referred to as the “Queen of plants” and
the “mother medicine of nature” [10]. Almost every compo-
nent of the plant has been shown to have medicinal effects,
making it one of the most revered and all-encompassing
herbs utilised in Indian traditional medicine over the years
[11]. Since Ocimum sanctum is used in several ways in tradi-
tional medicine; aqueous extracts from the leaves (naturally
picked or even dried) are added to herbal teas or blended
with various types of other herbs or honey to increase their
therapeutic potency. Aqueous extracts of Tulsi have long been
used to treat a variety of poisonings, stomach-aches, migraines,
the parasite malaria, chronic inflammation, as well as heart
conditions [12]. As medicines, painkillers, anti-emetics,
antipyretics, stress relievers, inflammatory agents, as well as
hepatoprotective, anti-asthmatic, hypoglycaemic, hypotensive,
hypolipidemic, and immuno-modulatory agents, oils obtained
from Ocimum sanctum as well as its leaves are considered to
have a number of beneficial properties [12,13]. Due to the pre-
sence of vital or essential oil, which is mostly concentrated in
the leaf of tulsi, the plant has a distinctive fragrant scent. The
primary constituents of this aromatic volatile oil include phe-
nols, terpenes, and aldehydes [14]. Fixed oil is the term for the
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oil that is derived from seeds and is mostly made up of fatty
acids. The plant also has alkaloids, glycosides, saponins, and
tannins in addition to oil. The leaves also contain carotene
and ascorbic acid [15,16]. Figure 1 displays the specifics of the
chemical components described in several publications.

The neem tree (Azadirachta indica Juss), a member of
the Meliaceae family that originated in India and is today
regarded as a significant resource of phytochemicals which
is effectively utilised not only in human health but also
in pest management, is used to extract neem oil [17]. A
small to medium evergreen tree with broad and spreading
branches, Azadirachta grows quickly. Both high tempera-
tures and weak or deteriorated soil are acceptable to it.
The mature leaves, which have a brilliant green petiole,
lamina, and the base that connects the leaf to the stem, are
reddish to purple in colour in contrast to the young leaves’
reddish to purple hues [18].

A minimum of 100 physiologically active substances
can be found in neem oil [19]. Triterpenes known as limo-
noids, the most significant of which is azadirachtin (Figure
1), are among their main ingredients and are thought to be
responsible for 90% of the action on most pests [20]. The
substance has a molecular weight of 720 g¢mol™ and a
melting point of 160°C. Nimbidin, meliantriol, nimbin, nim-
bolides, fatty acids (oleic, stearic, and palmitic), and sal-
annin are also included [21,22]. The oil obtained by various
methods from the seeds is the primary neem product.
Although the other neem tree sections are utilised to
extract oil, they do not have as much azadirachtin [23]. It
has been proposed that artificial inoculation with arbus-
cular mycorrhiza can enhance the amount of azadirachtin
in seeds [24] (Figure 2).

Iron oxide has numerous advantages, including a narrow
band gap energy of about 2.2 eV, low cost, non-toxicity, avail-
ability, and thermal stability. Magnetite contains both ferrous
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Figure 1: Chemical constituents of Ocimum sanctum.
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Figure 2: Azadirachtin chemical structure.

and ferric iron. As a result, it is commonly referred to as iron
I and III oxide. There are three types of iron oxides found in
nature: maghemite, magnetite, and hematite [25]. The hexa-
gonal unit cell of hematite contains only octahedral coor-
dinated Fe®** atoms (corundum structure), whereas the
cubic unit cell of magnetite contains both octahedral
and tetrahedral coordinated Fe** atoms (the defect spinel
structure) [26].

Due to its relatively low level poisonousness, new
super-paramagnetic behaviour, good chemical constancy,
and potent coat functionalisation with beneficial molecules
to bind various biological ligands, magnetic iron oxide
(Fe304) NPs have attracted amplified consideration in the
biomedical commerce [25-27]. Fe30, nanoparticles (NPs),
the most conventional magnetic nanoparticles because its
exceptional magnetism, biocompatibility, reduced toxicity,
biodegradability, and other qualities, have drawn a lot of
interest in the biomedical area, particularly for targeted
drug/gene delivery systems [28-30].

Silver nanoparticles (AgNPs) have generated interest
during the past few years in a number of industries,
including biosensors, electrical conductivity, biomedicine,
catalysis, pharmaceuticals, as well as environmental uses [31].
AgNPs are the most exciting and promising material in nano-
technology due to their high specific surface energy, which
encourages surface reactivity. However, AgNP agglomeration
is inevitable. Therefore, a coating of magnetite onto AgNPs is
required as an appropriate supplementary medium for the
immobilisation of AgNPs in order to address the issues related
to parting, retrieval, and constancy of AgNPs and to prevent
its agglomeration throughout the creation process.

Consequently, the combining of Fe30, NPs and AgNPs
to form a single hybrid functionalised nanostructure
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(Ag/Fe304, NPs) reveals a method to enable the improve-
ment of every single component of a NP [32]. There are
several physical and chemical approaches that may be
used to create metal/Fe;0, NPs, but they frequently call
for pricey equipment, hazardous chemicals, and physical
and chemical tactics that can actually affect the environ-
ment and human life [33]. Paul and co-workers synthesised
Ag-Fe,05 and applied them for the chemoselective reduc-
tion of nitroarenes [34], Ji and co-workers synthesised
silver supported on cobalt oxide for photocatalytic oxida-
tion of aromatic alcohols [35].

By entering bacterial biofilms, the Fe;s0,/AgNP has pre-
viously demonstrated an improved potential bactericidal
impact, acting as particularly acceptable antibacterial agents
that reduce toxicity in healthy cells while also providing the
ability to remove them from the media by means of a mag-
netic field [36—40]. Uncoated Fe;0, NP oxidation and aggrega-
tion, which are accompanied by reduced magnetisation
values, provide a considerable problem for several applica-
tions in the biomedical sector. A potentially useful multi-
functional NP in this view is the augmentation of physical
characteristics by magnetic behaviour with organic/inor-
ganic NPs. While preventing the accumulation and oxida-
tion of Fe304 NPs, this structure retains the qualities and
advantages of each component [41]. TiO, rutile, on the other
hand, was selected as the host of the so-formed Ag/Fe,03 NPs
to acquire further properties for the intended nanocompo-
sites owing to its known bioactivity. We are aware of no
information about the biosynthesis of Ag/Fe,0; nanocompo-
sites utilising acacia in the presence of tulsi and neem oils.
In green chemistry, we investigate the simple and sustain-
able synthesis of the Ag/Fe,0; hybrid using acacia as the
reducing agent in bioactive oils and in conjunction with
TiO, rutile to make the desired Ag/Fe,;03/TiO,.

2 Materials and methods

Analytical grade silver nitrate (AgNOs, >99.98%) was pur-
chased from Sigma-Aldrich. TiO, rutile, sodium acetate
(CH3COONa), ethanol (C;H50H, >98%), and iron(in) sulphate
hydrate Fe,(SO4)3-6H,0 was acquired from Sigma-Aldrich.
Distilled deionised (DI) water was used to make all aqueous
solutions.

2.1 Ag/Fe,03/TiO, biosynthesis

For the synthesis of Ag/Fe,05/TiO,, prepare 90 mL of a mix-
ture solution (1% acacia, 0.1g Fe(SO,)36H,0, and 0.1g

Ag/Fe,05/TiO, nanocomposite = 3

AgNOs, and 0.2 g TiO,), which is blended together. Following
complete homogenisation of the solution, 10 mL of tulsi or
neem oil is added dropwise to the solution using a magnetic
stirrer at 300 rpm and 70°C for 3 h (Scheme 1). The colour shift
of the reaction system was observed and recorded visually.
After the precipitate has completely formed, the solution is
allowed to stand for 3 h before being centrifuged for 10 min at
4,000 rpm. To remove ionic contaminants, the precipitate is
thoroughly rinsed with DI water, followed by acetone to
remove any organic impurities. Before being burned at
350°C for 12-15 h, the precipitate is oven dried.

2.2 Ag/Fe,03/TiO, characterisation

The measurements of the powder X-ray diffraction (XRD)
patterns of the materials were made on a Holland Philips X-
ray powder diffractometer using Cu K radiation (=0.1542 nm)
with smattering angles (2) of 5-80. Additionally, a few sam-
ples of synthetic Ag/Fe,05/TiO, NPs were generated for
scanning electron microscopy (SEM) experiments by ultra-
sonically dispersing the NPs in ethanol, and the suspen-
sions were then placed onto a copper grid covered in
carbon. Fourier-transform infrared spectroscopy (FT-IR)
spectra were obtained on a Bruker VERTEX 80 v model to
investigate the functional group of materials that were ana-
lyzed using KBr disc technique on a Bruker VERTEX 80v
model while SEM was performed using a (CM30 3000Kv).
The functional group of materials was investigated utilising
The dynamic light scattering (DLS) method was used to char-
acterise the size distribution of Ag/Fe,03/TiO, NPs, and a com-
puterised inspection system (MALVERN Zen3600) with DTS®
(nano) software was used. Using a Varian Cary 50 UV-vis
spectrophotometer, UV-Vis studies were performed. Spectra
between 350 and 800 nm were captured.

3 Results and discussion

In this investigation on the production of Ag/Fe,03/TiO,, the
oils of neem and tulsi were selected and used. Neem and
tulsi oils, which can act as a dropping and stabilising med-
iator in the synthesis of Ag/Fe,03/TiO, nanocomposite,
are the main ingredients in this process, which aim to
offer a clean, ecologically friendly approach of produ-
cing nanomaterials.

Fe (S04)3-6H,0 and AgNOs; were used as precursors in
the synthesis of Ag/Fe,03/TiO, by adding them to neem and
tulsi until a gradual change in reaction colour was seen.
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Figure 3: Colour change and UV-Vis absorption spectra of Ag/Fe,03/TiO,
nano-composite synthesis by tulsi and neem oils.

The reaction mixture’s colour changed from white to
brown after 3h of incubation at 70°C (Figure 3). Figure 3
shows the Ag/Fe,0; nanocomposite’s UV-Vis spectra after
3h, which were measured in the 300-800 nm region. The
large peak created at 320 nm, as shown in the UV-Vis
spectra, served as a signal to recognise the development
of Ag/Fe,053/TiO, nanocomposite. Similar to this, Berastegui
et al.’s UV-Vis investigations of AgFeO, NPs exhibited strong
absorptions between 300 and 650 nm [42]. The increase in
absorbance at 320 nm was brought on by the addition of Ag/
Fe,04/Ti0O, nanocomposite (Figure 3).

The physical characteristics of the bioactive compo-
nents in tulsi and neem oils, as well as potential biochemical
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Figure 4: FTIR spectral analysis of neem and tulsi oils, and Ag/Fe,03/TiO,
nanocomposite.

DE GRUYTER

changes brought on by the production of Ag/Fe,03/TiO,,
were examined using FT-IR spectroscopic examination with a
spectrum range of 400-4,000 cm™”, as shown in Figure 4. The
hydroxyl and phenolic groups in tulsi and neem oils were found
to vibrate in a wide range between 3,367.9 and 3,216.9 cm*[43].
The bands located at 2,918.5 cm™ and 2,850.6 cm ™ belong to the
—CH group. The sharp peaks on 1,728.7 cm™ point to the pre-
sence of C-O in the ester group. The peak on 1,603.8 cm™ sig-
nifies the existence of NH amine. The peak value of 1,008 em™?
provided by FT-IR analysis, which further supports the presence
of practical groups like carboxylic acid and ether, is used in this
context. The bioactive substances in tulsi and neem oils are
used to change ions into the proper metal forms. Additionally,
these phytochemicals have highly sensitive hydroxyl groups
that produce hydrogen and reduce free radicals by doing so.
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Figure 5: XRD of the synthesised Ag/Fe,05/TiO, by (a) tulsi oil and (b)
neem oil.
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Figure 6: SEM of the synthesised Ag/Fe,05/TiO, by tulsi oil.

The results provide credence to the hypothesis that these phy-
tochemicals are involved in the bio-reduction process that gen-
erates nanomaterials [44]. According to the IR spectra of Ag/
Fe,04/TiO, (Figure 4), changes during Ag/Fe,05/TiO, formation,
including redox of phytochemicals, can be blamed for the
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Figure 7: SEM of the synthesised Ag/Fe,03/TiO, by neem oil.
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suppression of aliphatic molecules. Additionally, IR measure-
ments showed that chemical groups from the extract were
attached to the Ag/Fe,04/TiO, layer, proving that the use of tulsi
and neem oils as stabilisers aided in the production of nano-
composite materials. The presence of peaks at 6114 and
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Figure 8: DLS of the synthesised Ag/Fe,05/TiO; by (a) tulsi oil and (b) neem oil.

Table 1: DLS of the synthesised Ag/Fe,05/TiO, by tulsi and neem oils

Sample Z- PDI  PDI Mean value/
reference Average width area
(d-nm) (d-nm) (d-nm) (%)
Tulsi oil 495.0 0.337 2872 459/100
Neem oil 681.3 0.231 3276 Peak 1/98.3
663.3
Peak 2/1.7
5,411

5614 cm ™, respectively, in (Figure 4) may be explained by the
bending vibration of AgO and FeO interactions in Ag/Fe,05/TiO,.

XRD analysis was used to verify the Ag/Fe,04/Ti0, NPs’
crystalline structure, as shown in Figure 5. The diffraction
peaks of TiO, rutile at 26 = 27.3°, 36.0°, 41.1°, 54.2°, 62.7°, and
69.0° are related to the (110), (101), (111), (211), (002), and
(112) reticular planes of rutile [45]. Characteristic diffrac-
tion peaks due to AgNPs at 26 values of 38.32, 44.54, 64.61,
77.54, and 81.68 corresponding to (111), (200), (220), (311),
and (222) planes of silver is observed (JCPDS, silver file
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Figure 9: EDX analysis (a) Ag/Fe,05/TiO; tulsi oil and (b) Ag/Fe,03/TiO, neem oil.
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Figure 10: TGA of (a) Ag/Fe,03/TiO, tulsi oil and (b) Ag/Fe,03/TiO, neem oil.



DE GRUYTER

No. 04-0783). On the other hand, Fe,0; diffraction peaks
appear partially overlapped with those of AgNPs and TiO,
and can be observed at 35.7, 53.1, 57.1, and 62.7 and attrib-
uted to the planes of (311), (422), (511), and (440) from the
cubic structure of y-Fe,03 NPs (JCPDS, No. 04-0755).

The SEM is the method that is most frequently used to
determine the morphological characteristics and sizes of
manufactured nanostructures. As observed in the SEM
images (Figures 6 and 7), the Ag/Fe,04/Ti0, nanocomposites
are produced in a spherical shape, with an average size
range of 25-174 nm. The bright circular spots revealed the
nanocomposite planes and the degree of crystallinity of the
Ag/Fe,05/Ti0, particles made up of neem and tulsi oils
(Figures 6 and 7). DLS analysis was used to measure the
average diameter of the Ag/Fe,04/TiO, nanocomposite. The
bulk diameter of the Ag/Fe,0; nanocomposite is 270.9 nm.
However, the metal core (Ag and Fe) of the Ag/Fe,05/TiO,
nanocomposite as well as the biomaterials (organic chemi-
cals related as stabilisers) deposited by neem and tulsi oils
on the Ag/Fe,05/TiO, surface change the size estimated by
DLS [46] (Figure 8 and Table 1).

The Ag/Fe,05/Ti0, nanocomposite surface had compo-
nents efficiently deposited on it, according to an energy-
dispersive X-ray (EDX) analysis (Figure 9). The Ag/Fe,05/
TiO, nanocomposite was found to include multiple distinct
peaks in the EDX spectra which were linked to the oxygen,
silver, iron, and carbon constituents (Figure 9). The devel-
opment of an extremely pure Ag/Fe,05/TiO, nanocomposite
with no extra impurity-related peaks was further demon-
strated by EDX spectra. The SEM image and EDX spectra of
the nanocomposite showed that the Ag/Fe,05/TiO, nanos-
tructures were evenly distributed throughout the neem
and tulsi. In addition, the composition of Ag and Fe in
Ag/Fe,04/Ti0, was determined by elemental EDX mapping.
Figure 9 shows the charting of Fe, Ag, O, and C. As stated by
the EDX fundamental analysis in the Fe, Ag, O, and C
component charting imageries of Ag/Fe,05/TiO, (Figure 9),
both Ag and Fe were uniformly distributed throughout the
sample [47].

TGA studies are performed by heating the materials in
air to 600°C (Figure 10) in order to determine the thermal
stability.

Figure 10(a and b) depicts the Ag/Fe,05/Ti0, nanocom-
posite TGA curves produced by tulsi and neem oils. The
greatest loss of weight (65%) at the range of temperature
between 170°C and 525°C may be attributed to the pyrolysis
of the labile oxygen-comprising clusters in the forms of
CO,, CO, and vapour. The loss of weight of approximately
5% at the temperatures between 100°C and 170°C may be
because of the water molecules elimination and it was
confined inside the GO. When the Ag/Fe,04/TiO, nano-

Ag/Fe,05/TiO, nanocomposite == 9

composite sample was heated to 800°C at an incremental
rate of 10°C'min”", there was only a 17% total weight loss.
This weight loss is due to the removal of remaining Ag/
Fe,04/TiO, nanocomposite oxygen-containing groups from
tulsi and neem oils.

Although the quantitative findings from this approach
are not as precise as those from atomic absorption ana-
lysis, they are nevertheless reliable when comparing the
amounts of silver in the samples.

4 Conclusion

One of the most fascinating subjects in the realm of nano-
technology is the green production of nanomaterials. In
this sense, recent years have seen advancements in bio-
synthesis utilising medicinal plant oils. Tulsi and neem
oils were used in this study as reducing agents to change
the Ag0 cation in AgNO; solution to Ag0. Ag/Fe,03/TiO, NPs
were created as a result of the interaction between AgNO;
solution and acacia in the presence of tulsi and neem oils.
The effective synthesis of Ag/Fe,03/TiO, NPs was validated
by a variety of characterisation techniques, including XRD,
SEM, FT-IR, DLS, and UV-vis spectroscopy. The outcome of
the DLS study and the SEM picture indicated that the
average particle size was 28 nm. Similarly, SEM scans
showed that Ag/Fe,03/TiO, NPs had spherical shapes. The
FT-IR data also showed that tulsi and neem oils were used
as surfactants and capping agents to regulate the form and
size of these NPs. Last but not least, this technique may be
used to produce various kinds of metal NPs on a big scale
and remove a lot of harmful chemical reagents used in
manufacturing nanomaterials. Future work would be the
potential application of the new materials made, and the
outcome of this work will be published elsewhere.
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