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ABSTRACT

Research applications in biology and the environment can benefit greatly from nanoscience and nanotechnology.
Aqueous leaf extract of Adhatoda vesica (AV) mediated the formation of lead oxide (PbO) nanoparticles in this
study. A XRD analysis confirmed that the lead oxide nanoparticles (PbO NPs) synthesized from leaves extract
have a crystalline structure. UV-vis spectroscopy study of colloidal PbO nanoparticles absorption revealed the
greatest absorption bands, and the photoluminescence (PL) emission spectrum revealed a broad nature of visible
emission peaks with high surface defects. By analyzing PbO nanoparticles using the fourier transform infrared
method (FTIR), the leaf extract demonstrated the presence of functional peaks. It was evident from the SEM
images that most of the PbO NPs had a spherical, irregular sponge-like shape. Additionally, the PbO nano-
structures were tested for their antibacterial activity against Escherichia Coli, and a high level of antibacterial
activity was observed, indicating their suitability for antimicrobial applications. PbO NPs have been evaluated
for photocatalytic degradation of methylene blue dye (MB) under UV irradiation and have produced indications
that the synthesized material is suitable for photocatalytic degradation. The Adhatoda vesica is used as medicine
and enhances lead oxide nanomaterials’ antibacterial properties. The research is focused on focusing on envi-
ronmental pollution control and treatment of different diseases such as asthma, bronchitis, tuberculosis, and
other diseases through applications of Ayurveda, Siddha, Homeopathy, and Unani. A study based on these
findings revealed that Adhatoda vesica (Justicia adhatoda) leaves extract can be utilized as a cost-effective and
environmentally friendly alternative to producing lead oxide nanoparticles.

1. Introduction

bacteria. According to other research, nanoparticles can penetrate bac-
terial cell walls and target organelles, resulting in cell death (Khan et al.,

Nanotechnology is a rapidly evolving subject that has applications in
the medicinal, chemical, biological, mechanical, electronic, and envi-
ronmental industries (Chandrasekar et al., 2022; Perumal et al., 2023;
Renuka et al., 2020; Sowmya Sri Rathnakumar, 2019; Chandrasekar
et al., 2021). Metal oxide nanoparticles are typically regarded as having
antibacterial properties among inorganic nanoparticles (Logambal et al.,
2022; Manimegalai et al., 2014). The release of ions into the solution is
thought to produce reactive oxygen species, which are harmful to
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2012). Inorganic antibiotics, unlike organic antibiotics, offer multiple
targeted routes to attack drug-resistant bacteria via mutations
(Kaviyarasu et al., 2012; Thanigai Arul et al., 2017). Metal oxides offer
simple synthesis pathways that can be managed to modify the size and
shape of nanoparticles and have depletion owing to environmental
pollution (or) hazardous reductions in nanoparticles. Many nano-
particles, such as silver and gold nanoparticles, have recently been
manufactured using a variety of biological sources, including bacteria,
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fungi, algae, and plants. It’s worth noting that, unlike other metal ox-
ides, PbO is an n-type semiconductor with a forbidden energy gap of
2.66 eV, is environmentally friendly, and can be utilized to make
multifunctional air filtration membranes. Lead is found in both amor-
phous and crystalline forms and has a wide range of uses, including solar
cells, drug delivery, photocatalysis, air filtration, and antibacterial ap-
plications (Kaviyarasu et al., 2012; Perumal et al., 2022; Raja et al.,
2020; Fang et al., 2014). Efficient biological methods used in the pro-
duction of PbO nanostructures are for various instances, leaf, flower
bud, stem, root, and flower extracts. It has been essentially suggested
that plant-based materials are promising candidates, and the process of
synthesizing lead oxide nanostructures is very simple to scale up (Raja
et al., 2019; Elayaraja et al., 2012; Panimalar et al., 2022; Kasinathan
et al., 2016).

Adhatoda vesica (Justicia adhatoda) is a common medicinal plant that
has been used for generations to cure a variety of ailments including
asthma, tuberculosis, malaria fever, cough, and sprain. It has several
photochemical components with unusual biological characteristics. This
study summarizes the previous and current state of Adhatoda vesica
research in terms of medicinal use, phytochemistry, pharmacological
activities, toxicity profile, and therapeutic use to fill in the gaps that
require further research. The plant contains diterpenes, flavonoids,
xanthones, noriridoides, and other unidentified chemicals. Antimicro-
bial, hepato-renal protecting, liver enzymes modulation insecticidal,
and toxicological actions of plant extracts and pure substances have
been described. In addition, the presence of a catalyst allows for lead
oxide (PbO) for easy alteration of physical and chemical properties. It
has been commonly used in various fields such as supercapacitors, op-
toelectronic devices, and catalytic applications due to the suitable
bandgap energy (2.66 eV), which is advantageous for photocatalytic
applications and photogenerated electron - hole (e/h™) pairs from
recombination. Because of their strong photocatalytic activity for the
degradation of organic pollutants, the suppression of electron - hole pair
recombination, and heavy absorption of ~-OH ions on the catalyst surface
all contributed to a rise in photocatalytic activity (Panimalar et al.,
2020; Chandrasekar et al., 2022; Panimalar et al.,, 2022). The
enhancement of photocatalytic activity may be attributed to electron
trapping by oxide ions, smaller particle size, greater surface area, and
more surface roughness. Generally, PbO nanoparticles with different
doping have previously been proposed to rise the metal ion content,
resulting in increased electrocatalytic activity. Furthermore, no paper on
leaves extracts PbO nanoparticles has been evaluated to our knowledge.
Adhatoda vesica colloidal PbO nanoparticles on methylene blue as pho-
tocatalysts for biological and environmental applications were studied
for changes in the crystalline structure, surface morphology, and anti-
bacterial and photocatalytic activity

2. Materials and method
2.1. Synthesis of leaves extracts PbO nanoparticles

The leaves of adhatoda vesica were washed thoroughly in tap water
and rinsed briefly in deionized water to eliminate dust particles. In 250
ml, 10 g of washed and finely cut leaves were used to make the aqueous
solution. The mixture was boiled at 60 °C for 15 min in an Erlenmeyer
flask with 100 ml of deionized water, this extract was filtered and used
in further studies. At 80 °C for 1 hr, 6 g/100 ml extracts of the precursor
salt, lead acetate [Pb(CH3COO),], were homogeneously combined.
Following that, the resultant solution showed mild acidification, with a
final pH of ~ 4.6. During the healing phase, precipitate development
was detected. The resulting solution was allowed to settle to room
temperature before the PbO precipitate was dried for one day at 100 °C
in a drying oven. The dry powder was annealed for 2 hrs in an open-air
furnace at 600 °C in a ceramic crucible, resulting in highly crystalline
nanoparticles that changed color from green to brown.
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2.2. Antibacterial activity

The antibacterial activity test was performed using a modified
version of the Bauer method in 1966. The prepared Muller Hiltonn was
autoclaved for 20 min at 15 lbs pressure and chilled to 45 °C. The
cooling media was sprayed onto sterilized petri plates and allowed to
set. Using a sterile swab, the plates with media are implanted with their
respective microbial suspension. On each petri plate, the various solvent
extract prepared discs were placed independently, as well as a control
and standard (Nitrofurantoin 300 g) for the bacteria disc. The plates
were incubated for one day at 37 °C, after which the generated zone
diameter surrounding the paper disc was measured and revealed in
millimeters.

3. Results and discussion
3.1. Analysis of X-ray diffraction

X-ray powder diffraction (XRD) analysis was used to determine the
crystal lattice and structure of biosynthesized PbO nanoparticles. Fig. 1
(a) shows the X-ray diffraction spectrum of the bioinspired production of
lead oxide nanoparticles. The crystallographic reflections of ortho-
rhombic massicot and tetragonal litharge of lead oxide (PbO) with
standard lattice parameters of a = 0.549 nm, b = 0.589 nm, and c =
0.475 nm were detected, which are similar with JCPDS pattern no.
00-038-1477 for massicot phase. The crystallographic planes of face-
centered cubic (FCC) structures of lead nanoparticles (111), (200),
(220), and (311) agree with the crystallographic planes of face-
centered cubic (FCC) structures of lead nanoparticles (111), (200),
(220), and (311), respectively. Therefore, the PbO structure is well
represented by all the peaks. The nanocomposite’s PbO diffraction peaks
were broad, indicating a small crystallite size. Reflections of crystalline
organic molecules maintained on the surface of PbO NPs account for the
remaining minor peaks. The XRD pattern found was like previous pub-
lications on plant-based synthesis. The Debye-Scherrer equation is used
to calculate the average crystallite size of nanoparticles.

D = 0.942/(Bcos0) (@]

where, A is the X-ray wavelength of CuK, radiation = 1.5406 ;\, [35], D
is the FWHM of the diffraction peaks, p - FWHM in radian, 6 - Bragg’s
angle. The Debye Scherrer equation is used to estimate the average
crystallite size of PbO nanoparticles was 30.35 nm, and the most
prominent peaks for the full width at half maximum (FWHM) from the
XRD pattern was estimated using the as shown in Table 1.. There are two
new pyrroloquinoline alkaloids, viz. A number of known compounds
were isolated from the leaves of Adhatoda vasica, including 1,2,3,9-tetra-
hydropyrrolo (2,1-b)-quinazolin-9-one3Rhydroxy-3(2-dimethylamino
phenyl (desmethoxyaniflorine). The diffractogram did not show any
impurity peaks, which proved that the lead nanoparticles were pure
PbO.

3.2. Uv-visible absorption spectral studies

The UV-visible spectra of synthesized lead oxide nanoparticles from
the leaf extracts of Adhatoda vesica are shown in Fig. 1(b). Adequate
production of PbO nanoparticles from the bio-reduction of lead oxide
and lead ions is determined. This phenomenon was visually observed by
the change in color of the solution mixture from pale blue to dark green
after 30 mins. The color change of the solution can be explained by a
bilateral electromagnetic field, which was induced by the concerted
oscillation of free conduction electrons exhibiting the existence of sur-
face plasmon resonance (SPR) (Manjula et al., 2018; Arularasu et al.,
2018; Magdalane et al., 2021). The optical absorption on leaves extracts
colloidal PbO nanoparticles depending on the particle size and medium
and chemical surroundings. UV-vis spectroscopy analysis in the



S. Logambal et al.

—— Adhatoda Vasica doped PbO
Pure PbO

1804 (a)

160

(101)

(002)
(110)

(112)
(220)
(200)

140 4
(211) (202)
120 4

311)
AN

v (220)

v
100 ~
80

60

Intensity (arb. units)

40

20

04

10 20 30 40 50 60 70 80
2 Theta (degree)

Journal of King Saud University - Science 36 (2024) 103169

Adhatoda vesica doped PbO
—— Pure PbO

0.8
0.6
0.4

0.2+

0.0

T T T T T T T T T
200 250 300 350 400 450 500 550 600

Fig. 1. (a-b). Fig. 1. X-ray diffraction pattern; (b) UV visible spectrum of synthesized PbO with Adhatoda vesica leaves extract nanoparticles.

Table 1
Particle size estimated from the X-ray diffraction spectrum of PbO nanoparticles.

S. No Pos. [°2Th.] FWHM. [°2Th.] d-spacing [;\] Particle size
1 38.0421 0.2460 2.36545 35.69
2 44.2284 0.2952 2.04789 30.35
3 64.4014 0.2460 1.44672 39.88
4 77.3702 0.3444 1.23342 30.88

wavelength range of 200 nm to 600 nm was used to track the develop-
ment of the lead ion reduction. In these samples, nanoparticles are
uniformly distributed, and most of them are nanoparticles as shown in
233 and 253 nm. Based on leaf extracts, the maximum absorption
wavelength of lead oxide nanoparticles is 232 nm & 254 nm, indicating
that the particles are mostly nanosized.

3.3. FTIR analysis

Phytochemicals often stabilize biosynthesized lead oxide nano-
particles through molecular interactions with metal surfaces. FTIR
analysis can be used to analyze the nature of molecular interactions, and
numerous capping agents have been proposed based on functional group
reference peaks in the literature. In this study, we investigated the
interaction between lead acetate and biomolecules present in Adhatoda
vesica leaves extract. As shown in Fig. 2(a), we obtained several char-
acteristic peaks 3369 cm ™!, 2362 cm ™}, 1609 cm™!, 1118 cm ™, 631
cm ™}, and 544 cm ™!, all of which were also obtained in bio-synthesized
lead nanoparticles, implying that all these peaks correspond to mole-
cules may be involved in the synthesis and stabilization of prepared
nanoparticles. The amide groups from flavonoids, triterpenoids, and
polyphenols are responsible for the peaks at 3369 cm™!. As a result, the
interaction between metal ions and amide groups in Adhatoda vesica leaf
extract plays a role in the creation and stability (capping) of lead
nanoparticles. Peaks at 2362 cm ™! could be attributed to phenolic ~-OH
and -NH groups, amines, and the existence of alkane —CH stretching.
The peak was observed at 1672 cm ™ stretching vibrations of C = O of
—COOH. The peaks emerged at 1609 cm ™! due to carbon—carbon double
bond. The sharp peak at 1118 cm ™! corresponds to C-N stretching vi-
brations aromatic amines.

3.4. Scanning electron microscope (SEM)

The size and shape of PbO nanoparticles produced with Adhatoda
vesica leaves extract were visualized utilizing surface morphology. Fig. 2
(b, c) shows the SEM properties of the produced nanoparticles. Spher-
ical, well-spread, and homogeneous particles were discovered. These

particles were made by reducing Pb ions to zero-valent atoms with
coatings of various biological molecules with surface hydroxyl groups,
resulting in agglomeration. The illustration of SEM showed somewhat
sponge-like shaped nanoparticles produced with a diameter range of
250 nm to 500 nm. It indicates the completion of the nanoparticle
synthesis process. The EDAX pictures of the pure and green synthesized
PbO nanoparticles as shown in Fig. 2(d, e) the prepared sample clearly
show the presence of major components such as Pb, Cu, and O, indi-
cating that Adhatoda vesica leaf extract was successfully incorporated as
C with PbO nanoparticles.

3.5. Antibacterial activities

Numerous analytical mechanisms have been followed to assess the
antibacterial activity of PbO nanoparticles. According to the standard,
the most susceptible process is the disc diffusion method. The antibac-
terial activity of leaves extract containing lead nanoparticles against
Staphylococcus aureus and Escherichia coli were the results are depicted in
Fig. 3(a, b) as the standard average values of zone inhibition. PbO
nanoparticles show strong inhibitory activity against antibacterial spe-
cies. The maximum zone inhibition of 28 mm was observed for Staph-
ylococcus aureus the values are presented in Table 2 and PbO
nanoparticles displayed higher bactericidal activity in Staphylococcus
aureus when compared to Gram - negative bacteria Escherichia coli.
However, no proper procedure of action of antibacterial lead was
elucidated. Even though there are some viable approaches to determine
whether a mixture of phospholipids connected to the bacterial mem-
brane’s proton pump disrupts the proton gradient. The antibacterial
activity of comparable chemicals identified from the leaves of Adhatoda
vesica has been attributed to a variety of mechanisms in the literature.

3.6. Antifungal activity

The results show that lead nanoparticles have good anti-fungal ac-
tion against the Aspergillus fumigate microorganism. The ability of zinc
nanoparticles to provide significant anti-fungal efficiency has been
demonstrated, and thus PbO nanoparticles have a high potential activ-
ity, which is obvious in the inhibition zone by the growth of the tested
microorganisms shown in Table 3. Fig. 3(c, d) depicts the activity of
synthetic PbO nanoparticles derived from Adhatoda vesica plant extracts
against Aspergillus fumiga. Using Aspergillus fumiga, anti-fungal ac-
tivity in the diffusion assay, and evidence of fungi growth in the diffu-
sion experiment, the anti-fungal properties of the PbO nanoparticles
solution of leaf extract were examined (Geetha et al., 2018; Padmavathi
et al.,, 2022; Logambal et al., 2023). The effect of synthetic PbO NPs
derived from Adhatoda vesica plant extract against Aspergillus fumiga
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Fig. 2. (a) FTIR spectrum; (b-c) Scanning electron microscopy images; (d-e) EDAX spectrum of PbO with Adhatoda vesica leaves extract of synthesized PbO with

Adhatoda vesica leaves extract.

has been determined. For 25 g/ml concentrations, the highest inhibition
zone was 5 mm, while for 100 g/ml doses, it was 3 mm. As the con-
centration of Aspergillus fungus rises, the zone expands.

3.7. Photoluminescence spectral analysis

In the realm of photochemistry, the luminescence property of lead
oxide nanoparticles is used. The structural features and accompanying
defect levels are revealed by the precise emission wavelengths displayed
in the spectrum. Fig. 4(a) shows the PL emission spectra of pure and

Adhatoda vesica leaf extract PbO nanoparticles. The presence of a blue
emission peak of about 526 nm can be attributed to electron recombi-
nation (e /h™) in the conduction band with deep doubly ionized oxygen
vacancies, as shown in the picture. This can also be explained by exci-
tonic recombination. There is no evidence of UV emissions towards the
band edge, although this trait has been seen (George and D. Magimai
Antoni Raj, X. Venci, A. Dhayal Raj, A. Albert Irudayaraj, S. John Sun-
daram, Amal A. Al-Mohaimeed, , 2022). Surface defects are represented
by the green emission band at 403 nm, whereas the transition from the
conduction band to singly ionized oxygen vacancies is shown by the
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Fig. 3. (a-b) Antibacterial activity; (c-d) Antifungal activity of pure and PbO doped Adhatoda vesica leaves extract nanoparticles.

Table 2
Assay of antibacterial activity of Adhatoda vesica leaves extract PbO
nanoparticles.

S. No. Bacteria Name Zone of Inhibition (mm in diameter)
Control Standard* S1
1 Staphylococcus aureus - 25 29
2 Escherichia coli - 24 28
Table 3

Antifungal activity of pure and Adhatoda vesica PbO nanoparticles.

S.No  Sample Sample Concentration Zone of inhibition in

Marking ()] (mm)
Aspergillus fumiga
1 Control PDA NA
2 PbO AV 25 5
3 75 NA
4 Leaf Extract 50 NA
5 100 3

green emission band at 526 nm. Our research found no orange or red
bands correlating to transitions associated to interstitial abnormalities.
In addition, when comparing the two spectra, it is clear that the defect
level intensities for PbO are substantially lower, reflecting a reduced
defect density.

3.8. Photocatalytic activity

The degradation of heterocyclic organic dye MB under UV irradia-
tion was investigated using PbO NPs with Adhatoda vesica extract as a

photocatalyst, which was hampered by phase composition, crystallite
size, structure, bandgap, and other factors. The photocatalytic efficiency
of Adhatoda vesica leaves extracting PbO as a function of time is shown in
Fig. 4(b) the rate of absorbance perceived in terms of change in the MB
max. The degrading impacts of both hues were used to validate the
catalysts’ capabilities. The transient degradation profile of methylene
blue (MB) dye with all catalysts is illustrated in Fig. 4(c, d) under visible
light. The degradation of heterocyclic organic dye MB under UV irra-
diation was investigated using PbO NPs with Adhatoda vesica extract as a
photocatalyst, which was hampered by phase composition, crystallite
size, structure, bandgap, and other factors (Vinayagam et al., 2023).
Using MB as a degradation aid, PbO nanoparticles with a degradation
efficiency of 82 % was found in a sterile environment, which was good
compared to other metal oxides nanoparticles (Perumal et al., 2022;
Panimalar et al., 2022; Jayakumar et al., 2022). Fig. 5(a) depicts the
method of photodegradation of MB by Adhatoda vesica leaves extract
PbO. The photocatalyst absorbs the energy of a photon that is higher
than its bandgap energy when exposed to UV light. The excitation of
electrons from the valance band to the conduction band by a photon
absorbed by Adhatoda vesica leaves extract PbO leads to charge sepa-
ration, resulting in a negative electron in the conduction band and a
positive hole in the valance band. The hole on the catalyst’s surface
combines with air moisture (OHe) and water (H20) to produce OH® and
H™ radicals. The superoxide anion radical (0O%) is formed when an
electron liberated in the conduction band combines with molecular
oxygen. The reaction pathway mechanism that occurred during the
photocatalytic activity of the Adhatoda vesica leaves extract with PbO
nanoparticles photocatalyst under visible light is shown in Fig. 5(b).
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4. Conclusion

The results of the present investigation achieve those leaves extracts
of Adhatoda vesica are capable of fast, eco-friendly, economical, and

renewable synthesis of PbO nanoparticles. The XRD results revealed lead
nanoparticles were well crystalline with face-centered cubic (FCC), trim

dispersed sponge shape, and an average size ranging from 30 nm. The
optical analysis confirmed the tuning of the optical bandgap in the range
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2.12 eV — 2.66 eV concerning the mixed Adhatoda vesica. Impressively,
leave extract colloidal PbO NPs exhibited a good dye degradation
capability. SEM results showed the well-defined spherical-shaped PbO
NPs and from the EDX confirmed the presence of elemental composition.
The antimicrobial activity results showed that the Adhatoda vesica - PbO
nanoparticles exhibited high inhibition against pathogenic bacteria.
From the results, it is suggested that the Adhatoda vesica - PbO NPs can
be used as effective growth inhibitors in various microorganisms. When
compared to Adhatoda vesica leaf extract doped with PbO NPs exhibited
degradation of methylene blue dye. The degradation efficiency is found
to be 82 % was witnessed on enhanced photocatalytic activity of
Adhatoda vesica PbO nanoparticles are suitable materials for environ-
mental applications.
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