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Abstract

A robust green synthesis method was employed using Jatropha podagrica (Buddha belly plant) leaf extract as a capping
agent to prepare ZnO nanoparticles (ZnO NPs). Several analytical techniques such as XRD, SEM, SEM-EDX, HR-TEM,
FT-IR, and UV-visible spectroscopy were employed to characterize the green synthesized JP-ZnO NPs. The XRD, SEM,
and HR-TEM images proved the presence of spherical nanoparticles having a wurtzite crystalline structure with a size of 12
to 18 nm. The characteristic vibration mode of the Zn-O bond was observed at 430 cm™! in the FT-IR spectrum. The pho-
tocatalytic performance of these NPs was evaluated through the degradation of Rhodamine B (RhB), Fluorescein Sodium
(FS), and Crystal Violet (CV) dyes in sunlight. Degradation rates of 90-95% were achieved in a time span of 1-2 h. The
synthesized ZnO nanoparticles were efficient antimicrobial agents against gram-positive (Staphylococcus aureus, Bacillus
coagulans) and gram-negative (Klebsiella pneumoniae, Escherichia coli) bacterial strains. Using the well diffusion method,
with 150 pL of JP-ZnO nanoparticles, inhibition zones measuring 17, 15, 11, and 10 mm were formed. The current study
highlights the efficiency of synthesized JP-ZnO nanoparticles in removing the dyes from aqueous solutions and their effi-
cient antimicrobial properties.
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Introduction Rhodamine B (RhB), Fluorescein Sodium (FS), and Crys-

tal Violet (CV) pose ingestion risks to humans and animals

In the contemporary world, there has been a continuous
increase in industrialization and population growth, leading
to the release of various new pollutants into aquatic environ-
ments. Specifically, the discharge of noxious dye effluents
from industries like textile, paper, leather, and printing poses
grave ecological and health hazards [1, 2]. Dyes such as
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and induce skin, ocular, and respiratory irritation [3]. In a
different context, the recurrence of contagious illnesses and
the ongoing evolution of antibiotic resistance in numerous
disease-causing bacteria present a significant global public
health concern. Enterococcus, Staphylococcus, and Strepto-
coccus, which are closely related species, are harmful micro-
organisms that are attributed to a diverse range of infections
and diseases [4].

In the realm of recent advancements in nanotechnology,
nanomaterials play a crucial role due to their significant sur-
face area and volume ratio [5]. This characteristic makes
them valuable for applications such as water purification and
the creation of novel biocidal substances. Among various
types of nanoparticles, zinc oxide nanoparticles (ZnO NPs)
possess exceptional optical and electrical characteristics,
making them an outstanding choice for n-type semiconduc-
tor materials [6]. These NPs demonstrate remarkable effi-
cacy in dye degradation [6, 7] and also exhibit antibacterial
properties [8, 9], further highlighting their distinctiveness.
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Numerous techniques have been documented for the produc-
tion of ZnO NPs, including hydrothermal [10], precipita-
tion [11], microwave [12], microemulsion [13], solvother-
mal [14], supercritical water [15], and sol-gel methods [16].
Recent progress in nanotechnology has spurred the rise of
sustainable synthesis approaches for generating ZnO NPs
[17, 18]. These environmentally synthesized ZnO NPs have
garnered substantial interest for their prospective utilization
across diverse domains, encompassing dye degradation and
antibacterial functionalities. The utilization of these NPs
offers a promising solution for addressing environmental
challenges associated with dye pollution and combating the
spread of drug-resistant bacteria. By harnessing the unique
properties of green-synthesized ZnO NPs, researchers aim
to explore their efficacy in degrading dyes and inhibiting
the growth of pathogenic bacteria, presenting a sustainable
and effective approach for environmental and healthcare
applications [17-19]. This article delves into the dye deg-
radation and antibacterial activity of ZnO NPs synthesized
through green methods, shedding light on their potential as
eco-friendly alternatives in addressing pressing global con-
cerns [20-23].

Jatropha podagrica (JP), a traditional medicinal plant,
has a history of being utilized for treating various ailments
like fever, scabies, ulcers, and wounds. Additionally, it
exhibits several beneficial properties including antitumo-
rigenic, antioxidant, and antibacterial activities [24]. The
leaves of Jatropha podagrica have been analyzed and found
to contain specific phytochemicals, namely, flavonoids (such
as apigenin, acacetin, and luteolin), phenolic acids (includ-
ing vanillic, syringic, P-hydroxybenzoic acid, melilotic,

cis-trans ferulic, P-coumaric, and phloretic acids), tannins,
proanthocyanidins, and glycol flavones [25, 26]. ZnO NPs
were successfully produced using leaf extract from the Jaz-
ropha podagrica plant for the first time. The phytochemicals
found within the extract played a crucial and multifaceted
role in the Jatropha podagrica-capped ZnO nanoparticle
(JP-ZnO NP) synthesis, serving both as capping agents and
enhancing stability, surpassing that achieved through con-
ventional chemical synthesis methods [25]. Moreover, the
presence of diverse phenolic acids within these phytochemi-
cals contributes to achieving well-defined sizes and shapes
of ZnO NPs, outperforming analogous green-synthesized
counterparts (as depicted in Table 1). To unlock the full
potential of unexplored plant species, the selection of new
and unique plants for nanoparticle synthesis is imperative.
This approach allows researchers to diversify the spectrum
of nanoparticles that can be effectively stabilized, achieved
through the discovery of novel proteins and phytochemi-
cals derived from previously uninvestigated plant sources.
Additionally, these novel plant species may offer additional
advantages such as heightened productivity, reduced costs,
or specialized attributes suitable for specific applications.
In the present research, JP-ZnO nanoparticles displayed a
surface with a negative charge, providing them with out-
standing adsorption properties for efficiently eliminating
Rhodamine B (RhB), Fluorescein Sodium (FS), and Crys-
tal Violet (CV) dyes. Additionally, the antibacterial effec-
tiveness of these manufactured JP-ZnO NPs was evaluated
against both Gram-positive bacteria (Staphylococcus aureus,
Bacillus coagulans) and Gram-negative bacteria (Klebsiella
pneumoniae, Escherichia coli).

Table 1 Comparison of the average size and morphology of ZnO nanoparticles in the present work with previous publications

Plant materials Precursor name

Average size and morphology

Applications Reference

Jatropha podagrica leaf extract

Zn(OOCCHj;),.2H20 12-18 nm and spherical shape

Dye degradation and antibacterial Present work

applications
Calotropis procera extract Zn(NO;),.6H20 24 nm and spherical shape Photodegradation of methyl orange  [17]
Solanum torvum L. leaf extract Zn(NOj),.6H20 28.24 and spherical shape Toxicological studies [27]
Simarouba glauca leaf extract ~ Zn(NOj),.6H20 17-37 nm and hexagonal shape  Antioxidant and antimitotic proper-  [28]
ties
Aegle marmelos fruit juice Zn(NO;),.6H20 17 nm and hexagonal shape Photodegradation, antibacterial and  [29]
antioxidant
Punica granatum leaf extract Zn(NO;),.6H20 20 nm and spherical shape Photocatalytic degradation [30]
Pelargonium zonale leaf extract Zn(NO;),.6H20 50-60 nm and spherical in shape Antibacterial activities [31]
Azadirachta indica leaf extract  Zn(NO;),.6H20 100-200 nm and triangular shape Antimicrobial activity [32]
Tetraselmis indica extract Zn(OOCCH;),.2H20 20-40 nm and spherical shape Antibacterial, antioxidant, and [33]

Aesculus hippocastanum extract Zn(OOCCHj;),.2H20 40 nm and hexagonal shape
Zn(OOCCH;),.2H20 36.2 nm and spherical shape

Sechium edule leaf extract

hemolytic activity
Antibacterial activities [34]
Antibacterial and anticancer studies  [35]
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Materials and methods
Materials

Fresh Jatropha podagrica leaves were picked from the
garden of the Government Degree College in Chodavaram,
Andhra Pradesh, India. The initial source, zinc acetate
dihydrate Zn(OOCCH;),.2H,0 (98% purity), sodium
hydroxide (NaOH), Rhodamine B (RhB), Fluorescein
Sodium (FS), and Crystal Violet (CV) were acquired from
Merck in India and utilized without purification. Milli-Q
water was utilized in all of the experiments.

Jatropha podagrica leaf extract preparation

Fresh JP plant leaves were collected and meticulously
cleansed using warm water, followed by thorough rinsing
with Milli-Q water. These leaves were then dried under
shaded conditions for a duration of 25 days until com-
pletely dry. Once dry, the leaves were ground into a fine
powder using a grinder. Subsequently, 1 g of the powdered
sample was placed in a 250-mL glass beaker, and 100 mL
of Milli-Q water was added. The blend was subsequently
warmed using a heating mantle at 80 °C for 30 min, yield-
ing a brilliant golden-yellow solution. The solution was
meticulously sieved using Whatman grade 1 filter paper
to eliminate any particulate matter and subsequently sub-
jected to centrifugation at 8000 rpm for 5—10 min to attain
a pristine extract solution. The resultant extract was then
carefully stored in a refrigerator at 4 °C for subsequent
processing [36].

Synthesis of Jatropha podagrica-capped ZnO
nanoparticles

In a standard eco-friendly synthesis procedure, 10 mL of
the aqueous extract derived from JP leaves was blended
with 100 mL of a 2 mM aqueous solution containing zinc
acetate dihydrate. The amalgamation was subjected to stir-
ring at 80 °C for 30 min, leading to the creation of a vivid
yellow solution. Following this, a 1 M solution of sodium
hydroxide was meticulously introduced dropwise into the
mixture, with uninterrupted agitation at ambient tempera-
ture. As a result, the yellow color of the mixture gradually
transformed into a yellowish-white suspension, reaching a
pH of 12. To purify the suspended particles, they were dis-
persed in Milli-Q water and then centrifuged at a speed of
8000 rpm. The resultant white particles underwent repeated
washing with Milli-Q water to purge impurities and yield
the ultimate product. The white solid was then subjected
to vacuum drying at 60 °C for 6 h in an oven. Lastly, the

material was finely pulverized using a mortar and pestle,
rendering it ready for subsequent characterization [36, 37].

Photocatalytic potential of JP-ZnO NPs
for the degradation of RhB, FS, and CV dyes

The photocatalytic effectiveness of JP-ZnO NPs against
RhB, FS, and CV dyes was assessed using a readily available
source of UV radiation — sunlight. In separate containers,
0.01 g of JP-ZnO NPs was blended with 100 mL of 1 ppm
solutions of RhB, FS, and CV dyes. To ensure the stability
of the solutions against adsorption—desorption phenomena,
the reaction mixtures were gently stirred in the absence of
light for a duration of 1 h. After stabilization, the solutions
were maintained in the sunshine with constant stirring using
magnetic stirrers at pH 10. At regular intervals, constant
samples were taken from each dye solution and the NPs were
separated in a centrifuge at 8000 rpm. A UV spectrometer
was used to measure the color intensities at 555 nm, 495 nm,
and 590 nm for the RhB, FS, and CV dyes, respectively. The
proportion of photocatalytic degradation and rate constants
were calculated using the equation below:

Degradation rate (%) = ((Aq — A)/A,) x 100

InAy,/A = kt

In the equation, “A,,” symbolizes the initial concentration,
while “A” denotes the concentration at the culmination of
the degradation process. The degradation constant is denoted
by k, and ¢ indicates the duration of sunlight irradiation [38].

Characterization of JP-ZnO NPs

To ascertain the crystalline arrangement of the JP-ZnO NPs,
a variety of analytical methodologies were applied. X-ray
diffraction (XRD) measurements were carried out across a
26 range of 0 to 90° using a Bruker Kappa Apex II instru-
ment. The instrument was operated with CuKa radiation
(1=1.54060 /0\) at settings of 40 kV, 35 mA, and a scanning
rate of 0.2 s. Fourier transform infrared spectra (FT-IR) of
the samples were captured utilizing a Thermo Nicolet iS50
spectrometer. Spectra were acquired within the frequency
span of 4000—400 cm™!, using high-quality KBr pellets in
transmission mode. For an in-depth investigation of the
optical attributes, UV-Vis diffuse reflectance/absorbance
spectroscopy was conducted on the synthesized samples.
A Shimadzu (2450 — SHIMADZU) spectrophotometer,
equipped with a diffuse reflectance accessory, was deployed
under room temperature conditions. BaSO, was utilized as
a reference material, and measurements were executed over
the wavelength range of 200—800 nm. The surface topog-
raphy and elemental composition of the JP-ZnO NPs were
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scrutinized through scanning electron microscopy (SEM).
The specific apparatus employed was the JEOL 6390LA/
OXFORD XMX N, which featured energy-dispersive X-ray
(EDX) spectroscopy. SEM images were recorded with an
acceleration voltage of 20 kV. For a more comprehensive
exploration of the microstructure and particle dimensions,
high-resolution transmission electron microscopy (HRTEM)
was engaged. The JEOL/JEM 2100 instrument was utilized
at an operational voltage of 200 kV. Carbon-copper grids
were used for sample preparation, enabling the acquisition of
micrographs that facilitated particle size determination. Fur-
thermore, selected area electron diffraction (SAED) images
were captured utilizing the HRTEM instrument.

Results and discussions
UV-Vis spectroscopy studies

Figure 1 illustrates the UV-Vis absorption spectra of both
JP leaf extract and JP-ZnO NPs. The leaf extract comprises
a diverse array of phytochemicals, encompassing alkaloids,
phenolic acids, flavonoids, tannins, proanthocyanidins, and
glycol flavones. These compounds contribute to pronounced
absorption bands at 280 and 351 nm [24]. Additionally, a
well-defined absorption peak at 372 nm in the spectra sig-
nifies the presence of JP-ZnO NPs, predominantly arising
from their capacity to absorb and scatter light [39]. Notably,

the absence of absorption peaks at 280 and 351 nm in the
JP-ZnO NPs spectra, which were originally observed in the
JP leaf extract, implies that these phytochemicals play a piv-
otal role in the reduction and encapsulation of JP-ZnO NPs
during the synthesis process [40].

FTIR analysis of the synthesized JP-ZnO NPs

FTIR spectroscopy was employed to discern the specific
functional groups existing within the synthesized NPs
and to ascertain their molecular composition. To exam-
ine the data concerning functional groups found in the
plant (as depicted in Fig. 2), it is evident that a wide
peak detected at approximately 3500 cm™! signifies the
presence of a phenolic group. Additionally, the identifica-
tion of aromatic compounds is supported by the absorp-
tion of a broad peak around 1639 c¢cm~'. Furthermore,
the peaks observed at 1178.39 cm™! and 1042.36 cm™!
indicate the existence of amide functional groups and
carbonated functional group vibrations within the plant.
JP-ZnO NPs were analyzed (as shown in Fig. 2), and
their absorption peaks were found to be in the range
of 400-4000 cm™". The peak at 429.08 cm™" indicates
the stretching frequency of Zn-O bonding [41]. Peaks
observed at 917.20, 901.10, and 795 cm™' can be assigned
to carbonate moieties. The occurrence of the symmetric
stretching of carboxyl side groups within the amino acid
residues of protein molecules is potentially ascribed to

= JP-ZnO NPs

= JP leaf extract

Fig. 1 UV-Vis spectra of 0.7
Jatropha podagrica (JP) leaf
extract and Jatropha podagrica
leaf extract-capped ZnO NPs
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Fig.2 FTIR spectra of Jatropha 300
podagrica leaf extract and e JP-Z.nO NP5
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the peak at 1410.06 cm™! [42]. The presence of a peak intrinsic to phenolic groups and the —CH stretching vibra-
within the 1550- to 1450-cm™' range is likely linked to  tion characteristic of aldehyde groups [44, 45]. These dis-
the C=C stretching of aromatic compounds [43]. Evident tinctive peaks within the IR spectrum serve as indicators
and robust absorption bands at 3397.10 and 2923.56 cm™! of the purity and compositional makeup of the biofabri-
were identified, signifying the —OH stretching vibration  cated JP-ZnO NPs.

Fig.3 XRD patterns of ZnO
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Table 2 The structure and geometric parameters of JP-ZnO NPs

Planes 260 p cos Size (nm)
100 31.98 0.53635 0.96131 14.23869
002 34.63 0.41516 0.954683 18.26832
101 36.47 0.52835 0.949781 14.28094
102 47.75 0.71887 0.914431 10.10545
110 56.82 0.59138 0.879566 11.81562
103 63.07 0.67663 0.852321 10.00707
200 66.63 1.30914 0.835424 5.069625
112 68.17 0.6336 0.828207 10.38434
201 69.28 0.74629 0.82274 8.7581
004 72.76 0.37226 0.805101 17.18142
202 77.18 0.40693 0.781629 15.25936
Average size 12.30627

(=}

13 36 SEI

XRD analysis of the synthesized JP-ZnO NPs

The X-ray diffraction analysis, as shown in Fig. 3, revealed
distinctive peak characteristic of JP-ZnO at various angles:
31.98°, 34.63°, 36.47°, 47.75°, 56.82°, 63.07°, 66.68°,
68.17°, 69.28°, 72.76°, and 77.18°. These peaks corre-
sponded to different crystal lattice planes, including (100),
(002), (101), (102), (110), (103), (200), (112), (201), (004),
and (202), respectively. The congruence of these peaks
with the established JCPDS Card No. 89-0510 indicated
the presence of ZnO NPs in the wurtzite crystalline struc-
ture. The well-defined and narrow diffraction peaks attested
to a robust crystalline structure, while the absence of other
signals verified the purity of the synthesized JP-ZnO NPs.
Notably, the intensity of the (002) peak indicated the

20kV  X10,000 1pm

Elecment

Fig.4 aand b SEM images ZnO NPs capped with Jatropha podagrica leaf extract different magnifications and ¢ EDX spectrum of ZnO NPs
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spherical morphology of the particles [46]. To calculate the
average grain size of the samples, the Debye-Scherer equa-
tion was employed: D =kA/fcosf. Here, D represents the
crystal size, A stands for the wavelength of X-ray radiation
(4=0.15406 nm) for Cu Ka, £ is the shape factor (typically
taken as 0.9), § denotes the full width at half maximum
(FWHM), and 6 represents the diffraction angle.

Table 2 represents the structure and geometric parameters
of JP-ZnO NPs.

Employing the Debye-Scherer equation, the average size
of the crystallites within the JP-ZnO NPs was computed

Fig.5 a-d HR-TEM images, e
size distribution histogram of
using aqueous Jatropha podag-
rica leaf extract of ZnO NPs,
and f SAED patterns

to be 12.30627 nm (Table 2), confirming their nanoscale
dimensions.

SEM-EDX analysis of synthesized JP-ZnO NPs

The surface characteristics of the produced JP-ZnO NPs
were examined using a scanning electron microscope
(SEM). As depicted in Fig. 4(a), (b), the particles exhib-
ited predominantly wurtzite crystalline structure and a
spherical shape [47]. Some clustering of particles was
observed, likely attributed to the presence of phenolic

Count
-

Average particle size = 13.07

10 2 M
Particle size (nm)
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compounds from the JP plant, which acted as a capping
agent. To determine the chemical constitution of the ZnO
NPs, an energy-dispersive X-ray spectrum (EDX) was
obtained from a densely populated region (Fig. 4(c)).
The EDX spectrum revealed significant signals from
zinc atoms at 1 keV, 8.7 keV, and 9.6 keV, respectively,
along with a single peak corresponding to oxygen atoms
at 0.5 keV. The presence of a negligible amount of carbon
atoms confirmed the high purity of the NPs. Additionally,
minor peaks representing calcium (Ca), magnesium (Mg),
and silicon (Si) atoms were detected, indicating the contri-
bution of these elements from the biological components.

TEM analysis of synthesized JP-ZnO NPs

The dimensions, arrangement, and architecture of the
synthesized JP-ZnO NPs underwent meticulous scrutiny
through high-resolution transmission electron microscopy
(HR-TEM). HR-TEM images at varying magnifications

Fig.6 A proposed mechanism
of synthesized ZnO NPs using a
Jatropha podagrica leaf extract

Luteolin

are showcased in Fig. 5(a—c). Scrutinizing these images
unveiled that the average size of the JP-ZnO NPs resides
within the range of 12—18 nm. Impressively, a measured
“d” spacing of 0.22 nm harmonized with the d values
derived from X-ray diffraction (XRD), thereby affirming
the ZnO NPs’ wurtzite crystalline structure and spherical
morphology [48], as visualized in Fig. 5(d). Significantly,
Fig. 5(e) underscores that the particle size deduced from
the HR-TEM analysis exhibited commendable concurrence
with outcomes from the XRD analysis. The selected area
electron diffraction pattern (SAED) of the JP-ZnO NPs
is portrayed in Fig. 5(f). The SAED pattern indicated the
presence of polycrystalline NPs in the JP-ZnO sample.

Plausible mechanism for fabrication of JP-ZnO NPs
Figure 6 provides an illustrative representation of a

potential procedure aimed at producing ZnO NPs uti-
lizing a water-based solution derived from the leaves of

. Zn(OOCCHs3),.6(H20)

30 mins

stirring at 80%

......
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JP. The procedure involves combining an aqueous leaf
extract obtained from JP with zinc acetate hexahydrate
(Zn(OOCCH3;),.6H,0) within a single aqueous phase.
The leaf extract from JP contains a range of constituents,
including phenolic acids, flavonoids, tannins, terpenoids,
and carbohydrates. These components serve a dual purpose
as both reducing and capping agents in the reaction. Nota-
bly, a remarkable chemical within the leaf extract is luteo-
lin, which complexes with zinc in the form of Zn*? jons.

This initial complexation is followed by the sequen-
tial progression of events. First, there is the conception of
zinc hydroxide (Zn(OH),) via hydrolysis. Subsequently,
through a process of calcination, the complex undergoes
decomposition [49]. This decomposition process strongly
favors the generation of JP-ZnO NPs.
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Fig.7 a UV-Vis absorbance spectra of RhB dye under UV (sunlight)
illumination over JP-ZnO NPs as a function of time, b the progres-
sion of RhB dye degradation during consecutive time intervals, ¢ the

A photocatalytic degradation of RhB, FS, and CV
dyes by the fabricated JP-ZnO NPs

To evaluate the photocatalytic activity of prepared JP-ZnO
NPs, they were employed as catalysts in the photodegrada-
tion of RhB, CV, and FS dyes in sunlight. Figures 7, 8, and
9 demonstrate the degradation of the dyes RhB, FS, and
CV under sunlight, occurring at time intervals of 180 min,
90 min, and 60 min, respectively. The UV-visible spectrom-
eter was used to measure the RhB, FS, and CV dye degra-
dation at regular intervals of 30 min, 20 min, and 15 min,
respectively. Degradation efficiencies of 95%, 94%, and 90%
were achieved for RhB, FS, and CV dyes, respectively. The
degradation efficiency of the as-prepared JP-ZnO NPs was
compared with that of recently reported ZnO NPs in Table 3.

06

0.0

20 0 20 40 60 80 100 120 140 160
Time (min)

0 min
30 min
60 min
90 min
120 min
150 min

15.08%

kinetics of RhB dye degradation presented as a first-order linear plot
with In Ay/A as a function of time, and d a pie chart representing the
distribution of RhB dye degradation across different time intervals
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Fig.8 a UV-Vis absorbance spectra of FS dye under UV (sunlight)
illumination over JP-ZnO NPs as a function of time, b the progres-
sion of FS dye degradation during consecutive time intervals, ¢ the

The results of this study strongly suggest that JP-ZnO
NPs possess significant promise as a material for effec-
tively catalyzing the degradation of organic pollutants
through photocatalysis. The remarkable rates of degrada-
tion observed, coupled with the observable impact of vary-
ing pH conditions on the degradation process, highlight the
potential application of JP-ZnO NPs in addressing a wide
spectrum of water and wastewater pollution challenges stem-
ming from organic contaminants. These results suggest that
JP-ZnO NPs offer promising prospects for addressing envi-
ronmental pollution challenges.

The following mechanism illustrates how electrons and
holes contribute to dye degradation [56]:

ZnO + hv - e + ht

O, absorption: O, + ¢~ = O,~

@ Springer

08

0.6

A/A

0.0

0 20 40 60 80
Time (min)
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Il 80 min

kinetics of FS dye degradation presented as a first-order linear plot
with In Ay/A as a function of time, and d a pie chart representing the
distribution of FS dye degradation across different time intervals

Tonization of water: H,O — OH™ + H*
Protonation of superoxide: O,~ + H¥ — HOO
HOO + ¢~ — HO,~

HOO™ + H* - H,0,

H,0, + e~ - OH™ + OH

H,0 + h* - H* + OH

Dyes + OH. — Degradant product

The aforementioned OH radical is an extremely potent
oxidant, highly effective in the degradation of numerous
dyes such as RhB, FS, and CV.
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Fig.9 a UV-Vis absorbance spectra of CV dye under UV (sunlight)
illumination over JP-ZnO NPs as a function of time, b the progres-
sion of CV dye degradation during consecutive time intervals, ¢ the

Antibacterial activities of synthesized JP-ZnO NPs

The antibacterial effectiveness of JP-ZnO NPs was assessed
against both Gram-positive bacteria (S. aureus, B. coagu-
lans) and Gram-negative bacteria (K. pneumoniae, E. coli)

03

02

o
-
o

20 40 50 60

. 30 .
Time (min)

d

12.68%

21.25%

kinetics of CV dye degradation presented as a first-order linear plot
with In Ay/A as a function of time, and d a pie chart representing the
distribution of CV dye degradation across different time intervals

through the utilization of the well diffusion method. The
outcomes of the zone inhibition technique are depicted in
Fig. 10, illustrating the diameters of inhibition zones (meas-
ured in millimeters) encompassing each well containing the
JP-ZnO NP solution. The JP-ZnO NPs prepared for this

Table 3 Comparison of the photocatalytic degradation of ZnO nanoparticles in the present work with previous works

Green materials Dye Light source Irradiation time Degradation Reference
(min) efficiency (%)
Jatropha podagrica leaf extract Rhodamine B Sunlight 150 95 Present work
Crystal Violet Sunlight 60 94
Fluorescein Sodium Sunlight 90 90
Alchemilla vulgaris leaf extract Rhodamine B Sunlight 120 75 [50]
Hibiscus sabdariffa L. petal extract Rhodamine B Sunlight 300 80.13 [51]
Paraserianthes lophantha leaf extract Rhodamine B UV light 180 83 [52]
Moringa oleifera peel extract Crystal Violet UV light 70 94 [53]
Delonix elata leaf extract Crystal Violet UV light 90 86 [54]
Sageretia thea aqueous extract Crystal Violet UV light 8h 40.65 [55]
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Fig. 10 Antibacterial efficacy of ZnO NPs synthesized using Jatropha podagrica leaf extract for a S. aureus, b B. coagulans, ¢ K. pneumoniae,
and d E. coli

study exhibited substantial antibacterial potency against S. (17 mm), B. coagulans (15 mm), K. pneumoniae (11 mm),
aureus, B. coagulans, K. pneumoniae, and E. coli. Particu- and E. coli (10 mm) at a concentration of 150 uL, surpassing
larly favorable outcomes were witnessed against S. aureus  the performance of conventional drugs. The plant extract

Table 4 Zone of inhibition

. . Name S. aureus B. coagulans K. pneumoniae E. coli
at different concentrations of
JP-ZnO NPs Shape Round Round Round Round
Gram reaction Gram positive Gram positive Gram negative Gram negative
50 uL 15 mm 12 mm 10 mm 10 mm
100 uL 16 mm 13 mm 11 mm 10 mm
150 L 17 mm 15 mm 13 mm 11 mm
Antibiotic 40 mm 27 mm 40 mm 32 mm
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exhibited commendable activity against both Gram-positive
and Gram-negative bacteria, resulting in an inhibition zone
of 6 mm. At various JP-ZnO NP concentrations, Table 4
shows the zone of inhibition.

From the aforementioned results, the susceptibility of
Gram-positive bacteria (S. aureus, B. coagulans) exhib-
ited a heightened degree of susceptibility to JP-ZnO NPs
in contrast to Gram-negative bacteria (K. pneumoniae, E.
coli). This discrepancy in sensitivity can be attributed to the
substantial presence of a thick peptidoglycan layer within
the cell wall of Gram-positive bacteria, which serves as a
robust physical barrier offering shielding and protection. In
contrast, Gram-negative bacteria possess both lipopolysac-
charide and peptidoglycan, rendering them more resistant to
the effects of JP-ZnO NPs [57-59].

Conclusions

In summary, we have successfully employed an eco-
friendly method for synthesizing ZnO nanoparticles, using
Jatropha podagrica leaf extract as a capping agent. Dis-
tinct analytical techniques were employed to characterize
the nanoparticles which confirmed their wurtzite crystal-
line structure, spherical shape, and size in the range of 12
to 18 nm. The JP-ZnO nanoparticles have demonstrated a
remarkable photocatalytic efficiency, effectively breaking
down RhB, FS, and CV dyes under sunlight. The degrada-
tion rates of 90-95% were achieved within a time frame
of 150, 90, and 60 min for RhB, FS, and CV dyes. We
evaluated their antibacterial properties against both gram-
positive (S. aureus, B. coagulans) and gram-negative (K.
pneumoniae, E. coli) bacterial strains. Using 150 pL of
nanoparticles, inhibition zones measuring 17, 15, 11, and
10 mm were obtained. These findings highlight the poten-
tial applications of JP-ZnO nanoparticles in addressing
water pollution challenges and formulating potent anti-
bacterial agents.
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