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Abstract

Biosynthesis of metal nanoparticles presents a promising approach for their efficient and
environmentally friendly production. In this study, CuO nanoparticles were successfully synthesized
by using Rumex nepalensis Spreng. as a bio-reducing agent. The spectroscopic analysis confirmed the
crystalline monoclinic structure of the synthesized CuO NPs, with particle sizes ranging from 21 to
97 nm. These biosynthesized CuO NPs exhibited notable antimicrobial activity against diverse
microorganisms, suggesting their potential for antimicrobial applications. Moreover, the CuO NPs
displayed significant antioxidant activity, demonstrated by their effective scavenging of 1,1-Diphenyl-
2-picrylhydrazyl (DPPH) free radicals. This study highlights the straightforward, cost-effective, non-
toxic, and robust nature of CuO NPs synthesis using Rumex nepalensis Spreng., offering insights into
their potential applications in antimicrobial and antioxidant fields.

Keywords: antimicrobial activity; antioxidant activity; X-ray diffraction (XRD); transmission
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Introduction

Numerous particles of varying shape and size exist on
Earth, and those falling within the 1-100 nm
(nanometer) range are classified as nanoparticles
(NPs) [1]. Nanotechnology, a field focused on
designing environmentally friendly synthesis methods,
faces challenges in nanoparticle characterization and
application. By manipulating materials at the atomic
level, nanotechnology enables the creation of
nanostructured materials with unique properties tailored
for specific functions [2]. Nanomaterials serve as

fundamental building blocks and have garnered
attention due to their wide-ranging impact in fields such
as cosmetics, energy, antimicrobial agents, electronics,
food and agriculture, medicine, paints, polymers,
textiles, and catalysis [3, 4]. As a result, researchers are
increasingly interested in nanoparticle synthesis.
Various synthesis methods, including chemical
techniques such as electrochemical reduction,
sonochemical methods, thermal decomposition,
chemical precipitation, microwave irradiation, gas phase
evaporation, and sol-gel processes, have been employed
to control the size and shape of synthesized CuO
nanoparticles. However, these methods have drawbacks
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such as the use of toxic substances and the generation of
hazardous by-products, posing risks to the environment
[5-12]. To overcome these challenges, there is a need to
develop environmentally friendly green or biosynthetic
methods that employ secure, rapid, cost-effective,
biocompatible, eco-friendly, and non-hazardous
chemicals. Such methods should yield large quantities
with  well-defined
morphology, homogenous distribution of nanoparticle
constituents, inherent toxicity. One

approach involves combining transition metals with

of metal-based nanoparticles

and without

plant extracts to form metal oxide nanoparticles, such as
NiO, Ag0O, ZnO, CoO, Fe;0,, CuO, TiO,, MnO, CeO,,
Al O;, etc.
demonstrated essential roles in diverse sectors [13, 14]

These metal-oxide nanoparticles have

and daily life applications [15] due to their unique
surface properties. Among these transition metal oxide
nanoparticles, CuO nanoparticles synthesized using
plant-mediated biosynthesis methods have garnered
significant attention. This is attributed to their crucial
physicochemical properties, including being a p-type
semiconductor with a narrow band gap [16], catalytic
activity [17], and optical and magnetic properties [18].
CuO NPs can be applied to applications in various
domains such as dye degradation [19], energy storage
[20], [21], [22],
antifungal and antibacterial treatments [23], anti-

chemical industries solar cells
inflammatory effects [24], antioxidant properties [25],
and anticancer research [26]. Reports exist on the
synthesis of CuO nanoparticles from different plant
species, including Annona squamosa [27], Psidium
guajava [28], Bougainvillea [29], Catharanthus roseus
[30], Houttuynia cordata [31], Justicia gendarussa [32],
Aerva javanica [33], Cissus vitiginea [34], Colocasia
esculenta [35], Lantana camara L., and Nerium
oleander L. [36] etc. These plants contain abundant
quantities  of  phytochemical  constituents  or
biomolecules such as polyphenols, alkaloids, proteins,
flavonoids, and terpenoids. These biomolecules act as
capping and reducing agents for metal ions (from metal
NPs),

agglomeration  and

salts to metal preventing
their

potential.In this study, we present a clean, economically

nanoparticles

enhancing biological

viable, biocompatible, eco-friendly, and suitable

biosynthesis method for preparing CuO nanoparticles
by using Rumex nepalensis Spreng. We investigate the
activities of the

antimicrobial and antioxidant

synthesized nanoparticles. The nanoparticles are
thoroughly analyzed by using techniques such as X-ray
diffraction  (XRD),

Fourier-transform infrared

spectroscopy  (FTIR),  energy-dispersive  X-ray
spectroscopy (EDX), ultraviolet (UV)-visible (Vis)
spectroscopy, transmission electron microscopy (TEM),
scanning electron microscopy (SEM), etc.

Experimental

Materials and methods

The preferred plant Rumex nepalensis Spreng. was
collected from the Bramhapuri area of Chandrapur
district in Maharashtra state, India, and used to
prepare an extract. Silver nitrate (AgNOs), 1,1-
diphenyl-2-picrylhydrazyl (DPPH), butylated
hydroxyl toluene (BHT), were procured from Sigma-
Aldrich chemical.

Preparation of extracts from whole plant
material

The harvested plant material was carefully cleaned by
deionized water, repeating the process 2—3 times to
ensure the removal of all debris and discarded
materials from the surface. Subsequently, the plant
material was sliced into small pieces and dried under
shade. The entire parts of the R. nepalensis Spreng.
plant were then powdered using a mortar and pestle.
A quantity of 20 g of the plant powder was added to a
clean and dry round-bottom flask containing 200 mL
of distilled water. The flask was ensured to be neat,
clean, and dry. The mixture was then boiled at a
temperature range of 60—70 °C for a minimum of 30
min and subsequently allowed to cool down to room
temperature. The solution was filtered by using
Whatman No. 41 filter paper to obtain a clear filtrate.
The obtained filtrate was stored in a refrigerator for
further utilization in the preparation of CuO NPs.

Bio-synthesis of CuO NPs

CuO NPs were formed using a method previously
reported by Sharma et al. [37]. A round bottom flask
(RBF) containing 100 mL of the extract obtained
from R. nepalensis Spreng. plant was heated using a
magnetic stirrer at a temperature range of 70—80 °C.
Subsequently, a 30 mL of aqueous solution of Cupric
nitrate trihydrate (3 g) was slowly added to the flask
under constant stirring. The resulting mixture was
then boiled until a greenish colored glue-like
substance was obtained. This glue was carefully
collected and transferred into a ceramic crucible. It
was subjected to calcination in a furnace at 400 °C
for 3 h. Finally, fine black-colored particles of CuO
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NPs
characterization.

were obtained and utilized for further

Characterization of nanoparticles

The nanoparticles were characterized by various
methods described in the literature review [38].
structure, and
elemental composition were determined using X-ray

Elemental analysis, electronic
absorption spectrometry [39]. Size and morphology
analyses were conducted using scanning electron
microscopy [40]. FTIR was employed for optical
characterization, functional group analysis, and

identification of functional groups [41]. Size analysis

was performed wusing TEM [42]. Chemical
composition and purity were assessed using energy
dispersive  X-ray  elemental analysis  [43].

Nanoparticle formation and synthesis confirmation
were investigated using UV—Vis spectroscopy [44].
The characterization of copper oxide nanoparticles,
produced through the reduction of copper salt with a
plant extract, was conducted using various analytical
techniques. The UV-Vis diffuse reflectance (DRS)
spectra of naomaterial are recorded using Thermo
scientific evolution 300 UV—Vis spectrophotometer.
FTIR analysis was performed on samples using a
Thermo Nicolet iS50 FTIR Spectrometer within the
4 000-100 cm! range. Crystallographic and structural
analyses of the prepared copper oxide nanoparticles
were carried out by using the Brucker AXS D8 X-ray
diffraction technique with copper as the X-ray source.
For size, morphology, and composition analysis of
the copper oxide nanoparticles, TEM (Jeol/JEM,
2100, at an accelerating voltage of 200 kV) and SEM-
EDX (Jeol 63901a/OXFORD XMX N) were utilized.
All of the analyses were performed by SAIF, Kochi
(India).

Antibacterial and

nanoparticles

antioxidantactivity of

The antibacterial activity and antioxidant activity will
be evaluated following the methods described by
Perez et al. and Ahmed et al., respectively [45, 46].
For the antimicrobial assessment, the synthesized
CuO NPs at three different concentrations (25, 50,
and 100 pL) were tested against four bacterial
organisms: Escherichia coli, Staphylococcus aureus,
Pseudomonas aeruginosa, and Klebsiella pneumonia.
The well diffusion method was employed, and the
antimicrobial activity was determined by measuring
the zone of inhibition around the wells. Furthermore,

the antimicrobial activity of CuO NPs was compared
with the standard antibiotic Amikacin 30 pg. The
antioxidant activity of the synthesized CuO NPs was
1,1-diphenyl-2-
radical

evaluated by measuring the
(DPPH) free
activity. To assess the potential of the prepared CuO

picrylhydrazyl scavenging
NPs synthesized from R. nepalensis Spreng., various
concentrations (20, 40, 60, 80, and 100 pg/mL) were
prepared by mixing 3 mL of methanol and 1 mL of
4% DPPH solution in equal proportions at room
temperature. The mixture was kept in a dark place for
30 min before measuring the absorbance at 517 nm
using a visible spectrophotometer. The results were
compared with butylated hydroxytoluene (BHT) as a
reference compound. The percentage of antioxidant
activity (%RSA) was determined as the following
formula:

%RSA =

[(ADS517 1m of contro ADS517 nm of samplc )/ ADS517 nm of controt ] X 100
where %RSA is the percentage radical scavenging
activity and Abs is the absorbance)

Results and Discussion

X-ray diffraction analysis

The XRD pattern of the synthesized CuO NPs via R.
nepalensis Spreng. is shown in Fig. 1. The XRD
peaks were observed at 26 values of 32.439°,
35.458°, 38.678°, 48.706°, 53.20°, 58.270°, 61.507°,
66.246°, 68.12°, 72.288°, and 75.101°, which
corresponded well with the (110), (002), (111), (202),
(020), (202), (113), (311), (220), (311), and (004) hkl
planes, respectively. These patterns closely matched
the standard values from the JCPDS file No. 89-5895
[47]. Each peak of the prepared CuO NPs exhibited
good agreement with the diffraction peaks of
monoclinic crystal structures. The average crystallite
size of the formed CuO nanoparticles was estimated
using the Debye—Scherrer’s relation: D = k*1 /(Bcosh),
where D represents the average crystallite size, k is
the shape factor with a value of 0.94, 4 is the X-ray
wavelength (4 = 1.54 A), p is the full width half
maximum (FWHM) value in radians, and 6 is the
Bragg’s angle. The calculated average crystallite size
for the synthesized CuO NPs was 15.12985 nm.
Additionally, the crystallinity of the nanoparticles
was found to be 71.0372%, the average dislocation
density was 0.006591, and the individual interplanar
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spacing (d) values were determined as presented in
Table 1.
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Fig. 1 XRD pattern of CuO NPs formed.

FTIR analysis

FTIR is an important instrument used to recognize the
functional groups of substances. In the present study,
FTIR was used to identify the functional groups of
plant-based nanoparticles. The FTIR spectra of CuO
NPs are exhibited in Fig. 2. The peaks noted at 3446.17,
2357.55,1643.05,1551.45,1384.64,1181.19,1 135.87,
1038.48, 986.411, 869.739, and 533.221 cm’,
respectively. The peaks at 3446.17, and 2357.55 cm™
illustrate the O-H (hydroxyl group) and alkynes
bands. This hydroxyl group is obtained from water
molecules, and the surface of CuO NPs may absorb
water molecules from the atmosphere [48]. Moreover,
the FTIR bandsat 1 643.05,1551.45,1384.64,1181.19,
1135.87, and 1038.48 cm™ correspond to —C=0
(carbonyl), —N=0O (nitro compound), CN group,
C-OH, C-0, and CH,—O, which represent bending or
stretching vibrations, respectively. All these bands
may be attributed to the presence of these groups in

the Rumex nepalensis Spreng. plant. Additionally,
absorption bands detected at 986.41 and 869.73 cm
'are correlated with strong C=C bending (distributed
in trans) and C—CI (halo compound). Especially, the
intense and sharp band at 533.22 cm™ confirms the
existence of the Cu—O bond in the synthesized CuO
NPs from the plant extract of Rumex nepalensis
Spreng.via a biological method [49].

Solid UV-Vis-diffuse
analysis

reflectance (DR)

UV-Vis spectrum is a technique used to recognize the
optical absorption properties and energy structure of
nanoscale substances. Fig. 3(a)) demonstrates the DR
solid UV-Vis spectrum of synthesized CuO NPs from
R. nepalensis Spreng. From the figure, it can be
observed that there is a broad absorption band edge
ranging from 400 to 850 nm [50]. The
Kubelka—Munk (K-M) function is employed to
analyze the diffuse reflectance spectra (DRS)
obtained from poorly absorbing materials and is
applied to convert the DRS values into absorbance
[51]. The bandgap energy was determined by plotting
(F(R)hvy hv (energy in eV) for the
biosynthesized CuO NPs from Rumex nepalensis
Spreng., as illustrated in Fig. 3(b). The calculated
bandgap energy for the biosynthesized CuO NPs was
found to be 3.13 eV.

against

TEM analysis

TEM is a crucial tool for determining the size,
morphology, and structural orientation of materials.
The distinctive images of the prepared CuO NPs are
presented in Figs. 4(a) and 4(b). The results indicate

Table 1 Individual crystallite sizeand interplanar spacing (d) of formed CuO NPs were calculated

Plane 20 value (°) FWHM Sg:t(ﬂrl;t;: 6 value (°) Sp:rét;rgpl(é;;irz\) delr?siistl;)(;aiiolr/l D Crystallinity
(110) 32.4398 0.29998 26.55879 16.21990 2.7577 0.001418

(002) 35.4575 0.37788 20.91488 17.72875 2.5296 0.002286

(11 38.68257 0.44088 17.75786 19.34128 2.3258 0.003171

(202) 48.71432 0.44235 17.08791 24.35716 1.8677 0.003425

(020) 53.20134 0.48673 15.24271 26.60067 1.7203 0.004304

(202) 58.27321 0.49755 14.56624 29.13660 1.5820 0.004713 71.0372
(113) 61.50687 0.42576 16.74783 30.75343 1.5064 0.003565

@311 66.2465 0.84717 8.202629 33.12325 1.4096 0.014863

(220) 68.12047 0.5928 11.59573 34.06023 1.3753 0.007437

@311 72.28847 0.89486 7.487667 36.14423 1.3059 0.017836

(004) 75.10317 0.64077 10.26608 37.55158 1.2638 0.009488
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Fig. 2 FTIR spectrum of CuO NPs formed.

that the designed CuO NPs exhibited a spherical
shape with an average size ranging between 21 and 97
nm. The increase in size can be attributed to surface
agglomeration, which depends on the concentration
of the plant extract used during the nanoparticle
formation. The selected area electron diffraction
(SAED) pattern confirms that the prepared CuO NPs
from R. nepalensis Spreng. exhibit a crystalline

nature, as shown in Fig. 5(a).
EDX Analysis

EDX is a technique used to investigate the chemical
composition or elemental analysis of nanomaterials.
Figure 5(b) displays the EDX spectrum of the

a) 50
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synthesized CuO NPs via R. nepalensis Spreng. The
EDX spectrum exhibits two important characteristic
signals corresponding to copper and oxygen. These
signals confirm the presence of copper and oxygen in
the form of CuO, as depicted in Fig. 5(b). The signals
for copper show a weight percentage of 41.51% and
an atomic percentage of 27.62%, while for oxygen,
the weight percentage is 16.23% and the atomic
percentage is 42.89%. Additionally, a few other peaks
are observed due to photochemical constituents
present in the plant.

SEM analysis

SEM is used to examine the surface morphology of
nanoparticles. Figs. 6(a) and 6(b) display SEM
images of the synthesized CuO NPs from R.
nepalensis Spreng. at different magnifications. The
images reveal that the prepared CuO NPs exhibit an
almost spherical shape and also form sponge-like
clusters due to surface agglomeration. The size of the
nanoparticles is influenced by factors such as the
concentration of reducing agents, the procedure and
conditions of synthesis, and the presence of various
phytochemical species in the plant [52].

Antimicrobial activity

From Fig. 7, it is observed that E. coli is sensitive to
Amikacin 30 pg (AK30), exhibiting a zone of
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Fig. 3 (a) Diffuse reflectance spectrum (b) Plot of (F(R)Av)* versus Av (eV) for CuO NPs prepared.

e

2_()nm

10 nm

Fig. 4 TEM pictures of CuO NPs formed. (a) Showing a size of 21-97 nm; (b) Magnified picture at a scale of 50 nm; (c)
Magnified picture at a scale of 10 nm; (d) magnified picture at a scale of 20 nm.
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Fig. 6 SEM result of CuO NPs prepared. (a) Spherical in
nature; (b) Looking like sponge bunch.

inhibition of 21 mm. However, CuO NPs show no
inhibition in 25 and 50 uL, but a zone of inhibition of
14 mm is observed in 100 pL. For S. aureus and P.
aeruginosa, the zone of inhibition is recorded as 28
and 10 mm, respectively, for Amikacin 30 pg
(indicating sensitivity). CuO NPs show no inhibition
in 25 and 50 pL for S. aureus, while for P.
aeruginosa, a zone of inhibition of 15 mm is observed
in 100 pL only. Similarly, K. pneumoniae is sensitive
to the antibiotic AK30 pg, resulting in a zone of
inhibition of 20 mm, while CuO NPs exhibit no

P aeruginosa

Cu

lement| Series Weight % Atomic %
Cu |L-series 41.51 27.62
O  [K-series 16.23 42.89
Pt |M-series 25.33 5.49
Cl |K-series 11.25 13.42
S |K-series 4.27 5.63
C  |K-series 1.40 4.94
Total 100 100
5 6 7

inhibition in 25, 50, or 100 pL. Notably, at high
concentrations (100 pL) of the formed CuO NPs,
moderate to strong antimicrobial activity is observed

only for two organisms (E. coli and K. pneumoniae)
(Table 2).

Anti-oxidant activity

The results indicate the free radical scavenging
activity of the synthesized CuO NPs on DPPH, as
shown in Fig. 8. It is observed that the CuO NPs
exhibit strong antioxidant activity, and the percentage
inhibition values gradually increase with the rising
concentration of CuO NPs. at concentrations of 50,
100, 150, 200, and 250 pg/mL, the percentage
inhibition values are 8.47%, 19.83%, 30.89%,
41.72%, and 55.07%, respectively. The highest
antioxidant activity is observed at 55.07% for the
formed CuO NPs at a concentration of 250 pg/mL.
The antioxidant activity of CuO NPs is attributed to
the presence of alkaloids, phenolic compounds,
flavonoids, and other bioactive components present in

(e) 30
( u E. coli
25 B S aureus
P. aeruginosa
20 7 ® K. pneumoniae
15

10

W

e

AK30 o

50 uL

100 pL
Volume

Fig. 7 Zone of inhibitions occurred by prepared CuO NPs against (a) E. coli, (b) S. aureus, (¢) P. aeruginosa, and (d) K.
pneumoniaeand. (e) Comparative antibacterial activity of biosynthesized CuO NPs and AK30 pg antibiotic as standard.
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Table 2 Zone of inhibition of organisms at various concentrations

Zone of inhibition (mm)

Organisms Volume
AK30 25 uL
E. coli 21 NI
S. aureus 28 NI
P. aeruginosa 10 NI
K. pneumoniae 20 NI

50 uL 100 uL
NI 14
NI NI
NI 15
NI NI

Note: NI is no inhibition; AK30 is Amikacin 30 pg.

100
-u— CuO NPs
—-e— BHT

80 ./

60 *©

40 /

RSA (%)

0 1 1 1 1 1
50 100 150 200 250

Concentration (pg/mL)

Fig. 8 Antioxidant activity of CuO NPs biosynthesized.

R. nepalensis Spreng., which are effectively coupled
with the nanomaterials. Therefore, CuO NPs hold
potential in the treatment of various untreatable
diseases.

Conclusion

In summary, we have successfully employed a safe,

cost-effective, and  environmentally  friendly
biosynthesis method to produce CuO NPs using
Rumex nepalensis Spreng. The plant extract acts as a
rich source of bioactive compounds that not only
reduce metal ions but also stabilize the resulting
nanoparticles. Spectroscopic techniques confirmed
the structural characteristics of the formed CuO NPs,
which exhibited a spherical shape with sizes ranging
from 21 to 97 nm. The biosynthesized CuO NPs
demonstrated a band gap of 3.13 eV and displayed
against human

with

potent  antimicrobial activity

pathogenic  bacteria, along significant
antioxidant activity. This research highlights the
potential of CuO NPs for diverse applications while
promoting a sustainable and eco-friendly synthesis

approach.
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