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Microwave heating (MHM) and mutated sol-gel (SGM) mechanisms were used to effectively create CuO
samples with two dissimilar morphologies, such as nanoparticles (CuO-NPs) and nanorods (CuO-NRs), using
Mussaendafrondosalinn plant extract as the bio-reducing operator.X-ray powder diffraction (XRD), scanning
electron microscopy (SEM), and energy-dispersive X-ray (EDX) investigations were used to analyze the sample's

structure, pureness, and morphological

characteristics.UV-Visible

diffuse reflectance (DRS) and

photoluminescence (PL) spectroscopy methodologies were used to analyze optical properties and calculate band
gap energy. The band gap of the samples was measured using the Kubelka-Munk mechanism, and it was found to
be 2.74eV and 2.33eV for CuO-NPs and CuO-NRs, correspondingly.CuO-NPs and CuO-NRs were investigated
for antibacterial activity versus each Gram-positive and Gram-negative microorganisms using a modified disc
diffusion method. When correlated to the sample CuO nanorods, the antibacterial study confirms that the sample
CuO nanoparticles are high-grade antibacterial agents.Using solar lighting, the photocatalytic activity of CuO nano
reactants (CuO-NPs and CuO-NRs) for the degradation of methylene blue (MB) dye was investigated, and the
findings revealed that CuO-NPs with tinier particle sizes degraded MB more than CuONRs.

Keywords: CuO, Nanoparticles; Mussaendafrondosalinn; Antibacterial Activity; Optical Properties; Photo-
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I. Introduction

Various fields like food industry, chemical industry,
healthcare and electronics are embracing nanotechnology
due to their many unique and desirable properties that
fulfill the end users needs. When compare with all the
fields, the biomedical area is greatly influenced by the
nanotechnology advancement. CuO nanoparticles exhibit
better biological features, especially good antibacterial
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function over a broad area of pathogens and drug-resistant
bacteria. CuO nanoparticles have shown their potential in
pharmacological activity, specifically in anti-tumor
therapy. After being recognized as antimicrobial materials
by the US Environmental Protection Agency (EPA),
nanoparticles of copper and its oxides have received much
attention to be used in biomedical devices to prevent
bacterial infection. These nanosystems are also thought to
be effective possibilities in the advancement of
sophisticated equipment for pathogen identification and
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infection treatment [1-2].

Metal oxide nanoparticles, including copper oxide
(CuO), have created attraction due to their antibacterial
and biocide activities, and they could be employed in a
variety of biomedical uses [3]. Copper oxide is a
semiconductor metal having distinctive optical, electrical,
and magnetic properties that have been employed in the
construction of supercapacitors, near-infrared filters,
magnetic storage media, sensors, catalysis, and
semiconductors, among other uses [4-5]. CuO-NPs exhibit
broad range of microbicidal activity against both bacteria.
Even while CuO nanoparticles (CuO NPs) have exhibited
their utility in biomedical activities, their potential for
toxicity is a significant drawback for their usage in
medical science [6]. The highly ionic CuO nanoparticles
effectively target a wide range of bacterial pathogens
associated with nosocomial infections. However, a
significantly high dose of CuO-NPs is required to generate
an antimicrobial effect.

CuO nanoparticles have the potential to be toxic to
mammalian cells, as well as vertebrates and invertebrates.
The primary toxicity mechanism is based on an
enhancement in resistive oxygen species generation [6].
As aresult, these nanoparticles cause oxidative discomfort
in human pulmonary epithelial cells, increase toxicity, and
damage DNA and mitochondria [7-8]. In the present
study, we have been focused on synthesizing and
characterizing CuO nanoparticles from
Mussaendafrondosa Plant Extract, and investigating
catalytic activities and potential biological of these
nanoparticles. Full investigation in terms of biological
activities from antibacterial and antifungal towards
cellular toxicity assessments were accomplished with
details.

Il. Experimental methods

2.1. Synthesis of CuO nanoparticles and

nanorod

Mussaendafrondosa leaves were collected from local
areas of Calicut district, Kerala. The 5gram of leaves were
washed, boiled in 10ml de-ionized water stirred for 30 min
and the excerpt was obtained. 0.241 g of copper nitrate -
plant extract was placed in a microwave oven for 10mints.
The powder obtained was cleaned with ethanol and
dehydrated to 70° C for half an hour.

To make a well-dissolved solution, 0.241g of Copper
nitrate was gently mixed to 10 ml of Mussaendafrondosa
plant extract underneath continuous stirring for 2 hours.
Mussaendafrondosa plant extract has performed both bio-
reducing and gelling agents in this way. In a typical
microwave oven, the precursor combination of Copper
nitrates in Mussaendafrondosa plant extract was subjected
to microwave energy in a 2.45GHz multi-mode cavity at
800 W for 10 minutes. The precursor combination at first
boiled and disintegrated with the release of substantial
concentrations of gases, resulting in solid powders [9-
10].After that, the powder was rinsed in ethanol and dried
for 30 minutes in an electric oven at 70°C.

The discovered powders were assigned as CuO
nanoparticles. The remaining precursor mixture sol
(Copper nitrate and Mussaendafrondosa plant extract)
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was placed on a hot plate and evaporated by heating at
100°C with continuous stirring for certain hours till a gel
was produced. The gel was removed from the hot plate and
smashed into powder with a mortar and pestle before
being calcinated in a muffle furnace at 500°C for 2 hours
at a rate of 5°C per minute. The solid powders formed
were identified as copper nitrate metal oxide [11].

I11.Results and Discussion

3.1. FT-IR Analysis

The FT-IR spectra of composite samples are shown in
Figure 1. The sample's FT-IR transmission spectra were
obtained in the region of 400-4000 cm?, which was
utilized to evaluate the functional groups. The notable
peak around 1629 cmlis a CuO bond characteristic peak.
At 1618 cm™, the band corresponds to asymmetrical H-O-
H. The faint absorption peak of 1346 cm'was attributed
to hydroxyl (bending), which represented water in the
sample as moisture [12].Since nanocrystalline materials
have a strong surface to volume proportions and consume
dampness, the broad absorption at around 3320 cm
implies the appearance of a hydroxyl group (stretching)
accumulated water. The existence of water molecules on
the oxide surface may play an important function in
optimizing the prepared sample's photo catalysis.
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Fig. 1. FTIR spectra(i) CUONPs (ii) CUONRSs.

3.2.  UV-Visible spectra analysis

At ambient temperature, optical diffuse reflectance
(DR) spectra of CuO nanoparticles and CuO nanorods
samples were measured. The basic absorption of electron
excitation from the valence band to the conduction band is
often employed to calculate the optical bandgap. An
important element for photo-catalytic activity is the
optical absorption wavelength of the produced sample. An
important element for photo-catalytic activity is the
optical absorption wavelength of the produced sample.
When enough electrons are stimulated from the valence
band (VB) to the conduction band (CB), the photocatalytic
behavior of the nano-catalyst will be productive. The
energy of incident light is provided by a catalyst with
bandgap energy equal to or greater than that of
photocatalysts. The bandgap energy was calculated by the
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Fig. 2..UV-Vis band gap ofCuO nanoparticles andCuQO nanorods.

Tauc formulation, (ahv) 1/n= A (hv— Eg), in which his
Planck's constant, v is vibration frequency, a is absorption
coefficient, Ey is bandgap energy, and A is a
proportionality constant and n is sample transition
behavior [13].

The curve of (ahv) versus hv is shown in Figure 2.
Extrapolation of linear segments in [ahv] against hv plots
yields CuO nanoparticles and CuO nanorods samples have
Eg values of 2.74 and 2.33 eV, correspondingly. The
particle size and morphology of the samples are primarily
responsible for the observed variation.

3.3.  Powder XRD Analysis

Figure 3 shows the powder X-ray diffraction patterns
of CuO nanoparticles. Both samples have exact diffraction
peaks, indicating that they are crystalline. These planes are
then related d-spacing values of 3.61, 2.62, 2.53, 2.24,
1.85, 1.66, 1.47, and 1.48 A, which are ascribed to the
CuO rhombohedra phase. The cubic form of CuO has been
assigned to this arrangement, with lattice parameters of a
= b = ¢ =8.351A. CuO is the sole peak evident because
there are no other peaks. For coupled metal oxides, the
particle size is estimated employing the Scherrer
methodology. The strong peaks show that the crystallite
size of the CUONPs sample is larger than that of CUONRS.
Because of the high-temperature calcination (CCM
technique, 500°C/2hr), the mean crystallite size (d) of
CuONPs is 30.42 nm, which is smaller than CUONRs
(39.55 nm). The crystallite size grew as the temperature
raised, according to the studies. Such findings have been
published (Jiang et al., 2010) [14].
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Fig. 3. Powder XRD patterns of (a) CuONPs and (b)
CuONRs samples.
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The formula in the equation was used to compute the
lattice parameters. Where 6 is the diffraction angle, A
incident wavelength (1 = 1.540 A), and Miller's indices h,
k, and I. The sample CuO nanoparticles have lattice
parameters of a = 5.033 A and ¢ = 13.744 A, while the
sample CUONRS has lattice parameters of a=5.022 A and
c=13.736 A.

Table 1.
Structural parameters, lattice constant and crystallite size
(CuO-NPs and CuO-NRs) nanomaterials

Lattice parameter values (A) CrySt?II_I)I t(en?:se
Samples (a) (c) cla 30.42
CuO-NPs | 5.033 | 13.744 | 2.730 '
CuO-NRs | 5.022 | 13.736 | 2.735 39.55

34. HR-SEM and energy dispersive X-RAY

(EDAX) analysis

EDAX assessment was used to identify the elemental
composition and phase clarity of the samples, and the
spectrum is presented in figure 4 (a), (b), which reveals the
elemental content of ZnO-NPs and ZnO-NSs,
correspondingly. It demonstrates the presence of O and Zn
elements but no additional signals, implying that the
products are pure form [15].The surface morphology of
the as-prepared samples was investigated utilizing a high-
resolution scanning electron microscope (HR-SEM). HR-
SEM studies were used to examine the structures of the
CuONPs and CuONRs samples in greater aspects. Figure
4 (a,b) and Figure 5 (a,b) show HR-SEM images of
CuONPs and CuUONRs samples at various magnifications.
cups are asymmetrical sphere nanoparticles joined tightly
by agglomeration, as evidenced by the sample. CuO has a
greater electron binding energy. The particles are
accumulated as a result of the heat created throughout the
process, according to the HRSEM studies.XRD
computations evaluate the expanded crystalline range that
coherently diffracts X-rays, whereas SEM findings are
focused on the variation across visible grain boundaries.
As a result, the XRD methodology has a stricter
requirement and produces smaller sizes.

The production of multiple micrometer-long nanorod
bundles with unit rod widths of around 100 nm and a Cu/O
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proportion of 1:1 are revealed by SEM/EDAX. Individual
rod diameters of 40-80 nm (mean 60 nm with a normal
variation of 9.74 nm) and rod lengths of 4-11 pm (mean 8
pm with a normal variation of 1.87 pum) are found in
regularly produced nanorod bundles [16]. EDX
investigation was used to identify the elemental
composition and phase clarity of the samples, and the
spectrum is given in Figure 5 (a), (b), which reveals the
elemental content of CuO-NPs and CuO-NRs, separately.
It reveals the appearance of O and Cu components, with
no other possible signs, indicating that the compounds are
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3.,5.  TEM and SAED analysis

Internal micro/nanostructure materials are analyzed
using a transmission electron microscope (TEM). A high-
resolution transmission electron microscope is used to
image the crystal arrangement of the samples on an atomic
level (HR-TEM). The spherical form of the particles
generated by this process was validated by TEM images.
The sample's grain sizes were also reported to be less than
40nm. The crystallite sizes of the samples estimated from
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Fig. 4. (a) SEM image of CuO nanoparticles (b) EDAX spectra of CuO nanoparticles.
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Fig. 5. ()SEM image of CuO nanorods (b) EDAX spectrum of CuO nanorods.

Fig. 6. (a) SAED Pattern of CuO nanoparticles (b) TEM image of the CuO nanoparticles.
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powder-XRD measurements were validated by TEM
micrographs. CuO nanoparticles selected area electron
diffraction (SAED) pattern is shown in Figure 6a. The
nanoscale rings comprising of well-crystalline elements
[17] have a continuous and dispersed character. The
synthesis of extremely crystalline nanoparticles is
indicated by the appearance of discrete diffraction
patterns.

IV. Photocatalytic Activity

The amount of deterioration of an aqueous Methylene
blue (MB) solvent in the existence of a catalyst with UV
light is determined by photocatalytic degradation
activity.The absorption peaks of MB's UV spectra are
located at 588 nm.H,O, creates two hydroxyl radicals
(HO*) in the appearance of Ultraviolet irradiation, which
contributes to the disintegration of MB. For the
disintegration of natural waste products, the HO* are
regarded as notably vigorous oxidants.

Dye degradation occurs in a variety of mechanisms,
including direct hydroxyl radical action, photo-induced
electron reduction, and indirect oxidation in the existence
of holes [18]. Because the photocatalytic oxidation-
reduction process occurs primarily on the interface of
photocatalysts, the surface parameters have a significant
impact on the catalyst's performance. However,
morphology can also play a role in determining the actual
degradation performance. When the photo-Fenton process
was started by bringing illumination and H.O; to the
system, there was a noticeable degradation of CV.
CuONPs and CuONRs samples, on the other hand, had a
higher degradation activity due to their small band gap and
larger absorption wavelength range, which caused visible
light to be absorbed and additional electrons and holes to
be produced in photocatalytic degradation. Figure 7a
shows the photo degradation of the MB dye sample. When
the duration is increased, the percentage of degradation
increases as well; the CUONPs performance for MB dye is
93%. When contrasted to the remaining CUONRs sample,
it is higher (Table 2). In the presence of CuO nanorods,
NB was successfully photo degraded under visible light
irradiation. In general, photocatalytic degradation of MB
is dependent on various experimental conditions such as
catalyst dose, pH of the reaction medium, and MB
concentration [18]. To know the best degradation
conditions; the degradation was carried out at different
experiments. Initially, NB was subjected to visible light
radiation for 150 minutes and MB was not degraded under
visible light irradiation. There was significant degradation
of MB in the existence of CuO nanorod as photocatalyst.

Table 2.
Photo-catalytic degradation efficiency of CuO
nanoparticles and CuO nanorods samples

Photocatalyst Sample code PCD efficiency
(%)
CuONPs 93%
CuONRs 87%

In presence of CuO nanoparticles, MB was
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successfully photo degraded under visible light
irradiation. In general, photocatalytic degradation of MB
is dependent on various experimental conditions such as
catalyst dose, pH of reaction medium, and MB
concentration. To know the best degradation conditions;
the degradation was carried out at different experiments
[19]. Initially, MB was subjected to visible light radiation
for 135 minutes and MB was not degraded below visible
light irradiation. In Figure 7b the absorption peaks at 664,
corresponding to MB are shown to degrade and disappear
after 135 minutes.

Absorbance (a.u.)

»o
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400

Fig. 7a. Photocatalytic degradation of MB under UV light
irradiation of CuO nanorods.
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Fig. 7b. The absorption spectra for the photocatalytic
degradation of MB using Cu nanoparticles.

V. Antibacterial Activity

Both gram-negative and gram-positive bacteria were
used to assess the antimicrobial activity of the produced
samples. The 24h bacterial cultures were scrubbed in
Muller Hinton agar enhanced plates. Whatmann filter
paper discs with a thickness of 3 mm were saturated with
100 pL of a solution comprising CuO nanoparticles and
nanorods and allowed to evaporate for 1 hour. To compare
the antibacterial performance of the samples, reference
standard discs containing ampicillin (10g/mL) were made.
The discs were placed in swabbed bacterial plates and
treated at 28°C for 24 hours after dehydrating. Plates were
evaluated after incubation for a clean region surrounding
the discs. Antibacterial activity was measured in a clean
zone with a diameter of more than 2 mm. The antibacterial
performance of CuO nanoparticles region of inhibition
versus (a) E.coli and (b) Calibicans is shown in Figure 9.

When contrasted to the sample CuO nanorod, the
antibacterial examination confirms that the sample CuO
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nanoparticles are high-standard antibacterial weapons
[20]. Because smaller particles require more particles to
fill a bacterial colony, active oxygen species are generated,
which destroy bacteria very successfully.

Fig. 9. Antibacterial activity of CuO nano Particles zone
of inhibition against (a) E.coli (b) Calibicans.
Table 3.
Shows Bacteria and fungus organism test by
CuOnanoparticles
Antibacterial activities of samples were determined
as zone of inhibition (in mm)

Samples E.Coli Caibicans
Ampicillin (C) 12 14
CuONPs 14 9
CuONRs 13 9

V1. Conclusions

CuO nanoparticles were synthesized by two different
combustion methods namely microwave and conventional
combustion methods using Mussaendafrondosa plant
extract as the diminishing factor and were portrayed
employing standard techniques. From the powder X-Ray
studies, the crystallite size of the CuONPs sample is
higher compared to that of CUONRSs indicated by the sharp

peaks. The average crystallite size of CuONPs is
30.42 nm, which is lower than the CUONRs (39.55 nm),
due to the high-temperature calcinations (CCM method,
500 °C/2hr).Band energy gap values of CuO nanoparticles
and CuO nanorods samples are 2.74 eV and 2.33 eV
separately. The morphologies of the CuONPs and
CuONRs samples were inspected in detail using HR-SEM
analyses. The crystallite sizes of the samples obtained
from powder XRD spectroscopy were validated by TEM
images. The role of photocatalysis in the degradation of
MB was studied. When compared with the CuO nanorods
sample, CuO nanoparticles showed maximum catalytic
activity with higher efficiency.

The decline in absorption optimum of the MB
degrading investigation revealed that CuO nanoparticles
degraded by 93 percent in 135 minutes owing to a
combination of parameters including crystallite size,
oxygen deficiencies, and bandgap ranges. When matched
to the sample CuO nanorods, the antibacterial study
confirms that the sample CuO nanoparticles are top-
quality antimicrobial weapons.
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Hnst ctBopenHst 3paskiB CuO 3 nBoma Ttumamu Mopdosorii, Takux sk HanodacTHHKH (CuO-NPs) i
HaHocTpwxkHi (CuO-NRs), BukopucTaHo MikpoxeuiboBe HarpiBanus (MHM) Ta mytoBanuii 301b-rens (SGM)
MEeXaHi3MH 1010 pociuHHOrO ekcTpakTy Mussaendafrondosalinn sik Gio-omepaTopa. [lyisi aHamizy CTpPYKTYypH,
YHCTOTH Ta MOP(OIOTIYHAX XapaKTEPUCTUK 3pa3ka BUKOPUCTOBYBAIM METOJl peHTreHorpadii mopomky (XRD),
CKaHYyIO4y eNeKTpoHHY Mikpockomito (SEM) ta eneprommcnepciiiniX-npomenesi mocmimkerHs (EDX). s
aHaITI3y ONTHYHHUX BJIACTHBOCTEH Ta PO3paxyHKY 3HaueHHs eHeprii 3a00pOHEHOI 30HH BUKOPHCTAHO METOO0JIOTT
cnektpockormii xudysnoro Bixoutrs (DRS) i doromominecnennii (PL). upuna 3a0opoHeHoi 30HM 3pa3kiB
BUMIpsIHA 32 JOTIOMOTrolo MexaHi3My Kybenka-Mynka.OtprumaHo, 1o BoHa cTaHOBHTS 2,74 €B 12,33 eB mma CuO-
NP i CuO-NR, BianoBigHo. CuO-NP ta CuO-NR nociijpkyBamu Ha aHTHOAKTepialbHy aKTUBHICTh MLIOJO
IPaMIIO3UTUBHOIO Ta TPAMHETATUBHOIO MIiKpOOPTaHi3MiB 3a JOMOMOIrOI0 MOANU(IKOBAHOIO METOLY JHCKOBOL
qudysii. YV cniBBifHOMIEHH 31 3pa3koM HaHOCTpkHIB CuO, aHTHOAKTEpiaibHE JOCIIHKEHHS MiATBEPKYE, 110
Hano4yacTrHKH CuO € BHCOKOSIKICHUMH aHTHOAKTepialbHUMH areHTaMi. BHKOPHCTOBYIOUH COHSYHE OCBITICHHS
JociipkeHo  (orokatamiTHaHy akTuBHICTH HaHopeareHTiB CuO (CuO-NP T1a CuO-NR) mis posxnamaHHs
OapBHUKAa MeTHIOBOT0 cHHBOro (MB). Pesympratn mokazamu, mo CuO-NP 3 MeHmMMH po3MipaMH YacTHHOK
po3kianatoTs MB 6inbire, Hixk CuONRs.

Kawuosi caoBa: CuO, nanouactuakm; Mussaendafrondosalinn; anTHOakTepiaibHa aKTHBHICTh; ONTHYHL
BJIACTUBOCTI; (POTOKATATITHYHI 3aCTOCYBaHHSI.
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