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ABSTRACT

A simple, cost-effective, and environmentally friendly method for making green nanoparticles has been
developed. The current study examines the use of M. communis leaves extract in the biosynthesis of copper
nanoparticles (CuNPs). The color change and UV-visible spectrophotometer, which showed a distinct peak at
481nm, confirmed the formation of these particles. Different techniques were used to characterize copper
nanoparticles. The influential functional groups that can bio-reduce the copper ion Cu?* were identified using
Fourier Transform Infrared (FT-IR) spectroscopy. The crystal structure of copper nanoparticles was
determined using X-ray diffraction (XRD), as evidenced by the peaks at 20 values of 43.35, 50.50, and 74.21. In
transmission electron microscopy (TEM), the particles have spherical morphology with an average diameter of
35-75 nm, while scanning electron microscopy (SEM) reveals the sphere-like shape of CuNPs. Copper-NPs
synthesized in this study were tested as antioxidant and catalytic substances. CuNPs had superior radical
scavenging activity when compared to an extract from Myrtus communis leaves. It is common to use 4-
nitrophenol (4-NP) as a model reaction to evaluate synthesized nanomaterials' catalytic properties. borohydride
(BH) was found to bind to the surface of CuNPs, indicating that it is an adsorbent. As the BH concentration
increased, we observed a blue shift in the surface plasmon resonance (SPR) of CuNPs. These shifts increase in
direct proportion to BH concentration, as does 4-NP to 4-amino phenol (4-AP) conversion. Accordingly, CuNPs
have better catalytic activity than extract at higher BH concentrations .

Keywords: nanoparticles, Myrtus communis, Plant extracts, catalytic activity.
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INTRODUCTION

Because of their size and shape, metallic
nanoparticles can be used in a wide variety of
fields. They've been used extensively in many
fields, such as drug delivery, cancer treatment,
wastewater treatment, DNA analysis, anti-
bacterial agents, biosensors, solar power
generation, and catalysis (21). Physical,
chemical, and biological methods can all be
used to make nanoparticles. Laser ablation, arc
discharge, energy-high ball milling, and
chemical vapor deposition are physical
techniques. Hydrothermal, sonochemical, and
microwave are chemical methods in addition
to co-precipitation and sol-gel (3). Many
limitations exist when using chemical or
physical methods to synthesize copper
nanoparticles, such as the high cost of
reagents, production of toxic chemicals that
are hazardous to health, and the time it takes to
isolate the nanoparticles. As a result, it
motivates scientists to devise new methods for
synthesizing nanoparticles that use less
expensive raw materials while also creating
reaction conditions that are less hazardous and
environmentally friendly. The use of bio-
organisms in synthesis is in keeping with
green chemistry ideals. The "green synthesis"
of nanoparticles utilizes reagents that are non-
toxic, environmentally friendly, and safe.
Oxidation/reduction is the primary action
during nanoparticle production in biosynthetic.
Proteins, enzymes, and phytochemicals with
antioxidant or reducing properties present in
plant extracts reduce metal compounds into
their respective nanoparticles (28). The
diameter of a nanoparticle is less than one
hundred nanometers (nm). Small size and high
surface-to-volume ratio distinguish
nanoparticles from bulk materials in terms of
physicochemical properties (30). Copper (Cu)
has numerous anti-inflammatories, anti-cancer,
analgesic, and antimicrobial effects, making it
a valuable medical element. The high surface-
to-volume ratio of CuNPs has been
demonstrated in recent years, which has led to
various biological activities due to their high
reactivity (14). Due to the abundance of
biological entities, diversity, and
environmentally acceptable production
methods, the use of plant extracts to make
CuNPs has gained popularity (13). Copper-
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NPs synthesis has piqued researchers' interest
because it is less expensive than obtaining
silver or gold. Copper-NPs research has
progressed significantly in the last decade due
to its numerous applications in
nanotechnology and nanomedicine, including
catalysis, optics, electrical, and
antifungal/antibacterial treatment (4). Plant
crude extracts contain secondary metabolites
like phenolic acid, flavonoids, alkaloids, and
terpenoids. lonic nanoparticle production in
bulk metal nanoparticles is being reduced
thanks to these compounds. The redox reaction
that generates environmentally friendly
Nanoparticles of various sizes involves both
primary and secondary metabolic products
(17). Several plant extracts, such as Magnolia
kobu, Terminalia arjuna, Aloe vera, Bifurcaria
bifurcate, and Taber-naemontana, have been
used to synthesize copper-based nanoparticles
(10). Myrtus communis plant has many
traditional uses that have been validated by
scientific research Some of its clinical and
pharmacological activities include anti-
diarrheal, anti-ulcer, antidiabetic,
antihypertensive, and antioxidant properties, as
well as antimicrobial and inflammatory
properties. It's non-toxic and biodegradable, as
well as being environmentally friendly. M.
communis is a therapeutic herb used in
traditional medicine all over the world (8). By
reducing copper ions in M. communis leaves
extract, we examined the biosynthesis of
copper nanoparticles. CuNPs were also tested
for stability. Copper nanoparticle synthesis and
particle size were studied about reaction
conditions such as reaction temperature and
CuS04.5H,0 concentration. The antioxidant
and catalytic activity of the biosynthesized
CuNPs was also evaluated.

MATERIALS AND METHODS

Plant Collection

Myrtus communis fresh leaves were obtained
from the garden of the University of Kerbala,
College of Science. The leaves were cleaned
with distilled water and rinsed with deionized
water. The clean leaves were dried and
crushed into small slices before being stored in
a dark and dry place for future use. The plant
was identified by the Botanist Dr. Nibal
Muteer at the University of Kerbala, College
of Education of Pure Science.
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Preparation of Myrtus communis Leaves
Extract: The crude extract of M. communis
was made by weighing 10 grams of dried
leaves and adding them to 100 mL of
deionized water. The mixture was warmed up
at 50 °C by a hot plate for 10 minutes then
filtered by Whatman No. 1 filter paper. The
filtrate was used for synthesizing CuNPs.
Qualitative Phytochemical Analysis
GC-Mas : Gas chromatography and mass
spectroscopy (GC- Mass; Agilent) were used
to analyze the chemical ingredients of M.
communis leaves’ extract. This analysis was
done at the University of Kashan, Iran. The
instrument used electron ionization with two
columns, Helium, Nitrogen, and zero air, as a
carrier gas. The oven temperature was 400 °C.
To identify the organic compounds in the
extracts, the chromatograms of GC-Mass that
can detect organic compounds were used and
compared with reference spectra.

Synthesis of Copper Nanoparticles
Copper-NPs synthesized by mixing 10 mL of
M. communis leaves extract with 10 mL of 1
mM CuS0O,.5H,0 aqueous solution (the pH of
the extract was adjusted to pH 10 by adding
0.1 mM NaOH). The mixture was stirred
continuously for 30 minutes at room
temperature. The solution's color changed
rapidly, indicating that the reduction happened
quickly. Overnight, the mixture was left at
room temperature. To obtain  copper
nanoparticles, the mixture was centrifuged at
8000 rpm for 15 minutes. The nanoparticles
were purified and washed with deionized
water and centrifuged three times before being
used in the experiment. Using an air oven, the
CuNPs pellets were dried and stored for future
use (26).

Effect of Heating Time and Volume of Plant
Extract on CuNPs Synthesis: To measure the
influence of heating time on the preparation of
the aqueous extract of M. communis leaves. A
10 gm of leaves pieces were heated up to 50
°C with 100 mL of deionized water for (5, 10,
and 15 min) respectively. The color change in
the solution from yellow to brown was
followed using UV-visible spectroscopy (UV-
1800/ Kyoto, Japan) at different periods and
choosing the best peak indicating the complete
reducting of Cu ions. To measure the effect of
extract volume, various volumes of aqueous
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extract (3, 5, and 10 mL) respectively was
added into 10 mL of (1mM) CuSQ,-5H,0; the
synthesized CuNPs were observed as a
function of time of reaction using UV-visible
spectroscopy at periods and follow the
exchange of color with the time.

Effect of pH on Synthesis of CuNPs

Next, to know the effect of the pH on the
synthesis process for CuNPs. To do so, six
different pH values were used (5, 6, 7, 8,9, and
10) to evaluate the synthesis of CuNPs.
Constant volume and concentration of
CuSO45H,0 (10 mL, 1mM) and temperature
(50°C) were used in this experiment. Finally,
the effect of pH values was analyzed using
UV-visible spectroscopy.

Effect of CuSO45H,0 Concentration on
Synthesis of CuUNPs

Many scientists mention that the concentration
of precursors is also considered a significant
parameter when nanoparticles are synthesized.
In this experiment, the concentration of
CuSQO4-5H,0 was optimized by varying the
concentration of CuSO45H,0 (1ImM, 2mM,
and 3mM) with the constant other factors, the
volume of extract (10 mL), pH of the medium
(10), and temperature (50°C). UV-visible
spectroscopy was used to examine the
influence of CuS0O,4.5H,0 concentration.
Characterization of Copper Nanoparticles
Ultraviolet-Visible Spectroscopy: A change
in color and UV-visible absorption spectra are
used as indicators for synthesis to confirm the
synthesis of CuNPs. Various time points were
used to measure the solution mixture's
absorbance, and the maximum absorption was
determined using scanning at the 300-700 nm

range.
Fourier  Transform-Infrared (FT-IR)
Spectroscopy

FT-IR analysis was done for both extract and
synthesized CuNPs. FT-IR spectroscopy is
commonly used to examine interactions
between NPs and capping agents. Using this
method, the interactions of the functional
group and the metal NPs can be checked when
two or more functional groups are present in
the capping agent. The pellets of CuNPs were
measured with the KBr disk in the
wavenumber ranging from 400 to 4000 cm™
using Shimadzu  (8400S)/Japan  FT-IR
spectrophotometer.
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X-ray Diffraction Analysis

One of the best non-destructive techniques for
characterizing crystalline materials has been
X-ray diffraction (XRD). This approach is
used to provide information on structures,
phases, desired crystal orientation (texture),
and other structural parameters, such as
average crystal size, crystallinity, strain, and
crystal defects. The synthesized copper
nanoparticles were studied using (XRD)
(Philips Xpert /Holland XRD) with Cu-Ka
radiation (k=1.50456) in the range of (10° to
80°). Different phases present in the
synthesized samples were determined by X'
pert high score software with search and match
facility. The crystal size of the prepared
samples was calculated using the Scherer
equation as follows:

1) D=0.9A/BcosH

Where D is the average of crystal size, A is the
wavelength of X-ray,  is the half maximum of
the full width, and 6 is Bragg's angle in
radians. Cu-kal radiation (k=1.50456) was
used in the range of 10° to 80°.

Transmission Electron Microscopy (TEM)
The Transmission electron microscopy (TEM)
made tremendous changes in the NPs’ images
that can provide the surface shape and size
distribution (EM10C/Germany)

Scanning Electron Microscopy (SEM)
Particle  size, surface roughness, and
intermetallic distribution can all be determined
using SEM. It also provides information on the
porosity and homogeneity of the materials.
Nanomaterial ~ surface  morphology is
frequently studied using scanning electron
microscopy (SEM). SEM (Tescan Mira3
SEM/French) is commonly used to examine
conductive samples

Antioxidant Assay

The synthesized CuNPs from M. communis
leaves extract was evaluated for their
antioxidant activity using three methods.
Ascorbic acid was used as a reference.
1,1- Diphenyl-2-picrylhydrazyl
Radical Scavenging Assay

The ability of CuNPs for scavenging DPPH
radicals was determined by Devi et al (5). A
serial dilution of each CuNPs and M.
communis extract was prepared (100, 50, 25,
20,10, and 5 pg/mL). An equal volume of
DPPH (0.135 mM in ethanol) and CuNPs

(DPPH)
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solution or M. communis extract (ImL) was
mixed and left in the dark place at room
temperature for 30 minutes. Control was
prepared as above without adding an extract or
CuNPs. Ascorbic acid was used as a positive
control. The absorbance of the samples and
that of control were estimated at 517 nm. The
ability of M. communis extract and CuNPs to
scavenge the DPPH radical was calculated as a
percentage of inhibition.

Inhibition%= [(A control —A sample) / A
control)] x 100 2

where A is the absorbance

Total antioxidant assay

A method described by Al-musawi and Al-
Saadi (1). was used to determine the
combined antioxidant activity of CuNPs and
M.communis. A 0.3 mL of each diluted extract
and CuNPs prepared as described in the DPPH
assay was mixed with 3 mL of the reagent
solution (0.6 M sulfuric acid, 28 mM sodium
phosphate, 4 mM ammonium molybdate). For
90 minutes, the tubes were covered and
incubated at 95°C in a water bath. To
determine the absorbance at 695 nm, the tubes
were cooled to room temperature and then
read with an ohmmeter. The control was made
the same way as the experimental one,
accepting CuNPs or extract. The amount of
ascorbic acid equivalents used to measure
antioxidant activity was used. The following
equation used to measure the antioxidant
activity:

Total antioxidant %= [(A control —A sample) /
A control)] x 100  (3)

Reducing power

The method described by Flaih and Al-Saadi
was used (9) to figure out the reducing power.
Copper-NPs and M. communis extract (1mL)
at various concentrations (100, 50, 25, 20, 10,
and 5 g/mL, respectively), were mixed with 1
mL of sodium phosphate buffer (pH 6.6) and 1
mL of 1% potassium ferricyanide. For 20
minutes, the mixture was incubated at 50°C.
After that, tri-chloroacetic acid (TCA) solution
(10%) was added to stop the reaction. The
mixture was centrifuged at 7500 xg for 20
minutes. The supernatant (1.5 mL) solution
was mixed with the 1.5 mL distilled water and
0.1 mL of ferric chloride solution (0.1%, w/v)
and then left for 10 minutes. At a wavelength
of 700 nm, the absorbance was determined. As
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the absorbance of the reaction mixture grew, it
became clear that the extract's and CuNPs'
reducing power had increased as well.
Catalytic Activity

Metal nanoparticles were created by
converting nitro compounds like 4-nitrophenol
to amino compounds using  sodium
borohydride (12). A 4-nitrophenol solution
(1.9 mL, 0.2 mM) was added to a 3mL cuvette
containing  freshly  synthesized  sodium
borohydride (1mL, 0.2 M) solution. The
absorbance was measured in a UV-vis
spectrophotometer by comparing it to
wavelengths in the cuvette. We added a 0.1
mL of CuNPs or M. communis extract with
different concentrations of (100, 50, 25, 20,10,
and 5 pg/mL) to the cuvette that was shaken
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vigorously for mixing before being placed in a
UV-Vis spectrophotometer and scanned from
200 to 800 nm.

RESULTS AND DISCUSSION

Qualitative Phytochemical Analysis

GC-MS analysis: GC mass analysis of aqueous
leaves extracts of M. communis detected the
chemical compounds as a percentage of the
area, representing the major compound. The
chromatogram of the study showed eight peaks
of most constituents (Figure 1). Most of these
included (S)-2-methyl -1-dodecanol,
Heptadecanoic acid, heptadecyl, Thiosulfuric
acid (H»S,03), tri-fluoroacetic acid, n-tridecyl,
carbonic  acid, decyl dodecyl ester,

octadecanoic acid, 9-hexadecenoic acid, and
methyl ester (Table 1).

TG YA LN

T T T T T
[ X | Ka] Ll s 00 1400 B

T
[ Kl

¥ T
SO0l FRL

L] T T ¥ T L} T
OO GO0 SROD 0ol 500 el D0 8GO0

Figure 1. GC-MS of M. communis leaves extract
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Table 1. GC-mass analysis of M. communis leaves extract

Peak Retention Area
Time %

Name

1 20.62 18.38
2 30.15 20.36
3 32.67 2.73

4 33.76 20.51

5 34.42 7.36

6 35.06 12.99

7 35,51 4.37

8 36.12 13.30

(S)-2-methyl -1-dodecanol
Hexyl octyl ether
(RS)-
carbinol
9-Hexadecenoic acid, methyl ester, (2)-
1-Hexacosanol
Pentadecafluorooctanoic
octadecyl ester
1-Hentetracontanol
Hexatriacontyl pentafluoropropionate
N-(2-Phenylethyl)
Heptadecanoic acid, heptadecyl
14- BETA.-H-PREGNA
9-Octadecenoic acid (2)
Heptadecanoic acid, heptadecyl
Thiosulfuric acid (H,S,03)
cis-Vaccenic acid
9-Octadecenoic acid
Iron, tricarbonyl
Phenol, 4-bromo-2-(1,2-dimethyl
Trifluoroacetic acid,n-tridecyl
Heptadecanoic acid, heptadecyl 9,10-
Anthracenediol
Carbonic acid, decyl dodecyl ester

n-Dodecyl trifluoromethyl

acid,

undeca-(2Z,4E)

Synthesis of Copper Nanoparticles

Green synthesis of CuNPs was achieved in an
aqueous solution using M. communis extract as
a reducing agent. When the extract was mixed
with copper sulfate solution, the color of the
aqueous solution changed immediately within
10 minutes, which turned dark brown within
24 hours indicated the formation of copper
nanoparticles (Figure 2).

blank  CuS0s5H20

Figure 2. Biosynthesis of copper
nanoparticles (CuNPs) and the color change

with time
UV-Visible Spectroscopy Analysis
UV-visible spectroscopy confirmed the

presence of CuNPs, and the peak at 481 nm
was attributable to the presence of CuNPs
(Figure 3a). To evaluate the optimal conditions
for synthesis CuNPs, different effective
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parameters were studied, the temperature at (5
min,10 min,15 min) and filtrate volume of
extract (3 mL, 5 mL,10 mL), different
concentrations of copper sulfate (ImM, 2mM,
3mM), and effect of pH (5,6,7,8,9,10). The
optimal formation of CuNPs was obtained
using 10 mL of the leaves extract (Figure. 3b),
a boiling time of 10 minutes (Figure. 3c), the
concentration of copper sulfate solution
(ImM) (Figure.3d), and pH 10 of leaves
extract (Figure.3e).

Fourier Transforms Infrared Spectroscopy
(FT-IR)

The leaves extracted (Figure 4a) and
manufactured CuNPs (Figure 4b) were
subjected to FT-IR spectroscopy to identify the
functional groups. Interestingly, the FT-IR
spectrum of the leaves extract indicates intense
bands at 3335.03cm*(O-H stretching
vibrations), 2937.68 cm™ (C-H) and CH2
vibration of aliphatic hydrocarbons), 1726.35
cm™ (C=0 stretching vibration), 1616.40 cm™
(C=C stretching vibrations), 1452.45 cm™ (O—
H bending vibrations), 1367.58 cm™ (C-O
stretching of the ester group), 1240.27 cm™
(C-O asymmetric stretching in cyclic
polyphenolic compounds) and 1039.67 cm™
(O—H deformation). When looking at
synthesized CuNPs, the FT-IR spectrum shows
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that the O-H groups are responsible for the
broad peak at 3429.55 cm™; however, signals
in 2922.25 cm™ are related to C-H asymmetric
stretching  aromatic  rings  (asymmetric
stretching of C=0) as well as to stretching
C=C and C-OH bending. M. communis extract
interacts with Cu ions during bioreduction, as
seen by the FT-IR spectra of CuNPs. M.

communis extract peak locations and
A
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absorption intensities were compared to those
produced from CuNPs, and results showed that
some band positions and absorption intensities
from the plant extract peak were replicated in
the CuNPs FT-IR spectrum. As a result of
these findings, it can be concluded that the
produced CuNPs are non-oxidative, pure, and
coated with components of the M. communis
extract
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Figure 3. UV-visible spectra (a) for CuNPs (b) at different volumes of extract (c) at a different
boiling time (d) at different CuSO,4-5H,0 concentrations (e) at different pH
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Figure 4. (a) (FT-IR spectrum of M. communis leaves extract) and (b) (FT-IR spectrum of

X-ray Diffraction (XRD)
Metallic Nano-powders can be identified by
using XRD analysis. Scan angles ranged from
20 to 80 degrees for XRD patterns. The
crystallinity of CuNPs was established by the
diffraction pattern's peak positions (XRD).
Copper-NPs have extremely strong diffraction
lines, with three separate peaks seen at 20
values of 43.43, 5058, and 74.23°

respectively, and the values (111), (200), and
(220) are Miller indices (Figure 5).

20000
(111)

15000

10000

Intensity (Count)

(200)

(220)

10 20 30 40 50 60 70 80 90

Position [20 )

Figure 5. X-ray diffraction patterns for the
synthesized CuNPs
Transmission Electron Microscopy (TEM)
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CuNPs)

The shape and size distribution of CuNPs were
characterized by transmission electron
microscopy analysis, (Figure 6a) showing
CuNPs with spherical shapes. (Figure 6b)
illustrates the TEM for the prepared CuNPs
and the cumulating distribution of particle
diameters. It seems that the particles of one
mode of narrow and homogeneous distribution
are limited from 35 to 70 nm diameter and of
the average particle diameter of 55nm.
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Figure 6. TEM images of biosynthesized
CuNPs. (a) TEM image shows CuNPs with
spherical and semispherical forms, (b)
Distribution of CuNPs
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Scanning Electron Microscope (SEM)

The morphological characteristics of the bio-
synthesized copper nanoparticles  were
investigated by Scanning Electron Microscopy
(SEM) analysis. SEM images showed that the

VWA M
M AN
Viow Iold 100 Dosimiy) W

copper nanoparticles are predominately
spherical, have a smooth surface, and are well
dispersed with a close compact arrangement
(Figure 7).

MU W
Wil

Dol o |
b
Viou ol 1M Dolmpmdy) WA

Figure 7. SEM image of biosynthesized copper nanoparticles (a) The particle size at different
average diameters D1, D2, and D3. (b) SEM shows the spherical shape of particles

Antioxidant of
Nanoparticles

In this study, three different assays were used
to evaluate the antioxidant of the copper
nanoparticles, DPPH, total antioxidant, and
reducing power. DPPH scavenging capacity
assay is the best choice among the three
methods used because characterized by fast,
stability, and simplicity. The results showed
that CuNPs could scavenge free radicals

compared with the M. communis leaves extract

Activity Copper
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and ascorbic acid used as a well-known
standard antioxidant (Figure 8a). The total
antioxidant capacity method determines the
ability of a sample to donate electrons and
neutralize free radicals. As shown in (Figure
8b), M. communis extract exhibited more
potent antioxidant activity than CuNPs,
whereas (Figure 8c) showed that CuNPs have
higher antioxidant activity than M. communis
extract. Their activity increased with the
increase of concentrations.
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Figure 8. Antioxidant activity of the phyto-synthesized CuNPs and plant extract. (a) DPPH
free radical scavenging assay (b) total antioxidant capacity assay (c) reducing power assay.
Ascorbic acid (A.A) as a reference (positive control)

Catalytic Activity of Copper Nanoparticles

In the presence of synthesized CuNPs, 4-
nitrophenol (4-NP) reduction was studied
using NaBH4;. Pure 4-NP has a peak in
absorption at 317 nm, and when NaBH,; was
added, a redshift occurred from 317 to 400 nm
because of the production of 4-nitrophenolate
(NP) ions. At high concentrations (100
pg/mL), the UV-visible absorption spectra
showed that at 400 nm, the peak completely
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disappeared after adding CuNPs. Furthermore,
a new peak was observed at 298 nm withinl5
minutes (Figure 9a), indicating the formation
of 4-aminophenol. At low concentration (50,
25, 20, 10, 5 pg/mL), the peak at 298 nm after
15 minutes not formed. While the addition of
extract at all concentrations, the peak at 400
remains, and no other peak formed (Figure
10).
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Figure 10. UV-visible spectrum of the reduction of 4-NP by M. communis at the
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Environmentally friendly alternatives to microorganisms, enzymes, and plants or
chemical and physical methods for extracts (18). The GC-MS analysis of M.
nanoparticle synthesis have been suggested, communis leaves extract revealed the retention
including  biological methods utilizing time (RT), area percentage, and component
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names of phytochemical components (Table
1). Biological activity is present in the
majority of these chemicals (19). The GC-MS
analysis reveals the relative concentration of
various components eluted as a fraction of
retention time. GC-MS showed different peaks
in the extract of M. communis leaves, and their
heights indicate the relative concentration of
the various compounds present. Octadecanoic
acid hexadecanoic acid, and ethyl ester were
found to be saturated fatty acids, and they may
act as antioxidants, anti-androgenic,
hemolytic, and alpha-reductase inhibitors (24).
UV- visible absorption spectroscopy is one of
the most valuable techniques for studying
metal nanoparticle formation in aqueous
solutions. The color change and UV-visible
spectroscopy was used to track the reduction
of aqueous metal ions, and subsequent
formation of metal nanoparticles using
M.communis leaves extract (26). The peak in
UV-visible spectroscopy could be seen at 481
nm (Figure 3a). The highest absorbance value
indicates that the copper ions have been
completely reduced and that CuNPs have been
synthesized quickly. To our surprise, we
noticed an increase in synthesized CuNPs
yield with an increased infiltrate volume
(Figure 3b). This was due to high peak
absorbance, which required a 10 mL extract
and boiling for 10 minutes (Figure 3c). The
least reaction ability was obtained by boiling
the extract for five and fifteen minutes. A
concentration of 1mM copper sulfate yields
the best results (Figure 3d), while
concentrations of 2mM and 3mM showed the
lowest intensity of reaction (Figure 20) (29).
The addition of leave extracts to CuSO4.5H,0
had no effect on the formation of nanoparticles
when pH was considered. CuNPs were
obtained after the pH of the extract medium
was changed to basic by adding 0.1 mM
NaOH (Figure 3e). In the presence of CuNPs,
the solution turned light brown (pH 5) and
showed no absorption peak. It was found that
the formation of CuNPs began at pH 10 and
peaked at 481 nm, revealing their formation.
However, as pH rises toward alkaline media,
the rate of synthesis accelerates. CuNPs could
be formed in alkaline conditions without
agitating the mixture, and all of the copper
ions added were converted to CuNPs in less
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than 30 minutes (15). To better understand
how functional groups interact with metal
particles and biomolecules, FT-IR analysis is
essential. FT-IR spectra were used to identify
the biomolecules that cap and stabilize the
copper nanoparticle in the current study. The
difference in wavenumber between M.
communis and CuNPs indicated the presence
of a functional interaction group (7).In the FT-
IR spectrum of copper nanoparticles, different
organic molecules like terpenoids, alcohols,
ketones, aldehydes, and carboxylic acid were
found to be surrounding the copper
nanoparticles (16). Analyzing the produced
sample with XRD helped identify its crystal
structure and phase composition (Figure 5). At
2 = 43.43° (111), 50.58° (210), and 74.23°
(220), the copper XRD peak represents the
face-centered cubic structure and confirms the
single phase of CuNPs obtained (2). Using
transmission electron microscopy, the NPs'
surface morphology and size distribution were
analyzed (27). These results show that the
CuNPs produced in this experiment have an
almost-sphere-like particle morphology, with a
diameter between 35 and 75 nm, as shown in
Figure 6 (25). Figure 7 shows SEM images of
synthesized CuNPs, which show slightly
agglomerated, spherical NPs formed. The NPs'
diameter is 55 nm on average. This study used
three different assays to investigate the
antioxidant activity of synthesized CuNPs and
M. communis leaves extract because a single
universal method cannot accurately assess
antioxidant activity. Furthermore, DPPH" (2,2-
diphenyl-1 picrylhydrazyl) is regarded as a
stable free radical due to the delocalization of
the spare electron on the entire molecule. As a
result, unlike most other free radicals, DPPH’
does not dimerize. Purple coloration is
determined by the presence of delocalization
on the DPPH" molecule. The reduced
(molecular) form (DPPH) is generated when
DPPH’ reacts with a hydrogen donor, and the
violet color is lost as a result (DPPH is
reduced). This means that the decrease in
absorbance is proportional to the antioxidant
concentration (23), (11). Flavonoids, phenols,
and other reducible agents in plants provide
antioxidant ~ power.  Compounds  with
antioxidant activity can scavenge free radicals,
donate hydrogen atoms or electrons, or chelate
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metal cations (31). Additionally, the catalytic
activity of the synthesized CuNPs was
investigated in the reduction of 4-nitrophenol
in an aqueous medium at room temperature in
the presence of a solution of sodium
borohydride in aqueous form; CuNPs can
catalyze the reaction to overcome the kinetic
barrier by transferring electrons from the
donor borohydride ions to the 4-NP acceptor.
A 4-AP is a critical intermediate in the
production of analgesics and antipyretics that
is commercially important. A 4-NP, a
paracetamol synthesis intermediate, is one of
the most refractory pollutants found in
industrial wastewaters (20). At 317 nm, the
absorption spectra of pure 4-NP show a
distinct peak. (Figure 9). Adding NaBH,
increased the 4-NP solution's yellow hue and
caused a redshift from 317 to 400 nm because
of the production of 4-nitrophenolate ions in
the 4-NP solution, according to an initial
experiment (22). Even after spending days at
400 nm with no catalyst, there was no decrease
in 4-NP. CuNPs acted as a catalyst, and the 4-
NP solution's yellow hue quickly faded until it
vanished completely at a wavelength of 400
nm. A new peak at 298 nm was observed after
only 15 minutes of adding 100 pg/mL of
CuNPs. (Figure 9a). When compared to M.
communis, CuNPs show superior 4-NP
reduction catalytic activity. Reducing 4-NP
may involve one of the following mechanisms:
(Figure 11) The solution contains 4-NP ions as
well as sodium borohydride. The protons of
the borohydride ion bind to the copper
nanoparticle surfaces and form BO,. 4-
Nitrophenolate ions are also attracted to the
surfaces of CuNPs. By adsorbing both protons
and 4-nitrophenolate ions, CuNPs bypass the
reaction's kinetic barrier, transforming the 4-
nitrophenolate ion into the 4-aminophenolate
ion. It is only after conversion that the 4-
aminophenolate ion is desorption, that 4-
aminophenol is formed (6).
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Figure 11. Mechanism of reduction of 4-
nitrophenol (6).

Conclusions
The leaves extract of M. communis was used
to synthesize CuNPs successfully. This
method is easy, quick, and environmentally
friendly to synthesize nanoparticles without
using any hazardous chemicals. Copper
nanoparticles were formed in the presence of
phyto-constituents such as polyphenols and
tannins, which played a role in reducing and
capping agents. CuNPs were found to have
superior antioxidant and catalytic activity
when compared to the leaves extract of M.
communis in this study.
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