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Abstract

This study examines the biosynthesis and characterization of copper and iron nanoparticles (CuNPs and
FeNPs) using Spondias mombin leaf extract. The extracts serves as a reducing and stabilizing agent in the
formation of nanoparticles. The leaves were collected, identified, and subjected to ethanolic extraction. This
was followed by the biosynthesis of nanoparticles via reaction with Cu(NO3), and FeCl, solutions.
However, the reactions was done under controlled heating and stirring resulting to a color change. Color
changes from blue to reddish brown indicate CuNPs formation and from clear to dark brown for FeNPs. To
characterize the synthesized nanoparticles, a range of analytical tools was used. These included UV-Visible
spectroscopy for optical properties, XRD for crystallinity, and SEM for surface morphology. Additional,
FTIR was used to identify functional groups while PSA was used to provide insights into size distribution
and monodispersity. From the result obtained, UV-Vis spectra confirmed the presence of surface plasmon
resonance. Its absorption peaks ranges between 210-800 nm for CuNPs and 230-770 nm for FeNPs,
respectively. XRD showed diffraction peaks confirming crystalline CuNPs, Cu,O, FeNPs, and Fe,Os. The
particle sizes ranges from 18.87 to 19.66 nm. SEM analysis on the other hand revealed irregularly shaped
particles averaging 26.1 nm, while FTIR spectra identified functional groups such as O—-H, C=0, and N—
H. These functional groups confirms the involvement of polyphenols and other phytochemicals in
nanoparticle synthesis. PSA results showed that 0.01 M concentrations produced well dispersed CuNPs and
FeNPs with sizes of 44.61 nm and 45.89 nm, respectively. These findings confirm that S mombin is an
effective, eco-friendly option for producing metal nanoparticles with potential uses in antimicrobial
applications.
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Introduction

In recent years, green approach to nanotechnology
has become wvital in tackling environmental,
biomedical, and industrial challenges [1-2].
Conventional approaches such as chemical and
physical methods for nanoparticle synthesis has
caused adverse environmental impacts [3-4]. Even
though this methods are effective, it often involve
the uses of toxic reagents and high energy demands
[4]. Consequently, due to the growing interest in
environmental concern and sustainable approaches
for synthesizing metallic nanoparticles (NPs) [1]. A
green approach using plants part has emerge as a

promising alternative [5-6].

Among the diverse biomaterials explored for green
synthesis, it is obvious that Spondias mombin, is on
the spotlight. This is because, it is a tropical plant
rich in bioactive phytochemicals. Its usefulness
arises due to its antioxidant, antimicrobial, and
metal chelating properties [7-8]. The production of
metal-based nanoparticles, such as copper (CuNPs)
and iron (FeNPs), can be carried out in an
ecofriendly manner [4]. This is achieved by using
S. mombin leaf extract as a reducing and stabilizing

agent [9-10].

The nanoparticles produced is widely used for
water treatment, catalysis, drug delivery, and
antimicrobial aided drugs [8]. This application is
due to their high surface area to volume ratio,
tunable  physicochemical  properties,  and
biocompatibility [2,11]. Even though literatures has
addressed the effectiveness of plant mediated

synthesis routes, there remains a significant
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knowledge gap. These gaps arise due to inadequate
details in the characterization and optimization of
nanoparticles derived from S. mombin [12-13].
Moreover, comparative evaluations of particle size
and crystallinity associated with biosynthesized

CuNPs and FeNPs remain underreported [14-15].

In addition to the above-mentioned evaluation,
morphological features and functional groups are
also lacking insight [15]. However, the purpose of
this study is to synthesize and characterize copper
and iron nanoparticles using Spondias mombin leaf
extract. The study does not only provides a
comprehensive physicochemical profile of the
synthesized nanoparticles. Further, it explores how
concentration dependent variations influence
particle morphology and dispersion. By bridging
these gaps, the research contributes to the growing
field of plant based nanomaterials and opens new

possibilities for their application in sustainable

technologies [15].

Materials and Methods

Materials

All reagents used in this study were of analytical
grade and employed without further purification
[16]. Fresh leaves of S. mombin were used as the
biological source for nanoparticle synthesis.
Absolute ethanol (99%) served as the extraction
solvent. Copper nitrate [Cu(NOs),] and iron(Il)
chloride (FeCl,) were used as metal precursors for
the synthesis of copper and iron nanoparticles,

respectively [17]. Potassium bromide (KBr) and
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Nujol were utilized for sample preparation in

Fourier Transform Infrared (FTIR) spectroscopy.

Distilled and tap water were used for initial
washing and cleaning procedures. Syringe filters
(0.22 pm and 0.45 pm) were employed to remove
large aggregates during particle size analysis [18].
Instrumentation employed for characterization
included a rotary evaporator for solvent removal
and concentration of the plant extract. UV-visible
spectral analysis was conducted using an Apel

PD30000UV spectrophotometer [19].

An X-ray diffractometer (Model: XDS 200, China)
running at 40 kV and 30 mA with CuKa radiation
was used to evaluate the crystallographic properties
[20]. A Quorum Technologies Q150R coater was
used to apply the gold sputter coating, and a
scanning electron microscope (SEM, Phenom
ProX, PhenomWorld, Netherlands) was used to

examine the morphological features [18].

FTIR spectra were acquired using a Buck 530
infrared spectrophotometer over a wavelength
range of 600—4000 cm™. A Zetasizer Nano (Model:
ZS-N90, Malvern Instruments, England) was used
the particle

index (PDI),

to measure size distribution,

polydispersity and Z-average
diameters. It was run at 25°C with a 90° scattering
angle [21]. To guarantee the accuracy and
reproducibility of the findings, every measurement

was carried out three times [20].

Extraction of Spondias mombin Leaf
Fresh Spondias mombin leaves were washed, dried,

and ground into powder [8]. Fifty grams of the
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powder were extracted using cold maceration in
ethanol, followed by percolation, filtration, and
evaporation. The resulting extract was stored at 4°C

for further use [8, 22].
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Fig 1: Colour change indicating formation of
nanoparticles from light brown to dark brown
Synthesis of CuNPs and FeNPs using Spondias
mombin

Five grams of Spondias mombin extract was added
to 0.01 M Cu(NOs), and FeCl, solutions, with
optimal nanoparticle formation observed at a 1:2
(v/v) ratio after heating at 90°C, indicated by color
changes [23]. Reduction was confirmed via UV-
Visible spectroscopy, and nanoparticles were
collected by centrifugation and drying. The process
was repeated for 0.02 M and 0.03 M

concentrations, and the nanoparticles were later

characterized [8].

Fig 2: Synthesized Sm-FeNPs and Sm-CuNPs
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Characterization of CuNPs and FeNPs using
Spondias mombin

UV-Vis Spectroscopic Analysis

The samples were subjected to UV-visible
spectrophotometric analysis using a 10-mm cell at
UV-visible

spectrophotometer (Apel PD30000uV) with a slit

room  temperature and @ a
width of 2 nm [24]. Ten milliliters of ethanol were
used to dissolve 0.1 grams of the sample. After
filtering the mixture, the filtrate was used for UV-
vis analysis. A UV-Spectrophotometer was used to
analyze the extract under visible and UV light with

wavelengths between 190 and 800 nm [25].

X-Ray Diffraction Analysis

To achieve a 10-um particle size fraction, the
sample underwent size-reduction procedures. After
being ground into a powder, 0.1 g of the material
was placed in a sample tray and subjected to XRD
analysis (Model: XDS 200, China) [26]. A set of
minerals' quantitative data is provided by the XRD
analysis. The location and intensity of peaks on the
20 scale were used to identify the minerals. An X-
ray diffractometer was used to scan the prepared
samples using CuKa radiation at 40 kV and 30 mA
[25]. A continuous scan mode from 2 to 34° 20 with
a 0.05 step size and 2 degrees per minute was used
for most of the scans [27]. Software called Jade
9+® was then used to analyze the gathered data.
The process was completed by compiling the
results into easily readable spreadsheets and
converting each sample's XRD trace into a.jpg

image radiation at 40 kV and 30 mA [27].
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Scanning Electron Microscopy

PhenomWorld Einhoven, Netherlands, used the
scanning electron microscope (SEM) model
Phenom ProX, which was manufactured in the
Netherlands, to investigate the physical structure
change of samples [28]. A sample weighing 0.1 g
was put on double adhesive mounted on a sample
stub, which had been sputter-coated with a 5 nm
layer of gold using a Quorum Technologies model
QI50R. It was then brought to the SEM-EDX
machine's chamber, where it was viewed using
NaVCaM for focusing and minor adjustments [27].
After that, it was moved to SEM mode, where it
was automatically focused and had its brightness
contrast adjusted. The morphologies of various

magnifications were then obtained [29].

Fourier Transform Infra-Red Analysis

To prepare the sample for the Buck 530 IR-
spectrophotometer, 0.1 g of the sample was
combined with 0.5 g of Kbr. Next, 1 ml of nujol, a
solvent, was added to the sample using a syringe to
create a paste. The sample was then placed into the
instrument sample mold and allowed to scan at a
wavelength of 600—4000 nm to determine its
wavelength  [30-31].focusing and minimal
modification, it was then moved to SEM mode,
where the morphologies of various magnifications

were obtained after the focus and brightness

contrast were automatically adjusted [29].

Particle Size Analysis
The sample was first prepared by creating a dilute

suspension of the nanoparticles, with concentration
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of 0.1 mg/ml levels adjusted to ensure a good signal
without multiple scattering [32]. The sample was
filtered through a 0.22 pm or 0.45 um syringe filter
to remove large aggregates. The appropriate
dispersion medium was selected based on the

solubility and stability of the nanoparticles [30].

The Zetasizer Nano (Model: ZS-N90 Malvern
Instruments, England) was then calibrated using a
standard sample to ensure accurate measurements
[33]. Relevant parameters, such as the refractive
index of the sample material and the viscosity of the
dispersion medium, were input into the instrument's
software [31]. The temperature was set at
approximately 25°C. A clean cuvette was selected
and filled with 1-1.5 ml of the prepared sample,
ensuring the absence of air bubbles. The cuvette
was carefully placed into the sample holder of the

Zetasizer, aligned for proper measurement [29].

The measurement process involved setting the
number of runs and the measurement angle,
typically at 90°. The analysis was initiated, and data
on the size distribution, Polydispersity Index (PDI),
and Z-average diameter were recorded. The
procedure was repeated in triplicate to ensure the

reproducibility of the results [32].

Results and Discussion

The synthesized copper and iron nanoparticles were
subjected to a comprehensive suite of analytical
characterizations to evaluate their structural,
morphological, and functional properties [34]. The
results obtained from UV Vis spectroscopy, X-ray

diffraction (XRD), scanning electron microscopy
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(SEM), Fourier transform infrared spectroscopy
(FTIR), and particle size analysis (PSA) are
presented and discussed in this section [30]. These
findings provide critical insights into the impact of
precursor concentration on nanoparticle formation
and quality, and highlight the suitability of
Spondias mombin as a bio-reducing and stabilizing

agent in green nanotechnology [35].

The application of UV-Visible spectroscopy

remains a fundamental and non-destructive
technique for the preliminary characterization of
metallic nanoparticles, particularly in confirming
their formation and assessing their optical
properties [36]. This technique is well known for
detecting surface plasmon resonance (SPR)
phenomena, which are caused by the collective
oscillation of conduction electrons in metallic
nanoparticles when they are excited by particular

wavelengths of light [28].

The absorption peaks' location, form, and intensity
reveal important information about the size,
makeup, and aggregation behavior of the particles
[30]. The optical reactions of the produced copper
and iron nanoparticles at different concentrations
were assessed in this work using UV-visible
spectroscopy. Each metal nanoparticle system's
surface plasmon behavior was then ascertained by

analyzing the obtained absorption spectra [24].
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It was found that the excitation of surface plasmon

vibrations in the nanoparticle solution was
responsible for the absorption peaks at 210-800 nm
regions for 0.01 M, 0.02 M, and 0.03 M Sm-CuNPs
and 230-770 nm regions for 0.01 M, 0.02 M, and
0.03 M Sm-FeNPs in Figures 3-8. These peaks
to the UV-visible

of CuNPs and nZVI

were identical spectrum
[9,10].

According to the earlier study by [12], the visual

characteristics

appearance and UV-visible spectroscopy technique
which is commonly used to characterize metal
nanoparticles and provide a convenient identity
were used to confirm the presence of copper
nanoparticles. According to the findings of [37—
38], inter-band transitions were seen in the CuNPs
and FeNPs spectra. This demonstrated the broad
range of absorption spectra of synthesized particles
and the strong evidence that UV-visible
spectroscopy measurements offer for detecting the

presence of copper and iron nanoparticles [34].

X-ray diffraction (XRD) is a critical technique for

identifying the crystalline structure, phase

composition, and average crystallite size of
nanomaterials [39]. It provides essential insights
into the purity, structural integrity, and degree of
crystallinity of synthesized nanoparticles. The
analysis of diffraction patterns enables the
detection of specific metal and oxide phases, as
well as the estimation of particle dimensions
through established models such as the Debye-
Scherrer equation [40]. In this study, XRD was
employed to characterize the structural properties

of the biosynthesized copper and iron nanoparticles
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derived from Spondias mombin extract [8]. The
diffraction peaks observed were examined to
determine the presence of elemental and oxidized
forms of copper and iron, assess crystallinity, and
infer the potential for antimicrobial application

[39].

N
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Fig 9: XRD pattern of 0.01 M Sm-Copper
Nanoparticle
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Fig 10: XRD pattern of 0.01 M Sm-Iron

Nanoparticle

The X-ray diffractogram in Figure 9 revealed that
the peak at 20 equals to 21.48° indicates the
presence of CuNPs and 20 = 19.48° peak revealed
the presence of CuO or CuxO in Sm-CuNPs.
Similarly, the diffractogram in Figure 10 showed
that nZVI is present at the peak at 20 equal to
43.410. The presence of Fe203 or Fe304 was
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further demonstrated by the XRD results of Sm-
nZVI at the 20 = 39.040 peak. Other peaks, on the
other hand, might represent organic matter, iron
oxyhydroxides, and copper hydroxide on the
surfaces of Sm-CuNPs and Sm-nZVI. The outcome
was discovered to be strikingly similar to those of
[3,5,6,7,9,11, 41-45]. The XRD result also revealed
the presence of medium nanoparticles (10-100 nm)
having crystal size, L ranging from 24-26 nm (26
nm) and particle size, D ranging from 18-19 nm
(18.87 nm) for 0.01 M CuNPs and crystal size, L
ranging from 25-27 nm (26.17 nm) and particle
size, D ranging from 18-21 nm (19.66 nm) for 0.01
M FeNPs [2]. This has shown that Sm-CuNPs and
Sm-nZVI could be promising matrix for
remediation (both soil and water), adsorption,
catalysis, and other applications.

Scanning Electron Microscopy (SEM) is widely
utilized in nanomaterials research to visualize
surface morphology, particle shape, and
distribution at the nanoscale [46]. This technique
provides high resolution images that enable
detailed observation of nanoparticle structures,
including the presence of agglomerates, surface
textures, and spatial arrangements. When combined
with complementary techniques such as XRD,
SEM aids in confirming particle morphology and
correlating it with crystallographic properties [47].
In this study, SEM analysis was employed to
examine the surface architecture and size
variability of the copper and iron nanoparticles
synthesized using Spondias mombin extract [37].

The micrographs provided visual evidence of
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particle distribution, uniformity, and structural

irregularities essential for assessing material

suitability for further applications [46].

Fig 11: SEM micrograph of 0.01 M Sm-Copper
Nanoparticle

Fig 12: SEM micrograph of 0.01 M Sm-Iron
Nanoparticle

The micrograph in Figures 11 and 12 revealed a
uniform and non-uniform particle sizes and void
space for both 0.01 M CuNPs and FeNPs. The
particles were discovered to be irregular in form,
with sizes varying from 24 to 27 nm, with an
average particle size of 26.1 nm. However, XRD
results

revealed the crystals formed to be

anisotropic [ 14] and lamellar or platy in shape since
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the shape factor (K) was 0.7. The findings were
found to be similar to those of [48-51].

Fourier Transform Infrared Spectroscopy is an
essential analytical technique for elucidating the
chemical = composition of  nanomaterials,
particularly in identifying the organic functional
groups involved in nanoparticle synthesis [52]. In
green nanotechnology, FTIR plays a crucial role in
confirming the presence of phytochemical
constituents responsible for the bioreduction and
stabilization of metal ions [53]. By detecting
molecular vibrations associated with specific bond
types, this technique enables researchers to infer the
nature of interactions between plant metabolites
and metal precursors. In the present study, FTIR
analysis was utilized to investigate the functional
groups in Spondias mombin extract that contribute
to the formation of copper and iron nanoparticles,
into the biomolecular

providing  insight

mechanisms underlying the synthesis process [52].

Fio¥ 1. DI SIS D1M CubFs TR ANALYSS SPRINGB0MRD LAS AMIEA

area

Fig 13: FT-IR vibrational bands of 0.01 M Sm-
Copper Nanoparticle
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Fig 14: FT-IR vibrational bands of 0.01 M Sm-Iron
Nanoparticle

FTIR Spectroscopy was employed to identify the
presence of functional groups responsible for the
synthesis of CuNPs and FeNPs from an aqueous
extract of S. mombin leaf [40]. The vibrational
bands of CuNPs and FeNPs was in the range of
wave region between 600 and 4000 cmlas
presented in Figures 13 and 14. The FT-IR spectra
displayed three (3) distinct characteristics peaks at
1534.13, 2419.48 and 3707.67 cm™ for 0.01 M S.
mombin-CuNPs 1533.61, 2369.83 and
3687.6 cm™ for 0.01 M S. mombin-FeNPs. The
vibrational band at 3707.67 cm™ and 3687.6 cm’!

while

revealed the O-H stretching due to the presence of
polyphenol or alcohol as functional group in
addition to flavonoids, alkaloids, and others which
may be responsible for the reduction of copper (II)
ion (Cu?*) to CuNPs or Cu,O and ferrous ion (Fe**)
to zero-valent iron (Fe®). The peaks at 2419.48 and
2369.83 cm! confirmed the presence of C-H
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stretching due to the alkane functional group [29].
The vibrational bands at 1534.13 and 1533.61 cm’!
represent bending vibration of secondary N-H, C-O
stretching, C=C stretching due alkenes, and C=0
carbonyl

stretching  due respectively.

group
However, the FT-IR results displayed varied
vibrational bands from 694-919 cm™, 1068-1611
cm’, 2065-2997 cm! and 3071-3807 cm’
representing C=C, C-O, C-N, N-H, C=0, C-H,
and OH functional groups which played vital role
in the synthesis of CuNPs and FeNPs. The above
results were very close to the work of [15].
Moreover, similar FT-IR patterns were found in the
following studies: biologically synthesized iron
nanoparticles (FeNPs) from Phoenix dactylifera;
green synthesis of iron nanoparticles and their
environmental applications and implications; green
synthesis of copper nanoparticles using leaf extract
from Ocimum sanctum; green synthesis of iron
nanoparticles using aqueous extract of Musa ornata
flower sheath bacteria;

against pathogenic

antifungal activity of biosynthesized copper

nanoparticles evaluated against red root-rot disease
in tea plants; etc revealed similar FT-IR pattern
[3,5,6,9,10,13,54].

Understanding the particle size distribution of
nanoparticles is essential for evaluating their
physicochemical behaviour and functional
suitability in various applications [55]. Particle size
influences not only the surface reactivity and
stability of nanoparticles but also their dispersion,
and interaction with

aggregation tendency,

biological and environmental systems. In
nanoparticle synthesis, precise measurement of
particle dimensions and distribution patterns
provides key indicators of synthesis efficiency and
reproducibility. In this study, particle size analysis
was conducted to assess the consistency and
uniformity of the copper and iron nanoparticles
synthesized using Spondias mombin extract, with
particular attention to how concentration affects

size distribution and polydispersity [56].

Table 1: Particle Size Areas of Sm-Copper and Iron Nanoparticles

SN Sm- PSA (nm) Polydispersity Index Length unit
Nanoparticles
1 0.01M CuNPs 44.61 0.268 DV (10)
2 0.02M CuNPs 19.05 0.300 DV (10)
3 0.03M CuNPs 14.40 0.461 DV (10)
4 0.01M FeNPs 45.89 0.199 DV (10)
5 0.02M FeNPs 28.86 0.214 DV (10)
6 0.03M FeNPs 24.17 0.478 DV (10)

*DV (10) represents that 10% of particles in the powders are smaller than this size
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Fig 19: Particle size distribution of 0.002 M FeNPs
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Fig 20: Particle size distribution of 0.003 M FeNPs
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Particle size is a veritable parameter in material
composition, identity, quality, and performance.
The size of the particle’s controls flows and
compaction properties [34]. The particle size area
as a function of the total surface area and
polydispersity Index (Pdl) in Table 1 revealed that
0.001 M of both CuNPs and FeNPs gave the
highest PSA of 44.61 nm and 45.89 nm
demonstrating the use of 0.01 M CuNPs and
FeNPs in subsequent analyses. The PSD results for
CuNPs and FeNPs revealed that the particles were
found to be in the nano scale and highly
monodispersed [1]. The Distribution particle size
by volume revealed that all the concentrations of
both CuNPs and FeNPs particles in the powders
were 10% smaller than this size as shown in

Figures 15-20.

Conclusion

This work used leaf extract from Spondias mombin
to demonstrate the environmentally friendly
synthesis of copper and iron nanoparticles (CuNPs
and FeNPs). The plant extract acted as a stabilizing
and reducing agent that was sustainable [57]. XRD,
SEM, FTIR, UV-Vis spectroscopy, and particle size
analysis were used to confirm the presence of
nanoparticles. Surface plasmon resonance bands
were visible in UV-Vis spectra. Crystalline
structures containing peaks for elemental and
oxidized copper and iron were found using XRD
[58]. Heterogeneous shapes with sizes ranging from
18 to 27 nm were revealed by SEM. Functional
groups (O-H, C-H, N-H, and C=0) were detected
by FTIR, indicating phytochemical involvement. At
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lower precursor concentrations, particle size

analysis revealed monodispersity and low

polydispersity. The process is economical,

environmentally benign, and appropriate for

environmental  remediation, catalysis, and

antimicrobial activity [59]. Overall, this study
provides a scientific basis for the detailed
physicochemical characterization of Spondias
mombin-mediated nanoparticles and supports its

potential use in sustainable nanomaterial synthesis.
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