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Abstract: This study presents a comparative
analysis of silver nanoparticles synthesized via
green methods using two different plant
extracts, identified as TF-NP and CG-NP.
Scanning Electron Microscopy (SEM) and
particle size distribution analysis were
employed to evaluate the morphology and size
of the nanoparticles. The SEM image of TF-NP
revealed uniformly dispersed, spherical
nanoparticles with minimal agglomeration and
a measured average size predominantly
ranging between 30 and 60 nm. In contrast,
CG-NP  exhibited irregular, flake-like
structures with significant aggregation, and
particle sizes ranging widely from 0.55 um to
over 17 um, with the majority falling above the
nanoscale threshold. Histogram analysis
further confirmed that 60% of TF-NP particles
were below 60 nm, while CG-NP had less than
10% of particles within the nanoscale range.
The findings indicate that the TF-NP synthesis
process resulted in nanoparticles that align
more closely with international nanoparticle
standards, due to better control of synthesis
parameters and the presence of more effective
phytochemicals in the plant extract. In
contrast, CG-NP synthesis demonstrated
limited efficiency and poor size control. The
study concludes that the choice of plant extract
significantly influences the quality of green-
synthesized nanoparticles, and it recommends
further optimization of the synthesis protocol
for CG-NP to improve particle uniformity and
reduce agglomeration.
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1.0 Introduction

Silver nanoparticles (AgNPs), typically
ranging from 1 to 100 nm in size, possess
remarkable physical, chemical, and biological
characteristics owing to their high surface area-
to-volume ratio and their ability to absorb and
scatter light across the visible and near-infrared
spectrum (Altammar, 2023). These properties
have enabled their widespread application
across diverse fields including agriculture,
environmental monitoring, medicine,
biotechnology, and the food industry.
Specifically, AgNPs have demonstrated utility
in wastewater treatment (Zahra et al., 2020),
environmental surveillance (Eddy et al., 2024a;
Rassaei et al., 2011), antimicrobial treatments
(Islam et al., 2022), and as functional additives
in food products (Chen et al., 2023).

Various methods exist for the synthesis of
silver nanoparticles, including physical,
chemical, and biological  approaches
(Akpanudo & Olabemiwo, 2024a). Among
these, biological (or green) synthesis is
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increasingly favored due to its eco-friendliness,
simplicity, and economic viability (ljaz et al.,
2022). This method typically employs natural
reducing and stabilizing agents derived from
plant extracts, microorganisms, and biowastes.
However, while green synthesis has gained
traction globally, the bulk of existing research
remains focused on terrestrial plant-based
materials, with marine-derived biowastes
receiving considerably less attention.

Nigeria, with its extensive coastline and rich
marine biodiversity, generates an estimated 12
million tonnes of shell waste annually—
primarily composed of oyster and periwinkle
shells (Mo et al., 2018; Eddy et al., 2024b-¢).
These shells, often discarded indiscriminately
along shores and in landfills, pose
environmental and public health hazards due to
poor waste management practices (Barros et
al., 2009). Yet, they remain a largely untapped
resource for nanotechnology applications.
Mollusk shells are organo-mineral composites,
consisting of 95-99% inorganic minerals and
0.1-5% organic materials. Though minor in
proportion, the organic matrix—rich in
proteins, polysaccharides, and lipids—has the
capacity to act as natural reducing and capping
agents in nanoparticle synthesis (Ma et al.,
2006).

Despite their abundance and biochemical
richness, oyster and periwinkle shells have
been underutilized in green nanotechnology
research. Most reported studies emphasize
plant-based precursors, thereby leaving a
significant knowledge gap in the exploration of
marine biowastes as sustainable alternatives for
nanoparticle synthesis. Addressing this gap is
imperative for promoting resource recovery
and environmental sustainability.

This study therefore aims to synthesize and
characterize silver nanoparticles using ethyl
acetate extracts of Tympanotonus fuscatus and
Crassostrea gasar shells. By investigating the
potential of these marine-derived wastes, the
study seeks to advance the development of
cost-effective, eco-friendly nanomaterials

while promoting sustainable management of
marine biowaste.

2.0 Materials and Methods

Peri2.0winkle (Tympanotonus fuscatus) and
oyster (Crassostrea gasar) shells were
collected from the Otuoke market located in
Ogbia Local Government Area, Bayelsa State,
Nigeria. These marine mollusks are widely
consumed in the Niger Delta region, and their
shells are typically discarded as waste. The
sampling site was selected due to its
accessibility and the high volume of shellfish
waste generated in the area.

2.2 Preparation of Periwinkle and Oyster Shell
Extracts

Collected shells were first rinsed thoroughly
under running tap water to remove residual
organic matter, followed by washing with
distilled water to eliminate surface impurities
and contaminants. The clean shells were then
air-dried at room temperature for 72 hours to
prevent microbial degradation. Dried shells
were ground into a fine powder using a
mechanical grinder and sieved to achieve
uniform particle size.

An 8 g sample of each powdered shell type was
extracted separately in 100 mL of ethyl acetate
using reflux boiling in a 250 mL Erlenmeyer
flask for 30 minutes at 60°C. Ethyl acetate was
selected as the solvent due to its efficiency in
extracting bioactive compounds such as esters,
flavonoids, and fatty acids, which can act as
natural reducing and capping agents. After
extraction, each mixture was filtered through
Whatman No. 1 filter paper, and the clear
filtrates were stored in amber-colored bottles at
4°C to prevent photodegradation before use in
nanoparticle synthesis.\

2.3 Synthesis of Silver Nanoparticles\

To synthesise the silver nanoparticles (AgNPs),
15 mL of each shell extract was mixed
separately with 85 mL of 1 mM aqueous silver
nitrate (AgNOs) solution. The mixtures were
stirred gently and incubated at 28°C for 3 hours
in the dark to prevent photo-reduction of silver
ions. The onset of nanoparticle formation was
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confirmed by a visible color change from pale
yellow to deep brown, attributed to the surface
plasmon resonance (SPR) of AgNPs. This
color transition indicates the reduction of Ag*
ions to Ag° nanoparticles by the organic
components in the shell extract.

2.4 Characterisation of Synthesised Silver
Nanoparticles

The ethyl acetate extracts and the synthesized
AgNPs were subjected to characterization
using:

Fourier  Transform Infrared (FTIR)
Spectroscopy: To identify the functional
groups in the shell extracts responsible for
reduction and stabilization of the AgNPs. The
FTIR spectra were recorded in the range of
4000400 cm™ to determine the presence of
hydroxyl, carbonyl, amine, and other bioactive
moieties.

Scanning Electron Microscopy (SEM): To
examine the surface morphology, size, and
shape of the synthesized AgNPs. SEM images
provided detailed microstructural insights,
enabling determination of nanoparticle
dispersion and agglomeration behavior.

4.0  Results and Discussion

Fourier Transform Infrared (FTIR) Spectral
Analysis of Shell Extracts and Synthesized
Silver Nanoparticles

FTIR spectroscopy was employed to identify
the bioactive functional groups responsible for
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the reduction and stabilization of silver
nanoparticles (AgNPs) synthesized using shell
extracts of Tympanotonus fuscatus and
Crassostrea gasar. The spectra of both the
ethyl acetate extracts and the corresponding
silver nanoparticles were analyzed and
compared to elucidate the role of specific
chemical moieties in nanoparticle synthesis.
Fig. 1A shows the FTIR spectrum of the
Tympanotonus fuscatus ethyl acetate extract
(TFEE). A broad absorption peak observed at
3458 cm™ is attributed to O-H stretching
vibrations, typical of hydrogen-bonded
alcohols or phenolic compounds. This suggests
the  presence of  hydroxyl-containing
biomolecules, which are known to participate
in the reduction of metal ions. Another
prominent band at 1738 cm™ corresponds to
the C=0O stretching of esters or carboxylic
acids. This functional group is indicative of
lipid or fatty acid derivatives, which also have
reducing potential. A notable band at 1637
cm' is due to C=C stretching vibrations
associated with  alkenes or aromatic
compounds, while the band at 1032 cm™ is
ascribed to C-O stretching vibrations from
esters, ethers, or alcohols. These observations
collectively point to the presence of
biomolecules capable of acting as reducing and
capping agents in the green synthesis of silver
nanoparticles.

Fig. 1: FTIR spectra of ethyl acetate extract of (A) T. fuscastus shell (A) and

synthesized silver nanoparticles

(B) the
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Upon synthesis of the silver nanoparticles
using the T. fuscatus extract, the FTIR
spectrum of the resulting nanoparticles
(TENP), as shown in Fig. 1B, revealed some
distinct changes. The O-H stretching band
appeared at a slightly lower wavenumber (3433
cm™), suggesting the involvement of hydroxyl
groups in binding to silver ions. Similarly, the
C=0 stretching band shifted from 1738 cm™ in
the extract to 1730 cm™ in the nanoparticles,
implying interaction of the carbonyl moieties
with silver during nanoparticle formation. A
new peak emerged at 1381 cm™, which may be
attributed to nitro or nitrous functional groups,
possibly formed during the redox reaction
between the extract biomolecules and silver

ions. These spectral changes confirm the role
of bioactive compounds in TFEE as both
reducing agents and stabilizers of silver
nanoparticles.

In the case of Crassostrea gasar, the FTIR
spectrum of its ethyl acetate extract (CGEE),
presented in Fig. 2A, displayed less intense but
distinct absorption bands. The spectrum
showed a moderate peak at 1600 cm™,
associated with C=C stretching vibrations, and
a sharp band at 1027 cm™, indicative of C-O
stretching from alcohols or esters. These
suggest that similar functional groups to those
in TFEE are present in CGEE, although likely

in lesser concentration or with reduced
structural complexity.
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Fig. 4: FTIR spectra of ethyl acetate extract of C. gasar shell (A) and the synthesized

nanoparticles from C. gasar shell (B)

After the synthesis of silver nanoparticles using
C. gasar extract, the FTIR spectrum of the
resulting CGNP, shown in Fig. 2B, exhibited
significant changes. A broad band in the range
of 3470-3418 cm™' was observed,
corresponding to N-H stretching of primary
amides, which were absent in the original
extract  spectrum. This  suggests the
incorporation or exposure of proteinaceous
materials during nanoparticle synthesis. The

appearance of a strong band at 1640 cm™ is
attributed to the C=0O stretching vibration of
amide groups, further supporting the
involvement of proteins or peptides in the
stabilization of the nanoparticles. As in the case
of TFNP, a band at 1381 cm! was also
observed, again indicating the presence of
nitrous functional groups possibly arising from
complexation or rearrangement reactions
during synthesis.
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A comparative analysis of the FTIR data for all
four samples (TFEE, TFNP, CGEE, and
CGNP) is summarized in Table 1. This table
presents the observed FTIR peaks alongside
standard  reference values and their
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corresponding functional group assignments. It
highlights the key differences between the
extract and nanoparticle spectra, underscoring
the functional groups most likely involved in
the reduction and stabilization processes.

Table 1: FTIR Peak Assignments and Functional Group Interpretation for Extracts and

Synthesized Silver Nanoparticles

Sample  Observed Reference Functional Group Interpretation
Peak (cm™) Value (cm™)
TFEE 3458 3200-3600 O-H Hydrogen bonding; involved
(alcohol/phenol) in reduction

TFEE 1738 1700-1750 C=0 (ester) Likely involved in
reducing/stabilizing AgNPs

TFEE 1637 1620-1680 Cc=C Electron-rich sites; possible

(alkenes/aromatic) reducing agents
TFEE 1032 1000-1300 C-O Present in capping molecules
(ester/ether/alcohol)

TENP 3433 3200-3600 O-H Shifted from extract;
suggests nanoparticle
interaction

TFENP 1730 1700-1750 C=0 (ester) Binding to silver; slight shift
observed

TENP 1381 1350-1390 NO: (nitro/nitrous) New peak; formed during
Ag" interaction

CGEE 1600 1600-1680 C=C Present in alkenes or
aromatic compounds

CGEE 1027 1000-1300 C-O Present in polysaccharides or
esters

CGNP 3418-3470 3300-3500 N-H (primary amide) New peak; indicates
proteinaceous capping

CGNP 1640 1600-1700 C=0 (amide) Peptide/protein involvement

CGNP 1381 1350-1390 NO: Present in  synthesized

nanoparticles

The FTIR analysis demonstrates that the
biosynthesis of silver nanoparticles using T.
fuscatus and C. gasar ethyl acetate extracts is
mediated by  biomolecules  containing
hydroxyl, carbonyl, and nitro functional
groups. The shift in peak positions and the
appearance of new functional group
absorptions, particularly nitrous and amide
moieties, support the conclusion that these
groups are directly involved in the reduction of
Ag' to Ag® and the subsequent stabilization of
the nanoparticles. These findings underscore

the green and biologically active nature of the
synthesis process and highlight the importance
of functional group interactions in nanoparticle
formation.

3.2 Characterization and Particle Size
Analysis of Synthesized Silver Nanoparticles
The synthesized silver nanoparticles were

characterized using Scanning  Electron
Microscopy (SEM) and particle size
distribution analysis to evaluate their
morphology and size range. The SEM

micrograph of TF aided AgNPs (Fig. 3),
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captured at a magnification of 12,000x and an
accelerating voltage of 20 kV, reveals well-
dispersed, compact, and predominantly
spherical nanoparticles. The particles exhibit
minimal aggregation, suggesting that the
reducing and capping agents present in the
plant extract used for synthesis were effective
in producing stabilized nanoparticles. The
uniformity in shape and size implies a
controlled nucleation and growth process,
likely influenced by the phytochemical
constituents of the plant. This morphology is
favorable for applications that require a
consistent surface area, such as in catalysis or
antimicrobial coatings. In contrast, the SEM
micrograph of CG aided AgNPs (Fig. 4), also
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Fig. 3: SEM Analysis of AgNPs Synthesized Fig.
from AgNOs using T. fuscatus (TF) Shell

Extract

The particle size distribution of TF aided
AgNPs (Fig. 5) provides further insights into
the quality of the synthesis. A histogram
analysis indicates that the majority of particles
fall within the range of 0.03 to 0.06 pum, with
the highest frequency recorded in this size
bracket. There is a notable secondary peak
between 0.10 and 0.11 pm, but the overall
distribution remains relatively narrow. This
confirms that most of the TF aided AgNOs
particles are within the 30-60 nm size range,
which places them well within the nanoscale
definition provided by ISO/TS 80004-1:2015,
which classifies nanoparticles as materials with
dimensions between 1 and 100 nm. Such a
narrow and uniform distribution reflects

taken at a magnification of 12,000 but with a
slightly lower accelerating voltage of 15 kV,
displays a different morphology. The particles
appear as flake-like aggregates with uneven
surfaces and irregular distribution. This
structural heterogeneity suggests a lower
degree of stabilization during synthesis,
possibly due to less effective phytochemicals
or suboptimal reaction parameters such as
temperature, pH, and duration. The presence of
agglomerates indicates particle fusion and
uncontrolled growth, which can reduce the
effectiveness of the nanoparticles in
applications that depend on nanoscale
properties.
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4. SEM Analysis of AgNPs
Synthesized AgNOs using C. gasar (CG)
Shell Extract

precise control over the synthesis process and

suggests the particles are well suited for

applications in drug delivery, electronics, or
environmental remediation.

On the other hand, the particle size distribution
for CG-NP reveals a much broader and skewed
pattern. The histogram shows a dominant size
population between 0.15 pm and 0.75 pm, with
particle sizes extending beyond 17 pum. This
distribution suggests significant aggregation
and growth beyond the nanoscale, with most
particles falling in the submicron to micrometer
range. These results are consistent with the
SEM micrograph observations, confirming that
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the synthesis process for CG aided AgNPs (Fig.
6() was not effectively controlled. Such particle
sizes are not suitable for applications where a
high surface-to-volume ratio is critical, such as

TFNP
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in biosensing or nanomedicine. Instead, these
particles might find better use in bulk
applications, such as adsorbents in
environmental cleanup.
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Fig. 5: Particle Size distribution of Nanoparticles Synthesized from T. fuscatus Shell Extract
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Fig. 6: Particle Size distribution of Nanoparticles Synthesized from T. fuscatus Shell Extract

When comparing the two nanoparticle types,
TF aided AgNPs demonstrate superior
synthesis  characteristics  with  spherical

morphology, narrow particle size distribution,
and particle sizes within the nanometer range.
In

contrast, CG-NP exhibits irregular

morphology, broad distribution, and particle
sizes largely outside the nanoscale range.
These differences highlight the importance of
selecting appropriate plant materials and
optimising reaction conditions during green
synthesis. Compared with literature values, TF
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aided AgNPs aligns well with standards for
green-synthesised silver nanoparticles. For
example, Ahmad et al. (2010) and Roy and Das
(2020) reported effective AgNPs synthesized
using plant extracts, typically within the 10-50
nm range, showing strong antibacterial and
catalytic activity. TF-NP falls within this
optimal range, supporting its potential for high
functional performance. Conversely, the
particle characteristics of CG-NP resemble
those described by Chatterjee et al. (2016),
where insufficient stabilization led to
aggregation and particle sizes beyond 1 um,
thereby diminishing their effectiveness for
nanoscale applications.

In conclusion, the SEM and particle size
analyses clearly demonstrate that TF-NP
possesses the desirable characteristics of a
well-synthesized silver nanoparticle, including
controlled size, shape, and dispersion. CG-NP,
however, requires further optimization to
achieve comparable quality. The results
emphasize the need to tailor synthesis
parameters according to the phytochemical
profile of the source plant and intended
application of the nanoparticles.

4.0° Conclusion

The characterization and analysis of the
synthesized silver nanoparticles revealed
significant differences in  morphological
features and particle size distribution between
the two samples, TF-NP and CG-NP. The TF-
NP sample exhibited a well-defined spherical
shape with uniform dispersion and minimal
aggregation, as observed from the SEM image.
Its particle size distribution showed a narrow
range, predominantly between 30 and 60
nanometers, confirming successful synthesis
within the nanoscale. In contrast, the CG-NP
sample  displayed irregular, flake-like
morphologies with extensive agglomeration,
and its particle size distribution ranged from
submicron to over 17 micrometers, far
exceeding the standard nanoscale limits. These
results suggest that the synthesis of TF-NP was
more efficient and better controlled, likely due

to more effective phytochemical constituents in
the plant extract and optimized reaction
conditions.

In conclusion, TF-NP proved to be a superior
product in terms of structural integrity, size
uniformity, and compatibility with the
definition of nanoparticles. The CG-NP,
however, demonstrated poor control over
particle size and morphology, reducing its
suitability for applications that depend on
nanoscale  properties.  These  findings
underscore the critical role of plant extract
composition,  reaction  parameters, and
synthesis strategy in achieving desirable
nanoparticle characteristics.

It is recommended that future synthesis of CG-
NP be optimized by modifying key reaction
parameters such as pH, temperature, and
extract concentration, or by exploring other
plant sources with stronger reducing and
stabilizing capabilities. Additional purification
steps or post-synthesis treatments may also be
employed to reduce particle aggregation. The
successful synthesis of TF-NP supports the
potential of green synthesis methods as
sustainable and effective approaches for
producing high-quality silver nanoparticles for
use in medical, environmental, and industrial
applications. Further studies are encouraged to
investigate the functional properties of the
synthesized nanoparticles, including their
antimicrobial efficacy, catalytic activity, and
environmental stability.
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