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25 September 2024 This study sought to find a suitable technique for synthesizing and
characterizing silver nanoparticles due to its applications in various fields such
Keywords: as nanotechnology and medical. The synthesized silver nanoparticles were
characterized using SEM microscopy, FT-IR and UV-Vis spectroscopy. The
Silver Nanoparticles, maximum absorbance from the UV-Vis spectrophotometer showed the
Chitosan,  formation of silver nanoparticles with A max of 418 nm. The FTIR analysis
Coupling, envisaged a strong symmetrical stretching at 1400 cm-1 to 1200 cm-1 with the
Synthesis, major peaks recorded at 1390 cm-1 and 1380 cm-1, indicating the presence of
Characterization.  pitro components in the sample. The signal at 1658 cm—1 corresponded to the
amide (C=0) bonds stretching vibrations, at 1089 cm—1 C-O-C bonds and at
564 cm—1 plane with bends NH, plane-out and bends C—O. C-H stretching
vibrational signal was noted at 2927 cm—1, and a broader band at 3426 cm—1
with an overlap between the O—H stretching vibration and N—H stretching
vibration of the oligosaccharide applied in the capping. The concentration of
chitosan on transmittance was done using 0.5%, 1.0%, 1.5% and 2.0% solutions
with the results from FT-IR showing elaborate intensity at 2.0 % chitosan
capping and the least at 0.5 %. Scanning microscope validated characterized
silver nanoparticles morphology at 500nm. The results obtained from SEM

depicted a size range of 100 nm with resolutions between 0.5 to 4 nm.
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INTRODUCTION

Silver nanoparticles are used in variety of fields,
including air filtration and quality management,
bio-sensing, imaging, and drug delivery (Kaushal et
al.,, 2023). Silver nanoparticles generated
biologically have various potential uses, such as
antimicrobials, optical receptors, catalysts in
chemical detection reactions, bio labels, and
coatings for solar power absorption (Shehabeldine
et al.,, 2022). Despite their cytotoxicity, silver
nanoparticles find widespread use in sectors as
diverse as bimolecular analysis of high-sensitivity,
diagnostics, antibacterial and therapies, catalysis,
and micro-electronics chips (Algethami et al.,
2022). Applications in medicine, such as wound
dressings,  contraceptive  devices,  surgical
equipment, and bone prosthesis, have also been
proposed (Husain et al., 2023). Other possible uses
include in diagnosis and bio-imaging, optical
densities imaging, and bio-implants e.g., heart
valves (Arshad et al., 2024). Several large consumer
goods companies are currently making domestic
products that make use of silver nanoparticles'
antibacterial qualities (Fernandez et al., 2021).
Silver nanoparticles are utilized in a variety home
appliance, including refrigerators, air conditioners,
and washers (Naganthran et al., 2022).
Nanoparticles have unique physicochemical
gualities that make them ideal candidates for
various applications (Osemba, 2019). These

characteristics include a large surface area to
volume ratio, mechanical strength, optical property,
and their overall chemistry (Nie et al., 2023). To
prevent the spread of disease, silver nanoparticles
are incorporated in an inorganic antibacterial agent
(Bruna et al., 2021). It has been hypothesized that
the ions of silver have both a bacteriostatic (growth
inhibition) and bactericidal (antibacterial) effect
(Dawadi et al., 2021), hence the term
"oligodynamic" to characterize silver. Silver
nanoparticles have various biological uses for
instance antibacterial medicines are resistant to
bacterial infection, enable wound healing and
possess anti-inflammatory effects (Kowalczyk et
al., 2021). They are also toxic towards
microorganisms, by showing potent biocidal effect
on different types of bacteria (Choudhary et al.,
2022), although they are rather non-lethal to
mammalian cells. Thus, dental resin composites,
bone cement, natural process fibers, and coatings
for medical equipment all include silver ions, an
antibacterial component (Azevedo et al., 2024).
Electronic effects coming from the localized
electronic structure on the surface of nanoparticles
are responsible for their bactericidal action (Ahmed
et al., 2024). These modifications are thought to
increase silver nanoparticle surface reactivity
(Arshad et al., 2024). The ionic form of silver has
been shown to inhibit vital enzymes by forming
strong interactions with their thiol groups (Younis,
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2024). 1t is also hypothesized that after interacting
with silver ions, bacteria's DNA loses its capacity to
replicate (Kar et al., 2024). By attacking the
bacterial membrane, silver nanoparticles disrupt the
cell wall potential and accelerate intracellular (ATP)
depletion, ultimately killing the bacteria (Behera et
al., 2024). In light of these numerous applications of
silver nanoparticles, saw the quest for its synthesis
and characterization through coupling with the
chitosan (Osemba et al., 2024).

EXPERIMENTAL

Preparation of chitosan-coupled silver
nanoparticles

Stable silver nanoparticles were synthesized using
chitosan acting as both reducing and stabilizing
agent without using any toxic chemicals. This
reaction was carried out in an autoclave at a pressure
of 15 psi and 120.0 °C temperature by varying the
time. Analytical grade silver nitrate was purchased
from the commercial suppliers (Sigma-Aldrich).
0.200g of the chitosan was dissolved in 1 % acetic
acid solution followed by magnetic stirring for 30
minutes. The mixture solution was then filtered to
obtain clear solution of chitosan- acetic acid
mixture. Then 3.00 mL of 0.1M solution of freshly
prepared of silver nitrate was added to the mixture.
100 pL of 1.0 M sodium hydroxide was also added
and then the mixture was stirred for 10 hours using
a magnetic stirrer at 90.0°C. Centrifugation was
then carried out at 3500 rpm for 30 minutes to
isolate the silver nanoparticles formed

Characterization

Both spectroscopic and microscopic techniques
were applied in this study for the characterization of
the synthesized samples. They include the
following: - Furiour transform infrared (FT-IR),
ultraviolet (UV-Vis) and scanning electron
microscope (SEM). UV-visible spectral analysis of
the silver nanoparticles was accomplished using
UV-Vis spectrophotometer (Shimadzu UV 2500
Japan model) for determination of maximum

absorption spectrum, which should occur between
410- 420 nm of wavelength. Furiour transform

infrared (FT-IR) spectroscopy analysis for
functional group determination using IR
spectrophotometer  (Shimadzu model  8400).

Scanning electron microscopy was then used for the
visualization of the morphology of the nanoparticles
using (JEOL 2010).

FT-IR analysis

Furiour transform infrared spectroscopy was
applied in the analysis of the chitosan, silver nano-
composite film electrodes. The spectra were
obtained over 16 scans covering the 4000-400 cm™
wave-number range at 4 cm resolution and at 25.0
using a Thermo Scientific Nicolet iS10 FTIR
spectrometer.

UV-Vis spectroscopic analysis

The study of the optical characterization of the
synthesized metallic nanoparticles was observed
during this research work with the assistance of a
double beam 3000+ LABINDIA, UV-Vis
spectrophotometer and a cell of 1.0 cm path length
within the spectral range 200-800 nm. Effect of
temperature on kinetic study of reaction was studied
by a Peltier accessory (temperature-Controller)
model PTC-2 is linked with the UV-Visible
spectrophotometer. Two lamp combinations are
utilized in double beam spectrophotometer one is
deuterium lamp used for UV part and second is
tungsten lamp used for the visible part. Sample cell
is formed by Quartz and lightweight beam travels a
distance of 1 cm through the sample. For obtained
UV spectra of our sample first done baseline by
reference in order that other reagent peaks were
nullified, then obtain the spectra

Scanning Electron Microscopy characterization
of silver nanoparticles

Scanning microscope was used to validate the
characterization of silver nanoparticles by giving
nutshell description by providing the necessary
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information concerning the morphology of these
silver nanoparticles. These images were taken at
500nm. The results of the nanoparticles as shown in
the plates 2 a, b, ¢ below show the results obtained
from the scanning electron microscope (SEM)
depicted a picture of these nano-particle exhibiting
size range of 100 nm which are in agreement with
the earlier findings on the right sizes at different
resolutions between 0.5 to 4 nm. Size of synthesized
nanoparticles was more than the size of
nanoparticles which should be between 1-100nm.

RESULTS AND ANALYSIS

Results of the characterization of silver
nanoparticles using FT-IR Spectroscopy

The characterization of silver nanoparticles was
achieved using FT-IR (Frontier Spectrometer,
Perkins Elmer, USA). These silver nanoparticles
were dried at a temperature of 80°C, then ground
with anhydrous KBr for the formation of pellets for
easier characterization in the Furiour transform
infrared spectroscopy within the absorption
frequency range of between 4000 cm™ to 400 cm™.
FT-IR analysis provided spectra with different
peaks as shown in figure 1 below. These vibration
signals were useful in the identification of the
functional groups found in the silver nanoparticles
samples applied in the research study.

Figure 1: Showing FT-IR spectrum of silver nanoparticles capped chitosan
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Figure 1 shows an FT-IR graph whose Xx-axis
represents the wave-numbers (cm™) of infrared
spectra whereas, y-axis represents the transmittance
(%) of the sample applied. The absorption bands,
correspond to different vibrations of atoms in the
sample applied when it was exposed to the infrared
region of the electromagnetic spectrum. The results
obtained envisaged a strong symmetrical stretching
at the range of 1400 cm™ to 1200 cm™ with the
major peaks recorded at 1390 cm™ and 1380 cm™,
indicating the presence of nitro component in the
sample. The following signals presented in the

spectrum in figure 1 above were obtained from the
FT-IR analysis. The signal at 1658 cm™
corresponded to the amide (C=0) bonds stretching
vibrations. The signal shown at 1089 cm™
represents secondary alcohol (C-O-C) bonds
whereas, the peaks show sharpness at 564 cm™
plane with bends NH, plane-out and bends C—O. C-
H stretching vibrational signal was noted at 2927
cm, a broader band at 3426cm™ for an overlap
between the O—H stretching vibration and the N—H
stretching vibration of the oligosaccharide applied
in the capping. The obtained results are in
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agreement with the findings on the functional
groups in silver nanoparticles formed in the bio-
reduction techniques in which, chitosan macro-
molecules are found to be acting not only as
reducing but also capping agent. It is important to
note that the intensity of the O—H and N-H
stretching bands emanated from the hydroxyl and
amino groups thus shifting to 3426 cm™* from 3434
cmt wave number of the chitosan in the FT-IR
spectrum as shown in figure 4.0, implying that
chelation of silver with both O—H and N—H groups
of chitosan actually took place.

Results of different levels of chitosan applied in
the synthesis of silver nanoparticles

The impact of concentration of chitosan on
transmittance during the synthesis of silver
nanoparticles was done using 0.5%, 1.0%, 1.5% and
2.0% solutions. The results obtained using FT-IR.
(Frontier Spectrometer, Perkins EImer, USA), were
presented in figures 2 (a,b,c and d) below. Analysis
was carried out in the wavelength range of 450 -
4000 cm at a resolution of 4 cm™).

Figure 2(a): Showing FT-IR spectrum of silver nanopatrticles capped with 0.5% chitosan
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Figure 2 (b): Showing FT-IR spectrum of silver nanoparticles capped with 1.0 % chitosan
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Figure 2 (c): Showing FT-IR spectrum of silver nanoparticles capped with 1.5 % chitosan
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Figure 2 (d): Showing FT-IR spectrum of silver nanoparticles capped with 2.0 % chitosan
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The Figures 2(a, b, c, and d) above represent the
data obtained from the FT-IR and interpreted using
the spectral lines of infrared by comparing the
correlation of bands in the absorbance spectrum to
that of the silver nanoparticles samples capped with
0.5, 1.0, 1.5 and 2.0 % chitosan respectively and
applied during the experiment. It was also noted that
intensity of transmittance was much elaborate at 2.0
% chitosan capping compared to the least at 0.5 %.
FT-IR spectroscopy was able to effectively
determine the formation of silver nanoparticles.
During this characterization it was confirmed that
the breadth and intensities of peaks taken from
infrared spectrum, explicitly depended on the sizes
of silver nanoparticles under scrutiny.

Results of the characterization of synthesized
silver nanoparticles using UV-Vis

The characterization of the synthesized silver
nanoparticles was performed using a UV-Vis
spectrophotometer ~ (double beam 3000+
LABINDIA) and a cell of 1.0 cm path length within
the wavelength range of 200-800 nm. Two lamp

combinations are utilized in double beam
spectrophotometer one is deuterium lamp used for
UV part and second is tungsten lamp used for the
visible part. Sample cell was formed by Quartz and
lightweight beam travels a distance of 1 cm through
the sample. For obtained UV spectra of our sample
in figures 3 below, first and foremost, baseline by
reference was done in order to nullify peaks for any
other reagent present, then obtain the spectra for the
sample of the silver nanoparticles. Therefore, the
figures 3 below represents synthesized silver
nanoparticles scanned between 400 nm to 500 nm
wavelength using the UV-Vis spectrophotometer.
The maximum absorbance from the UV-Vis
spectrophotometer showed the formation of silver
nanoparticles with Amax of 418 + 2 nm. The
synthesized silver nanoparticles were analyzed
using UV-Vis spectroscopy, the analysis exhibited
spectral line readings at different time intervals
commencing with the initiation stage of the
reaction. Ultraviolet-visible spectroscopy allows the
resonance of the oscillation by conducting electrons
within the interfaced band occurring at the negative
and positive permittance in the materials
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undergoing stimulation through incidence of light.
Surface plasmon resonance, highly dependents on
the sizes of the silver nanoparticles present. The
study showed that the shape of these nanoparticles
played a very crucial role in actualizing the surface
plasmon position of the band formed. Technically,
the applications of silver nanoparticles and the
control in process utilizes the in-situ model of
concentration determination, distribution in size and
the dielectric aspects. The absorption spectral lines
of silver nanoparticles are optically over shadowed
by SPR, this is in line with other finding in the
earlier studies. Therefore, longer wavelengths were
determined in the cases where particle sizes had

shown increase. This study confirmed that position
and shape in the absorbance within the surface
plasmon resonance of silver nanoparticles are
greatly dependent on the sizes of particles and
surfaces of the species adsorbed. The readings
obtained from the UV-Vis in the figure 3 below
showed that the maximum wavelength of 420 nm,
gave the highest absorbance for the silver
nanoparticles synthesized through the reducing and
stabilizing property of the chitosan. These
nanoparticles exhibit a UV-Vis absorption
maximum at the range of 400-500 nm due to their
surface plasmon resonance.

Plate 1: Observing colour change in process of silver nanoparticles (AgNPs) formation with variation
of time intervals starting from 0- 600 minutes (a) 0 minutes (b) 100 minutes (c) 300 minutes (d) 400

minutes (e) 500 minutes (f) 600 minutes.

v v
300 3so 400 430
Wavelenpth

The reaction occurred rapidly as the formation of
these nanoparticles took place steadily from 100
minutes with the increase in time showing a zero
shift in wavelength peaks. After a period of 10

hours, there was no more rise in the absorption
spectra due to the reason that each single ion had
been consumed during the reduction phase. The
UV-visible spectroscopic analysis confirmed the
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presence of the synthesized silver nanoparticles
(AgNPs) via the reduction method of silver ions in
the solution when reacted with chitosan extracted
from crab shells. They exhibited raw sienna
coloured in the aqueous media due to surface
plasmon resonance (SPR). The colour turned from
clear to faint then yellow brown solution
demonstrating the formation of the silver
nanoparticles. These colour changes were consistent
with the reported colour in the previous studies
related to the extraction of silver nanoparticles. The
plate 1 above shows the change in colour of silver
nanoparticles synthesized with respect to change in
time. The variation in coloration was brought about
by visible light when refracted by the various sizes
of nanoparticles formed in relation to the difference
in time.

Results of absorbance at different levels of the
synthesized silver nanoparticles using UV-Vis
spectroscopy

Concentration of the silver nanoparticles samples
was varied at three different levels starting from 1
mL Ag+, 10 mL Ag+ and 15 mL Ag+. On the other
hand, the variations in chitosan concentration were
conducted at 2.5, 5.0,10.0 and 15.0 pmm and

applied to three different samples containing silver
ions. The impact of increasing the concentration of
chitosan solution on the three different levels of
silver ions was monitored using UV-Vis
spectroscopy as shown in figure 4 below. The
results from the UV-Vis spectrophotometer showed
an increasing trend in the absorbance as both
solution’s concentration was stepped up implying
that absorbance is directly proportional to the
concentration of the substance. The higher the
concentration, the higher its absorbance. These
observations were found to be consistent with the
findings that chitosan acts both as a reducing and
stabilizing agent. Therefore, an increase in the
amount of silver ions and chitosan concentration
elevated the reacting species in that system. The
results obtained in the figure 4 (c) was therefore,
considered most efficient in terms of time required
for the formation of silver nanoparticles. From the
data presented below, for quick synthesis of these
nano-catalysts 20 ppm of chitosan with 15 mL Ag+
ions solution proved to be the most efficient and
sufficient. Therefore, for the production of silver
nanoparticles similar trend was also established in
the previous studies done using chitosan as a
reducing agent for the reaction (Osemba et al.,
2024).

Figure 4 (a): UV-Visible spectral lines of Ag NPs formed at 1 mL Ag* ion conc. With variations in

concentrations of chitosan a)
e) 20 ppm and f) 30 ppm
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Figure 4 (b): UV-Visible spectral lines of Ag NPs formed at 10 mL Ag* ion conc. With variations in
concentrations of chitosan a) 2.5 ppm b) 5 ppm c) 10 ppm. d) 15 pmm e) 20 ppm and f) 30 ppm
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Figure 4 (c): UV-Visible spectral lines of Ag NPs formed at 15 mL Ag* ion conc. With variations in
concentrations of chitosan a) 2.5 ppm b) 5 ppm ¢) 10 ppm. d) 15 pmm e) 20 ppm and f) 30 ppm
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Scanning Electron Microscopy characterization
of silver nanoparticles

Scanning microscope was used to validate the
characterization of silver nanoparticles by giving
nutshell description by providing the necessary
information concerning the morphology of these
silver nanoparticles. These images were taken at
500nm. The results of the nanoparticles as shown in
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the plates 2 a, b, ¢ below show the results obtained
from the scanning electron microscope (SEM)
depicted a picture of these nanoparticles exhibiting
size range of 100 nm which are in agreement with
the earlier findings on the right sizes at different
resolutions between 0.5 to 4 nm. Size of synthesized
nanoparticles was more than the size of
nanoparticles which should be between 1-100nm.
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Plate 2 (a): Scanning electron microscope image of synthesized Silver Nanoparticles
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These results from SEM together with those from
the UV-Vis studies give a clear affirmation of the
presence of silver nanoparticles. This microscopic
technique is directly applied in detecting and
characterizing silver nanoparticles due to its ability
to image these nanostructures, by directly

b)

image of synthesized Silver Nanoparticles
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- «
= N

d)

nthesized Silver Nano

determining their sizes, and furthermore, they
present more information on the orientation of their
shapes, even though they have limitation on the
number of particles they can detect within a given
time duration. This technique applies a high energy
electron beam so that it undergoes scanning on
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surface and back scattering of the electrons is in
order to resonate. Therefore, the interaction between
the atoms in the sample and high energy beam of
electrons happen leading to the production of the
signals providing details on the kind of surface
topography, components present and the dialectical
aspects of the nanoparticles. Initial size
characterization of the silver nanoparticles
synthesized using chitosan as a reducing method
was done using UV-Vis spectrometry.

CONCLUSION

In conclusion, it was established that, the maximum
absorbance from the UV-Vis of silver nanoparticles
occurred at 418 nm. The FTIR analysis indicated a
strong symmetrical stretching at 1400 cm™ to 1200
cm™* with the major peaks recorded at 1390 cm™ and
1380 cm’, indicating the presence of nitro
components in the sample. The signal at 1658 cm™
corresponded to the amide (C=0) bonds stretching
vibrations, at 1089 cm™ C-O-C bonds and at 564
cm™? plane with bends NH, plane-out and bends
C-0. C-H stretching vibrational signal was noted
at 2927 cm™, and a broader band at 3426 cm™ with
an overlap between the O—H stretching vibration
and N—H stretching vibration of the oligosaccharide
applied in the capping. The concentration of
chitosan on transmittance was done using 0.5%,
1.0%, 1.5% and 2.0% solutions with the results from
FT-IR showing elaborate intensity at 2.0 % chitosan
capping and the least at 0.5 %. Scanning microscope
validated characterized silver  nanoparticles
morphology at 500nm. The results obtained from
SEM depicted a size range of 100 nm with
resolutions between 0.5 to 4 nm.
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