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Abstract

Chitosan, a bioactive polysaccharide extracted from
shell fish waste can act as both reducing and
stabilising agent for the synthesis of metal
nanoparticles. In the present study, silver
nanoparticles (AgNPs) were synthesised using
chitosan with thermal treatment. Two treatment
times studied were 15 and 30 min. The formation
of chitosan silver nanocomposites resulted in change
of visible colour from colourless to yellow in both
samples. The characterisation was done using UV-
visible spectroscopy. Both samples exhibited the
surface plasmonic peak at ~420 nm. The absorbance
and wavelength of peak maxima increased with
increase in treatment time. The full width half
wavelength of the samples reduced with increased
treatment time. Hence the polydispersity of silver
nanoparticles can be modified using the time of
thermal treatment. The samples were studied for the
changes under frozen conditions and both samples
were found to be stable under storage at -18±2oC.
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Introduction

Silver nanoparticles are among the extensively used
nanomaterials for different biomedical applications.
The unique physiochemical properties like antibac-
terial, anti-inflammatory, antiviral and anti-angio-
genesis activities imparted a significant role in
medical field (Kalaivani et al., 2018) along with their
use in medical imaging. Another speciality of these
metal ions is with their surface plasmon resonance

(SPR) properties and related colour formations.
AgNPs also have applications in optics, catalysis
(Malassis et al., 2016) and photoelectrochemicals
(Chandrasekharan & Kamat, 2000). The distinguish-
able SPR properties in silver and gold nanoparticles
depends on their shape, size and stability which are
affected by the method of preparation. Metal
nanoparticles can be synthesised through two
approaches. The physical approach includes several
methods such as evaporation/condensation and laser
ablation. The second one is a chemical approach
(Abou El Nour et al., 2010). Because of the
deleterious effects of chemicals, the use of
biocompatible compounds for the preparation of
these nanoparticles are studied enormously (Jabbar
et al., 2020; Hebeish et al., 2010).

The β-(1–4)-linked 2-acetamido-2-deoxy-β-D-glu-
copyranose and 2-amino-2-deoxy-β-d-glycopyranose
functions as structural polysaccharides in chitosan
(Tyagi et al., 1996). The shell fish processing
industry generates a huge amount of waste and the
composition of shell waste depends on season and
species. The specific applications of chitosan are
affected by properties like molecular weight and
degree of deacetylation which in turn depends on
the processing conditions. Chitosan is gaining
importance widely because of the presence of amino
groups in its chain. The glucosamine units which
exist in open chain forms at the end of chitosan
undergoes oxidation and helps in nanoparticle
formation.

The synthesis of silver nanoparticles using chitosan
has been reported using ascorbic acid and NaOH
reduction by Badawy et al. (2019), using laser
ablation method by Kalaivani et al. (2018), using
autoclave by Venkatesham et al. (2014) and using
NaOH and thermal treatment by Akmaz et al.
(2013). There is no data on the effect of time of
thermal treatment on the one pot synthesis of silver



nanoparticles using chitosan. The AgNPs have
found to undergo aggregation on freezing. Hence
this study was undertaken to standardise the one
pot synthesis of AgNPs using chitosan at two
different treatment time and to assess their stability
up on frozen storage.

Material and Methods

The chitosan sample was purchased from SRL
chemicals, Mumbai, India. The silver nitrate and
acetic acid were obtained from Merck Life Science
Ltd., India. Two AgNP samples were prepared for
studying the effect of treatment time. The chitosan
was dissolved in 1% acetic acid (w/v). Both samples
were prepared at 0.5% chitosan concentration. The
samples were heated iso-thermically at 90°C for 45
min with continuous stirring of 500 rpm for
dissolving chitosan completely. Ten millilitre of
silver nitrate (1 M) was added to the dissoluted
chitosan of 100 ml volume. Heating was continued
and visible colour change was monitored. Time of
heating studied were 30 min and 15 min based on
the preliminary studies conducted (data not given).
The samples were cooled to room temperature and
stored in a refrigerator at 4°C for storage stability
studies.

The AgNPs synthesised using different treatment
times were assessed for their efficiency to withstand
the frozen conditions. A known volume of
synthesised AuNPs were taken in disposable cu-
vettes and top layer was sealed. From each batch,
sufficient numbers of cuvettes were exposed to
frozen temperature (-18±2oC) for 7 days and change
in visible colour and UV-Visible spectra were
monitored to assess the effect of frozen storage.

The change in surface plasmon resonance, before
and after frozen storage of AgNPs, was monitored
by UV-Visible spectroscopy measurements (Jasco
Dual Beam Spectrophotometer, Model V-570, Jasco
International Pvt Ltd., Japan). UV-Visible spectra of
nanoparticle solutions were taken over the wave-
length range of 300 – 700 nm (Anandalakshmi et al.,
2016). The full width half maximum (FWHM) was
calculated from the spectral data according to Keijok
et al. (2019).

Results and Discussion

Generally silver nanoparticles exhibit yellow to
brown colour depending on the size, shape and
aggregation of colloidal nanoparticles. The samples

treated for 15 and 30 min were observed for the
visible colour changes (Fig. 1). The chitosan solution
was almost colourless on dissolution in acetic acid.
The dissolution of chitosan in acidic solution is due
to the protonation of amine groups and chitosan can
exist with an extended configuration because of the
ionic repulsion between the protonated amine
groups present (Sreelakshmi et al., 2021). On
addition of silver nitrate, slight yellowish colour
appeared which increased with treatment time. Both
samples have turned pure yellow colour at end of
treatment time. This indicates the formation of silver
nanoparticles. The formation of silver nanoparticles
from silver precursor involves three steps as
reported by Ahmed et al. (2003) and Iravani et al.
(2014). First the reduction of Ag+ occurs which
results in the formation of metallic silver. These
undergo agglomeration and form oligomeric clus-
ters. These clusters will eventually form colloidal
AgNPs.

Fig. 1. Colour change of chitosan solution on formation
of silver nanocomposites

The synthesised chitosan silver nanocomposites
were characterized by UV–visible spectroscopy.
Surface plasmonic resonance occurs due to energy
equivalence between energy of conductor electrons
in metal and energy of electromagnetic waves
applied (Somee et al., 2018). The SPR band of AgNPs
depends on morphology and distribution of silver
nanoparticles (Wei & Qian, 2008). The characteristic
UV-Vis spectra of silver nanoparticle occurs at ~420
nm. In the present study there was no peak in the
UV-Vis spectra of chitosan solution and silver
precursor at ~420 nm (Fig. 2). Both the chitosan
silver nanocomposites have depicted the typical SPR
peak due to the synthesised silver nanoparticles
(Fig. 3 and 4). When the time of treatment increased,
the wave length of maximum absorption (l

max
)

showed a red shift (Table 1). The absorbance of the
band (A

max
) also increased as the concentration of

nanoparticles formed increases with increase in time
of treatment. The full width half maximum is used
as an index for the polydispersity of nanoparticles.
The FWHM reduced with increase in treatment time
of nanoparticles. This shows that higher treatment

Freeze stable Chitosan Silver Nanocomposites 211



time can aid in the formation of uniform sized
nanoparticles.

Table 1. UV-Vis characteristics of silver nanocomposites

Sample Fresh Frozen
treatment λ

max
 (nm) A

max
FWHM λ

max
 (nm) A

max
FWHM

time

15 min 419.5 0.71 80 419.5 0.71 80

30 Min 421 0.949 60 421 0.934 60

Fig. 4. UV-Vis spectra of silver nanocomposite with 30
min treatment time. A is the fresh sample and B
is the frozen-thawed sampleFig. 2. UV-Vis spectra of silver precursor and chitosan

Fig. 3. UV-Vis spectra of silver nanocomposite with 15
min treatment time. A is the fresh sample and B
is the frozen-thawed sample

The freeze stability of silver nanoparticles helps to
increase scope of its applications. Hence the chitosan
AgNP nanocomposites prepared were studied for
their stability on frozen storage at -18±2oC. The
samples were observed for visual colour changes
(Fig. 5) and UV-Vis spectra (Fig. 3 and 4) after
thawing at room temperature for 2 h. Both the
samples retained the initial yellow colour after
freezing and thawing. The UV spectra had no
change in the sample synthesised with lower
treatment time. The sample synthesised with higher
treatment time showed a reduction in the spectral

absorbance (Table 1) without any change in l
max

.
Both samples had no variation in FWHM after
freezing. The lack of fluctuation from the original
characteristics shows the absence of aggregation

Fig. 5. Colour change of silver nanocomposites before
freezing, immediately after freezing and after
thawing
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and/or the changes in morphology of the
nanoparticles. Hence the samples synthesised were
stable on freezing and can be frozen for transpor-
tation and storage purposes.

Polydispersity of the nanoparticles influences its
applications and the present study showed that the
polydispersity of silver nanoparticles synthesised
using chitosan can be modified suitably using
thermal treatment time. Further, the chitosan silver
nanocomposites synthesised were stable under
frozen conditions which enhances its utility in
biomedical applications like drug delivery, antimi-
crobial and tissue regenerative formulations and in
electrochemical applications.
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