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Chitosan as Capping Agent for Silver Nanoparticles
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Silver nanoparticles have been developed in many applications because of their optical
and reactivity properties. One of the disadvantages of silver nanoparticles is their low

level of stability because their surface is easy to aggregate. It is necessary to have other
materials such as chitosan as a capping agent on the surface of silver nanoparticles to
prevent aggregation. This study aimed to determine the ability of chitosan as a capping
agent for silver nanoparticles. The ability of chitosan was evaluated based on the
stability test and characterization using a UV-Vis, PSA, and FTIR spectrophotometer.
The silver nanoparticles formed producing a yellow color with a wavelength of 401
nm and a size of 13.48 nm. The volume of chitosan that gave optimal results in
stabilizing silver nanoparticles was 2.0 mL.
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INTRODUCTION

Metal materials in nanomaterial size or also known
as metal nanomaterials are currently widely used as
objects of research because they have several
advantages compared to their bulk size, such as unique
optical properties, physical properties and chemical
reactivity (Renteria & Garcia-Macedo, 2005). Some
applications of metal nanomaterials include
colorimetric sensors for various analytes (Badi’ah,
Seedeh, Supriyanto, & Zaidan, 2019; D’souza, Pati, &
Kailasa, 2015; Rostami, Mehdinia, & Jabbari, 2017,
Shiva Prasad, Shruthi, & Shivamallu, 2018),
conductors (Matsuhisa et al., 2017), anti-microbial and
anti-bacterial (Ahmed, Ahmad, Swami, & Ikram,
2016; Azmath, Baker, Rakshith, & Satish, 2016),
energy conversion (Li, Gan, & Li, 2016). One of the
metal nanomaterials that is widely used is silver
nanoparticles.

Silver nanoparticles have an interesting
morphology, size, and different maximum thermal
conductivity compared to other types of metal (Gupta
& Prakash, 2014). In addition, silver nanoparticles
have good compound reactivity with relatively good
abundance, essential physical properties and a lower
price compared to other types of metals (Aragay, Pino,
& Merkogi, 2012). Therefore, silver nanoparticles are
more widely used in various types of applications.
Some methods have been developed to synthesize
silver nanoparticles such as chemical reduction
(Szczepanowicz, Stefanska, Socha, & Warszynski,
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2010), using Ketapang leaf extract (Rusnaenah, Zakir,
& Budi, 2017), using Using Syzygium polyanthum
Extract (Taba, Parmitha, & Kasim, 2019) and using
Mangosteen bark extract (Irwan, Zakir, & Budi, 2020).
Silver nanoparticles by chemical reduction can use a
NaBH4 as a reducing agent (Szczepanowicz et al.,
2010). However, silver nanoparticles have a low
stability and is able to easily aggregate form silver
nanoparticles with larger size. Therefore, the other
materials as a capping agent of silver nanoparticles are
needed to prevent the aggregation between the surface
of silver nanoparticles.

Stabilization of silver nanoparticles with a polymer
can improve the stability, electro-optical properties and
biological applications. Polymers can bind to the
surface of metal nanoparticles with several interactions
such as a chemical adsorption, electrostatic
interactions and hydrophobic interactions (Sperling &
Parak, 2010). Polymers that can be used as stabilizers
for silver nanoparticles include poly-(propyleneimine)
dendrimer (PPI) (Sun & Xia, 2002), poly-
(vinylpyrrolidone) (PVP) (Wiley, Sun, & Xia, 2005)
and hyperbranced polyethylenimine (PEI) (Liu et al.,
2014). Chitosan was used in this study as a capping
agent for silver nanoparticles. Chitosan (1-4-2-amino-
2-deoxy-D-glucosamine) is a linear polysaccharide
which consists of of N-acetylglucosamine and D-
glucosamine. Chitosan has a —NH, group that can
interact with the surface of silver nanoparticles. The
use of modification of silver nanoparticles with
chitosan as a colorimetric sensor was carried out by
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utilizing the amine group found in chitosan. Chitosan
has three reactive groups consisting of one amino and
two hydroxyl groups, each at the C-2, C-3 and C-6
positions, which allows adhesion to occur with silver
nanoparticles or an analyte.

METHODOLOGY
Materials and Instrumentals

The instruments that used in this study were
analytical balance (Kern: ABS 220-4), UV-Vis
spectrophotometer (Shimadzu-1800), Particle Size
Analyzer (PSA) Zetasizer Ver. 7.01 (Malvern
1061025), Fourier Transform Infrared (FT-IR), and
some beaker tools. The materials used in this study
were AgNO3 (>99%, CAS number 7761-88-8),
NaBH4 (99% Sigma Aldrich Co) and chitosan.

Methods

Synthesis of Silver Nanoparticles

Silver nanoparticles were synthesized using
AgNOs as a source of Ag” and NaBH; as a reducing
agent. A total of 10 mL AgNOs; 1mM solution were
added dropwise into 30 mL of 2 mM NaBH, solution
that had been cooled by ice bath while stirring. Stirring
was carried out for 3 minutes until the AgNO; was
completely added and the solution changed color from
colorless to yellow. The solution was then centrifuged
for 15 minutes at 12000 rpm and filtered. Before the
silver nanoparticles were used, colloid obtained was
left at a room temperature for 24 hours.

Silver Nanoparticles Stabilization with Chitosan

The stabilization of silver nanoparticles with
chitosan was carried out by adding 5 mL of colloidal
silver nanoparticles that had been formed with 3 mL of
1% chitosan. The mixture was then sonicated at a
frequency of 20 KHz for 10 minutes.

Optimization of the Amount of Chitosan as
Capping Agent for Silver Nanoparticles

Optimization of the amount of chitosan was carried
out to determine the optimum amount of chitosan
added to enable an optimum role as a capping agent for
silver nanoparticles. Variations in the amount of
chitosan were 1 mL, 2 mL and 3 mL.

Stability of Chitosan as Capping Agent for Silver
Nanoparticles

The stability test of chitosan was carried out to
determine the extent of the role of chitosan as a capping
agent in maintaining the stability of silver
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nanoparticles and preventing aggregation of silver
nanoparticles.

Characterization

Characterization was carried out using a UV-Vis
spectrophotometer, Particle Size Analyzer (PSA) and
Fourier Transform Infrared (FT-IR).

RESULTS AND DISCUSSION

Synthesis of Silver Nanoparticles

The synthesis of silver nanoparticles was carried
out using chemical reduction methods. This synthesis
uses the Brust (Creighton) method, which is a method
of synthesize silver nanoparticles through the reduction
of AgNOs; using NaBH4, while AgNO3 compounds
were used as a source of Ag" and NaBH, as a reducing
agent which reduces AgNOs to Ag'. The reactions that
occur during the synthesis process of silver
nanoparticles are as follows:

AgNOs; + NaBHs — Ag + 5H, + /2ByHgs + NaNOs3

The formation of silver nanoparticles was
indicated by a change in the color of the solution from
colorless to yellow as shown in Figure 1. The color
change in this solution occurs due to the excitation of
plasmon vibrations on the surface of silver
nanoparticles (D’souza et al., 2015).

Figure 1. Colloidal silver nanoparticles

The presence of plasmon vibrations on this surface
enabled silver nanoparticles to have a wavelength in
the area of about 400 - 450 nm. The optimum
wavelength produced in this study was 401 nm as
shown in Figure 2. The silver nanoparticles formed
was characterized using a Particle Size Analyzer (PSA)
and the size of the silver nanoparticles was 13.48 nm
with a size distribution as shown in Figure 3.

Silver Nanoparticles Stabilization with Chitosan
Silver nanoparticles were stabilized to prevent its
aggregation which can result in larger silver
nanoparticles. Therefore, a stabilizing agent or capping
agent is needed to prevent aggregation of silver
nanoparticles. Chitosan was chosen as a capping agent
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because chitosan is able to create steric stabilization on
the surface of silver nanoparticles through the
interaction of amine groups (-NH2) on chitosan with
the surface of silver nanoparticles.
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Figure 2. UV-Vis spectra of silver nanoparticles
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Figure 3. Size distribution of silver nanoparticles

The stabilization with chitosan caused higher and
narrower UV-Vis spectra as seen in Figure 5. The
higher and narrower absorbance peaks indicate, the use
of chitosan led to the higher number and
homogeneously distributed of silver nanoparticles
formed and more.
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Figure 5. UV-Vis spectra of silver nanoparticles with
and without the addition of chitosan
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The success of stabilization of silver nanoparticles
with chitosan was also shown from the FTIR results as
shown in Figure 6. Both the FTIR results of chitosan
and chitosan-stabilized silver nanoparticles had
absorption bands of ~OH groups in the 3427.62 cm™
and 3448.84 cm’ regions, respectively. Both the
absorption bands of CH (-CH-) groups on chitosan
and chitosan stabilized silver nanoparticles had
absorption bands in the 2926.11 cm™ and 2854.74
cm’ regions. The CO group in chitosan had an
absorption band in the area of 1072.46 cm’ and
showed a slight shift (1053.17 cm™) in the absorption
of chitosan stabilized silver nanoparticles. In addition,
the NH group had an absorption band in the area of
1575.89 cm™ for chitosan and the NH group vibration
lost absorption after stabilization of silver
nanoparticles with chitosan.
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Figure 6. FTIR spectra of silver nanoparticles with

and without the addition of chitosan

Optimization of the Amount of Chitosan as
Capping Agent for Silver Nanoparticles
Optimization was carried out to determine the
effect of the volume of chitosan added in the
modification process. Chitosan was added in variation
of 1 mL, 2 mL and 3 mL. The variation in the volume
of chitosan added to the modification process had an
effect on the absorbance and the resulting FWHM
value as shown in Table 1. The absorbance value at 2
mL chitosan volume had a higher absorbance value
than the other volumes. This suggested that 2 mL of
chitosan volume was sufficient to cover silver
nanoparticles and produce more silver nanoparticles.
In addition to producing a high absorbance value, the
addition of 2 mL chitosan volume also resulted in a
smaller Full Width at Half Maximum (FWHM) value
compared to other chitosan volumes. The FWHM
value is a value that indicates the width of the half peak
in the maximum absorption spectrum. This showed
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that the addition 2 mL of chitosan resulted in a more
homogeneous distribution of the size of the
nanoparticles.

Table 1. Comparison of the absorbance value and
FWHM with the volume variation of chitosan

Chitosan Absorbance FWHM
volume (mL)
1 0.423 68.92
2 0812 50.56
3 0.67 70.31

The Stability of Chitosan as Capping Agent for
Silver Nanoparticles

The effect of chitosan as a capping agent on the
stability of silver nanoparticles was analyzed based on
the FWHM value between silver nanoparticles with
and without chitosan. Stability was observed for 60
days as shown in Figure 7. Silver nanoparticles in the
presence of a capping agent had a lower FWHM value
than silver nanoparticles without a capping agent.
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Figure 7. Relationship between FWHM and time of
stability

Figure 7 showed that the silver nanoparticles in the
presence of a capping agent using chitosan had a more
homogeneous size distribution. Chitosan prevented
aggregation to form a larger size of silver nanoparticles
(Renteria & Garcia-Macedo, 2005; Rostami et al.,
2017).

CONCLUSION

Chitosan has been used successfully as a capping
agent for silver nanoparticles. The presence of chitosan
on the surface of silver nanoparticles was able to
prevent the aggregation of silver nanoparticles for up
to 60 days with stable size and size distribution.
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