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ABSTRACT: Silver (Ag) nanoparticles have been studied extensively due to its possible applications
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such as catalysts, electronic devices, anti-bacteria, medical applications and sanitations. For medical
applications and sanitations, the colloidal Ag nanoparticles must be stable for a long period and
biocompatible. In this contribution, we report on the preparation of silver nanocolloids in the
biologically compatible polymers of chitosan, as opposed to synthetic polymers, and biocompatible
reducing agents. The Ag colloids with nanometer size of 20-80 nm in diameter are prepared by
reducing silver ions in the concentration range of 100-300 mg/L in the 1% chitosan solution at 95°C.
The piper beetle leaves extract was added as a biocompatible reducing agent. The silver nano colloid
is stable for up to 6 weeks. The colloidal Ag nanoparticle has a UV-Vis absorption spectra with
wavelength maxima at around 420-450 nm. The silver nanoparticle has an fcc crystal system with a
unit cell of 4.07 angstrom. The results were comparable to the previous findings obtained in the
polyvinyl alcohol and the addition of ascorbic acid as a reducing agent.
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INTRODUCTION
Ag nanoparticles have attracted the attention of
researchers in the past 15 years due to its many potential
applications in various fields, including catalysis, electronics, antibacterial, non-linear optics, and biomedical applications.1 Various methods have been developed for the
synthesis of Ag nanoparticles such as electron irradiation,
gamma irradiation, milling, use of micelle or reversed
micelle, reduction inhomogeneous systems, electrochemical, and so on. Of all these methods, the reduction
method in a homogeneous aqueous solution is the most
widely used since it is easy and inexpensive. It can also
produce large amounts of Ag nanoparticles.2 There are at
least three important things to consider when it comes to
the design of Ag nanoparticles, i.e. the presence of
stabilizer for the resulting colloids, type of reducing agent,
and Ag precursor. The studies on the synthesis of Ag
nanoparticles in general focus on the use of various
stabilizers as well as the reducing agent solution to control
the shape and size of Ag nanoparticles.3
Demands for the colloidal Ag nanoparticles that are
stable, non-toxic, biocompatible, and economical led to the

exploration of the environmentally friendly use of naturally available reducing agent and stabilizer. Chitosan, among
others, can function as a stabilizer that is both non-toxic
and biocompatible, making it safer for application to
human beings. Further, the use of a biocompatible reducing
agent is also another area of interests.
It has been long known that reducing agents such as
sodium borohydride, hydroquinone, hydrazine, and other
synthetic ones are used extensively in the preparation of
colloidal Ag nanoparticles. However, due to possible
toxicity to the human being, biocompatible compounds are
widely chosen over the synthetic ones. For reducing agents,
extracts of Pelargonium graveolens,4 cinnamon zeylanicum,5 aloe vera,6 Coriandrum sativum7 have been tried. In
general, the use of extracts of plant leaves as a reducing
agent resulted in Ag nanoparticles with a relatively wide
size distribution and longer reaction time.
In this work, we report on the use of betel leaves extract
as both stabilizers for the colloidal of Ag nanoparticles, size
controller, and as reducing agent. Betel is one of the plants
that can produce essential oil with main components of
hydroxychavicol, chavicol, chavibetol, estargiol, eugenol,
methyl eugenol, carvacrol, terpenes, sesquiterpene,
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phenylpropane and tannin.8 Some of these active
components can act as a reducing agent. For comparison,
the reduction of Ag ion was also performed with ascorbic
acid. The study mainly focuses on the stability, particle size
imaging by TEM and shape of the colloidal Ag nanoparticles.
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Table 1. Pre-mixing of Ag+ and reducing agent in the chitosan
solution in a total 100 mL of solution

[AgNO3] in
chitosan (ppm)

mol [AgNO3] = mol reducing agent
and it is converted to its mass
Mass of betel
leaves extract
(mg)

Mass of
ascorbic acid
(mg)

METHODS AND EXPERIMENTAL DETAILS

100

10

10

Materials and Major Equipment

200

20

20

300

30

30

400

40

40

500

50

50

Chitosan with the degree of deacetylation of 90% was
purchased from CV Chemics. Analytical grade of silver
nitrate, acetic acid, ascorbic acid, and chloroform was
obtained from Merck. Green betel leaves were freshly
harvested. The resulting colloidal Ag nanoparticles were
analyzed using UV-Vis spectrophotometer (Milton Roy),
XRD (Shimadzu 6000), and TEM (JEOL JEM 1400).

Extraction Process
A total of 600 grams of fresh betel leaves was washed and
blended. The mixture is macerated in 1.0 liter of boiling
water while stirring using a magnetic stirrer for 4 hours.
The mixture was cooled and filtered using filter paper. The
filtrate obtained was extracted using chloroform in using a
250-mL separation funnel. For each 100 mL filtrate, a 25 mL
chloroform was added. The solvent was removed by
evaporation to obtain the extract. The extract was analyzed
by GC-MS.

RESULTS AND DISCUSSION
The product of solvent extraction of active compounds in
the betel leaves with chloroform was analyzed by GC-MS.
The GC-MS chromatograms of betel leaves extract presented in Figure 1. Three main compounds are believed to
be chavicol (31.8%), eugenol (31.2%), and hydroxychavicol
(34.2%). They were later also confirmed by mass
spectrometry.
2. Chavicol
(31,83 %)

3. Eugenol 4. Hydroxychavicol
(31,17 %) (34,18 %)

Synthesis of Ag Nanoparticles
One gram of chitosan was dissolved in 100 mL 1% acetic
acid, stirred using a magnetic stirrer at room temperature
for overnight. Into 100 mL of chitosan solution, 100 mL of
200 ppm AgNO3 was added drop by drops. Permanent color
of the solution was obtained after 1 h of stirring. A 10milligrams of betel leaves extract was added while stirring.
The solution was heated at 95°C while continue stirring for
1.5 hours to yield colloidal Ag nanoparticles. The similar
work was also carried out using ascorbic acid as a reducing
agent (Table 1).
Study the stability of Ag nanoparticles. The stability of Ag
nanoparticles was observed by looking at changes in
wavelength and absorbance using UV-Vis spectrophotometry every week for 1 month. In the present study
compared the stability of Ag nanoparticles.
XRD was used to determine the crystal structure of the
Ag nanoparticles.
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Figure 1. Gas chromatograph of betel leaves extract with chloroform.

Synthesis of colloidal Ag nanoparticles with reducing
agent of betel leaves extract a colloid system with yellow
color, and the yellow color becomes darker with the
increase in the initial concentration of AgNO3 (Figure 2).
A different result was observed for colloidal Ag nanoparticles synthesized using a reducing agent of ascorbic
acid. At concentrations between 100 and 200 ppm, the color
of the resulting colloid is yellow, but at many high
concentrations of 500 ppm, it becomes gray. The color of
colloidal Ag nanoparticles produced depends on the shape
and size of particles produced.9 The rise in the concentration of colloidal color indicates that the number of Ag
nanoparticles in such systems increases. At 500 ppm, when
reducing agent ascorbic acid was used, it gave a silvery
suspension rather than colloidal Ag nanoparticles.
Previously reported works to show that colloids with gray
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color have a very large particle size with a diameter of close
to 500 nm.
The stability of Ag nanoparticles was studied by
recording the UV-Vis spectra every week for 1 month. The
pre-mixed concentration was adjusted to 100, 200, 300, 400,
and 500 ppm of Ag with 2 different reducing agents. Figure
3 is the UV-Vis spectra of Ag nanoparticles at an initial
concentration of 100 and 300 ppm. The UV-Vis spectra at a
concentration of 200 ppm are very similar to that of 100
ppm. Fig. 3 shows that the absorbance maxima and
wavelengths of colloidal Ag nanoparticles prepared with
reducing agent of betel leaves extract did not change much.
On the other hand, the absorbance of colloidal Ag
nanoparticles in which ascorbic acid reducing agent was
used for the reducing agent, continue to decrease by the
week. The similar trends were observed for the Ag
nanoparticles at concentrations of 200, 400, and 500 ppm.
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Figure 2. Colloidal Ag nanoparticles, prepared with reducing
agent ascorbic acid (top) and with betel leaves extract (bottom).

The largest decrease in absorbance for the Ag
nanoparticles synthesized by reducing betel leaves extract
was only 10.7%, which is at a concentration of 400 ppm. The
variation of Ag ion concentrations was ranging from 0.7 to
4.7%. While the decrease in absorbance is at great value for
the Ag nanoparticles synthesized by the reducing agent of
ascorbic acid was nearly 29% at a concentration of 400 ppm.
The stability of Ag nanoparticles is very dependent on the
surrounding system. The existence of negative charge
around the Ag particles will increase the stability of Ag
nanoparticles due to the negative charge of the system that
will also experience an electrostatic interaction with Ag.

(d)
Figure 3. UV-Vis spectra of colloidal Ag nanoparticles recorded
for the first four weeks, with a reducing agent of betel leaves extract at initial Ag concentration of 100 ppm (a) and 300 ppm (c).
Similar systems were also prepared with reducing agent of ascorbic acid at an initial Ag concentration of 100 ppm (b) and 300 ppm
(d).

The main components in the extracts of betel leaves are
reducing species that are weaker than that of ascorbic acid.
Before heating to boil, the reduction reaction does not
occur. By contrast, reduction of Ag+ by ascorbic acid
happens at room temperature.
Vol. 1, Issue 1, 2019 • Proc. Idn. Chem. Soc.
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The solution of Ag+ in water containing 1% chitosan has
a blue color. It indicates that the Ag+ ion forms complex ion
with chitosan via amine and carboxyl groups of the
chitosan.
Negative charges around the Ag particles will prevent
the particles tendency to join together to form Ag particles
with a much larger size. Hydroxychavicol and chavicol
have phi electron system. It has been widely known that
phi electron in the benzene ring can interact with silver
cation to form cation-phi electron interaction. This can
help stabilize the colloidal Ag nanoparticle. The presence of
hydroxyl (or ketone, after oxidation) is believed to raise
zeta potential. The higher zeta potential will result in more
stable the colloids.
TEM images of Ag nanoparticles produced with different
methods show distinct shape and size. Fig. 4 shows TEM
images of Ag nanoparticles with a concentration of 100 and
300 ppm synthesized using a reducing agent of betel leaves
extract (a and c) and ascorbic acid (b dan d). Figure 4(a) is a
TEM image of Ag nanoparticles synthesized using a
reducing agent of betel leaves extract. The TEM image
shows thatthe shape and size of Ag nanoparticles produced
not uniform. The shape is observed to be the spherical
shape. Size and shape of Ag nanoparticle will havea great
difference in antibacterial activity.9
XRD pattern of Ag nanoparticle suggests that it has face
centered cubic crystal system with a unit cell of 4.07
angstrom.

CONCLUSION
Colloidal Ag nanoparticles synthesized using a reducing
agent of the betel leaves extract more stable than that
synthesized using a reducing agent of ascorbic acid. TEM
image proves that at a concentration of 300 ppm, Ag
nanoparticles prepared by using betel leaves extract as a
reducing agent has an average particle size smaller than
those prepared by using ascorbic acid. The colloidal Ag
nanoparticles are much more stable if the colloid is
prepared in the presence of betel leaves extract. The betel
leaves extract has played important roles, as reducing
agent and as a size-shape controller. The silver
nanoparticle has an fcc crystal system with a unit cell of
4.07 angstrom.
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