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were synthesized in various mediums of polyvinylpyrrolidone (PVP), polyethylene glycol
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DOL: 10.22146/ijc.60344 focused using a quartz lens with a focal length of 30 mm on a silver metal plate placed

in a petri dish containing liquid mediums for 120 min to produce colloidal silver
nanoparticles. The results certified that All AgNPs have a spherical shape with
polydisperse size in all media, including PVP, PEG, and chitosan. The smallest AgNPs
have been produced in PVP medium with an averaged smallest size of 11.62 nm. Based
on this result, PVP is the preferred medium to produce AgNPs with the smallest size and
good stability. The produced silver nanoparticles have been successfully employed as an
antibacterial agent, which is experimentally demonstrated by using Escherichia coli and
Staphylococcus aureus. The result certified that the produced silver nanoparticles could
effectively kill the bacteria with a killing percentage of 99.6 to 100%.
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m INTRODUCTION reduction, ion sputtering techniques ([7-8]. The
techniques can successfully produce silver nanoparticles

Silver nanoparticles (AgNPs) have been well known

- . . . ith qui ility. H , th hni
as commercialized nano-material, having many beneficial with quite good stability. However, the techniques

applications. Due to their unique chemical and physical involve high ~energy requirements and hazardous
characteristics, including electrical, optical, thermal
properties, the AgNPs have been employed in broad
subjects including health care, medical, and industrial
fields [1-3]. The AgNPs have been applied as an
antibacterial agent in consumer products, cosmetics,
medical tool coatings, and food industries [4-6]. In
medical applications, the AgNPs have been used as

anticancer agents in medical therapy, contrast agents in

chemicals, which need further purification and are
complicated in the synthesis process due to the fact the
chemical contamination. Hence, the AgNPs cannot be
employed readily for medical purposes or human-
related products. Therefore, alternative techniques to
produce high-purity AgNPs with good stability without
involving dangerous chemical agents are necessary for
specific applications in medical purposes and human-
diagnostics, drug delivery, and agent of anticancer drugs. related products.

The other technique for the synthesis of AgNPs is
the pulse laser ablation (PLA) technique [9]. In this

technique, a pulse laser is used to ablate the metal

Thus, the synthesis of AgNPs has recently become an
interesting subject.
Various techniques are suggested for the synthesis

of AgNPs, such as sol-gel, precipitation, chemical material samples from their surface to induce a
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luminous plume. The plume then expands with time to
disperse in a medium environment around the sample.
When the medium is liquid, the ablated material disperses
in the liquid medium, and finally, new material in the
form of nanoparticles is produced. Compared to other
chemical techniques, pulse laser ablation has several
strong points. Namely, the produced nanoparticles have
high purity because it does not involve chemical agents
during the synthesis process and only needs pure metal
and liquid medium such as deionized water. Furthermore,
the pulse laser ablation technique has a much simple
experimental setup than the case chemical technique.
Many reports have been published on the synthesis of
AgNPs using the PLA technique [10-15]. Tsuji et al. used
the pulsed laser ablation technique to produce AgNPs in
a water medium under the various wavelength of pulse
laser, including 1064 nm, 532 nm, and 355 nm [15].
However, AgNPs cannot disperse well and is not quite
stable because the particles will agglomerate and
precipitate. To solve the problem, Bae et al. synthesized
AgNPs by the laser pulse ablation method in NaCl
solution, which resulted in an average nanoparticle size of
26.4 nm and very low stability compared to distilled water
[10]. Then, in a dilute solution of sodium dodecyl sulfate
(SDS) using the same method, the size of the AgNPs
produced an average of 14 nm [13].

Valverde-Alva et al. used an ethanol medium to
avoid agglomeration and precipitation [9]. Darroudi et al.
employed gelatin solution to produce AgNPs having an
average diameter ranging from 9 nm to 15 nm [12]. Al-
Azawi et al. studied the effect of various liquid mediums,
including deionized water, ethanol, and
polyvinylpyrrolidone (PVP), on the particle size, resulting
in the finer particle size for PVP liquid medium compared
to the case of deionized water and ethanol [16]. It should
be mentioned that the above reports are mainly used
high-energy pulse laser, namely more than 50 m].
Furthermore, they only studied the synthesis of silver
nanoparticles and their characterization, including pulse
laser energy dependence and liquid medium dependence.
They did not report simultaneously the application of the
produced silver nanoparticles for an antibacterial agent.

In this present work, we conducted a study on the
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synthesis of AgNPs in various mediums of
polyvinylpyrrolidone (PVP), polyethylene glycol (PEG),
and chitosan using the pulse laser ablation synthesis
method. The laser energy used was only 30 m]. As
mentioned above, the use of the pulsed laser ablation
technique for the preparation of AgNPs in this study is
because this technique can produce high-purity
nanoparticles without additional hazardous chemical
agents for medical applications and human-related
products. The liquid medium has a role in regulating the
size of a nanoparticle, where the addition of a polymer
medium can produce a smaller and more uniform
nanoparticle size. The effect of the liquid medium on the
averaged sizes of produced AgNPs was studied.
Characterization of AGNPs was carried out using the
Ultraviolet-Visible Spectroscopy (UV-Vis) method,
Particle Size Analyzer (PSA), Transmission Electron
Microscope (TEM), and Fourier Transform Infrared
spectroscopy (FTIR). Furthermore, produced silver
nanoparticles are then applied as antibacterial agents,
which are experimentally demonstrated by using
Escherichia coli and Staphylococcus aureus. The result
certified that the produced silver nanoparticles could
effectively kill the bacteria with a killing percentage of

99.6 to 100%.
m  EXPERIMENTAL SECTION

Materials

A silver metal plate with a purity of 99.9% and a
dimension of 5 x 10 x 20 mm’ was used as a material
target to produce AgNPs. The liquid medium for
making colloidal AgNPs used were PVP, PEG, and
Chitosan.

Instrumentation

The experimental setup used in this work is shown
in Fig. 1. The radiation source used was Nd:YAG laser
(New Wave Research, Polaris II, 20 Hz) with a
wavelength of 1064 nm and pulse width of 7 ns. Laser
Exec IT software was used to set laser parameters (energy,
repetition rate). The laser energy was set at 30 m] with a
repetition rate of 10 Hz. The other instruments used in
this work include a transmission electron microscope
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(TEM, JEOL) equipped with an energy dispersive X-ray
spectrometer (EDX) and ultraviolet-visible (UV-Vis)
absorption spectrometer (Shimadzu 1240 SA).

Procedure

Synthesis of silver nanoparticles

Experimentally, a pulse laser beam was directed
using a silver mirror and focused using a quartz lens with
a focal length of 30 mm on a silver metal plate placed in a
petri dish containing liquid mediums for 11 h. With
increasing the number of laser bombardment, the color of
the liquid medium changes from transparent to light
yellow and finally become brownies yellow. The
experimental setup used in this work is shown in Fig. 1.

Characterization of silver nanoparticles

The produced colloidal AgNPs were characterized
using various techniques, including transmission electron
(TEM), (PSA),
ultraviolet-visible (UV-Vis) spectroscopy, and Fourier

microscope particle size analyzer
Transform Infra-red (FTIR) spectroscopy to obtain a
morphological view, average size, optical plasmon
resonance, and molecular ingredient of colloidal AgNPs,
respectively. The morphology of the nanoparticles
produced was analyzed using a transmission electron
microscope (TEM, JEOL) equipped with an energy
dispersive X-ray spectrometer (EDX). The optical
properties and surface plasma resonance of the product
were characterized by an ultraviolet-visible (UV-Vis)
absorption spectrometer (Shimadzu 1240 SA).

Antibacterial testing

The antibacterial test was made using AOAC 960.09
the year 2013 with slight modification [17]. The bacteria
used were Escherichia coli (ATCC 8739) and Staphylococcus
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aureus (ATCC 6538). The temperature of incubation
was 35 °C, and the temperature of the examination was
24 °C. A sample of 10 ppm AgNPs was inoculated with
microorganisms tests including E. coli and S. aureus with
a concentration of 1.3 x 10° CFU/mL and 1.1 x 10°
CFU/mL, respectively, at a contact time of 10 min. One
mL of AgNPs was poured with 1 m: of test suspension.
This mixture was then striated in the solid medium of
TSA in four quadrants with 4 striae each on the surface
of the agar. Each quadrant was incubated for 48 h at
35 °C. After incubation, the growth of the inoculated
microorganism in each quadrant was counted.

m  RESULTS AND DISCUSSION

Effect of Liquid Medium on Silver Nanoparticles
(AgNPs)

First, we examined the physical characteristics of
colloidal silver nanoparticles produced in various liquid
media. Fig. 2 shows photographs of colloidal AgNPs
produced in (a) PEG, (b) PVP, and (c) chitosan using the
pulse laser ablation method. For producing these
colloidal AgNPs, the Nd:YAG laser beam with a pulse
repetition rate of 10 Hz was bombarded and focused on
a high-purity Ag metal plate for 11 h. It can be seen in
the figure that the formation of colloidal AgNPs in the
three liquid mediums is identified by the color changing
of the liquid medium that was previously colorless or
clear to golden yellow. The golden yellow color of
colloidal silver nanoparticles indicates the formation of
silver nanoparticles as reported elsewhere [18].

The darker color of the colloid indicates a higher
concentration of AgNPs [19]. The distinctive color of
AgNPs is the result of the localized surface plasmon

Fig 2. Colloidal_AgNPs synthesized by pulsed laser
ablation technique in liquid medium (a) PEG, (b) PVP,
and (c¢) Chitosan
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resonance (LSPR) phenomenon where silver material
absorbs. The LSPR of AgNPs ranges from 380 to 425 nm,
which means that they absorb blue or red light, so it will
reflect the yellow color [18,20-22]. For further information,
it will be discussed in the characterization section.

The colloidal AgNPs were subsequently stored in
transparent bottles at room temperature for several weeks.
The results showed that AgNPs were the most stable in
the chitosan medium because they managed to survive
without precipitation for 6 weeks, whereas in the PEG
medium, nanoparticles were stable for 5 weeks. Also, in
the PVP medium, the nanoparticles lasted for 4 weeks until
black sedimentation appeared at the bottom of the bottle.

Analysis of Morphology and Size of Silver
Nanoparticles

To determine the morphology and size of the

nanoparticles, measurements were made using a
transmission electron microscope (TEM) and a particle
size analyzer (PSA), respectively. The PSA uses a dynamic
light scattering (DLS) principle that takes advantage of the
properties of particles, which experience Brownian
motion. Brownian motion of the liquid particles collides
with each other so that when a laser beam is fired, it will
cause scattering of light with various frequencies. This
frequency will later be converted into a light signal form,
which is then converted again into a digital signal, which
is then processed into a counting series [23]. Fig. 3 shows
the histogram of the size distribution and morphology of
AgNPs in liquid media of PVP, PEG, and chitosan. Fig.
3(a) shows the size distribution of AgNPs in PVP, which
consists of two peaks. For the large group average size,
which is above 100 nm, it has an average particle size of
275.80 + 38.96 nm, then for the small size group, itis 11.62
+ 5.03 nm. Fig. 3(b) shows a histogram of the size
distribution of AgNPs in PEG, which also consists of two
peaks. Namely, the peaks of the large particle groups had
28.02 nm and the

peaks of the small particle groups had an average particle

an average particle size of 146.60 +

size of 21.02 + 3.38 nm. Then, Fig. 3(c) shows the average
histogram size distribution of AgNPs in chitosan liquid
medium, which is also divided into two peaks, that is a
large particle group with an average particle size of 480.60
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+ 163.40 nm and a small particle group with an average
particle size of 71.60 £ 19.43 nm.

From the size distribution data above, it is known
that the colloidal AgNPs formed to have two
nanoparticle size distributions. This certified that the
AgNPs colloids consist of polydisperse colloids composed
of more than one peak or have different sizes that are
quite far apart from each other [24]. The non-uniform
size of the nanoparticles produced in each sample is due
to the Brownian motion that occurs due to the pulse
laser ablation method, as also reported in a paper here
[25]. In addition, the type of colloid medium affects the
uniformity of the size of the produced AgNPs. PVP
polymers have a smaller aggregate ability than others,
resulting in more small particle sizes. If the particles are
agglomerated, they will produce large size nanoparticles
[26], such as in PEG and chitosan, which have a size
larger than PVP. The results of the size distribution of the
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Fig 3. Histograms of the size distribution of AgNPs in
(a) PVP, (b) PEG, (c) chitosan, and AgNPs morphology
in (d) PVP, (e) PEG, and (f) chitosan using PSA and TEM

Syifa Avicenna et al.



Indones. I. Chem., 2021, 21 (3), 761 - 768

three colloids indicate that AgNPs have been successfully
synthesized according to the literature, which is between
1-1000 nm in size [26-27].

Optical Properties
Spectrometer

of AgNPs Using UV-Vis

To study the optical characteristics of produced
AgNPs, the UV-Vis spectrometer was used. Based on the
image shown in Fig. 4, all three graphs have absorbance
peaks around the 400 nm wavelength. This peak is defined
as the peak of localized surface plasmon resonance. Light
single Plasmon resonance (LSPR) is an important
parameter to identify the type of particles contained in a
solution. LSPR is a resonance phenomenon between light
waves and electrons on the metal surface, which oscillate
with each other. LSPR occurs when the frequency of the
photons matches the collective oscillations of the metal
nanoparticles. The frequency and intensity of LSPR
absorption depend on the type of material (metal), size,
shape of the nanostructures, and the environment [28].

LSPR occurs when the frequency of the photons
of the metal
nanoparticles. The frequency and intensity of LSPR

matches the collective oscillations
absorption depend on the type of material (metal), size,
shape of the nanostructures, and the environment [21].
The LSPR peak of silver nanoparticles in the PVP medium
is at a wavelength of 408 nm with an absorbance of 1.118.
Then, in the PEG medium, the peak is at a wavelength of
422 nm with an absorbance of 0.648. Whereas, in the
chitosan medium, the SPR was at a wavelength of 408 nm
with an absorbance of 1.012. According to literature,
silver has an LSPR peak of around 380-425 nm [21-22].
The peak shift of 14 nm, as shown in the PEG graph,
shows a larger size of the nanoparticles. Also, the
absorbance amount can also indicate the size because the
larger the nanoparticle size also provides a high
absorbance. This is because the higher the absorbance
High
concentrations tend to give larger nanoparticles size [29].

usually indicates a higher concentration.

Compound Composition of AgNPs Colloidal

Fourier transform infrared (FTIR) was used to
determine the compounds contained in colloids. The
colloidal infrared transmittance spectrum of AgNPs can
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be seen in Fig. 5. It shows a graph of the wavenumber
(cm™) against the percent transmittance passing
through the material (% T). The absorption band of
AgNPs at a wavenumber of 3359 cm™ showed a
vibration of O-H stretching with a transmittance of
86%.

Then, the wavenumber 1739 cm™ indicates the
presence of a carbonyl group C=0 with a transmittance of
92%. The absorption bands at wavenumbers 3359 cm™
and 1739 cm™ indicate the presence of other molecules
absorbed from the chitosan medium associated with
AgNPs. The wavenumber of 528 cm™ shows a stretching
vibration of the Ag—O bond with a transmittance of 80%.
This is evidence of the existence of AgO and Ag,O [30].

Application of AgNPs as an Antibacterial Agent

Finally, the application of AgNPs was
demonstrated as an antibacterial agent. To this end,
colloidal AgNPs produced in PVP medium with a
concentration of 10 mg/kg AgNPs were examined as an
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Table 1. AgNPs as an antibacterial agent in gram-negative Escherichia coli and gram-positive Staphylococcus aureus

Contamination Number of initial ~ Number of remaining Number of dead
time (sec) bacteria (CFU/mL) bacteria (CFU/mL) bacteria (%)

Escherichia coli

30 1.3 x10° 0 100

60 1.3 x 10° 0 100
Staphylococcus aureus

30 1.1 x 10° 3.9 x 10° 99.64

60 1.1 x 10° 1.1 x 10? 99.99

antibacterial agent. The produced AgNPs used in this
antibacterial agent has a spherical shape with an average
small diameter of 11.62 nm.

Table 1 shows the examination results of AgNPs as
an antibacterial agent in gram-negative Escherichia coli
and gram-positive Staphylococcus aureus. For this
experiment, the number of initial bacteria is 1.3 x 10°
CFU/mL and 1.1 x 10° CFU/mL, respectively. It can be
seen that after 30 sec of AgNPs treatment to E. coli
bacteria, 100% of bacteria are dead, and completely no
bacteria remain. For S. aureus, 99.64% of S. aureus
bacteria are dead. The dead bacteria increased up to
99.99% when the interaction time of bacteria with AgNPs
was much longer, up to 60 sec. This result certified that
the produced colloidal AgNPs in PVP medium with a
concentration of 10 mg/kg could effectively be used as an
antibacterial agent. As reported here [31], the interaction
mechanism between AgNPs and bacteria is as follows: the
AgNPs attach to the surface of the cell wall and
membrane. After that, the AgNPs penetrates inside the
cell and inducing cellular toxicity and oxidative stress by
generating reactive oxygen species and free radicals,
damaging intracellular structures, and biomolecules.

m CONCLUSION

We demonstrated in this work that colloidal
nanosilver particles have been successfully produced by
using the pulse laser ablation method in various liquid
media, including PVP, PEG, and chitosan. In this work, a
pulse Nd:YAG laser with a laser wavelength of 1064 nm,
laser energy of 30 mJ, and a pulse repetition rate of 10 Hz
was employed as an energy source. The results certified
that All AgNPs have a spherical shape with polydisperse
size in all media, including PVP, PEG, and chitosan. The

smallest AgNPs have been produced in PVP medium
with an average smallest size of 11.62 nm. Furthermore,
AgO compounds were also produced during the
synthesis process. Based on this result, PVP is the
preferred medium to produce AgNPs with the smallest
size and good stability. In this present work, AgNPs have
been successfully applied as antibacterial agents in
Escherichia coli and Staphylococcus aureus bacteria.
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