Characteristics of tin oxide
nanoparticles produced by
pulsed laser ablation technique
in various concentrations of
chitosan liquid and their
potential application as an
antibacterial agent

by lis Nurhasanah

Submission date: 09-May-2023 01:36PM (UTC+0700)

Submission ID: 2088355052

File name: d_and_their_potential_application_as_an_antibacterial_agent.pdf (2.8M)
Word count: 5469

Character count: 28739



Results in Engineering 16 (2022) 100742

Contents lists available at ScienceDirect

Results in Engineering

ELSEVIER

journal homepage: www.sciencedirect.com/journal/results-in-engineering

Check for
updates

Characteristics of tin oxide nanoparticles produced by pulsed laser ablation
technique in various concentrations of chitosan liquid and their potential
application as an antibacterial agent

Ali Khumaeni®® ", Tri Istanti?, Eko Hidayanto “, lis Nurhasanah *

* Department of Physics, Faculty of Science and Math ics, D) University, JL Prof. Soedharto, SH., Tembalang, 50275, Semarang, Indonesia
" Research Center for Laser and Advanced Nanotechnology, Fcu:ulty of Science and Mathematics, Diponegoro University, JL Prof. Soedharto, SH., Tembalang, 50275,
Semarang, Indonesia

ARTICLEINFO ABSTRACT

Keywords:

Tin oxide nanoparticles
Pulse laser ablation
Nd:YAG laser

Chitosan medium

Tin oxide nanoparticles (SnO; NPs) have become a potential candidate as an antibacterial agent for gram-
negative and gram-positive bacteria. In this present work, SnOz NPs have been successfully synthesized in the
chitosan liquid medium by using the pulse laser ablation method utilizing quite low energy Nd:YAG laser (30
mJ). The produced tin oxide nanoparticles were then applied as an antibacterial agent for gram-negative and
gram-positive bacteria. Experimentally, a pulse Nd:YAG laser beam is irradiated and focused on the surface of a
high-purity tin metal plate placed at the bottom of the Petri dish that is filled with chitosan liquid medium. The
effect of chitosan concentrations (0.05%, 0.1%, and 0.2%) on the characteristics of produced SnOz NPs was
examined. The higher concentration of chitosan (0.2%) gains the smallest diameter size (15.05 nm) and lowest
concentrations of produced tin oxide nanoparticles. The application of produced SnO3 NPs as the antibacterial
agent was demonstrated using gram-negative (Escherichia coli) and gram-positive (Bacillus subtilis) utilizing disk
diffusion technique. The result certified that increment of the SnOz NPs concentrations (100, 125, and 150 ppm)
increases the diameter of inhibition zone (DIZ) both for E coli and B subtilis bacteria, which approve that the
produced tin oxide nanoparticles can effectively be used as antibacterial agents for both gram-negative and gram-
positive bacteria.

1. Introduction

Nanotechnology has now become an emerging subject embraced by
many sectors including science and industries [1-6]. In industries,
nanotechnology has started to be applied in energy technology, food
technology, environmental technology, and medical products [7-12]. As
medical products, nanotechnology has been used in the diagnosis and
treatment of diseases.

In the medical field, infections of bacteria are major chronic in-
fections and can cause a worse case of mortality. One of the treatments
for such an infection is using antibiotics. However, based on many
studies [13-15], the use of antibiotics can cause bacterial strains of
drug-resistant. To avoid this problem, nanoparticles are recently used
because the NPs is in direct contact with the cell wall of bacteria,
without any need to penetrate the cell, resulting in less prone to pro-
moting resistance in bacteria. Various metallic nanoparticles have been
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produced for being used as an antibacterial agent including zinc nano-
particles, titanium oxide nanoparticles, silver nanoparticles, gold
nanoparticles, copper oxide nanoparticles, and tin nanoparticles
[16-22].

Tin oxide nanoparticles (Sn0O,) have recently been widely produced
for various applications including antibacterial agents [23-25]. The tin
oxide nanoparticles have been manufactured using various techniques
such as precipitation, hydrothermal, chemical reduction, hydrolysis,
and sol-gel methods [26-32]. Ibarguen et al. produced tin oxide nano-
particles using a precipitation technique [30]. Some researchers used
the sol-gel method to produce tin oxide nanoparticles [31]. The methods
can be used to produce stable colloidal tin oxide nanoparticles with quite
a good size distribution of nanoparticles. However, the methods have
several drawbacks including complicated experimental preparation and
requiring additional chemical agents such as chemical acid and chemical
surfactants. Furthermore, the described methods also cannot produce
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high-purity colloidal nanoparticles due to the contamination of chemical
agents added during the synthesis process [33,34].

The other technique used is the physical method of pulse laser
ablation in liquid media [35]. In this technique, a pulse laser including
pulse nano- and femto-second lasers such as Nd:YAG laser and Ti: Sap-
phire laser is commonly used as an energy source to ablate material and
induce a luminous plasma [36,37]. The plasma is then condensed in the
liquid media and finally produced nanoparticles dispersed in the liquid
media. Some papers have reported the production of tin nanoparticles
using a pulse laser ablation method [38,39]. Gondal et al. synthesized
tin oxide nanoparticles by an Nd:YAG laser ablation in deionized water
and their photoluminescence characteristics [38].

In this present work, we used a chitosan liquid as an organic sur-
factant in the production of tin oxide nanoparticles using the pulse laser
ablation method utilizing pulse Nd:YAG laser. Chitosan liquid medium
with various solution concentrations was used in the synthesis of tin
oxide nanoparticles (Sn0O2 NPs). Chitosan is a natural polymer that can
be easily isolated from crustacean shells and is considered a non-toxic,
odorless, biocompatible, and biodegradable biopolymer [40,41]. In
the formation of nanoparticles, chitosan can act as a stabilizer, reducing
agent, sizing agent, and shape-directing agent for the synthesis of metal
nanoparticles [42,43]. The effect of chitosan concentrations on the
characteristics of produced tin oxide nanoparticles is studied. Further,
the produced nanoparticles are applied as an antibacterial agent using E
coli and B subtilis bacteria.

2. Experimental procedures

The basic experimental setup used in this present work is shown in
Fig. 1. A pulse neodymium yttrium aluminum gamet (Nd:YAG laser,
New Wave Polaris II, 1064 nm, 50 mJ, 7 ns) was used as a material
ablation source. A pulse laser beam was focused by a quartz lens with a
focal length of 30 mm on a metal plate, which was placed and immersed
in a liguid medium, to induce a luminous plume. The laser energy was
set at 30 mJ and a repetition rate of 10 Hz. Using those parameters, the
laser beam diameter at the focusing point on the surface was 80 pm,
resulting in the laser fluence on the sample surface of 8.5 GW/cm?.

The metal sample used to produce tin oxide nanoparticles was high-
purity tin metal nanoparticles (Nilaco Inc., 99.99%). In the experiments,
the tin metal was immersed in a chitosan solution, which functions as a
surfactant to keep the stability of the produced nanoparticles. After
several shots of laser bombardment, the luminous plume was induced
just on the surface of the metal plate and finally, the tin oxide nano-
particles were produced and dispersed in the liquid to produce colloidal
tin oxide nanoparticles.

The produced tin oxide nanoparticles were then characterized by
using analytical and spectroscopic methods including transmission
electron microscopy (TEM, JEOL JEM 1400), scanning electron
microscopy-the energy dispersive X-ray (EDX, JEOL JSM-6510LA SEM-
EDX), ultraviolet-visible light spectroscopy (UV-Vis, Merck's Pharo 300
Spectroguant Spectrophotometer), and Fourier Transform Infra-Red
(FTIR) Spectrophotometer (FTIR PerkinElmer Spectrum Version
10.4.00). It should be informed that the TEM was used to obtain

Nd:YAG Laser
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Fig. 1. Experimental setup used in this work.
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morphological characteristics of tin oxide nanoparticles. The EDX was
employed to get the analytical composition of produced nanoparticles.
The UV-Vis and FTIR were used to determine the optical characteristics
of the absorbance spectrum and were also carried out to identify func-
tional groups and compounds contained in tin oxide nanoparticles.

Finally, the produced tin oxide nanoparticles were examined as an
antibacterial agent by testing the nanoparticles using the disc diffusion
technique. The samples contain various concentrations of tin oxide
nanoparticles of 100 ppm, 125 ppm, and 150 ppm, respectively. Two
kinds of bacteria were employed including Escherichia coli and Bacillus
subtilis. The disc diffusion technique was made by measuring the
diameter of the inhibition zone (DIZ), which is an indication of an
inhibitory response to bacterial growth by the antibacterial compound
in the extract. The bacterial suspension was diluted to have a turbidity
level or optical density of 0.5 Mc Farland. The standard of 0.5 Mc Far-
land is the number of bacteria in 1 mL of suspension estimated at 1.5 =
10® bacteria. The test medium was made by mixing the agar nutrients
with a diluted suspension of Escherichia coli bacteria. The media was
stirred until evenly distributed and then allowed to dry and solidify
(plate medium). Furthermore, the filter paper that has been sterilized
was then immersed in each colloidal SnNPs with various concentrations
of 100 ppm, 125 ppm, and 150 ppm. The filter paper was then placed on
the test media. The test media was put into an incubator at 37 °C for
18-24 h and the inhibition zone diameter was observed.

3. Results and discussion

First, the effect of various concentrations of chitosan liquid medium
was studied in the production of tin oxide nanoparticles. Figs. 2-4 show
the colloidal tin oxide nanoparticles produced in the chitosan liquid
media with chitosan concentrations of 0.05%, 0.1%, and 0.2%, respec-
tively. It should be noted that in the case of chitosan concentration
beyond 0.2%, the chitosan liquid is too thick. Therefore, when the pulse
laser beam is directed and focused on the tin metal plate via chitosan
liquid, lots of laser beams are absorbed by the liquid, resulting in small
plasma produced on the metal surface due to low laser energy remaining
attacked on the metal plate. Before laser bombardment, chitosan liquid
media have transparent color as displayed in Figs. 2(a), 3(a) and 4(a).
The brownish-yellow color colloidal nanoparticles are successfully
produced in all samples just after laser bombardment on the high-purity
tin metal plate as shown in Figs. 2(b), 3(b) and 4({b). That colloidal color
is almost similar to the colloids produced by Naser et al. and Ismail et al.,
which produced colloidal tin nanoparticles in various liquid media that
have a brownish color [44,45]. After 1 day of being synthesized, the
colloidal still keeps the same color even though the cloudy white color
starts to produce in the bottom of the bottle. These cloudy white color
particles are produced by the agglomeration of tin oxide nanoparticles
dispersed in the chitosan liquid medium. Nanoparticles dispersed in the

Fig. 2. Photographs of colloidal tin oxide nanoparticles in chitosan liquid
medium with a concentration of 0.05% (a) chitosan liquid only before laser
bombardment, (b) just after laser bombardment, and (¢) 2 days after laser
bombardment.
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Fig. 3. Photographs of colloidal tin oxide nanoparticles in chitosan liquid
medium with a concentration of 0.1% (a) chitosan liquid only before laser
bombardment, (b) just after laser bombardment, and (¢) 2 days after laser
bombardment.

Fig. 4. Photographs of colloidal tin oxide nanoparticles in chitosan liquid
medium with a concentration of 0.2% (a) chitosan liquid only before laser
bombardment, (b) just after laser bombardment, and (¢) 2 days after laser
bombardment.

liquid phase adhere to each other and spontaneously form a collection of
irregular particles such as floc clusters or aggregates, the aggregates
form agglomerates of larger particles which is one of the causes of
colloid destabilization [46]. Much more cloudy white fine particles are
produced in the bottom after 2 days of nano synthesis as displayed in
Figs. 2(c), 3(c) and 4(c), respectively. However, it should be noticed that
much fewer cloudy white fine particles are observed in the case of chi-
tosan solution with a concentration of 0.2%. This result certified that the
highest concentration of chitosan can produce much more stable
colloidal tin oxide nanoparticles; the cloudy white fine particles are the
tin oxide particles produced due to the agglomeration of the dispersed
tin oxide nanoparticles because the chitosan surfactant cannot work well
to retard the combination of tin oxide nanoparticles. Based on these
results, chitosan concentrations of 0.2% can produce much more stable
tin oxide nanoparticles.

The produced tin oxide nanoparticles are then characterized by using
some analytical and imaging spectroscopic methods. First, their
morphological characteristics are examined. Fig. 5 shows the TEM im-
ages obtained from the colloidal tin oxide nanoparticles in chitosan
liquid media containing various concentrations of chitosan.

It can be seen that the shape of the produced tin nanoparticles has the
same spherical shape for the case of 0.05%, 0.1%, and 0.2% chitosan
media as displayed in Fig. 5{a), (b), and 5(c), respectively. These
spherical shapes of nanoparticles are commonly produced for the case of
metal nanoparticles synthesized by using the pulse laser ablation
method as shown in some papers [47-49]. It should also be noted that
the number of produced spherical nanoparticles of tin oxide is more
agglomerated for the lowest concentrations of 0.05% chitosan medium
(Fig. 5(a)) compared to the 0.1% and 0.2% cases as displayed in Fig. 5(b)
and (c). Tin nanoparticles produced by the pulse laser ablation in a
liquid medium are easily oxidized to form tin oxide nanoparticles [50].
The tin oxide nanoparticles are readily agglomerated when being pro-
duced in the liquid medium [51]. Therefore, surfactants or stabilizer
chemical agents are commonly used to avoid agglomeration to produce
stable colloidal metal nanoparticles. However, the thin concentration of
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Fig. 5. TEM images of tin oxide nanoparticles in the chitosan liquid medium
with a concentration of (a) 0.05%, (b), 0.1%, and () 0.2%.

chitosan medium (0.05%] is still not enough to stabilize the produced
nanoparticles, resulting in more agglomeration of nanoparticles
each-others. Therefore, a quite thick concentration of chitosan (0.2%]) is
more effective to produce stable colloidal tin oxide nanoparticles as
shown in Fig. 5(c). By using the particle size analyzer technique, the
produced nanoparticles are estimated in their sizes as shown in the
insert of Fig. 5(a), (b), and 5(c). It is seen that the averaged diameter of
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produced nanoparticles in various chitosan mediums are 22.76 nm,
20.13 nm, and 15.05 nm for the case of 0.05%, 0.1%, and 0.2%,
respectively. The same result on the effect of surfactant concentration on
the morphological characteristics of produced nanoparticles is also ob-
tained as reported in this previous paper [52]. The difference in the
averaged nanoparticle diameters was obtained from the effect of using
variations in the concentration of chitosan liquid medium. Variations in
the concentration of chitosan liquid medium from 0.05%, 0.1%, 0.2%
affect the Brownian motion between the nanoparticles produced.
Brownian motion is the random motion of nanoparticles caused by the
collision of nanoparticles with each other [53].

Insert of Fig. 5. Diameter size distribution of tin oxide nanoparticles
in the chitosan liquid medium with a concentration of (a) 0.05%, (b),
0.1%, and (c) 0.2%.

In the synthesis of tin oxide nanoparticles with a stabilizer and
without a stabilizer, the results of the nanoparticles are more agglom-
erated in the synthesis of Sn02 NPs without a stabilizer. These clumps
occur as a result of Brownian motion in a medium without a stabilizer
moving faster, nanoparticles are difficult to distinguish from one
another so the tendency to agglomerate (agglomeration) increases [54].
Concentration of 0.05% and 0.1% have lower stabilizer content than
0.2% concentration. At a concentration of 0.05% and a concentration of
0.1% with a lower level of stabilizer content, it produces a more
agglomerated image with a tendency to be difficult to distinguish be-
tween nanoparticles, thereby increasing the chance of agglomeration.
Based on this result, it is obtained that the tin oxide nanoparticles pro-
duced in the chitosan liquid medium with a concentration of 0.2% can
produce a much smaller size and more stable tin oxide nanoparticles.

The optical characteristic of produced tin oxide nanoparticles is
characterized by UV-Vis spectroscopy as shown in Fig. 6. The absor-
bance spectra are obtained from the tin oxide nanoparticles produced in
various concentrations of chitosan liquid media with the same duration
of ablation and repetition rate of synthesis. As seen in the figure that the
highest absorbance intensity is obtained from the tin oxide nanoparticles
produced in 0.05% chitosan, while the lower intensities are gained from
the 0.1 and 0.2% chitosan, respectively. Thisis because in the case of the
highest concentration of chitosan liquid medium (0.2%), the laser en-
ergy absorbed by the chitosan medium before hitting the Sn metal target
is much higher than the case of lowest concentration 0.05% chitosan,
and therefore the laser energy attacking the Sn material target is much
lower for the case of the highest concentration chitosan, resulting in
much fewer ablated particles. Furthermore, in the case of the highest
concentration chitosan, the ablated tin nanoparticles being agglomer-
ated are less so that the particle density in the chitosan solution is
reduced, resulting in lower maximum absorption than the case of lowest
concentration chitosan. As seen in the figure, the maximum wavelength
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Fig. 6. UV-Vis spectra of tin oxide nanoparticles in the chitosan liquid medium
with a concentration of 0.05%, 0.1%, and 0.2%.
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for the case of 0.05% chitosan is 240 nm. With increasing the concen-
trations of chitosan, the maximum wavelengths shift to the lower
wavelengths; namely, 232 nm and 223 nm, respectively, for 0.1% and
0.2% chitosan concentrations. This result is also confirmed by Munoz
et al. that the increasing of the nanoparticle diameter results in a longer
maximum wavelength in agreement with Mie's theory [55].

The other characteristics examined in this present work are analyt-
ical characteristics of produced colloidal tin oxide nanoparticles. Fig. 7
shows the EDX spectrum obtained from the tin oxide nanoparticles
produced by using the pulse ablation method in a chitosan liquid me-
dium. It can be seen that the analytical lines of Sn, O, C, and Si occur
with quite high intensity. The C and Si that appeared in this spectrum
might come from the SiC material used as a substrate for the deposition
of the tin oxide nanoparticles during data acquisition. Sn line has the
highest intensity compared to other analytical lines. The Sn and O lines
are contributed from the tin oxide nanoparticles produced in this present
work. These analytical lines confirmed that the tin oxide nanoparticles
have been successfully produced by using our pulse laser ablation
technique. Furthermore, the result confirmed that the colloidal tin oxide
nanoparticles produced by using the present laser ablation technique
have high purity because there are no other elements and only Sn, O, C,
and Si are detected in the spectrum.

To know the functional groups of tin oxide nanoparticles, Fourier
transform infrared spectroscopy (FTIR) was applied. Fig. 8 displays the
FTIR spectrum obtained from the tin oxide nanoparticles. Four func-
tional groups are identified from the spectrum including O-H, C=C,
C-N, and Sn-0. From the spectrum, we obtained that the O-H appears at
3391.01 cm™}, C=C, C-N, and 5n-O occur at 1643.37, 1178.56, and
629.03 cm’, respectively. The occurrence of Sn-O in the spectrum
stated that the functional SnO3 has been produced during the synthesis
process. Those functional groups have similar results obtained in the
previous work on the synthesis of tin oxide nanoparticles [56].

Fig. 9 shows the XRD spectrum obtained from the tin oxide nano-
particles produce in Chitosan liquid with a concentration of 0.1%. The
products’ diffraction spectrum and inter-plane spacing matched the
typical diffraction pattern of SnOs, supporting the synthesis of SnO»
nanocrystals and suggesting that ablated Sn species were present. The
main peak of SnO» was obtained at 20 = 26.67", which corresponds to
{110). This result indicated that crystalline tin oxide nanoparticles are
produced in this present work.

Finally, the produced tin oxide nanoparticles are examined as an
antibacterial agent using two bacteria as representative of gram-
negative and gram-positive bacteria of Escherichia coli and Bacillus
subtilis, respectively. The test was made using the disk diffusion method
by considering the inhibition zone diameter (DIZ) as reported in previ-
ous papers. The DIZ value reflects the magnitude of the susceptibility of
microorganisms to certain antibacterial agents, and the size of the DIZ
strain that is susceptible to disinfectants is larger than the resistant strain
[57]. The samples used include positive control and our produced tin
oxide nanoparticles with various concentrations of 100 ppm, 125 ppm,

Fig. 7. EDX emission spectrum obtained from the tin oxide nanoparticles in
0.1% chitosan liquid medium.
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Fig. 8. FTIR spectrum obtained from the tin oxide nanoparticles in 0.1% chi-
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Fig. 9. XRD spectrum obtained from the tin oxide nanoparticles in 0.1% chi-
tosan liquid medium.

and 150 ppm. As a positive control, the Terramycin sample, an antibiotic
that contains an antimicrobial effect, is used. This sample is generally
used to treat infections by gram-positive and gram-negative bacteria.
The result of the antibacterial examination is shown in Table 1.

Positive control of Terramycin shows a good effect as an antibacterial
agent both for gram-negative (E coli) bacteria and gram-positive (B
subtilis) bacteria with DIZ values for both bacteria of 15.38 and 14.89
mm, respectively, which demonstrated that there is the prohibition of
bacterial activity in the phase of death. The produced tin oxide nano-
particles were then examined at various concentrations. The results
show that the concentrations of 100 ppm, 125 ppm, and 150 ppm result
in DIZ values of 7.74 mm, 7.52 mm, and 9.49 mm, respectively, for the E
coli bacteria (gram-negative bacteria), while the DIZ values are 6.71
mm, 8.30 mm, and 8.74 mm, respectively, for the case of B subtilis
(gram-positive bacteria). With increasing the concentration of the tin
oxide nanoparticles, the diameter of the inhibition zone increases, which
means that the inhibition of bacterial activity increases. This similar
tendency is also reported in the previous papers [58]. This condition can
be explained when the concentration of SnO» nanoparticles increases, so
that more nanoparticles are absorbed into bacterial cells so that the
dehydrogenation process of bacterial cells also increases. Dehydroge-
nation occurs due to the process of respiration that occurs in the bac-
terial cell membrane. After reacting with the nanoparticles, the bacteria
begin to deactivate their enzymes, producing hydrogen peroxide which
causes bacterial cell death [59]. This result confirmed that the tin oxide
nanoparticles produced in this present work can be employed as an
antibacterial agent both for gram-negative and gram-positive bacteria
such as E coli and B subtilis, respectively.

4. Conclusions

Synthesis of tin oxide nanoparticles in chitosan liquid medium has
been successfully conducted using pulse laser ablation technique uti-
lizing pulse Nd:YAG laser with laser energy of around 30 mJ. The effect
of chitosan concentrations (0.05%, 0.1%, and 0.2%) in the chitosan
medium on the characteristics of produced tin oxide nanoparticles was
examined, resulting in the smallest diameter size of nanoparticles
(15.05 nm) for the highest concentration of chitosan (0.2%) and the
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Table 1
Antibacterial test of tin oxide nanoparticles at various concentrations using disk
diffusion technique.

Sample DIZ (mm) Bacteria

100 ppm 7.74 Escherichia coli
125 ppm 7,52

150 ppm 9,49

Positive control 15,38

100 ppm 6,71 Bacillus subtilis
125 ppm 8,30

150 ppm B74

Positive control 14,89

highest produced tin oxide nanoparticles in the lowest chitosan con-
centration (0.05%). The produced tin oxide nanoparticles have anti-
bacterial characteristics demonstrated by examination of the
nanoparticles as an antibacterial agent of gram-negative (E coli) and
gram-positive (B subtilis). The results show that the higher concentra-
tions of tin oxide nanoparticles increase the inhibition zone of bacterial
activity for E. coli and B. subtilis bacteria shown by the largest DIZ value
for the highest concentrations case. This result demonstrated that the
produced tin oxide nanoparticles are applicable as an antibacterial agent
both for gram-negative and gram-positive bacteria.
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