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Analytical Characterization and
Antimicrobial Activity of Bismuth
Nanoparticles Synthesized Using Laser
Ablation Technique

Abstract-Bismuth nanoparticles were synthesized using laser ablation
technique by focusing solid bismuth target in distilled deionized water by 1064
nm and 532 nm laser radiations generated by Q-switched pulsed Nd:YAG
laser, respectively. Synthesized nanoparticles were characterized using UV—Vis
spectrophotometer, X-ray diffraction (XRD), Scanning Electron Microscopy
(SEM), Transmission Electron Microscopy (TEM), and Atomic Force
Microscopy (AFM). The XRD pattern of the synthesized sample was indexed
as. UV=Vis spectrophotometer indicated that the peak of absorption spectra of
bismuth nanoparticles located in UV-region (230 nm) and increased towards
IR region with increase laser energy and laser wavelength. SEM and TEM
exhibited spherical shape of bismuth nanoparticles with decrease in particles
size with decreasing laser wavelength. The antibacterial activity was tested
against Enterobacter and Proteus (gram-negative bacteria) and Streptococcus
and Staphylococcus aureus (gram-positive bacteria). Synthesized bismuth
nanoparticles exhibited inhibitory effect on both bacteria strains with best
selectivity against Enterobacter and Proteus (gram-negative bacteria).
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1. Introduction

metal instead of mercury electrodes [7,8]. Bi NPs

Metallic nanoparticles have inherent and different
characterizations compared with their bulk
particles due to small particle size, large surface
area to volume ratio, shape, distribution,
composition, crystallinity and diffusion zones[1-
3]. Recently, synthesis, characterizations and
applications of mineral NPs have attracted
attention. Metallic NPs have unique functional
properties such as optical, electrochemical,
electronic, magnetic and catalytic due to their
geometric factors. Therefore, nanomaterials are
used in various applications, such as gas sensors,
heterogeneous  catalysis, nonlinear  optics,
microelectronics and medicine [4-6]. Bismuth is a
semimetal with many characteristics such as high
reflective index, thermoelectric and
magnetoresistance behaviors because of low
carrier density, high electron mobility, and highly
anisotropic Fermi wavelength [7-9]. Bismuth
nanoparticls (Bi NPs) have received more
attention because of their prospect applications
such as thermoelectric cooler, sensor of magnetic
field, and power generator. With low toxic effect
and high overpotential of hydrogen, Bi film
electrodes have recently been utilized in the

organic nitrocompounds detection and heavy
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have been synthesized either by top-down
physical methods such as pulsed-laser ablation,
dispersion in liquid paraffin, pressure injection,
vacuum melting, radio frequency magnetron
sputtering, and flash evaporation or by bottom-up
chemical methods such as hydrothermal
reduction, reduction of ethylene glycol
solvothermal, reduction in reverse micelles/
microemulsions using NaBH4, hydrothermal
etching, and electrodeposition. Techniques from
physics and chemistry have been combined to
synthesis of bismuth NPs [10-15]. The laser
ablation technique widely has been used for
synthesis of nanostructured materials due to its
advantages such as fast, absence of any
surfactant, pure synthesis method, and extremely
high stability for the synthesized NPs under
controlled ambient temperature and pressure [16].
Both morphology and composition of the
synthesized NPs are related to the applied laser
parameters (laser energy, wavelength, repetition
rate, pulse width, ablation time, temperature,
height of liquid above the surface of target and
stabilizing agents) and the target nature and
liquid environment, leading to generation of
various  nanostructures,[17,18].  Furthermore,
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biological applications require pure NPs so
synthesized NPs using laser ablation are best
suited for biological and biochemical applications
[19]. The antimicrobial effect of metallic NPs has
been ascribed to their little size, and high
particular surface region to volume proportion, so
NPs penetrate microbes and release metallic ions
to permeate microbial membranes [20].

2. Materials and Methods
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1. Synthesis of Bi NPs

Bi NPs were integrated utilizing pulsed laser
ablation technique. Bismuth plate (Ilcm X 1 cm X
Smm) was fixed at the bottom of a cylindrical
glass vessel filled with 2 mL of double deionized
water and focused by Q-switched pulsed
Nd:YAG laser as shown in Fig. 1.

The characterization of laser parameters is
summarized in Tablel. The sample was weighed
using very an accurate balance to find the weight
percent before and after ablation process.

Q-switched pulsed Nd:YAG laser —
Laser beam —_—

Converginglens ———»

Cylindncal glass vessel —* (¢ +—m—

Plasma
Synthesized NPs

Bismuth plate

Figure 1: The experimental scheme of Bi NPs synthesized using laser ablation technique

Table 1: The characterization of laser parameters that used in this investigation

Laser parameters Characterization
Wavelengths 1064 and 532 nm
Laser energy 600-700 mj
Repetition rate 1 Hz

Pulse duration 10 ns

Number of pulses 20 pulse

Focal length 10cm

II. Characterization of Bi NPs

Bi NPs were -characterized using optical,
structural and  morphological  advanced
techniques. UV—Vis spectrophotometer (Lambda
750, Perkin Elmer) was utilized to determine the
assimilation spectra of Bi nanoparticles colloid.

X-ray diffraction (XRD) type (Bruker Axs) made
in Germany model (D8 Advance) was used to
measure the structural properties of Bi NPs, X-
ray radiation source was CuKal radiation with

(1.54A°) wavelength at 20 = (3°-80°). The crystal
size was computed via Scherrer equation [13:[
D=0.94 3B Cos 0 (1)

Where A: X-ray wavelength (1.54060 A), B is the
line broadening at half maximum and 0 is the
diffraction angle.

Scanning  Electron = Microscopy  (SEM),
Transmission electron microscope (TEM) and
Atomic Force Microscopy (AFM) were used to
investigate the morphology and particle size
distribution of synthesized Bi NPs.

.  Antimicrobial Effects of Bi nanoparticles
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The antibacterial effects of Bi NPs were tested
against Enterobacter, Proteus (gram-negative
bacteria), and Streptococcus, Staphylococcus
aureus (gram-positive bacteria) using broth
dilution technique. Strains of bacteria were
prepared by tubes of 0.5McFarland turbidity
standard (5x107 cell per mL). The bacterial
strains were cultured in nutrient broth . The
inhibition rate of bacterial strains was
investigated by inoculation of 200 pL of bacterial
suspensions with the broth and various
concentrations of Bi NPs (10, 20, 30,40 and 50)
pgmL—1. Then the tubes were hatched at 37° C
for one day. The development of bacteria was
tested at 450 nm wavelength and the rate of
discouragements were measured as follows
[20]:Inhibition rate (%) = ((Control — test)/
(Control)) x 100% (2).

3. Results and Discussion
1. Optical properties

UV-Vis spectrophotometer utilized to determine
the absorption spectra of bismuth nanoparticles
colloidal and the effects of different laser
parameters were studied on the optical properties
as follows:
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Effect of Laser energy

The absorption spectra of the synthesized Bi NPs
are shown in Figure 2. The peaks of the
absorption spectra in UV region (230) originate
due to Surface Plasmon Resonance (SPR) and
their sharpness indicates that the synthesized NPs
have uniform shape. When a pulse of laser is
incident onto the target, the pulse ablates the
surface of target then creates an intense plasma,
which is limited by liquid media, at the metal—
water interface. The laser beam is absorbed by the
immersed target leading to rise target thermal
energy and causing ionization and vaporization.
As aresult, the plasma achieves high pressure and
temperature. The ionic zone between the water
and plasma is active region for chemical reactions
between water molecules and bismuth species
drive to creation of metal hydroxide NPs, and the
later decomposes into metal oxide NPs. It was
observed that NPs concentration depend on laser
energy where the increase of laser energy leads to
increasing in the peak position towards IR region
as shown in Figure 2.
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Figure 2: Absorption spectra of Bi NPs colloidal at different laser energy,
2=1064 nm, 1 Hz, and 30 pulse

Effect of Laser wavelength

Effect of laser wavelength on the synthesized NPs
was studied using two wavelengths: fundamental
wavelength (1064 nm) and second harmonic
generation (532nm) of Q-switched Nd:YAG laser
Jrespectively, as shown in Figure 3. The
fundamental wavelength and the second harmonic
generation were applied with energy of 700 mJ,
20 pulse and 1 Hz repetition rate. The laser beam
was irradiated at the immersed bismuth target in
3mL of DDW. The plasma generated upon the
target surface as an ionic region. The brownish
colloidal of Bi NPs was obtained when the
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number of pulses was increased. The color of
solution changed faster when using 1064 nm than
that at 532nm. The plasma generated using 1064
nm was higher than that generated by 532 nm due
to strong inverse Bremsstrahlung at the IR region
so the extracted metal from the metal surface at
1064 nm was higher than that at 532 nm so the
ablation efficiency and NPs concentration are

Vol. 36, Part C. No. 1, 2018

increased at 1064 nm, on the contrary the ablation
efficiency and NPs concentration are reduced at
the green wavelength (532 nm ) due to photo-
fragmentation process where the photon energy is
absorbed by NPs colloidal [23].
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Figure 3: Absorption spectra of Bi NPs colloidal at different laser wavelength,
700 pulse, 1 Hz, and 30 pulse

1. Structural Properties

XRD was used to clarify the Bi nanoparticles
phase formation. All the reflections were well
indexed to the cubic phase of Bi and can be seen
in Figure 4. All XRD parameters of Bi
nanoparticles were tabulated in Table 2. The
astounding crystallinity and lack of polluting
influences can be construed as a result of
sharpness and correct number of peaks in the

XRD pattern. Furthermore, it demonstrates that
the product is a single phase. The average
crystallite size of Bi nanoparticles was found to
be 39.4 nm, which was calculated by Scherer’s
equation.
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Figure 4: XRD of Bi nanoparticles
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Table 2: XRD parameter of Bi nanoparticles

20 (Deg.) FWHM Int% di Exp.(A) G.S (nm) (hkl)
(Deg.)
22.5539 02114 8 3.9391 38.3 (003)
23.8751 02114 8 3.7240 38.4 (101)
27.2045 0.2378 100 3.2754 34.4 (012)
37.9856 0.2378 9 2.3669 35.3 (104)
39.6503 0.2643 15 22713 32.0 (110)
44.4067 0.1586 4 2.0384 54.1 (015)
45.9128 0.1850 5 1.9750 46.7 (006)
48.7402 0.2114 9 1.8668 41.3 (202)
56.1654 0.2642 9 1.6363 34.1 (024)

11l Morphological Properties

Morphology and particle size distribution of Bi
NPs synthesized by 1064 nm and 532 nm were
characterized  using Scanning Electron
Microscopy (SEM), Transmission Electron
Microscopy (TEM) and Atomic Force
Microscopy respectively. The crystalline shape of
the synthesized Bi NPs was spherical and the
particle size distribution ranged between 20 and

EHT = 3.00 kV
WD = 5.0 mm

100 nm
P

Signal A = InLens
Mag = 100.00 K X

80 nm when using laser wavelength of 1064 nm
and between 10 and 60 nm when using laser
wavelength of 532 nm as shown in Figure 5 and
Figure 6 and Figure 7 respectively.

Date 16 Aug 2013
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Bi 1064nm

Figure 5: SEM image of Bi NPs synthesized using 1064 nm, 700 mj,1 Hz, 20 pulse
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Figure 6: a: TEM image of Bi NPs, b: particle size distribution of Bi Ni
Using 532 nm, 700 mj, 1 Hz and 20 pulse

Figure 7: AFM images of 2-D and 3-D surface morphology of Bi NPs
Using 1064 nm,1 Hz, 700 mj and 20 pulse

1IV.  Antimicrobial activity of Bi NPs

The bacterial optical density was measured using
UV-Vis spectrophotometer. Figures 8 and 9 show
the optical density of treated pathogenic bacteria
(Enterobacter,  Proteus, S. aureus and
Streptococcus) with Bi NPs. The synthesized Bi
NPs exhibited antimicrobial activity against
bacterial growth.

Distortion occurs in the morphology of bacterial
membranes when bacterium is treated to NPs.
This causes an increase in membranes
permeability, resulting into microorganism killing
[24]. Approximately 50 microgram per mL was
the optimal concentration of Bi NPs against
bacterial growth. The inhibition rate of Bi NPs at
the highest concentration (50 microgram per mL)
was 48, 46, 45 and 42 % for Enterobacter,
Proteus, S. aureus and  Streptococcus,
respectively. From results, the antimicrobial

effects of Bi NPs to inhibit gram-negative
bacteria (Enterobacter, Proteus) were higher than
their impact against S. aureus and Streptococcus.
The optimal effect of Bi NPs at the
aforementioned concentrations was obtained
against Enterobacter among all bacterial kinds.
Generally, the size of the bacterial cell within
limits of micrometer and the outer cellular
membranes possess pores within nanometer so
the NPs facilely penetrate the membranes of cell
[25]. Metallic NPs destroy cell membranes either
by generation of reactive oxygen species (ROS)
such as superoxide (O*) and hydroxyl (OH")
radicals or by direct disruption of cell. ROS
species oxidize double bonds of phospholipids,
driving to membrane fluidity, so the cells more
liable to the osmotic stress [26,27].

A



Engineering and Technology Journal

Vol. 36, Part C. No. 1, 2018

60 -
50 <

an

20
10
i)
10 20 an

Inhibition rate (%)

40
Concentration (ug/mL)

H Inhibition rate of Enterobacter

H Inhibition rate of Proteus

Figure 8: The inhibition rate (%) of treated gram negative bacteria with Bi NPs
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Figure 9: The inhibition rate (%) of treated gram positive bacteria with Bi NPs

4. Conclusion

Bi NPs can be facilely generated using laser
ablation technique of immersed solid metal in
DDDW. UV-Vis absorption spectrum referred
that the surface Plasmon resonance of Bi NPs
colloidal located at 230 nm. The findings suggest
that Bi NPs have significant antibacterial activity
against various bacteria strains and more
significant effect on the viability of gram-
negative bacteria than gram-positive bacteria
therefore Bi NPs is suitable for biomedical
applications.
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