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ABSTRACT

In this research, ZnO nanoparticles were prepared by pulsed laser ablation in liquid
(PLAL) technique. The X-Ray diffraction (XRD) test was used to find out the
crystal structure of ZnO and its crystal size, the result is that the creation of ZnO
NPs has a polycrystalline structure of hexagonal phases. As for an atomic force
microscopy (AFM) analysis, AFM 3D pictures show that the surface roughness are
increase with increase the laser energy. The UV-visible device test was conducted
to determine the optical properties, and it was revealed that the maximum
absorption appears to occur at (400 nm). By changing the laser energy discovered
that when laser intensity increased, the ZnO NPs' bandgap decreases. ZnO has been
used in antibacterial applications, The result of laser manufactured ZnO
Nanoparticles was verified for its antibacterial activities at gram- positive
(Staphylococcus aureus).
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1. INTRODUCTION

Nanomaterials are that distinct class of advanced
materials that can be produced with the size of
their internal dimensions or grains ranging from (1
- 100 nm) @, The phase of great development of
nanomaterials preparation methods has led to
various studies of these and the preparation at
high-purity  requirements
homogeneous  thicknesses requiring high-cost
precise systems and devices, all of which led to the

and nanomaterials

search for a solution to this problem using less
costly preparation methods and less complex
devices. The laser ablation method to producing of
nanoparticles used more inexpensive, less complex
devices, has a high heat capacity and safe @. The
properties of nanomaterials are radically different
from the properties of bulk materials in terms of
electrical conductivity, color, strength, and weight
changes; beside that, the ratio of surface atoms to
volume in nanomaterials is higher compared to
The large
excitement binding energy (60 meV) comparison

bulk  materials®. comparatively

to thermal energy (26 meV). This semiconductor is
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commonly referred to as 11-VI, due to the fact that
Zinc is part of the Il group, and Oxygen belongs to
the VI group on the periodic table. It boasts rising
transmittance in the visible light zone. ZnO
possesses several attractive features, including
adaptable

through

great electron mobility, not toxic,
refractive index,
anisotropic growth ®. The energy level of the laser
that

proportionally affects on the particle size, and that

and easy coating

is used to produce ZnO nanoparticles

leads to decreasing the energy gap when the
particle size reduces ©).

Crystal structure of znic oxide: There are three
systems of znic oxide crystals, the hexagonal
wurtzite structure is a commonly observed crystal
structure, along with the cubic zinc blend. The
cubic rock salt structure, on the other hand, is
rarely observed. The wurtzite structure is highly
stable in its surrounding conditions. However, the
zinc blend shape can be steadied through growing
ZnO on substrates to cubic lattice structure. Zn and
oxygen form tetrahedral centers in different ways.
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Various techniques have been used to produce
different structures of zinc oxide nanoparticles,
each with unique characteristics that make them
appropriate for a wide variety of applications.
These nanomaterials include nanowires, nanotubes,
nanorods,  nanoparticles, nanoclusters, and
nanocrystals®. The ZnO nanoparticles are semi-
spherical form of hexagonal wurtzite, and clear
distribution of size, and crystaline size that
obtainend by using Debye Scherrer’s formula of
XRD pattern method increase when increase
energy level of laser(”). Also, the surface smoothing
of the ZnO nanoparticles is relative with the
spherical shape of nanoparticles that can be shown
by AFM®. The roughness changes with varies of
different laser energies . The ZnO nanoparticles
utilize in widely range used in biological and
environmental applications such as antibacterial,
protein kinase inhibition, antidiabetic activity,
antioxidant and some other fields (% 19,

The aim of research is to study the changing
and optical properties of ZnO
nanoparticles when change the energy level of
laser that used to obtain the nanoparticles and its
effect when used as antibacterial.

2. EXPERIMENTAL PART

In order to create Zinc oxide nanoparticles, a piece
of high-purity Zn metal (99.99 %) was placed in a

structure

glass pot with (2 ml) of distilled water. The glass
vessel was exposed to a nanosecond pulsed ND:
YAG laser with a wavelength of (1064 nm). To
maintain consistent irradiation on the target and
enhance the diffusion of particles, the glass vessel
was rotated using a stepper motor at (6 rpm). This
ensured a steady movement of distilled water. The
distance between the Znic (target) and the laser
lens is (10 cm), the number of pulses is (1000
pulse) and repetition rate (5 Hz). The colloidal
solution was obtained with a light yellow color
after resection to create a thin film, the quartz
slides are positioned on a hot lamina at a
temperature of (90 °C). The drop-casting method
of the colloidal solution as the Figure (1). We
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obtain several samples with different laser fluency
from (500, 600 and 700 J/cm?).

Drop casting of
Colloids

Thermocouple

Zno Nps
thin film

Quartz substrate L

#.

Hot plate Temperature controller

Fig. 1: The drop - casting technique ?2,

3. RESULTS

3.1. X-ray diffraction (XRD)

The X-ray diffraction patterns were measured for
the Zinc Oxid NPs powder exposing to Nd -YAG
lasers. Altogether the patterns were measured in
the zone of (30-90 (26))¢ as shows in the Figure
(2, 3, and 4) which shows that formation ZnO NPs
has a polycrystalline structure and the hexagonal
stage for ZnO NPs that agree with (JCPDS
number: 89-1397). The peaks were at plane (100),
(002), (101), (012), (110), and (013) @3, and close
agreement in (100), (002) and (101) in laser power
(500, 700) with result of @4,
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Fig. 2: The XRD pattern of Zinc Oxid NPs with laser
energy 500 mJ.
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Fig. 3: The XRD pattern of Zinc Oxid NPs with laser
energy 600 mJ.
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Fig. 4: The XRD pattern of Zinc Oxid NPs with laser
energy 700 mJ.

The diffraction patterns indicate sharp peaks,
which suggest good crystallinity of the nano
powders. A pattern was prepared at different laser
energy levels (500, 600, and 700 mJ), and the
samples showed diffraction peaks of Zinc Oxide
that properly matched the hexagonal wurtzite
structure. The broadened XRD patterns suggest an
increase in the size of the manufactured ZnO NPs.
The crystalline size is measured by using Debye-
Scherrer formula:

D=KA/BcosH ..
Where: D is size of nanoparticles, K is the shape
coefficient for the reciprocal lattice point about
0.94 for spherical crystallites, A is the wavelength
of the X-ray source used (0.15418 nm for Cu k-
alpha), B is the full width at half maximum and 0 is

the angle of diffraction. Table (1) shows an
improvement in the creation of ZnO crystalline,
and the crystalline size is measured in Table (1).

Table 1: crystallite size of Zinc oxide NPs prepared at
different laser energies.

Energy (m J) | Crystallite size (nm)
500 35
600 44
700 62

3.2. Atomic force microscope (AFM)

Figure (5) displays an AFM image of ZnO NPs
obtained through various laser energy levels (500,
600, and 700 m J). The results indicate that as the
laser power increases, the particle size decreases.
This behavior is evident from the figures where the
morphology and size of ZnO NPs vary with
increasing laser energy. Also the increasing energy
of leads to increase of average
roughness of the nanoparticles which agree
with@®), The mean diameter of ZnO NPs prepared

level laser

under changed energy with Root mean square
values and its mean roughness of surface are listed

in Table (2).

600 mJ

700mJ

Fig. 5: 3D AFM pictures of Znic oxide NPs prepared at different laser energies.
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Table 2: The mean diameter and roughness of Zinc Oxide NPs prepared below different laser energies.

Energy | Mean grain | Root mean | Mean Roughness
(mJ) size (nm) Sg. (nm) (nm)
500 70.03 14 5.43
600 81.60 55 4.74
700 87.65 6.34 11.6

3.3. Optical properties

Figure (6) display the absorbance spectra of Zinc
Oxide NPs, which are different with changed laser
energy (500, 600, and 700 mJ), where the figure
displays the absorption as a function of wave
length. It is exposed that super absorption seems to
below (400 nm). As the laser energy rise, more
particles are removed from the surface of the
target, the concentration of NPs increased, causing
a rise in the absorption spectrum for certain crops.
This increase in intensity led to a corresponding
rise in the Plasmon peak, which was further
amplified by an increase in laser energy. The NP
concentration has increased, as shown by the rise
in spectra. The spectra display Plasmon resonance
peaks of zinc oxide because of quantum size
effects, that agree with @2, The plasmon resonance
appears as a result of our use of zinc as a metal.

500 mJd
500 mJ
700 mJ

AlxE (au)

T T
200 1000

2 (nm)

T T
400 600

Fig. 6: The absorption spectrum of ZnO at different
energies.

The absorption spectra is used to illustrate the
energy bandgap of ZnO Nanoparticle. Figure (7)
shows a chart of (ahv)? with varying energy. The
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Table (3) displays the energy bandgap of ZnO
Nanoparticle, which decreases started to be (3.4
eV) and lessening to (2.8 eV) with a reduction in
particle size. This reduction in particle size resulted
in a change in the band structure and material
properties. On the contrary, an increase in NP size
leads to a decrease in bandgap. Larger energy
systems show that the transmission bands of s-
electrons and p-electrons are not bound from each
other, allowing for an overlay incidence
circumstances with fewer particles. In a Fermi
level the potential the
conduction of electrons is minimal, making each
transition with permitted quantum numbers possess
an absorption energy similar to conduction band
energy. This may lead to a rise of defective states,

in

range, nuclear for

leading to an increase in the absorption coefficient.
Photon absorption produces electron-hole pairs,
and the arena produced by such pairs could change
the electronic structure and optical Nanomaterial
characteristics. This is in agreement with (6,

The energy gap of all models can be calculated at
different the laser energy (500, 600 and 700 m J),
as shown in the Table (3) and Figure (7) by the
calculation

ahv=B(hv —Eg)'" . (2)
(B) transition static is equal to (1)« (o) absorption
coefficient, (n) equal (1/2) at allowed direct
transition and (n) equal (3/2) at forbidden direct

transition.
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Table 3: The energygap of Zinc Oxide NPs prepared

Fig. 7: The energy gap of Zinc Oxide Nps at different laser energies.

under different laser energies.

Laser energy | Energy gap
(mJ) (eV)
500 3.4
600 3.1
700 2.8

3.4. Antibacterial measurements
The synthesized ZnO
nanoparticles were tested at own antibacterial

result of the laser
doings across gram positive (Staphylococcus
aureus,). The one of mechanism of ZnO
Nanoparticles effect on the bacterial that the cell
membrane lipids and proteins of gram-positive
bacteria is made up of a peptidoglycan molecule
and is notably thick. Due to the positively charged
nature of Zn*? ions and the negative charge of

peptidoglycan, there is an electrostatic attraction
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between these positive and negative ions that
resulted in the leakage of intracellular contents
and eventually the death of cells 17 18),
Antibacterial activities were evaluated, as Figure
(8) And Table (4). ZnO appear to effect on it.
From the figure, the ZnO nanoparticles obtained
from the experiment demonstrated significant
effectiveness against bacterial strains, particularly
bacteria. Our
compared to previous research and it was
discovered that the new ZnO had exceptional
efficacy, which is consistent with the results of (°
20).

We note from the results of the Table (4) that
increasing the laser energy from (500, 600 and 700

Gram-positive findings were

mJ) for ZnO, after treatment led to a clear decrease
in Staphylococcus aureus total cell counts.
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Fig. 8: Staphylococcus bacteria samples A: before being handling with nanoparticles of changed energy B: afterward
handling through nanoparticles at different laser energies.

We note from the results of the Table (4) that
increasing the laser energy from 500, 600 and 700
m J for ZnO, after treatment led to a clear decrease
in Staphylococcus aureus total cell counts.

Table 4: Total cell counts of Staphylococcus bacteria

before and afterward handling through nanoparticles at
different laser energies.

Laser Energy Total cell counts
(mJ) Before Treatment | after Treatment
500 5%10° 0.9x10°
600 5%10° 0.8x10°
700 5x10° 0.7x10°

4. CONCLUSIONS

When ZnO nanoparticles prepared using the
bombardment of pulse laser at a wavelength of
(1064 nm) by pulsed laser ablation method in
distilled water, they took a form of a hexagonal
polycrystalline structure, at different energy levels
of laser. The variation of energy level of laser
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illustrates that the increasing laser energy cause
increase in the crystalline size of ZnO, and
it
observed that energy gap of Znic Oxide dropped
due to increase of laser energy. Also, the ZnO
experienced  significant  absorption uv
wavelength closed to visible light with different

decrease in the mean surface roughness,

at

laser energy levels. In addition, by increasing laser
energy aimed at ZnO after treatment led to a clear
decrease in Staphylococcus aureus.
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