Shehab and jebur Iraqi Journal of Science, 2025, Vol. 66, No. 8, pp: 3234-3243
DOI: 10.24996/ijs.2025.66.8.15

Iraqi
Journal of
Science

w
ISSN: 0067-2904

Utilizing the Fundamental Nd: YAG Laser for the Pulsed Laser Ablation
Approach to Synthesize Zinc Oxide Nanoparticles

Maryam M. Shehab! , Eman K. jebur?
!Department of Physics, College of Science University of Baghdad, Baghdad, Iraq
’Department of Physics, College of Sciences for Women, Baghdad University, Iraq

Received: 9/2/2024 Accepted: 29/8/2024 Published: 30/8/2025

Abstract

High-purity Zinc Oxide nanoparticles (ZnO NPs) were successfully synthesized
using the pulse laser ablation technique. Low-power neodymium-doped yttrium
aluminum garnet (Nd: YAG) laser was utilized as the energy source for the present
study. A surface of a high-purity (99.95%) zinc plate submerged in 10 milliliters of
water was exposed to a pulse laser beam of wavelength (A=1064 nm), (7= 9 ns).
ZnO NPs in colloidal form were effectively synthesized. The characteristics of the
nanoparticles were investigated using (XRD, SEM, Zeta Potential, and PL)
approaches. XRD patterns revealed the hexagonal wurtzite structure of the
nanoparticles. Was detected by XRD. The spherical form of the generated
nanoparticle was seen in the SEM images of ZnO NPs. The photoluminescence
spectrum showed two peaks of emission: one referring to band gap excitonic
emission at 392 nm, the other at 512 nm has to do with the existence of oxygen
vacancies that are singly ionized.
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1- Introduction

Nanoparticles have a huge surface area-to-volume ratio that increases their thermal
conductivity, chemical durability, non-linear optical performance, and catalytic activity [1].
Because of their ability to fight germs, nanoparticles are becoming more widely recognized
as "nano antibiotics" [2]. Since nanoparticles are now used in various consumer industries,
including those related to industry, health, food, space exploration, chemicals, and cosmetics,
their synthesis must be done in an environmentally friendly way [3]. Metal oxide
nanoparticles are currently been produced using a variety of physical and chemical methods.
The environment and living things may be endangered by such production techniques, which
are frequently pricy and labor-intensive. Consequently, a substitute for current nanoparticle
production methods that are both affordable, secure, and ecologically friendly is required [4-
6]. Zinc oxide nanoparticles (ZnO NPs) are multipurpose materials with distinctive strong
chemical stability, high electrochemical coupling coefficient, a wide range of radiation
absorption, and high photo-stability, which are examples of their physical and chemical
characteristics [7,8]. They have enormous scientific and technical interests because of their
extremely broadband gap energy (3.37 eV), good thermal and mechanical stability at ambient
temperature, significant exciton-binding energy (60 meV), and prospective applications in
electronics, optoelectronics, and laser technology [9,10]. ZnO Nps pyro-electric and
piezoelectric properties make it suitable for use as a sensor, converter, energy source, and
photo-catalyst for hydrogen production [11,12]. ZnO nanoparticles have been synthesized
using various techniques, which can be classified as chemical or physical. Several techniques
include spray conversion processing, sol-gel process, nanolithography, physical vapor
deposition (PVD), chemical vapor deposition, and precipitation methods [13]. ZnO
nanoparticles are of interest to biomedical and pro-ecological systems because of their low
toxicity, biocompatibility, and biodegradability [14-16]. Metal oxide nanoparticles have
undergone substantial research to determine their potential as an antibacterial agent. When
nanoparticles are deposited on bacterial surfaces or when they build up in the cytoplasm or
periplasm, membrane breakdown and disorder occur [10,11]. Antimicrobials function by
adhering to negatively charged bacterial cell walls, which leads to altered permeability and
instability of the cell envelope [17].
The main objective of this paper is to synthesize ZnO NPs employing the laser ablation
approach and to investigate their physical properties and antibacterial activities.

2-Experimental details

3 (ml) of deionized water (DW) was added to the container containing the zinc oxide
(ZnO) nanoparticles in the form of a disk. Following that, the container was placed on a
rotating machine that rotated at 5 rpm and treated with Nd: YAG (1064 nm, 9 ns, 200 pulses,
6 Hz, and 500-700 mJ). A 100 mm focal length convex lens was employed. The disk's
surface was affected by radiation, and ZnO NPs formed a colloidal solution.
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Figure (1): Schematic diagram of PLAL for NPs synthesized.

The optical and nanostructural characteristics of the synthesized ZnO nanoparticles were
investigated. An X-ray diffractometer (ANALYTICAL) was used to record the ZnONPs X-
ray diffraction pattern (XRD) using (Cu Ka) radiation with a wavelength of 0.1541nm and a
scan range of (20 = 20-90°). Scanning Electron Microscopy (SEM) was utilized to analyze
the ZnO nanoparticles' composition and morphology. A fluorescence spectrophotometer (F-
2500-Hitachi) was used to examine ZnO nanoparticles dispersed in water to determine their
photoluminescence (PL)spectrum.

Klebsiella pneumoniae (a common type of bacteria),Staphylococcus (a Gram-
positive bacterium), Staphylococcus aureus (a gram-positive bacterium), Escherichia coli (a
gram-negative bacterium), and Candida (genus of yeasts) were employed to test the
antibacterial ability of the synthesized ZnO NPs.

The bacteria were grown in an agar medium in Petri dishes, and the synthesized ZnO NPs
were tested to prevent the bacteria from growing. The process involved perforating the dishes
and subsequently injecting them with a solution containing the particles. The plates were
incubated for a whole day.

2-1 Inhibition test

disc diffusion tests were conducted to gauge the antibacterial treatments' effectiveness. At
37°C, Tryptic Soy Broth (TSB) was used to culture Staphylococcus aureus and Escherichia
coli bacteria until they reached the late mid-log phase. A 50 L-sized bacterial sample was
dispensed on each solid TSB agar plate. Then, sterile Whatman filter paper discs with a one-
centimeter diameter were put on top of the tainted plates. The filter paper disc was then
coated with 15 L of ZnO nanoparticles, which were allowed to rest for 24 hours at 37 °C. The
inhibitory zone's diameter was then determined[18].
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3-Results and Dissection
3.1. X-ray diffraction (XRD)

The crystallite size and crystalline structure of particles are frequently revealed by XRD
analysis. Fig. (2) shows the XRD patterns of the prepared ZnONPS, which were prepared
using Nd: YAG laser (A=1064 nm) of different energies (500, 600, and 700 mJ) with 100
pulses. The figure shows the angles, Miller's index, and apparent crystal systems. The XRD
patterns show several peaks representing the ZnO NPS according to [96-101-1260] ZnO
JCDS Card, indicating a hexagonal pristine wurtzite crystal structure of the NPS when
compared to the approved technique (JCDS Card Number [96-901-1600][19]. The figure
shows the angles, Miller's index, and apparent crystal systems.

The figure depicts the biogenic produced for the ZnONPs' XRD pattern. The crystal planes
(004), (102), (110), (103), (100), (101), (102), (110), and (103) are identified by the XRD
peaks at 20 = 71.632°, 47.5808°, 56.6487°, 62.8917°, 31.8355°, 36.2871°, and 47.5808°,
respectively. Using the Scherrer, Equation (1), the average particle size of the NPs was
calculated[20]:

0.894

D=
P cos @

(D)

Where: A is X-ray wavelength, 0.89 is Scherrer's constant, 0 is the Bragg diffraction
angle, and (3 is the Full Width at Half Maximum (FWHM).
Structural characteristics for ZnO NPs are shown in Table (2) and include Bragg angle (20),
Full Width at Half Maximum (FMHM), and the experimental inter-plane spacing (d)
determined using Bragg's law Equation (2)[21-22]:
nA = 2d sin@ v e e e e e (2)

These results agree with the standard of X-ray diffraction data files JCPDS card No. 96-
101-1260.
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Figure 2: XRD patterns for ZnONPs prepared with different laser energies
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Table (1) the results of X-rav examination of ZnO NPS Synthesized with different laser energie

Laser

Material | = | bkl | FWHM | 2THETA D Avg. d
500mJ| 400 | 0.2819 | 71.632 | 34.79801 | 34.79801

102 | 0.2312 | 47.5808 | 37.63135
600mJ | 110 | 02114 | 56.6487 | 42.76983 | 42.67113

103 | 0.1959 | 62.8917 | 47.6122

Zno 100 | 0.1715 | 31.8355 | 48.28642

101 | 0.1622 | 36.2871 | 51.66239

700mJ | 102 | 0.1586 | 47.5808 | 54.8573 | 55.29521

110 | 0.1535 | 56.6487 | 58.90256

103 | 0.1486 | 62.8917 | 62.76737

3.2. Scanning Electron Microscopy (SEM) analysis

Scanning electron microscopy (SEM) produces high-resolution images of a sample's
surface and is used to evaluate the size, shape, and morphologies of created nanoparticles.
Similar in operation to an optical microscope, a scanning electron microscope examines
dispersed electrons from the material rather than photons. As a result, the SEM can produce
images of up to 200.000 magnification. The equipment is highly helpful in identifying the
size distribution of nanoparticles since it simultaneously allows for the creation of high-
resolution surface images.

The synthesized ZnO NPs underwent SEM examination to ascertain their shape. The SEM
images of the produced nanoparticles ablated in water are shown in Figs. (3) A, B, C. It can
be seen that the particle size variation was evenly distributed. Additionally, the nanoparticles
are smaller than 500 nm in size. Scanning electron microscope SEM analysis is employed to
evaluate the dimensions, configuration, and structures of newly formed nanoparticles by
producing detailed and high-quality images of the sample's surface.
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E =700 mJ

Figure 3: A, B, and C: SEM images of ZnO NPs at different laser energies.

3.3. Zeta Potential

Zeta potential examination helps determine the stability of nanoparticles in a solution. Zia
potential is an indicator of the surface charge of particles and is a critical factor in preventing
particles from clumping together. A higher voltage (either positive or negative) indicates
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better stability of the particles in the solution. The synthesized ZnO NP's stability and surface
charge were studied by a zeta potential analysis. This work revealed a colloidal solution's zeta
potential value for ZnONPs of (-121, -68, and -34) mV for laser energies of 500, 600, and
700 mJ, respectively which demonstrated the nanoparticles' stability.

3.4. Photoluminescence Spectrum.

Noteworthy is the occurrence of a phenomenon called the "quantum size effect" when
semiconducting materials are scaled down to the nanoscale region. Figure (4) depicts the
photoluminescence spectrum for 392 nm excited ZnO nanopowder at room temperature. The
spectrum shows two emission peaks: one from the near band gap excitonic emission at
around 452 nm (UV area) and the other from singly ionized oxygen vacancies at about 512
nm [23-24]. The luminescence peak FWHM of the powder is only a few nanometers,
demonstrating the spectrum's narrowly distributed nanoparticle size distribution.
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Figure (4) Photoluminescence spectrum of prepared Zn0O NPS with different laser energies

5. Bio Applications:

The fabrication of zinc oxide nanoparticles (ZnO NPs) led to the creation of antibacterial
agents that exhibit exceptional levels of activity. Figure 5 displays the analysis of using ZnO
NPs prepared by different energies (500, 600, and 700 mJ) of the Nd:YAG laser for treating
human multidrug-resistant illnesses caused by Klebsiella pneumoniae (a common type of
bacteria),Staphylococcus (a Gram-positive bacterium), Staphylococcus aureus (a gram-
positive bacterium), Escherichia coli (a gram-negative bacterium), and
Candida (genus of yeasts) This was done in a clinical setting where the pathogens were
isolated. Table 2 displays the measurement of the inhibitory region's diameter. The results
revealed that S. aureus bacteria had a larger inhibitory zone than E. coli. One reason for this
disparity is that the two bacteria cell walls structure is different. It was noted that the greatest
diameter of the inhibition zone was for the nanoparticles synthesized using 700 mJ laser
energy[26]. ZnO NPs synthesized using PLA of different laser energies exhibited
antibacterial activity in comparably large levels. Since nanoparticles are so small, they can
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break through the cells membrane of the bacteria disrupting the electron transport chain as
well as the passage of energy across the membranes. As a result of this attack, a cell
membrane's permeability is changed, and it is difficult to exert control over the passage of
chemicals across the cytoplasmic membrane of the bacterial cell, ultimately resulting in the
cell's death [25]. As a result, the creation of free radicals and the subsequent damage to the
cytoplasmic membrane has been considered the basis for the antibacterial action of
nanoparticles. It has been shown in several studies that nanoparticles may kill gram-negative
bacteria by breaking through their cell wall.

Figure 5: Anti-bacterial Activity of ZnO NPs against(a) Staphylococcus Epidermidis, (b)
Staphylococcus aureus, (c) Klebsiella Pneumonia, (d) Escherichia coli, and (e) Candida
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Table 2. Results of the antibacterial and anti-fungal activity of ZnO, NPs

Name of the Diameter of inhibition zone (mm)
Microorgani In0O NPs Zn0 NPs In0 NPs
500 mJ 600 mJ 700 mJ
Staphylococcus. aureus 30 37 41
Staphylococcus. epidermidis) 30 45 45
E coli 25 33 36
Klebsiella. pneumonia 30 38 35
candida 25 34 37

4. Conclusion

Zinc oxide (ZnO) is recognized as a significant nanomaterial that has demonstrated
efficacy in inhibiting the growth of bacteria and fungi. Zinc oxide (ZnO) possesses distinctive
physicochemical qualities that enable it to effectively combat bacterial and fungal infections.
It achieves this by many methods, such as the release of zinc ions and its contact with cellular
membranes. These actions disturb the essential functions of microorganisms, leading to their
inhibition or destruction. The features of ZnO show great potential for many applications in
the domains of medicine and agriculture. ZnO can be utilized to improve protection against
infection and enhance the safety of food and agricultural products.
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