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Abstract

The study investigated the antibacterial properties of chromium nanoparticles
using Pulse laser ablation technology. The nanoparticles were produced using a Q-
switched Nd:YAG pulsed laser of 532 nm and pulsed laser energies ranging from
400mJ to 700mJ at a frequency of 6 Hz. The properties of the nanoparticles were
characterized using various techniques, including XRD, AFM, SEM, and EDS, at
laser energies of 400 and 700 mJ. The resulting chromium powder exhibited a
crystalline structure, with average crystalline sizes of 42.25 and 52.53 nm for laser
energies of 400 and 700 mJ, respectively. EDX analysis revealed the presence of
chromium, carbon, and oxygen at different concentrations for both energy levels.
FE-SEM images showed the shape and aggregation of the nanoparticles, with
average diameters of 99.06 and 115.6 nm for laser energies of 400mJ and 700 mJ,
respectively. The antibacterial properties of chromium nanoparticles were tested on
Staphylococcus aureus and Escherichia coli bacteria. The number of bacteria
colonies killed varied at different laser energy levels between 400 and 700 mJ.
Nevertheless, complete eradication of Escherichia coli was achieved specifically at a
laser energy level of 700 mJ.

Keywords: Pulse laser ablation (PLA), Nanoparticles (NPs), Chromium (Cr),
Staphylococcus aurous bacteria, Escherichia coli bacteria
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1. Introduction.

Plasma is a near-neutral gas consisting of positively and negatively charged particles that
collide or ionize neutral particles [1,2]. There are many applications of plasma, such as
optical reagents, optoelectronic devices, biomedical, studying the Earth's ionosphere, solar
cells, and other applications[3-7].

Laser ablation is one of the most effective physical processes for producing nano-particles.
The procedure involves using intense laser radiation to ablate a solid target, resulting in the
ejection of the target's contents and the production of nanostructures. When performed in a
vacuum or residual gas, nano-clusters can form on a substrate placed at a distance from the
target, creating a nanostructure film. This technology is used to remove materials from a solid
surface by utilizing the energy of the absorbed laser, causing the material to evaporate and
convert to plasma when the flow rate is high[8-12].

Pulse laser ablation (PLA) is a laser-induced ejection of macroscopic volumes of
material from the surface of a solid caused by a short, intense laser pulse; it is known as laser
ejection process. Although it is prevalent in many technology sectors, it is not widely
used[13]. Laser ablation technology is defined as removing matter from the surface of a target
through strong laser irradiation. The laser causes electrons from the conduction band in
metals to condense by heating them to high temperatures. The heated electron gas excites
phonons in the lattice and equilibrates on a picosecond timescale, resulting in a state of
equilibrium [14-17].

Staphylococcus aureus is a gram-positive, opportunistic pathogen that has acquired
virulence characteristics from its environment. One of the primary functions of its network of
virulence factors is to detect environmental changes and respond by adjusting the production
of virulence factors necessary for survival in the host. These virulence factors include cell
surface adhesives, enzymes, and extracellular toxins, which aid in the bacterium's survival
and proliferation within the host. By altering the production of these virulence factors, S.
aureus can adapt to changes in its environment and ensure its survival in the host [11].

Escherichia coli is gram-negative bacteria commonly found in the normal colonic flora. It
belongs to the Enterobacteriaceae family, composed of facultative bacteria that can survive in
aerobic and anaerobic conditions. Although E. coli is typically harmless, it can potentially
cause opportunistic infections. They can ferment glucose, reduce nitrates to nitrites, and are
oxidase negative. Although most types of E. coli are safe and live in the digestive systems of
both humans and animals, some strains can cause severe anaemia or kidney failure, which
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can be fatal. Other strains of E. coli can cause urinary tract infections or other
infections[18,19].

The goal of the research is to investigate the structural and morphological properties of
chromium, as well as to determine its crystal size using XRD. Additionally, the study aims to
examine how pulsed laser ablation affects bacteria.

2. Materials and methods.
2.1 Synthesis of Cr nanoparticles.

In this study, a Cr solid disc was prepared by pressing 2 grams of Cr powder using a
hydraulic piston press (type SPECIAL) for 15 minutes. The disc was placed in a small beaker
and covered with 4 ml of distilled water. The beaker was positioned on the base of a laser
holder, and a pulse laser with a wavelength of 532 nm and 200 shots and varying laser
energies (400 mJ and 700 mJ) was directed at the target element (the Cr disc), as shown in
Figure 1. The interaction between the laser and the target element resulted in the formation
nanomaterial, indicated by the change in the color of the distilled water.

2.2 Treatment of bacteria.

In the experiment, the solid disc of the Cr target was placed in a beaker, to which the best
serial dilution of bacteria was added until the solid disc was completely covered. The disc
was then bombarded by laser of different energies of (400-700) mJ at a wavelength of 532
nm. The ablation liquid was cultured on nutrient agar by the striking method.

Figure 1: Schematic diagram of pulsed laser ablation in a liquid system

3 Result and Discussion.
3.1  X-ray Diffraction Analysis (XRD)

The crystal structure, direction, and particle size of a substance can all be identified by X-
ray diffraction, a potent non-destructive technique for material analysis. Debye- Scherrer
equation is used to determine the particle dimension (D) in a polycrystalline film: [20, 21].

KA

D = 1
BCOS6 M
Where: B is the full width at half maximum (in radians) of the peak,0 is the Bragg angle
.The source of the X-radiation was Cu (ka) with wavelength equal to 1.5406A° .
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The XRD pattern was recorded at a 26° angle ranging from 20° to 80° for the Cr powder,
as shown in Figure (2). These results agree with the standard model (JCPDS No. 00-006-
0694) for pure face-centered cubic phase Chromium nanoparticles. By comparing the Cr
diffraction angles 26° with the JCPDS card number in the literature, X-ray diffraction (XRD)
demonstrates the nature of the crystal structure of the pure Cr powder and Cr nanoparticles.
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Figure 2: XRD pattern of Cr powder

The Debye-Scherrer equation was used to determine the crystalline size of chromium
nanoparticles synthesized with laser energies of 400 mJ and 700 mJ. The structural
parameters of the Chromium nanoparticles are provided in Table (1). Figures (3) and (4)
display the corresponding XRD spectra. These spectra indicate that the chromium
nanoparticle membranes have a polycrystalline and cubic crystal structure. It is evident that
there are variations between the chromium films, which can be attributed to the different laser
energies used during the deposition process for each film. Specifically, the average crystal
size of the film synthesized with energy of 400 mJ was measured to be 42.25 nm, while the
film synthesized with energy of 700 mJ exhibited an average crystal size of 52.53 nm. The
observed increase in crystal growth can be attributed to the higher energy of the laser pulse
used during the deposition process. This behavior agree with that reported by Wang and
Nie[22]and de Haan[23].

Table 1 Structural parameters of Cr nanoparticles synthesized by Nd: YAG laser at energy
of 400mJ and 700 mJ.

E(mj) 2 theta FWHM(nm) Crystallite Average C.S hkl
size (nm) (nm)

21.509 0.1476 54.76402 (311)
25.376 0.246 33.0893 (220)

400m] 38.217 0.1476 56.93948 4225 (400)
44.418 0.1968 43.58513 422)
55.938 0.393 22.87882 (530)
21.389 0.1476 54.75316 (311)
25.629 0.1476 55.1764 (220)

003 38.389 0.1476 56.96917 52.53 (400)
44.394 0.246 34.86512 422)
55.886 0.1476 60.9025 (530)
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Figure 3: X-ray diffraction spectra of a Cr nanostructure produced by laser at energy of
(400mJ)
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Figure 4 : X-ray diffraction spectra of a Cr nanostructure produced by laser at energy
of(700mJ)

3.2 Atomic Force Microscope Analysis (AFM)

Atomic force microscopy (AFM) is a commonly employed technique for examining
surface microstructure and quantifying surface topography. Its operation is based on the
measurement of attractive or repulsive forces between a cantilever-tipped probe and the
sample, while maintaining a constant height[14]. Figures (5) and (6) display three-
dimensional images showing irregular surface or pyramid shape and a homogeneous
membrane. The results indicated that all atoms have a particle size in the nano-scale range,
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with an average roughness of 1.011nm, an average diameter of 99.06 nm, a root mean square
of 1.413 nm at 400 mJ energy, and an average roughness of 2.605 nm, an average diameter of
115.6 nm, and a root mean square of 3.140nm at 700 mJ energy. One can notice from this
figure that as the pulse laser energy increases, the granular diameter increases. This increase
is due to two reasons: when the energy of the pulse increases, large granules are produced,
and the second is that the increase in the energy of the pulse allows small grains to
agglomerate, and thus coalescence occurs, resulting in the production of large granules, and
this will lead to an increase in the roughness of the surface and the diameter of the grain
size[17, 24].

Polynomial 13 om
Number of particles

(a)

Figure 5: 3D AFM images of Cr NPs prepared by PLA (a) with 400 mJ laser energy and
(b)granularity accumulation distribution
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(a) (b)
Figure 6: 3D AFM images Cr NPs prepared by PLA (a) with 700 mJ laser energy and (b)
granularity accumulation distribution

3.3 Analysis of Cr by Field Emission Scanning Electron Microscopy (FE-SEM) and
Energy Dispersive X-ray (EDX)

Field emission scanning electron microscopy (FE-SEM) is an essential instrument for
the characterization of nanoscale materials. FE-SEM can achieve spatial resolutions of less
than one nanometer because it images samples using electrons rather than photons. [15].
Figures 7 and 8 depict the surface morphology of chromium nanoparticles prepared using
laser-induced plasma at 400 mJ and 700 mJ, respectively. The images show a variety of
shapes and sizes of the synthesized chromium nanoparticles, with some spaces between them
that become denser as the laser energy increases from 400 mJ to 700 mJ. The nanoparticles
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have a spherical or semi-spherical shape, as seen in the FE-SEM images[25]. However,
agglomeration of the nanoparticles can also be observed due to the attractive forces between
them. Overall, the images demonstrate the successful formation of nanostructured chromium
particles using the employed laser energies [26].
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Figure 7: FE-SEM images of Cr NPs measure range (200nm and 1 um) with laser energy of
400mJ
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Figure 8: FE-SEM images of Cr NPs measurement at range (200nm and 1 pm) with
laser energy of 700mJ

The concentration of elements in a chromium nanoparticle solution was determined using

Energy-dispersive X-ray spectroscopy (EDX), which confirmed the presence of Chromium.
The chemical composition of the produced Cr samples was also analyzed using EDX, which
showed peaks associated with Cr, C, and O elements and no additional impurities. The study
found that increasing the laser energy resulted in the production of exceedingly small
particles. The percentages of Cr, C, and O components were determined for the two laser
energies of 400 mJ and 700 mJ, as shown in Figure 9.
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Figure 9: EDX Spectrum of Cr nanoparticles prepared at laser energies of 400 and 700 mJ

3.4 Antibacterial Activity of Cr NPs.

The effect of Cr nanoparticles produced by pulsed laser ablation on the activity of
Staphylococcus aureus and Escherichia coli, a gram-positive and a gram-negative bacteria
isolated from teeth was investigated. The Escherichia coli bacterial growth was affected by
pulse laser energies of 400 mJ, 500 mJ, or 600 mJ. The higher energy of 700mJ was
particularly effective ,as it resulted on clear cultures with bacterial growth . The bacteria
count was 299x108 colony/ml before treatment. While the after treatment count number was
90x108 colony/ml with energy of 400mJ, 80x10® colony/ml with energy of 500mJ, 50x10®
colony/ml with energy of 600mJ, and zero (no bacterial growth) at 700mJ energy, as shown
in Figure 10. As for the effect of Cr nanoparticles produced by pulsed laser ablation on the
activity of Staphylococcus aureus bacteria: before treatment, the bacterial count was 250x10°8
colony/ml. After treatment, it was reduced to 132x108 colony/ml for 400 mJ energy, 98x10°%
colony/ml for 500 mJ energy, 81x108 colony/ml for 600 mJ energy, and 60x108 colony/ml
for 700 mJ energy, as shown in Figure 11. The killing rate of the two types of bacteria
appears to be different. This could be due to the differences in the cell wall structure and
composition of the two bacteria.

Figure 10: Antibacterial activity of Escherichia coli (a) before treatment. After
treatment at (b) 400 mJ (c) 500mJ (d) 600mJ (e) 700mJ
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Figure 11: Antibacterial activity of Staphylococcus aureus (a) before treatment. After
treatment at (b) 400 mJ (c) 500mJ (d) 600mJ (e) 700mJ

Figure (12) shows how bacteria colonies looked before and after treatment. There are
several reasons for the killing process, taking into account the features of the bacteria; this
includes the breakdown of biological processes caused by nanoparticles that are smaller than
the size of the cell wall or cell membrane, and so they can enter the cell system[27,28].
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Figure 12: Histogram of antibacterial Activity at (400-700 mJ) showing the percentage
Killina bv Cr NPs

Conclusions:

The study involved the production of chromium nanoparticles (Cr NPs) using laser-
induced plasma at different pulse laser energies (400 - 700 mJ). XRD analysis showed that
the Cr NPs had a crystalline structure, and their size increased with increasing the laser
energy. FE-SEM analysis revealed that the Cr NPs formed were of spherical or semi-
spherical morphologies. Atomic force microscopy (AFM) was used to study the molecular
structure of the Cr NPs. The production of Cr NPs required different laser energies (400—700
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mJ), which resulted in a range of bacterial death rates. The study found that Escherichia coli
bacteria were completely eliminated with a laser energy of 700 mJ.
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