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Abstract

Purpose: Recent years have witnessed a significant amount of research into laser ablation in liquids due to the
many potential applications of laser microprocessing of materials, including the synthesis of nanomaterials and
nanostructures. This study aims to explore the antibacterial effects of cadmium oxide on both positive and
negative bacteria.

Materials and Methods: Pulsed Laser Ablation (PLA) in liquid is a straightforward and environmentally friendly
technical technique that works in water or other organic liquids under ambient conditions, in contrast to other,
usually chemical methods. Here, 30 milliliters of deionized water were used to create Cadmium Oxide (CdO)
nanoparticles using the PLA method. UV-vis spectrometry, FT-IR, X-ray spectroscopy, and FESEM were utilized
to analyze the products' morphology, spectral content, and particle size.

Results: The produced nanocomposites were tested as antibacterial agents against gram-negative bacteria (Proteus
mirabilis and Escherichia coli) as well as gram-positive bacteria (Staphylococcus aureus and Enterococcus
faecalis). The MIC results on the MTP plate with the synthesized Cd NPS compound were as follows: Proteus
mirabilis (6.25%), Escherichia coli (12.5%), Enterococcus faecalis (12.5%), and Staphylococcus aureus (12.5%).
These findings indicate that the synthesized nanoparticles exhibit comparable antibacterial activity against both
Gram-positive and Gram-negative bacteria.

Conclusion: The synthesized nanoparticles made of CdO demonstrated notable antibacterial activity that was
effective against all of the bacteria that were tested in the experiments. This indicates that the CdO nanocomposite
has the potential to inhibit the growth of a wide variety of bacterial strains.
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1. Introduction

Current scientific efforts focus on nanotechnology,
enabling new applications in agriculture, food
processing, and medicine [1]. Nanoparticles are
widely used in physics, biology, and chemistry, with
their size and shape playing crucial roles in
applications such as magnetic materials, electronic
devices, wound healing, antimicrobial agents, and
biocomposites [2].

For instance, in the realm of physics, nanoparticles
are employed to create advanced magnetic materials
that can enhance data storage and processing
capabilities. In biology, they play a vital role in wound
healing by promoting tissue regeneration and
providing targeted drug delivery. Furthermore, in the
field of chemistry, nanoparticles are utilized as
antimicrobial agents that can effectively combat
infections and improve the safety of food products.
Additionally, they are integral to developing
biocomposites, which combine biological materials
with synthetic substances to create sustainable and
high-performance materials [3, 4].

CdO, a polycrystalline material with excellent
optical properties, is a popular nanomaterial for
photodiodes, phototransistors,
infrared  detectors, and

photovoltaic cells,
supercapacitors.  Its
nanostructures, along with other semiconducting
materials, show promise for biological applications [5-
7]. The n-type semiconductor cadmium oxide (CdO)
has an indirect optical bandgap of 1.36 eV and a direct
bandgap of 2.3 eV. CdO is an oxide that falls into the
II-VI group. It has a high exciton binding energy of 75
mV and unique optical, electronic, and structural
properties that make it useful for a wide range of
technological applications.

Bacteria are generally classified into two groups:
Gram-positive and Gram-negative. Gram-negative
bacteria possess a thin peptidoglycan layer with
saccharides on the outer side, and aminoglycoside
drugs enhance their activity. In contrast, Gram-
positive bacteria have a thicker peptidoglycan layer
and lack an outer membrane, making them more
resistant to antibiotics. Both types of bacteria feature
nanometer-sized pores, so nanoparticles can inhibit
bacterial growth by penetrating these structures and
reducing their activities [8].
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Drug development and medicine face significant
challenges from emerging diseases brought on by drug
resistance. Patients with these infections have high
rates of morbidity and mortality [9-11]. Research has
been concentrated on developing novel chemically
altering agents as an advanced solution to this issue.
The pace, at which drug resistance is evolving,
however, far outpaces efforts made to stop this
phenomenon in the lab [ 12, 13]. 16 percent of hospital-
acquired infections are caused by strains of
Staphylococcus aureus, Pseudomonas aeruginosa, and
Klebsiella pneumoniae, which are critically resistant
to many of the approved antibiotic drugs [14, 15].
Antibiotic therapy and cancer treatment have
advanced significantly as a result of the use of
nanoparticles in a variety of medical applications [16].
The  development of nanotechnology  has
revolutionized this field of study, and there is a
growing demand for products derived from it.
Antimicrobial resistance can be prevented in a number
of ways, such as by avoiding the overuse and abuse of
antimicrobial agents in farm animals, developing new
reducing the general wuse of

and, more recently

medications,
antimicrobials, using

nanotechnology [17-20].

The physical characteristics of nanoparticles are
obviously affected by their small size, which sets them
apart from their comparable parent materials in a big
way. As a result, the close correlation between the
characteristics of nanoparticles has created a wealth of
chances for numerous scientific discoveries [21, 22].
Applications for cadmium nanoparticles in biology
and medicine are widespread. Some treatments for
urinary tract infections have focused on using
cadmium to kill bacteria [23-26]. According to the
mentioned above, the current investigation was carried
out to demonstrate the physical characteristics and
assess the antimicrobial efficaciousness of cadmium
nanoparticles against bacteria that are resistant to
multiple drugs.

2. Materials and Methods

A sheet of Cadmium (Cd) metal (>99.9%) was
acquired from the pool of BDH Chemical Ltd. in
England.

Materials and tools that were used in bacterial
growth are Mueller-Hinton broth, nutrient medium,
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Microtiter Plate (MTP), McFarland standard solution
0.5, and resazurin dye. The control was a blank liquid
culture medium free of bacteria.

A mode-locked amplified Nd:YAG laser (Leopard,
Continuum) was employed for the pulsed laser
ablation test in liquid, using a 1064 nm wavelength at
a 10 Hz repetition rate.

2.1. Preparation of Colloids by PLA

Figure 1 A 100 mL beaker is taken and a cadmium
plate is placed in it, after which deionized water is
added. After this step, the target was irradiated with
the third harmonic (1064 nm) of an Nd:YAG laser
operating at a frequency of 10 Hz, and the target
surface was the focus of the laser beam. After 30
minutes, the color of the solution changed to light
yellow, and this change indicated the formation of
cadmium oxide. After that, the colloidal solution of
cadmium oxide nanoparticles was obtained and the
nanoparticles were separated from the water using a
centrifuge [27].

Figure 1. Steps of preparation of cadmium oxide
nanoparticle colloids by PLA

2.2. Nanoparticles Characterization

The synthesis of cadmium oxide nanoparticles
prepared by pulsed laser ablation was characterized by
UV-vis spectra, FT-IR spectra, and XRD spectra. The
morphology of the NPs was examined using FESEM.

2.3. Method of Bacterial Growth Inhibition

The Minimum Inhibitory Concentration (MIC) test
was conducted to determine the lowest inhibitory
concentration. We followed the procedures outlined
by Elshikh et al. (2016), Barnes et al. (2023),
Rodriguez-Tudela ef al. (2003), Balouiri ef al. (2016),
and Gonelimali et al. (2018). The procedures are as
follows:
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This was a pre-activated bacterial inoculum
prepared on MHA medium and diluted to 0.5
McFarland's standard (1.5 x 10® bacterial cells/ml).
100 puL of Mueller Hinton broth was added to each
MTP well. The absolute concentration of the chemical
compound was loaded in the first well, and then a
series of dilutions (11 dilutions) was performed for
each solution. After this, 10 microliters of bacterial
inoculum were added and the path of each bacterium
was marked with a short letter to distinguish it from
the others. The models were incubated at 37-35
degrees Celsius for 24 hours, then we observed the
results.

3. Results & Discussion

3.1. UV-Visible Spectra

The produced CdO solution's UV-visible spectra
are displayed in Figure 2. A new absorption peak at
283 nm is visible in the inclusion spectra of cadmium
metal produced by the pulsed laser ablation method.
Consequently, the absorption that took place in this
area demonstrated that the CdO nanocluster was
absorbed. This aligns with research findings from a
few investigators [28].
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Figure 2. UV-Vis spectroscopy absorbance; a

significant absorption peak at 283 nm has been identified
in the integration spectrum of cadmium metal produced
by the pulsed laser method

3.2.  FTIR Spectrum

The Fourier Transform Infrared (FTIR) spectrum,
as shown in Figure 3, has a broad band at 3388.93 cm
! that corresponds to the OH group's vibration mode
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Figure 3. F-TIR spectroscopy; the broad spectrum and
vibrational modes linked to OH suggest a small amount of
water adsorbed on the surface

and denotes the presence of a small amount of surface-
adsorbed water. The C-H group's stretching mode is
represented by the bands at 1049.28, 1089.78, 2885.51
cm™, 2933.73 cm™, and 2972.31 cm™. The Cd-O is
represented by the peak at 1618.28 and 881.47 cm™'.
This aligns with research studies carried out by certain
investigators [29].

3.3. XRD Spectrum

Figure 4 displays the nano-sized CdO's XRD
pattern. The production of CdO is responsible for the
diffraction peaks at 20 values of 32.0° 37.3°, 55.3°,
65.8°, and 65.7°, respectively. These values
correspond to the (100), (111), (200), and (220)

planes. This is consistent with investigations
conducted by certain researchers [30].
—
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3.4. FESEM Analysis

The morphology of green synthesized Cd NPs was
viewed by FESEM. Figure 5 shows a well-dispersed
Cd NPs identified in the size 25.95 nm (Figure 5B).
The particles are clearly identified by their spherical
shapes [31].

Figure 5. FESEM images of CdO NPs at different

magnifications; synthesized NPs have a size
approximately 29 nm

3.5.  Activity Bacterial Assay

Table 1 Shows the effective
concentrations in percentage (descending from 100%
to 0.75%) of the Cd/NPs compound using the MTP
method.

minimum

Figure 6 shows the result of measuring the MIC on
the MTP plate for the Cd NPS compound against both
Gram-positive and Gram-negative bacteria. The
resazurin reagent was used to detect the presence or
absence of growth in the MTP test dishes. The blue
color indicates the absence of growth (occurrence),
and the pink color indicates the presence of growth (no

Figure 4. XRD spectrum image; the XRD spectrum displays several peaks that indicate the material types at four

distinct locations
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Table 1. The MIC result is expressed as a percentage of
bacterial presence when exposed to Cd NPs on various
plates

Escherichia  Proteus
Staphylococcus  Enterococcus . L
aureus (SA) faecalis (E.f) coli mirabilis
) (E.C) (Pr)
12.5% 12.5% 12.5% 6.25%
Note: A lower percentage indicates a more effective
solution.

Figure 6. MIC on the MTP plate; the antibacterial
activity of CdO NPs. (A) control, (B) Proteus mirabilis
(PM), (C) Escherichia coli (EC),(D) Enterococcus
faecalis(EF), (E) Staphylococcus aureus(SA4)

inhibition occurs), as the blue color remains in
inhibitory concentrations and turns to pink when there
is growth. Descending dilution was performed from
pit No. 1 to pit No. 12 in the direction of the arrow
indicator on the upper side of the plate. The bottom
line is left for positive control [32-34].

The article's novelty lies in our hypothesis that
altering the synthesis method would yield similar
antibacterial properties across different Gram-positive
and Gram-negative groups. While most studies
indicate a stronger effect on Gram-positive bacteria,
our findings show comparable results for both groups.
Recent research conducted by Agammy et al. involved
the exposure of two distinct cadmium oxide
compounds to Nd-YAG lasers, utilizing wavelengths
of 532 nm and 1064 nm. The antibacterial tests
indicated that the incorporation of silver into cadmium
oxide significantly enhances its efficacy in eliminating
harmful germs and microbes. Additionally, the
findings revealed that the 1064 nm wavelength
outperforms the 532 nm wavelength when tested in
pure water [35].
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In summary, CdO nanoparticles were successfully
synthesized via laser ablation in a liquid medium,
achieving an average particle size of 25.95 nm. The
shape, size, and characteristics of the products were
evaluated using FT-IR, UV-vis spectroscopy,
FESEM, and Energy-Dispersive X-ray spectroscopy
(EDX). The resulting NPs were tested as antibacterial
agents against both Gram-negative bacteria (Proteus
mirabilis and Escherichia coli) and Gram-positive
bacteria (Staphylococcus aureus and Enterococcus
faecalis). The synthesized CdO NPs demonstrated
antibacterial activity against all bacterial strains tested.

4. Conclusion

The synthesized nanoparticles made of CdO
demonstrated notable antibacterial activity that was
effective against all of the bacteria that were tested in
the experiments. This indicates that the CdO
nanocomposite has the potential to inhibit the growth
of a wide variety of bacterial strains.
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