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Abstract   

     The present study employed the pulsed laser ablation in liquid (PLAL) technique to 

synthesize cadmium nanoparticles (CdO NPs). PLAL is a top-down physical method that 

operates by splitting the precursor mass of metal ions into metal atoms. This work utilized a 

nanosecond Nd-YAG laser with two wavelengths, specifically 1064 nm and 532 nm, at a laser 

energy of 250 mJ. 250 pulses were applied for each wavelength during the synthesis process. 

This approach enabled the production of high-purity nanoparticles. The characteristics of the 

nanoparticles that were created were examined by the use of UV-Vis, and XRD analysis 

techniques. The antibacterial and antifungal properties of the tested substance were evaluated 

against two Gram-positive bacteria, namely Staphylococcus aureus and Streptococcus mutans, as 

well as two Gram-negative bacteria, specifically Escherichia coli and Pseudomonas aeruginosa. 

These bacterial strains were obtained from the oral cavity. Additionally, a specific genus of fungi 

known as Candida exists. The findings of the study indicate that CdO NPs synthesized using the 

PLAL technique possess antibacterial properties, rendering them effective in eradicating 

pathogenic bacteria and fungi 
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1. Introduction 

     The utilization of laser ablation in deionized water has been extensively employed for the 

synthesis of metallic, bi-metallic, and tri-metallic nanoparticles, in addition to metal oxides (1). 

One notable benefit associated with the utilization of laser technology for nanoparticle synthesis 

is the attainment of nanoparticles with a much-elevated level of purity, distinct surface charge 

properties, and simplified preparation procedures when compared to conventional chemical 

approaches (2). The manipulation of nanoparticle size distribution and shape can be achieved by 

the use of several laser parameters, including laser power (3). 

energy density (fluence), beam spot size, scanning speed, medium in which ablation occurs, and 

wavelength. Various studies have employed nanosecond and picosecond lasers of distinct 
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wavelengths to generate diverse categories of nanoparticles (4), albeit the utilization of 

picosecond lasers remains limited in the existing literature (5). The experimental results 

demonstrated that the creation of nanoparticles at a wavelength of 1064 nm resulted in the 

formation of smaller spherical particles and a greater production rate compared to the production 

at a wavelength of 533 nm. Moreover, the experimental results demonstrated that an increase in 

laser energy led to enhanced productivity and the generation of bigger nanoparticles (6).   

The researcher studied the effect of using a nanosecond laser with varying laser wavelengths and 

laser effectiveness on the synthesis of palladium (Pd) nanoparticles in distilled water (7). 

Additionally, it was demonstrated that the plasma temperature associated with the longer 

wavelength exhibited a significantly greater magnitude compared to that of the shorter 

wavelength. This disparity can be attributed to the heightened inverse Bremsstrahlung reaction 

rate, which effectively contributes to the thermalization of the induced plasma (8). Furthermore, 

the observation of the blue shift phenomenon at the extended laser wavelength provides evidence 

indicating that the plasma generated at 1064 nm possesses higher energy levels compared to the 

plasma generated at 193 nm (9). The present study investigated the impact of employing a 

nanosecond laser with varying laser wavelengths and laser fluence on the synthesis of palladium 

(Pd) nanoparticles in distilled water (10).  

The study revealed that Pd nanoparticles generated using wavelengths of 532 nm and 355 nm 

exhibit greater homogeneity and lower dimensions compared to those produced using a 

wavelength of 1064 nm (11). The findings of the study indicate that there is a direct relationship 

between the rise in laser fluence and the corresponding increase in nanoparticle size across all 

wavelengths (12). 

Cadmium oxide is classified as an inorganic compound with the chemical formula Cd-O (13). 

The oxidation of elemental cadmium in the presence of air results in the formation of CdO, a 

compound consisting of cadmium and oxygen (14). CdO is classified as an n-type semiconductor 

and is a member of the II-VI binary system (15). The material has crystal formations that 

manifest as either brown or crimson hues or as an amorphous colorless powder.  

Cadmium oxide (CdO) exhibits promising characteristics as a prospective candidate owing to its 

low band gap of 2.5 eV, refractive index of 2.49, and notably high conductivity in the range of 4 

to 5 (16). The material finds extensive use in a diverse array of applications, encompassing 

photovoltaics, phototransistors, gas catalysis, and chemical sensing, among others (17). CdO NPs 

have gained significant recognition in the field of optoelectronics, particularly in the applications 

of phototransistors, photodiodes, and photovoltaic devices (18). Cadmium oxide nanoparticles 

(CdO NPs) have also demonstrated novel applications in the fields of cancer cell eradication and 

medication delivery (19). Cadmium oxide nanoparticles (CdO NPs) have noteworthy 

antibacterial efficacy against a wide range of pathogenic microorganisms that have developed 

resistance to conventional antibiotics. The user has provided a numerical range of(20). In this 

study, a pulsed laser ablation technique in liquid with varying laser parameters was used to 

manipulate the laser settings to achieve nanosynthesis of cadmium oxide and subsequently 

investigate its physical properties, as well as its antibacterial and antifungal efficacy. 

 

2.  Materials and Methods 

     Cadmium oxide nanoparticles (CdO NPS) were synthesized through the pulsed laser ablation 

technique in liquid (PLAL). A pure cadmium plate with dimensions of (1 x 1) mm was immersed 

in 6 ml of deionized water with a purity of 99.99% in a beaker. The plate was positioned at a 
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distance of 7 cm from the laser source, where a Q-switched Nd-YAG laser was utilized. The 

laser operated at a repetition rate of 8 Hz and emitted wavelengths of (1064, and 532) nm, with 

an energy of 250 mJ. The experimental setup is illustrated in Figure 1. A total of 250 pulses 

were applied for each wavelength. Subsequently, the samples underwent both structural and 

optical analyses.  

The solution's antibacterial and antifungal properties were subsequently evaluated against two 

strains of Gram-positive bacteria (Staphylococcus aureus, Streptococcus mutans), two strains of 

Gram-negative bacteria (Escherichia coli, Pseudomonas aeruginosa), and Candida fungi. This 

was accomplished by employing the drilling technique, wherein a volume of 10 mL of the 

solution was introduced into the cavity. The agar diffusion method was employed to evaluate the 

impact of CdO nanoparticles on the bacterial strains utilized. This experimental procedure 

involves the application of bacterial samples onto agar plates, followed by a designated 

incubation period. Subsequently, sterile micropipette tips were employed to create perforations 

in the agar medium, followed by the introduction of a mixing solution into the created apertures 

(21).  

Following the incubation period, the inhibitory potency was assessed by measuring the diameters 

of the inhibition zones from numerous directions using a ruler, and this process was repeated 

multiple times. The aforementioned bacteria were utilized after their acquisition, which involved 

the processes of isolation, classification, and cultivation. These procedures can be succinctly 

described as follows: the bacteria were collected from infected individuals, subjected to standard 

techniques for separation and classification to determine their respective types, and subsequently 

cultivated on nutrient-rich culture media(22). Throughout these steps, strict adherence to sterile 

methods and maintenance conditions was ensured. Finally, the bacteria were preserved through 

freezing until they were ready for use. The particles that had been generated were afterward 

assessed for their capacity to impede the growth of these bacteria. This was achieved by 

introducing them into an agar medium within Petri dishes, utilizing the drilling technique to 

create holes in the agar, and subsequently depositing the solution containing the particles into 

these holes. The Petri dishes were then placed in a basin and incubated for a period of 24 hours. 

Table 1 shown laser parameters and characteristics. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. A schematic diagram illustrating the process of pulsed laser ablation in liquid (PLAL) for the synthesis of 

nanoparticles (NPs). 
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Table 1. Laser parameters of the nanosecond laser at both wavelengths (532 and 1064 nm). 

Laser parameters  λ= (1064, 532) nm 

Pulse energy 250 mJ 

Number of pulsed 

Frequency 

Pulse duration   

250 P 

8 Hz 

10 ns 

 

3.  Results and Discussion  

3.1 Optical Analysis 

The technique described is extensively employed to identify a diverse range of substances, 

including transition metal ions, chemical compounds, and biological components. The initial 

indication of a synthesis reaction is observed through the alteration in color of cadmium colloidal 

solutions. Initially colorless, the solutions gradually transition to a light grey hue, which further 

intensifies with an increasing number of pulses due to the cadmium ablation process. The initial 

characterization of CdNPs and their oxides was conducted using UV-Vis analysis. The highest 

absorption at (300, 317) nm was recorded in Figure 2 while utilizing the (1064, 532) nm Nd-

YAG laser, with a corresponding number of pulses of 250, Table 2 shown in the optical analysis 

of CdO NPs.  

 

 

 

 

 

 

 

 

 

Figure 2. Absorbance function wavelength at (1064, and 532) nm. 

 

Table 2. Optical analysis for FHG, and SHG laser.  

E= 250 mJ, F= 8 Hz, No. pulses= 250 P  

Harmonic generation  

(nm)  

Max wavelength 

(nm) 

1064 300 

532 317 

 

The two laser wavelengths employed, namely 532 nm and 1064 nm, exhibit distinct energy 

levels that are attributed to them. Shorter wavelengths, such as 532 nm, exhibit greater photon 

energy in comparison to longer wavelengths, such as 1064 nm. At a wavelength of 532 nm, the 

laser emits photons possessing comparatively greater energy. Semiconductor nanoparticles 

demonstrate energy levels that are dependent on their size, which includes the energy level of the 

bandgap. The bandgap energy refers to the minimum amount of energy needed to facilitate the 

transition of an electron from the valence band to the conduction band. When CdO nanoparticles 

are synthesized using a laser with a wavelength of 532 nm, a portion of the photons with high 

energy is absorbed by the CdO nanoparticles. The process of absorbing high-energy photons can 
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facilitate the transition of electrons from the valence band to the conduction band, resulting in the 

formation of excitons, which are electron-hole pairs.  

Excitons, upon formation, lead to a reduction in the population of electrons within the valence 

band, hence inducing a pronounced decline in the absorption spectrum. The utilization of a 532 

nm laser induces the excitation of electrons confined within the CdO nanoparticles, hence 

diminishing their capacity to absorb photons within the visible spectrum. Consequently, this 

leads to a discernible decrease in the optical absorption spectrum. 

At a wavelength of 1064 nm, the laser emits photons with a lesser energy in comparison to the 

wavelength of 532 nm. The lower-energy photons may lack sufficient energy to directly induce 

the transition of electrons from the valence band to the conduction band within the CdO 

nanoparticles. On the contrary, it is plausible that the 1064 nm laser predominantly induces 

thermal effects, leading to the elevation of temperature in both the CdO nanoparticles and their 

immediate surroundings. The heightened thermal energy has the potential to induce structural 

alterations or generate vibrations in both the CdO nanoparticles and the encompassing media. 

The observed first rise in the absorption spectrum could perhaps be attributed to alterations in the 

structural characteristics of the nanoparticles or the interplay between the nanoparticles and their 

immediate surroundings. As time progresses, the absorption spectrum gradually diminishes as 

the system attains a new state of equilibrium. 

Cadmium oxide nanoparticles (NPs) were synthesized in the samples prepared within the scope 

of this study. To determine the energy gap (Eg) of these oxides, we analyzed them by plotting 

the absorption as a function of wavelength, as depicted in Figure 3 to calculate the energy gap, 

we employed the Tauc Equation (23 ,24). 

𝛼ℎ𝜗 =  𝛽(ℎ𝜗 −  𝐸𝑔)
𝑚

                                                                                                                 (1) 

The constant 𝛽 exhibits variability in value, which is contingent upon the specific transitions 

being considered. The symbol 𝐸𝑔  represents the energy gap, hυ represents the photon energy, 

and m is a constant with a value of 1 2⁄  that corresponds to direct permitted transmission in 

semiconductors.  

By graphing (𝛼hυ)2 as a function of photon energy hυ and extrapolating the linear portion of the 

curve to intersect the hυ axis at the point (𝛼hυ)2= 0, the resulting intersection point shows the 

energy gap. The provided figure, labeled as Figure 3, illustrates the correlation between the 

square of the product of the fine structure constant (α) and the photon energy (hυ) for films 

composed of cadmium oxide. Table 3 shown in the energy gap of CdO NPs. 

 

Table 3. Energy gap for FHG, and SHG laser. 

E= 250 mJ, F= 8 Hz, No. pulses= 250 P  

Harmonic generation  

(nm)  

Energy gap 

(eV) 

1064 2.5 

532 2.75 
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Figure 3. Energy gap for CdO NPs at (1064, and 532) nm. 

 

The laser ablation wavelength employed during the creation of cadmium nanoparticles (CdO 

NPs) has the potential to exert an influence on their energy gap. In the present scenario, the user 

has indicated that CdO nanoparticles (NPs) synthesized through laser ablation at a wavelength of 

532 nm exhibit an energy gap of 2.75 eV, whereas those synthesized through laser ablation at a 

wavelength of 1064 nm exhibit an energy gap of 2.5 eV. The observed disparity can be ascribed 

to a multitude of variables(13). The dimensions and arrangement: The size and structure of 

nanoparticles can vary based on the conditions of ablation.  

The bandgap of nanoparticles is inversely related to their size, with smaller nanoparticles 

exhibiting broader bandgaps and larger nanoparticles displaying narrower bandgaps. The 

selection of laser wavelength has the potential to influence the size distribution of the CdO NPs. 

The energy levels exhibited by CdO nanoparticles (NPs) are subject to modulation as a result of 

variations in their size and surface states. Variations in laser wavelength can induce alterations in 

the energy levels of nanoparticles, thereby influencing the energy gap.  

The surface states of nanoparticles exhibit variability contingent upon the process employed for 

their synthesis. The presence of surface states has the potential to capture or release charge 

carriers, hence exerting an influence on the total energy bandgap of the material. The 

phenomenon of quantum confinement becomes increasingly significant in nanoparticles as their 

size diminishes. The utilization of various laser wavelengths can lead to distinct levels of 

quantum confinement, hence influencing the energy gap. The laser wavelength can exert an 

influence on the crystal structure of CdO NPs. Various crystal forms exhibit distinct electrical 

properties, which encompass variations in energy gap. 

3.2 Structure Analysis 

Figure 4 displays the X-ray diffraction pattern obtained from the production of CdO 

nanoparticles. The cubic phase of CdO, as indicated by the JCPDS (ARD NO 01-104), has 

distinct peaks at 30˚, 37˚, 44˚, 46˚, and 56˚, which correspond to the (311), (331), (422), (511), 

and (531) planes, respectively. The presence of distinct peaks in the X-ray diffraction (XRD) 

spectrum indicates a high degree of crystallinity in the CdO nanoparticle. The calculation of the 

crystalline size D of the synthesized CdO nanoparticle is performed using Scherre's formula 

(25)(26).  

𝐷 =
0.9 𝜆

𝛽𝑐𝑜𝑠𝜃
                                                                                                                                      (2) 
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In this context, D represents the crystalline size, denotes the wavelength of the X-ray employed, 

refers to the width of the diffraction line measured at half of its greatest intensity, and represents 

the angle of diffraction. The crystallin protein family. This graphic illustrates the crystal systems, 

angles, and Miller's visibly evident index. The phenomenon of laser-induced oxidation is an 

inevitable outcome resulting from the interaction between lasers and metals in the presence of 

atmospheric oxygen. This phenomenon arises due to the elevated temperatures encountered by 

the metal that is directly subjected to the laser. The dissipation of heat to the surrounding 

environment rapidly transforms into a process whereby heat spreads to the nearby region, 

resulting in the oxidation of a metal area that extends beyond the directly exposed and ablated 

channel. The findings indicate that the chemical composition of metal surfaces undergoes 

alterations based on the net transmitted fluency. The observed pattern exhibits a notable surge in 

oxygen concentration at lower levels of laser fluency, succeeded by a gradual approach towards 

a maximum value at higher fluencies. 

Peaks were identified at wavelengths of 30˚, 37˚, and 56˚, which could perhaps be attributed to 

the presence of the glass substrate. In this case, it is shown that both spectra exhibit identical 

characteristics, suggesting that variations in wavelengths do not impact the crystalline structures 

of the CdO nanoparticles. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. XRD pattern for CdO NPs at (1064, 532) nm. 

 

Table 4. Crystalline size for CdO NPs at FHG, and SHG laser. 

E= 250 mJ, F= 8 Hz, No. pulses= 250 P  

Harmonic generation 

(nm) 

Crystalline size 

(nm) 

hkl 

 

1064 

22.90 

24.99 

24.21 

311 

331 

531 

532 

23.29 

25.75 

24.88 

311 

331 

531 

 

3.3 Anti-Microbial Activity 

The generation of antibacterial drugs with exceptionally high activity was achieved using the 
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physical synthesis of CdO nanoparticles. Figure 5 presents the analysis of several dosages 

administered for the treatment of human multidrug-resistant infections. The illnesses considered 

in this study include Gram-positive bacteria such as Staphylococcus aureus and Staphylococcus 

epidermidis, as well as Gram-negative bacteria like Escherichia coli and Klebsiella. Additionally, 

the examination also encompasses the impact of these dosages on the fungal pathogen Candida. 

The experiment was conducted within a controlled clinical environment, where the pathogens 

were successfully separated. The diameter of the inhibitory zone, which was a focal point of this 

study, is presented in Table 5.  

The results of the experiment indicated that bacteria associated with Staphylococcus aureus 

exhibited a greater presence in inhibitory zones compared to bacteria associated with Escherichia 

coli. One possible explanation for this difference is the distinct composition of the cell walls of 

these two organisms. Nanoparticles of cadmium oxide (CdO) were synthesized using physical 

means utilizing polylactic acid (PLA) as a precursor. These CdO nanoparticles demonstrated 

significant antibacterial efficacy across different types, exhibiting comparable levels of activity. 

The size range of these nanoparticles typically fell between 0.2 and 100 nm. The enhanced 

antibacterial efficacy of nanoparticles can be attributed to their increased interaction with 

bacteria due to their small size (27).  

Nanoparticles exhibit efficacy by perturbing the electron transport chain and impeding the 

transmission of energy across bacterial membranes. This is how they operate. Several 

investigations have demonstrated that the antimicrobial activity of nanoparticles against Gram-

negative bacteria is attributed to their ability to penetrate and disrupt the integrity of the bacterial 

cell walls (28). The attack leads to an alteration in the permeability of the cell membrane. 

Consequently, the regulation of chemical transport across the cytoplasmic membrane of bacterial 

cells is a significant challenge, leading to the eventual demise of the cell. The generation of free 

radicals and the consequent impairment of the cytoplasmic membrane, stemming from the 

formation of these free radicals, have been postulated as the underlying mechanisms behind the 

antibacterial efficacy of nanoparticles. The demonstrated antibacterial capabilities of 

nanoparticles provide support for this hypothesis. At a wavelength of 1064 nm, the highest 

proportion of positive bacterial inhibition was observed (29). 

 

Table 5. Inhibition zone for CdO NPs at FHG, and SHG laser. 

E= 250 mJ, F= 8 Hz, No. pulses= 250 P  

Harmonic generation  

(nm)  

Microorganisms  Inhibition zone 

(mm)   

1064 

Staphylococcus aureus 

Staphylococcus epidermidis 

Escherichia coli 

Klebsiella 

Candida 

      21 

      14 

       0 

       0 

      15 

532 

Staphylococcus aureus 

Staphylococcus 

epidermidis 

Escherichia coli 

Klebsiella 

Candida 

      14 

      13 

       0 

       0 

      14 

 



IHJPAS. 2025, 38 (1) 
 

139 
 

 

 Figure 5. Antimicrobial activity for CdO NPs at (1064, 532) nm. 

 

4. Conclusion 

     This study explored the feasibility of synthesizing CdO nanoparticles through pulsed laser 

ablation in liquid (PLAL). CdO nanoparticles demonstrated antibacterial activity, and synthesis 

was achieved using two Nd: YAG laser wavelengths (1064 nm and 532 nm). The study found 

that samples synthesized at 1064 nm were most effective. These CdO nanoparticles exhibited 

antibacterial properties and in vitro cytotoxic effects, warranting further investigation into their 

toxicity mechanisms.  PLAL was deemed a convenient method for metal nanoparticle synthesis, 

offering a promising alternative to existing techniques with demonstrated biological 

effectiveness. However, further research is needed to explore the impact of modifying laser 

parameters and examining additional variables for practical applications. 
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