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In this study, chromium oxide (Cr2O3) nanoparticles (NPs) synthesized by using pulsed laser ablation in liquid 

(PLAL), a simple, cost and effective method for producing high purity nanomaterials. Structural characterizations 
of Cr2O3 were using X-ray diffraction (XRD) and the results showed that obtaining pure eskolaite phase Cr2O3 with 

a rhombohedral crystal structure. Scanning electron microscopy (SEM) analysis, at low laser energies (300-

400 mJ), revealed that this process tends to produce smaller and more dispersed particles, where the energy is 

sufficient for ablation but not so excessive as to cause large-scale particle fusion. In contrast, higher laser energies 
(500–600 mJ) result in larger particles with increased aggregation, likely due to higher thermal input, enhanced 

diffusion and renucleation of nanoparticles in the liquid medium. Optical studies have shown a slight increase in 

the energy gap with increasing laser power, due to the Burstein-Moss shift, where the Fermi level moves into the 

conduction band, altering the electronic transitions. Antibacterial activity analysis confirmed that is the 
nanoparticles have effective against Klebsiella pneumoniae, Escherichia coli, and Staphylococcus epidermidis. 

While there was a different interaction between chromium oxide nanoparticles and the cellular structure of 

microorganisms such as Candida albicans and Staphylococcus aureus, meaning that their activity decreased. 

Keywords: Antimicrobial Activity, PLA, Chromium Oxide Nanoparticles, Optical Band Gap, Structure 

Characterization. 
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Introduction  

Chromium oxide nanoparticles (Cr2O3) have a wide 

range of applications because their exceptional physical 

and chemical properties, including a bandgap energy of 

approximately 3.4 eV, high melting temperature, and 

exceptional stability [1]. Cr2O3 nanoparticles are used in 

different fields, such as the production of green pigments 

[2], heterogeneous catalysts [3], thermal protection 

coatings [4], antibacterial agents [5], wear and resistant 

materials [6], photonics, and advanced colorants [7]. 

Cr2O3 sintering ability is limited, requiring specific 

sintering conditions to achieve optimal density, yet its 

have high melting point (2435oC) [8]. Among chromium 

oxides, trivalent Cr2O3 NPs are considered the most stable 

[8]. 

Cr2O3 NPs can be prepared by using different 

methods, such as pulsed laser ablation in liquid (PLAL), a 

versatile and straightforward technique for producing a 

diverse range of nanomaterials with varying structures, 

compositions, morphologies, and forms, including 

ceramic and metal nanoparticles [9]. The first reported 

pulsed laser ablation technique was in 1987 by Patil et al. 

[10] for synthesizing iron oxide nanoparticles. Since then, 

PLAL has been widely utilized for the synthesis of 

numerous metallic nanoparticles and has found 

applications in industries such as food, biomedical, and 

electronics. By confining the manufactured nanoparticles 

directly within the liquid phase, PLAL technology is an 

environmentally friendly protocol that overcomes the 

limitations of traditional synthesis. The complete absence 

of hazardous reducing agents, faster reaction rates, and the 
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elimination of multi-stage processing are among the key 

advantages of this pathway, also this technology ensures 

high laboratory safety, minimal toxicity, and ease of 

product collection [11]. 

The addition of external effects has received 

considerable attention during pulsed laser ablation 

(PLAL) to increase nanoparticle production beyond 

conventional industrial capabilities. Mehdi and Khosravi 

[12] provided a clear example of this, successfully 

increasing the production of colloidal copper 

nanoparticles by applying an external electric field during 

ablation, where the improvement in both the surface 

plasmon resonance and the overall particle size 

distribution is directly related to the presence of this 

electric field, which was responsible for the increased 

concentration of nanostructures. 

In addition, the variety of laser configurations 

provides distinct strategic advantages, greatly expanding 

the scope for manufacturing customized nanostructures, 

and recent studies indicate a significant breakthrough in 

nanomaterials fabricated using pulsed laser ablation in 

liquids (PLAL). For instance, the utility of pulsed laser 

ablation in liquids for engineering nanocatalysts was 

comprehensively evaluated by Forsythe et al [13]. Their 

work encompassed light-driven heterogeneous catalysis, 

thermochemical catalysis, and organic oxidation 

processes, along with energy-related transformations such 

as water oxidation, hydrogen production, oxygen or 

carbon dioxide reduction, and nitrogen reduction. In a 

similar vein, Fazio et al [14] delivered a targeted review 

centered on the deployment of laser-generated 

nanoparticles within specialized domains, including 

sensing, biomedicine, and catalysis. Meanwhile, the 

critical experimental parameters that govern the final 

dimensions of PLAL-synthesized gold nanoparticles were 

systematically investigated by Naser et al [15]. 

The assembly of nanostructures and the synthesis of 

nanocrystals via external field-assisted laser ablation in 

liquids were presented by Xiao et al. [16], and Zhang et al. 

[17] confirmed one of the benefits of fabricating colloidal 

metal nanostructures via laser ablation in the fields of 

clean energy, drilling, and sensing platforms. Jaleh et al. 

[18] synthesized advancements in environmental 

remediation through laser-mediated nanocomposite 

engineering.  Consequently, PLAL has established itself as 

a premier synthesis route, largely because it avoids 

hazardous precursors to yield inherently stable, pure, and 

ligand free nanoparticles. This operational profile renders 

the technique both economically sustainable and eco-

friendly when contrasted with classical chemical 

pathways [19]. In a typical experimental setup, a pulsed 

laser beam targets a chromium oxide pellet immersed 

within water or an alternative solvent [20]. This 

configuration drives the rapid quenching of dissociated 

atomic species right at the plasma liquid interface, a 

critical phenomenon that grants precise authority over the 

final physicochemical traits of the nanoparticles.  For 

instance, Cr2O3 NPs have been synthesized using 

nanosecond pulsed lasers with varying power levels to 

ablate chromium oxide plates immersed in water. Studies 

have demonstrated that the size and shape of Cr2O3 NPs 

can be precisely controlled by adjusting laser pulse power 

and ablation wavelength [21].Finally, Al-Kattan et al. [22] 

analyzed the use of short-pulse lasers as a versatile tool for 

creating novel nano- and microstructures, as well as 

compositional analysis for addressing healthcare and well-

being challenges. PLAL is considered environmentally 

friendly because it does not produce harmful chemical 

waste. In addition, it can be used with a wide range of 

materials without requiring significant changes in 

procedures compared to chemical methods that often 

require the use of toxic or hazardous chemicals, making 

them less environmentally sustainable. [11] 
By extending this research, we also studied the effect 

of varying laser energies 300, 400, 500, and 600 [mJ] on 

Cr2O3 by the PLAL technique, and highly pure Cr2O3 

nanoparticles were successfully produced by pulsed laser 

ablation in deionized water at room temperature. We also 

investigated the mechanism of the crystalline formation of 

Cr2O3 nanoparticles and the effects of varying laser 

energies on crystalline growth, optical characteristics, and 

antimicrobial activity. To our knowledge, this is the first 

report on the effect of the varying laser energies at 300, 

400, 500, and 600 [mJ] on the Cr2O3 nanoparticles by the 

PLAL technique. 

I. Experimental details 

Figure 1 illustrates the experimental setup employed 

for the synthesis of Cr2O3 NPs via the pulsed laser ablation 

in liquid (PLAL) technique.  

 

 
Fig. 1. Schematic diagram of the PLAL experimental 

setup utilized to synthesize Cr2O3 NPs. 

 

The Cr2O3 NPs were grown via the pulsed laser 

ablation in liquid (PLAL) technique of commercially 

composed of high-purity chromium oxide powder (99.8% 

purity, American Elements Company), which was 

compressed into a pellet using a 20-ton hydraulic press, 

befor to ablation, the Cr2O3 target was meticulously 

cleaned with ethanol and rinsed with deionized water to 

eliminate surface contaminants. The process using 

nanosecond laser pulses from an A Q-switched Nd:YAG 

laser system, operating at a wavelength of 1064 nm with a 

pulse duration of 8 ns and a repetition rate of 1 Hz to 

generate colloidal Cr2O3 NPs dispersed in deionized 
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water, was utilized as the laser source, and the laser beam 

was collimated and focused onto the target using a plano-

convex lens. Synthesis with laser pulse energies calibrated 

at 300, 400, 500, and 600 mJ. At each energy, a total of 

500 laser pulses were delivered to secure an adequate yield 

of nanomaterial. To evaluate the structural and 

morphological properties of the Cr2O3 nanoparticles, X-

ray diffraction XRD analysis was carried out using a 

Philips PW1050 diffractometer, and a SUPRA 55VP field 

emission scanning electron microscopy FESEM system. 

To investigate the optical characterizations of Cr2O3 

nanoparticles, spectrophotometric measurements were 

executed using a Shimadzu 1200 double beam UV visible 

spectrophotometer. The antibacterial inclination of the 

Cr2O3 nanoparticles that were synthesized was estimated 

using agar well dispersion assay against four different 

bacterial strains (Staphylococcus aureus ATCC® 

23235™, Klebsiella sp. ATCC® 13883™, Escherichia 

coli ATCC® 25922™, and Staphylococcus epidermidis 

ATCC® 12228™), and one type of fungi, Candida species 

(Candida albicans) – ATCC® 10231™) in accordance 

with the methodology outlined by [7]. All antibacterial 

tests were performed in triplicate (n = 3) under identical 

experimental conditions to ensure accuracy and 

reproducibility 

PLAL is characterized by rapid preparation as 

nanoparticles can be produced within minutes or hours, 

depending on the experimental conditions compared to 

chemical methods which may require longer time due to 

the need for multi-step chemical reactions. [9] 

II. Results and discussion 

Figure 2. shows the XRD pattern of Cr2O3 NPs 

various laser energies. 

The X-ray diffraction (XRD) pattern depicted in 

Figure 2 illustrates the as-synthesized Cr2O3 NPs through 

laser ablation at varying laser energies. The intensity 

peaks are positioned at 25.1, 33.4, 35.9, 39.6, 41.05, 50.07, 

55.8, 63.2, and 65.1 diffraction angles, corresponding to 

reflections from (0 1 2), (1 0 4), (1 1 0), (0 0 6), (1 1 3),  

(0 2 4), (1 1 6), (2 1 4), and (3 0 0) reticular planes, 

respectively. These reflections are the fingerprints of the 

Cr2O3 crystalline lattice structure, which are attributed to 

rhombohedral structure (space group R-3c) with unit cell 

parameters a = 4.95876 Å and c = 13.59420 Å, Z = 6, of 

Eskolite pure Cr2O3 phase. These results agree with the 

Joint Committee on Powder Diffraction Standards 

(JCPDS) of the Cr2O3 structure card 00–038-1479 [23]. 

This alignment unequivocally affirms the crystallization 

of the eskolite-phase pure Cr2O3 structure, where the 

peaks are attributed to the rhombohedral configuration. 

The nanoparticles exhibited relatively strong crystalline 

peaks, and this is attributed to using varying laser pulse 

energies of 300-600 mJ, however, as the laser pulse 

energies increase from 300 to 600 mJ the diffraction peaks 

were significantly increased, especially the peaks at 25.1, 

33.4, 35.9, 41.05, and 55.8◦. This could be due to the 

increase in laser pulse energies, and slight increase in the 

grain size [24]. 

 

 
Fig. 2. XRD pattern of Cr2O3 NPs synthesized via pulsed 

laser ablation at 300, 400, 500 and 600 [mJ] laser energies. 

 

The significant increase in the average crystal size (D) 

of the synthesized nanostructures, from 25.66 to 43.81 nm, 

provides evidence of a relationship between the use of 

higher laser energies during the synthesis process and the 

expansion in the crystal lattice parameters, as shown in the 

data in Table 1. This lattice expansion is consistent with 

structural expectations, driven primarily by the intrinsic 

ionic radius constraints of Cr3+ ions at 75.5 pm, which 

inherently dictates a lattice dilation, where this is 

consistent with the observations made in previous studies 

[25]. Additionally, the mechanism of resulting expansion 

in the crystal lattice parameters and charge density overlap 

between adjacent chromium and oxygen ions effectively 

reduces the formation of asymmetric bond lengths. 

The average particle size of the Cr2O3 NPs was 

determined using Debye-Scherer’s equation, which 

involves analyzing the diffraction line broadening of the 

main peaks [26]: 

 

 𝐷 =
0.9𝜆

𝛽𝑐𝑜𝑠𝜃
   (1) 

 

Table 1. 

Lattice parameters, crystallite size using gauss and W–H plot, strain, and dislocation density of C2O3 NPs 

synthesized via pulsed laser ablation at 300, 400, 500 and 600 [mJ] laser energies. 

no. [mJ] 

lattice parameter 
Gauss crystallite 

size D [nm] 

W-H plot 

crystallite size 

Dw [nm] 

Strin, 

ε×10-3 

Dislocation 

density, 

δ×10-3 
a(Å) c(Å) 

300 4.29317 13.6113 25.66 68  2.44 1.52 

400 4.29385 13.782 26.77 57 2.16 1.39 

500 4.29798 13.9818 30.82 54.8 1.62 1.05 

600 4.3468 14.0663 43.81 49.11 1.2 0.52 
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where β is the full width at half maximum (FWHM) of 

intense peaks (in radians), λ is the X-ray wavelength 

source used (Cu-Kα = 0.15406 nm), and θ is the angle 

subtended in the peak. 

The observed increase in the average crystallite size 

with the laser energies at which the samples were prepared 

suggests that this enhancement could be attributed to the 

incorporation of Cr3+ ions on the surface of Cr2O3 NPs. 

The pulsed laser ablation method employed in the 

preparation of nanooxides induces structural disorder and 

lattice imperfections, including plane dislocations. The 

number of defects within the system can be determined by 

measuring the dislocation density (δ), which is defined as 

the length of the dislocation lines per unit volume in the 

crystal and can be found by formula (2) [27]: 

 

 𝛿 =
1

𝐷
   (2) 

 

where D is the crystallite size in nm. 

The dislocation density decreases from 1.52×10−3 to 

0.52×10−3, As indicated in the table 1, which causes the 

formation of more defects and imperfections in the 

structure of lattice [28]. 

The Williamson-Hall (W-H) equation was used to 

determine the influence of microstrain (ε) present in 

synthesized powder samples, calculated via formula (3) 

 

 𝛽𝑐𝑜𝑠𝜃 =
0.9𝜆

𝐷
+ 4𝜀 𝑠𝑖𝑛𝜃  (3) 

 

The FWHM of the primary X-ray diffraction (XRD) 

peaks is denoted by β and is determined through Gaussian 

fitting of the experimental pattern. A graph is constructed 

with βcosθ on the y-axis and 4sinθ on the x-axis. The 

linear fitting of the graph intercept provides the crystallite 

size (D-W). The positive slope of the graph indicates the 

presence of tensile microstrain (ε) in Cr2O3 NPs. Table 1 

shows the average crystallite size and microstrain as 

calculated by the Williamson-Hall (W-H) plot. A 

reduction in the microstrain value indicates the presence 

of structural flaws and disorders in the samples that were 

synthesized [29]. Notably, the crystallite size calculated 

using the W-H plot, accounting for microstrain impact, 

aligns with the trend observed using the Scherrer method.  
It is worth noting that the microstructural parameters, 

including microstrain (ε) and dislocation density (ρ), were 

extracted via Williamson–Hall (W–H) analysis based on a 

limited number of prominent diffraction peaks. Therefore, 

these calculated values are subject to some inherent 

limitations and experimental uncertainties. However, 

despite these significant limitations, the obtained data 

provide a highly accurate and reliable indication of the 

crystal behavior and structural evolution of the Cr2O3 

lattice under the influence of different pulsed laser 

energies. 

Figure 3 shown SEM images of the Cr2O3 

nanoparticles at different laser energy of 300, 400, 500, 

and 600 mJ. 

Figure 3a shows that the nanoparticles are 

predominantly spherical, with smaller nanoparticles 

    
(a)  (b) 

    
(c) (d) 

Fig. 3. SEM images of Cr2O3 NPs synthesized via pulsed laser ablation at  

(a)300 [mJ] (b) 400 [mJ] (c) 500 [mJ] (d) 600 [mJ] laser energies. 
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present. According to the corresponding graphs, a narrow 

size distribution is maintained, mainly between 20 and 

50 nm. These preliminary data suggest that operating low 

laser energies reduces the density of the ablation material, 

inducing van der Waals forces to form larger aggregates 

[30]. Increasing the pulse energy to 400 mJ (Figure 3b) 

results in a clear morphological shift, with the Cr2O3 

nanoparticles exhibiting a larger size distribution and a 

nanorod-like shape. Material extraction and plasma 

generation lead to structural elongation [31], causing the 

graph to shift to larger dimensions, between 30 and 60 nm. 

Crystallization and spatial reorganization within the liquid 

phase occur when high energy is introduced, accelerating 

the process. At the high energy threshold of 500 mJ 

(Figure 3c), the nanostructures adopt irregular shapes with 

rough and porous surfaces. In this case, the high energy 

density accelerates both the formation and evaporation 

rates, leading to particle fusion and subsequent pore 

formation [32]. The resulting size distribution is highly 

heterogeneous, with some nanostructures exceeding 

60 nm in size, possibly due to the high energy density in 

the ablation region [33].  Ultimately, at the maximum 

energy of 600 mJ Figure 3d, a much larger and highly 

irregular morphology emerges, comprising a mixture of 

elongated and spherical entities. An increase in the 

average size of the nanoparticles was observed in the 

histogram, ranging from 30 to 65 nm. Consequently, it can 

be concluded that thermal effects become dominant at 

high laser energies, where the combination of high plasma 

temperatures and prolonged cooling periods promotes 

grain growth and particle agglomeration [34]. 

Various laser energies (300, 400, 500 and 600) mJ 

were used in the preparation of Cr2O3 NPs synthesized via 

pulsed laser ablation. The results revealed a variation in 

optical properties with different laser energies, as shown 

in Figure 4. 

The optical band gap (Eg) was determined utilizing 

the Tauc relation, considering a direct transition between 

valence and conduction bands [35]. Figure 4 illustrates the 

Tauc plot, where the optical absorption coefficient (α) is 

correlated with the photon energy (hν) in semiconductors. 

The Tauc relationship is expressed as: 

 

 (𝛼ℎ𝜐)1/𝑛 = 𝐴(ℎ𝜐 − 𝐸𝑔)   (4) 

where A is constant, h is Planck’s constant, and Eg is the 

band gap width. 

n is a parameter that dependents on the nature of the 

transition. For direct allowed transitions n=1/2, while for 

indirect allowed transitions, n = 2 and for direct forbidden 

transitions n = 3/2. 

The UV-Vis absorbance spectra of Cr2O3 

nanoparticles (NPs) were recorded to examine their 

optical properties, as shown in Figure (4.a). The spectra 

exhibit distinct absorption peaks in the 230–250 nm and 

350–380 nm regions, which are characteristic of electronic 

transitions in Cr2O3. The decrease in absorption at longer 

wavelengths is consistent with the wide band gap of the 

material. These peaks are attributed to the octahedral field 

symmetry, which induces the splitting of Cr³⁺ 3d³ orbitals 

into double degenerate and triple degenerate subbands.   

Specifically, the absorbance peaks at 274, and 376 nm 

correspond to the ⁴A₂g → ⁴T₁g and ⁴A₂g → ⁴T₂g electronic 

transitions of Cr³⁺ ions, respectively. Additionally, these 

transitions are linked to the forbidden spin transitions of 

⁴A₂g → ²T₁g and ⁴A₂g → ²Eg. The presence of Cr⁶⁺ ions, 

which are associated with bulk Cr2O3 NPs, contributes to 

the observation of these bands.   

The increased ablation rate resulting from higher laser 

power leads to a higher concentration of nanoparticles, 

which directly results in higher absorption of energy. The 

geometric dimensions of the nanostructures within the 30–

50 nm range may play a role in determining the resulting 

spectral properties, and slight changes in the absorption 

peak may indicate the onset of a quantum confinement 

effect. Additionally, a slight Bursten-Moss shift can be 

observed, with a shift toward the conduction band and 

toward the Fermi level peak. This electronic arrangement 

widens the optical bandgap, thus pushing absorption 

toward shorter wavelengths. 

These findings highlight the tunability of Cr2O3 NPs 

optical properties, which enhances their potential 

applications in optoelectronic devices and antimicrobial 

treatments [27]. 

The Cr2O3 nanoparticles exhibited a slight increase 

in their energy range under different laser power ranges, 

which is attributed to the Bursten-Moss effect [36]. In this 

study, the Fermi level was shifted to the forward direct 

conduction band, leading to optical absorption in the 

   
a)                                                                                                 b) 

Fig. 4. (a) Absorption spectra and (b) energy gaps of Cr2O3 NPs synthesized via pulsed laser ablation at 300, 400, 

500 and 600 [mJ] laser energies. 
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vacuum band of the Fermi level from the valence band 

boundary. This phenomenon is due to the gradual 

accumulation of donor electrons filling the lower levels of 

the conduction band, thereby lowering the available 

electron transition thresholds. This contributes to an 

increased energy gap for Cr2O3 nanoparticles due to 

changes in the transition levels. Band gap for 300, 400, 

500 and 600 mJ values respectively are 3.41, 3.44, 3.47, 

and 3.5 e.V. 

Treatment of four types bacteria including (a) 

Klebsiella pneumonia, (b) Escherichia coli, (c) 

Staphylococcus epidermidis, (d) Staphylococcus aureus 

and one type fungi (e) Candida Species with Cr2O3 NPs 

synthesized via pulsed laser ablation at various laser 

energies, resulted in a decrease in bacterial growth, as 

shown in Figure 5 and listed in table (2). 

The quantitative antimicrobial activity of the 

synthesized Cr2O3 nanoparticles was evaluated by 

measuring the inhibition zone diameters against various 

microbial strains, as summarized in Table. 2. The 

presented data includes the standard deviation (±SD) to 

illustrate the experimental precision and statistical 

variation of the zones of inhibition. 
Chromium (III) oxide (Cr2O3) is a metal oxide with 

demonstrated antibacterial and antifungal properties, 

primarily attributed to its ability to release metal ions that 

interact with various components of microbial cells. These 

interactions damage the cell by disrupting key metabolic 

pathways, leading to structural damage to the cell 

membrane and cell death [37]. The antimicrobial activity 

of Cr2O3 nanoparticles has been shown to be highly 

sensitive to the membranes of both Gram-negative and 

Gram-positive cells, such as Staphylococcus epidermidis, 

Escherichia coli, and Klebsiella pneumoniae. In Gram-

negative systems, the lipid-rich outer membrane normally 

acts as a protective barrier; however, it remains permeable 

to chromium ions or intact Cr2O3 compounds. Once inside 

the cell, these chemical compounds can compromise 

membrane integrity and disrupt essential cellular 

pathways, triggering a cascade of potent antibacterial 

reactions [38]. 

In contrast, the thick peptidoglycan structure 

characteristic of the cell membrane of Staphylococcus 

epidermidis bacteria paradoxically increases its 

susceptibility to the bactericidal effect of metal ions [39]. 

While exhibiting this behavior, Candida albicans fungi 

exhibit strong resistance against chromium trioxide 

nanoparticles. The reason for this resistance, which forms 

a strong physical barrier impeding the influx of Cr2O3 

compounds, is the dense glycosidic structure of the fungal 

   

  
Fig. 5. Inhibition zones of Cr2O3 NPs against (a) Klebsiella sp., (b) Escherichia coli, (c) Staphylococcus epidermidis 

(d) Candida Species and (e) Staphylococcus aureus. 

 
Table 2. 

Inhibition zones of Cr2O3 NPs against Klebsiella sp., Escherichia coli, Staphylococcus epidermidis and Candida Species and 

Staphylococcus aureus 

No. 
Laser Energy 

(mJ) 

Klebsiella 

pneumonia 

mm 

Escherichia 

coli  

mm 

Staphylococcus 

epidermidis mm 

Candida 

albicans mm 

Staphylococcus 

aureus  

mm 

1 300  19.0 ± 0.5 23.0 ± 0.5 20.0 ± 1.0 12.0 ± 0.5 15.0 ± 0.5 

2 400  17.0 ± 0.5 24.0 ± 1.0 20.0 ± 0.5 12.0 ± 0.5 16.0 ± 1.0 

3 500  17.0 ± 1.0 23.0 ± 0.5 22.0 ± 0.5 13.0 ± 0.5 16.0 ± 0.5 

4 600  17.0 ± 0.5 23.0 ± 1.0 22.0 ± 1.0 13.0 ± 0.5 17.0 ± 0.5 
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cell wall, thus reducing the effectiveness of the therapeutic 

compounds [40]. While Staphylococcus aureus secretes 

beta-lactamase enzymes to neutralize external stresses or 

form dense biofilms, this is a specialized survival strategy 

that resists the toxicity of metal oxides such as chromium 

trioxide and provides physical protection to cell 

populations. Therefore, overall, Candida albicans and 

Staphylococcus aureus utilize a defensive mechanism 

ranging from biofilm arrays to enhanced cell wall integrity 

to survive and remain unaffected by Cr2O3 toxicity, 

whereas the structural features of Klebsiella pneumoniae, 

Escherichia coli, and Staphylococcus epidermidis make 

their cell boundaries easily disrupted by gaseous metal 

ions [41]. 

Conclusion 

The synthesis of chromium oxide nanoparticles via 

pulsed laser ablation in liquid (PLAL) was studied, a 

technique known for its ability to produce high purity 

nanomaterials. X-ray diffraction (XRD) analysis 

confirmed that the Cr₂O₃ crystalline phase was a pure 

scolite with a rhombic structure. The increased 

crystallinity and grain size resulted from varying the laser 

pulse energy from 300 to 600 mJ, leading to a larger grain 

size. Scanning electron microscopy (SEM) images 

revealed that lower energies (300–400 mJ) produced 

smaller, more uniformly distributed particles, while higher 

energies (500–600 mJ) produced larger, denser particles 

due to increased diffusion and recrystallization. According 

to the Ostwald maturation effect, laser energy determines 

the shape and aggregation; thus, the Cr₂O₃ transformed 

from a spherical to a rod-like nanostructure with moderate 

porosity. As a result of the high absorption and ablation 

rates, the concentration of nanoparticles increased with 

increasing laser power. The particle size range (30–50 nm) 

affected the spectral properties, and slight changes were 

observed in the Burstyn-Moss spectrum. Due to the high 

Fermi level, the absorption shifted towards shorter 

wavelengths (blue) and the band gap widened, indicating 

quantum confinement effects. Antibacterial activity 

analysis confirmed that is the Cr2O3 nanoparticles have 

strong effective against, Klebsiella pneumoniae, 

Escherichia coli, and Staphylococcus epidermidis due to 

its ability to disrupt bacterial cell membranes and 

intracellular processes. Conversely, with regard to 

Candida albicans and Staphylococcus aureus, the 

antimicrobial activity decreased due to enhanced cell wall 

integrity and biofilm formation. 
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У даному дослідженні наночастинки оксиду хрому (Cr₂O₃) синтезовано методом імпульсної лазерної 

абляції в рідині (PLAL), який є простим, економічно ефективним методом отримання наноматеріалів 

високої чистоти. Структурні характеристики Cr₂O₃ досліджували методом Х-променевої дифракції (XRD), 

а результати показали утворення чистої фази есколаїту Cr₂O₃ з ромбоедричною кристалічною структурою. 
Дослідження методом сканувальної електронної мікроскопії (SEM) показали, що при низьких енергіях 

лазера (300–400 мДж) процес сприяє утворенню менших та більш диспергованих частинок, оскільки енергії 

достатньо для абляції, але недостатньо для масштабного злиття частинок. Натомість вищі енергії лазера 

(500–600 мДж) призводять до формування більших частинок із підвищеною агрегацією, що, ймовірно, 

пов’язано з більшим тепловим внеском, посиленою дифузією та повторною нуклеацією наночастинок у 

рідкому середовищі. Оптичні дослідження показали незначне збільшення ширини забороненої зони зі 

зростанням потужності лазера, що пояснюється зсувом Бурштейна-Мосса, при якому рівень Фермі 

зміщується в зону провідності, змінюючи електронні переходи. Аналіз антибактеріальної активності 
підтвердив ефективність наночастинок щодо Klebsiella pneumoniae, Escherichia coli та Staphylococcus 

epidermidis. Водночас спостерігалася інша взаємодія між наночастинками оксиду хрому та клітинною 

структурою таких мікроорганізмів, як Candida albicans і Staphylococcus aureus, що проявлялося у зниженні 
їх антимікробної активності. 

Ключові слова: антимікробна активність, PLA, наночастинки оксиду хрому, оптична ширина 

забороненої зони, структурна характеристика. 
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