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Nanomaterial’s especially metal oxide nanoparticles have recently been of interest in 

many fields such as physics, biology, and medicine. This work employs Pulsed laser 

ablation in liquid as a clean and versatile technique for synthesizing copper oxide 

nanoparticles that produce high-quality materials with minimal chemical interference. 

Copper plates were treated in deionized water using laser energy density to produce 

copper nanoparticles at two different energy densities of 400 and 800 mJ. Copper oxide 

nanoparticles categorized by X-ray diffraction method, UV-visible spectroscopy and 

scanning electron microscopy (SEM). Changes in absorption spectra and subsequent UV-

visible spectroscopy were observed for particle size, with a redshift at greater laser 

intensity (650 nm for 800 mJ compared to 600 nm for 400 mJ). X-ray diffraction (XRD) 

result presented this material as having a monoclinic crystalline structure with particle 

size estimated to be between 30 and 60 nm (34.626° and 34.714° 2θ for 400 mJ; 31.49° 

and 66.45° 2θ for 800 mJ). Specific morphological analyses through SEM showed 

products contained elongated nanoflake-like shaped particles extending to 800 mJ that 

aggregated into a rough structure which boost their catalytic effectiveness. These results 

confirm application for photocatalytic activities, antibacterial activity, and enhanced 

biomedical science by controlling size, optical, structure, and morphology.  
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1. INTRODUCTION

Nanomaterials are a significant category of materials used 

in creating new technologies in physics, biology, and 

medicine. It is much explored in different fields of applications 

today [1, 2]. 

One example is that, in physics, CuO nanoparticles are used 

in gas sensors and high-temperature superconductors due to 

their unique electricity. CuO is often utilized in biology to 

make antimicrobial coatings and aids in wound healing. CuO 

NPs, because of their high surface activity and 

biocompatibility, are used in medicine as drug carriers, 

anticancer agents, and contrast agents for imaging [3, 4]. In the 

past years, several researchers have synthesized and 

characterized metal oxide nanoparticles including copper 

oxide, and found enhanced biological and photocatalytic 

performance [5, 6]. CuO nanoparticles have attracted special 

focus among metal oxide nanoparticles because they are the 

simplest copper compounds with unique physical 

characteristics like high-temperate superconductivity and 

electron correlation [7-9]. Superconductivity at higher 

temperatures in CuO-based materials allows electricity to flow 

without resistance at those temperatures, helping both efficient 

power systems and strong magnets. CuO’s magnetic and 

electronic behaviors that come from strong electron 

correlation make it a strong candidate for spintronic devices, 

memory storage, and advanced electronics. Thanks to their 

intrinsic properties and chemical stability, CuO nanoparticles 

are very versatile in modern technologies. The wide band gap 

(1.4 eV) and its high carrier mobility in CuO monoclinic 

crystal structure in C2/c space group make it suitable for 

visible light photocatalysis [10]. Whereas Cu₂O is not as stable 

under ambient conditions; CuO is more stable under the 

ambient conditions and resists oxidation during applications 

[11]. However, since CuO is responsive under visible light, the 

process becomes less expensive in terms of energy 

consumption in photocatalytic processes [12]. This study 

showed that metal oxide NPs such as ZnO, Fe₂O₃, Fe₃O₄, 

MgO, CuO, TiO₂, and SiO₂ have good antibacterial properties 

at low temperatures. This makes transition metal oxide 

nanoparticles even more attractive due to their outstanding 

antibacterial properties [13, 14]. There is evidence that CuO 

nanoparticles possess a very high impact as an anticancer and 

antioxidant agent and a drug transport system for biomedical 

research.  

Studies have shown that CuO nanoparticles are toxic to 
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cancer cells such as those from the breast and lung, and this 

happens through oxidative stress and apoptosis [9]. 

Mohammed et al. [15] reported that carbon-wrap CuO 

nanoparticles significantly decreased breast cancer cells 

proliferation in MCF-7 cells. Moreover, due to their strong 

surface activity, these NPs easily carry and release drugs 

properly, which suggests they are powerful drug delivery tools. 

These results show that CuO NPs have great potential to serve 

multiple purposes in treating cancer and diagnosing diseases 

[12]. 

Many different approaches have been used to create NPs.  A 

prominent top-down method for producing almost any kind of 

material, including NP colloids with controlled size and shape, 

is pulsed laser ablation in liquids (PLAL) [15, 16]. This 

strategy has a benefit in that crystalline nanoparticles can be 

readily produced in one step, without contaminants or 

byproducts [17]. Laser ablation started as a research topic in 

the 1960s but has become much more effective and useful for 

creating nanoparticles thanks to more recent advances. The 

method is popular as it produces high-quality nanoparticles 

that are clean and contamination-free in only one step, without 

using any chemicals.  With the help of ultrafast pulses, tunable 

wavelengths, and high repetition rates in laser systems, 

researchers can now manage particle size, shape, and 

distribution with great precision. In addition, PLAL is popular 

in both academia and industry because it is friendly to the 

environment, adjustable to many materials, and can be applied 

in healthcare [3]. The invention of the laser itself marked the 

beginning of research into laser ablation [18, 19]. In this 

method, however, liquids are confined and appropriate solid 

targets are selected for flexible design [20]. 

The initial step in using a laser pulse to target an object is to 

submerge it in liquid.  In order for laser ablation to begin, an 

extremely hot environment must be established before 

electrons can absorb the energy of the laser pulse. After 

absorption, excited electrons transmit the energy to the crystal 

lattice heat up the laser-brightened area very quickly, and 

break it down, vaporizing the metal and solvent contacting 

with the laser-brightened area [21, 22]. 

The PLAL process can then activate various mechanisms 

such as the creation, modification, and condensation of plasma 

generated by a laser. The liquid limits the plasma plume’s 

ability to expand, making the liquid the exciter of NPs 

nucleation and growth. The negatively charged nanoparticles 

should aggregate into stable colloids in the right media [23-

26]. 

A nucleus's surface charge is a key modulator of its size and 

aggregation state [27]. In addition, the NPs are surrounded by 

the liquid molecules in a protective shell that prevents 

aggregation and increases durability [28]. As an instance, there 

are a number of laser parameters that can be fine-tuned to 

produce stable nanoparticles in small dispersions, such as 

focusing, pulse duration, repetition rate, wavelength, and 

fluence. 

These lasers have blown the methods of processing and 

characterizing nanomaterials into further possibilities. This 

process has great advantages over the traditional methods 

which are enumerated below: This allows for the flexible 

adjustment of a huge number of input parameters for ablation, 

which determines a size, shape, and stoichiometry of the 

nanomaterial. Moreover, it enables the synthesis of 

nanomaterials with precise chemical composition as well as a 

surface that is not contaminated with chemical products [29]. 

Specifically, CuO nanomaterials have attracted considerable 

attention compared with all metal oxide nanomaterials due to 

their unique properties [30, 31].  

Therefore, the synthesis of CuO with different sizes and 

shapes from pure copper foil, immersed in deionized water, is 

demonstrated using PLAL, a combination of physical and 

chemical processes. UV-visible spectroscopy was employed 

to characterize the synthesized colloidal nanoparticles. 

Moreover, the deposited thin films were characterized using 

XRD and FE-SEM scanning microscopy techniques [32, 33]. 

The size of the CuO nanoparticles was evaluated using XRD 

with the help of Scherrer’s formula [34]. The objective of this 

paper is to optimize the optical and morphological properties 

of CuO nanoparticles prepared via PLAL according to laser 

energy density (400 and 800 mJ) and correlate them with 

photocatalytic and biomedical properties. 

 

 

2. MATERIALS AND METHODS 

 

Falcon Trading Company Faridkot, prepared samples by 

laser ablation utilizing the Picosecond laser (model: The 

Pharos laser, produced by Light Conversion in Lithuania, 

gives 100 ps pulses and has energy settings of 400 and 800 mJ 

[35]. 

The beam is focused by an objective onto a copper plate 

with a diameter of 2 cm. The target was set at the base of a 

3mL glass container containing a little water Figure 1. Before 

each experiment, the copper plate was polished and the layer 

of DI water over the target was maintained at 12 mm deep. The 

vessel revolved at a constant speed each minute. Two samples 

were prepared using the arrangement in the image below. In 

each process, the irradiation time is fixed at different energies 

(Table 1) to obtain different nanosized sizes in each sample. 

 

Table 1. Preparation parameter 

 
Sample 

No. 

Laser 

Energy (J) 

Laser Pulse 

(PS) 

Ablation Time 

(SEC) 

1 400 100 30 

3 800 100 30 

 

 
 

Figure 1. Diagrammatic representation of synthesis strategy 

of CuO NPs using PLAL 
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3. RESULTS AND DISCUSSION 

 

3.1 UV-visible analysis 
 

UV-Visible spectroscopy is widely employed for studying 

how nanoparticles act with light in the ultraviolet and visible 

regions. It makes use of the fact that electrons in nanoparticles 

absorb light and change from a lower to a higher energy state, 

predominantly from a valence band to a conduction band. The 

optical transitions in CuO nanoparticles are shaped by size, 

shape, and quantum confinement, all of which lead to changes 

in the peaks seen in absorption. Therefore, UV-Vis analysis is 

important since it supplies useful information about band gap 

energy, particle size, and the extent of particle agglomeration. 

 

 
(a) 400 J 

 
(b) 800 J 

 

Figure 2. UV-visible absorption spectra of CuO nanoparticle 

colloids NPs 

 

Studying the optical ABS of the prepared suspicion is of 

great interest due to its valuable scientific meaning. The 

optical ABS spectra depend on the crystalline structure of the 

prepared. Figure 2 depicts an effect of various preparation 

parameters on the ABS spectra. The ABS was examined in the 

ultraviolet and visible ranges the synthesized Cu NPs of the 

formed colloid were examined by optical and structural 

techniques. UV-visible absorption spectra of CuO 

nanoparticle colloids in the range from  )200 to 800    ( nm using 

UV-vis spectrophotometer (SP-3000 Plus, OPTIMA). CuO 

NPs were created by laser ablation of a Cu plate in DI water, 

and their UV-visible absorption spectra were examined as a 

function of laser energy (400 and 800 mJ) and ablation time 

(30 min). 

From Figure 2(a), the sample shows absorption at around 

210 this is ascribed to electron transitions in copper oxide from 

a valence band to a conduction band, which are a hallmark of 

metal oxides because of nanoscale quantum confinement 

effects and a comparatively weaker band at around 600 nm this 

represents absorption in the visible light spectrum, which is 

equivalent to the CuO band gap (~1.4 eV). The size and 

dispersion of the nanoparticles are seen by this peak [36, 37]. 

From Figure 2(b), the sample shows absorption at around 650 

nm and also demonstrated a redshift with an increasing in laser 

energy, which was an increasing in particle size This redshift 

indicates (1) a larger size of nanoparticles. Mie theory states 

that light at longer wavelengths (redshift) is absorbed by 

bigger particles. (2) Modifications to the morphology or 

crystal structure: Particles at 800 mJ were larger and more 

aggregated (elongated nanoflakes), according to SEM images. 

(3) Higher laser energy has the effect of increasing the copper 

target's rate of vaporization, which results in the creation of 

bigger nanoparticles. It was observed that the optical 

absorption characteristics of NPs colloids prepared at various 

energies were not very much different which can be due to the 

morphological resemblance [38, 39]. 

 

3.2 XRD analysis 

 

 
(a) 400J 

 
(b) 800J 

 

Figure 3. XRD spectrum for CuO NPs synthesized at laser 

energy in DI for 30 min with laser pulse 100 PS 
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Figure 3 illustrates Crystal structure and particle size of 

CuO nanoparticles obtained by PLAL of copper at two 

different energy densities (400 mJ and 800 mJ) were measured 

by XRD. 

The CuO nanoparticles formed at 400 J are illustrated in 

Figure 3(a). XRD spectrum of CuO nanoparticles exhibits two 

dominantly intense peaks at 34.626° and 34.714° 2θ 

respectively which belong to the (-111) monocline plane of 

CuO. The lack of other copper planes at 2θ = 34.714° is 

probably due to low CuO concentration. In Figure 3(b), CuO 

nanoparticles synthesized at 800 mJ energy level is illustrated. 

For CuO nanoparticles, the XRD spectrum exhibits two 

intense peaks at 2θ values of 31.49° and 66.45° for the 

monoclinic crystal phase of copper oxide and the (311) plane 

of copper oxide, respectively, compared with JCPDS data (48-

1548). XRD analysis for the NP samples revealed that there is 

copper oxide present in the samples. This consequence 

correlates well with the UV-visible absorption measurements 

as reported earlier [40]. 

Table 2 provides a quantitative analysis of XRD data using 

the following Scherrer’s Eq. (1) to estimate particle size. 

 

Table 2. Identification of XRD parameters for CuO NPs 

 
Ablation 

Condition 
20 (°) Orientation (hkl) FWHM (°) d-spacing (A°) Particle Size Matched by 

400J 30 

min 

34.626 -111 1.00 2.58848 30.2 JCPDS data (48-1548) 

34.714  1.00 2.58848 32.4 JCPDS data (48-1548) 

800 J 30 min 
31.7296 110 0.2952 2.82014 45.7 JCPDS data (48-1548) 

66.2359 311 0.2952 1.41103 74.2 JCPDS data (48-1548) 

 

𝐷 =
𝐾𝜆

𝛽cos 𝜃
 (1) 

 

where, λ stands for the X-ray wavelength (Cu-Kα ≈ 0.154 nm), 

β stands for a full width at half maximum (FWHM) in radians, 

θ is the diffraction angle, and D stands for a crystallite size 

(nm). 

 

3.3 SEM analysis 

 

Figure 4 illustrates the SEM images of CuO NPs, produced 

at 800 mJ laser energies for 30 min ablation time with different 

magnifications. The nanoparticles appear elongated, with a 

structure that looks like nanoflakes, which is common for CuO 

NPs prepared by laser ablation in liquids. The particles seem 

to have sharp edges and a relatively uniform directionality in 

their growth. The image shows significant aggregation of 

nanoparticles, due to the high-energy environment and the 

reactivity of freshly formed nanoparticles. 

The surface of the particles seems rough, which can increase 

surface area, potentially enhancing the catalytic properties of 

the CuO NPs. CuO nanoparticles with an elongated nanoflake 

structure and a rough surface are much more effective as 

catalysts. With these surface features, the surface-to-volume 

ratio rises, so there are more active locations for chemical 

reactions. The rough texture makes the nanoparticles both 

absorb more light and separate electrons and holes more 

effectively, which aids photocatalysis and antibacterial action. 

Also indicative of rapid cooling and solidification following 

laser ablation. 

 

  
(a) 1µm (b) 500nm 

Figure 4. SEM image for CuO NPs prepared by PLAL at laser energy 800mJ and ablation time 30min at (a) 1µm and (b) 500 

nm magnification 

 

 

4. CONCLUSION 

 

In the work, copper oxide nanoparticles (CuO NPs) were 

produced with PLAL at two energy levels, 400 mJ and 800 mJ. 

As laser energy raised, UV-visible spectroscopy registered 

redshifts in the absorption spectra, meaning the particles 

became larger. XRD tests confirmed that the particles adopted 

a monoclinic structure and had an average size from 30 to 74 

nm. By looking at the SEM images, we found that higher laser 

power formed longer, flake-like particles with rough surfaces 

that could help with catalysis. Because of their useful 

morphology and optical properties, CuO NPs from PLAL are 

considered promising for photocatalysis, antibacterial 

purposes, and biomedicine. It is shown by the results that laser 
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ablation with varying power changes the properties of 

nanoparticles for particular uses. 
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