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Abstract 

The production of pure copper oxide and doped (Ag, ZnO) nanoparticles by arc 

discharge. (5A) in distilled water, a simple, single-step, environmentally friendly 

technique which does not involve toxic reducing agents, electrolytes, and post-

synthesis thermal treatment, has been reported in this paper. The creation was 

validated by X-ray diffraction analysis  of the monoclinic CuO (tenorite) phase. 

At the same time, the Ag-doped samples showed an additional face-centered 

cubic metallic silver phase, and the ZnO-doped samples showed a hexagonal 

wurtzite ZnO phase with a monoclinic CuO phase. No impurity phases were 

detected. Scanning electron microscopy showed that the nanostructures had 

shapes ranging from spherical to irregular, porous, and aggregated. Surface 

roughness increased with doping. The nanoparticles were tested for under UV 

light, photocatalytic activity breaks down the dye methylene blue(MB). Pure 

CuO showed a degradation efficiency of ~92–93% within 135 min. In contrast, 

Ag-doped CuO achieved degradation of >98% in 90 min, and ZnO-doped CuO 

achieved degradation of >95% in 60 min, highlighting the role of doping in 

improving the separation of charge and the formation of reactive oxygen species. 

The antibacterial and antibiofilm activity of the nanoparticles was further 

assessed in comparison to clinical isolates of Klebsiella pneumoniae. It 

demonstrated concentration-dependent inhibition of bacterial adhesion and 

biofilm formation, with CuO: Ag showing the strongest antibacterial effect and 

CuO: ZnO showing the highest anti-biofilm activity. The results show that arc 

discharge in liquid is a rapid, economical, and additive-free method for 

manufacturing of pure and doped copper oxide(CuO) nanoparticles that can be 

applied for water purification and antibacterial applications. 
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INTRODUCTION 

Juvenile idiopathic arthritis remains the most prevalent 

chronic rheumatic disease of childhood and is an 

essentially  

Nanomaterials are materials that possess at least one 

dimension in the nanometre scale, usually less than 100 

nm [1]. Nanomaterials have garnered significant interest 

due to their distinctive characteristics. with their bulk 

counterparts. Small size, large surface area, and unusual 

chemical and physical properties make them suitable for 

a wide range of applications. [2-4]. Among them, metal 

and metal oxide nanoparticles (NPs) have attracted 

particular interest due to their enhanced properties, 

enabling diverse applications across multiple fields [5,6]. 

In particular, copper oxide nanoparticles have shown 

great potential in medicine [7–9], agricultur [10–12], and 

semiconductors [13,14].The shape and structure of copper 

oxide nanomaterials formed during synthesis are key 

factors determining their properties and applications. The 

most commonly reported morphologies are nanowires 

[13,14], nano-flowers [15,16], and spherical nanoparticles 

[17] , which were used as very effective photocatalysts 

[18], gas sensors [19,20] and supercapacitor electrodes 

[21]. Copper oxide by itself is less toxic [22], but its 

synthesis typically involves otherwise highly toxic 

compounds, particularly in efficient chemical processes 

that use reducing agents [23]. Sol-gel technique [26], laser 

ablation [25], and chemical vapour deposition [24] and 

biological synthesis as the other conventional direct or 

indirect approaches have limitations in terms of cost, 

complexity and/or adverse environmental impact. Doping 

silver (Ag) into CuO has improved the functional 

properties of materials, including charge transfer, 

electrical conductivity and photocatalytic activity. Ag 

nanoparticles deposited on the CuO surface generate 

LSPR to enhance light absorption and trigger ROS 

generation for pollutant degradation. Thus, Ag-doped 

CuO has the potential for use in water purification and air 

quality management,anti-microbial coatings and solar 

driven catalysis [28]. Typically, the photocatalytic activity 

of pure CuO nanoparticles are restricted because of fast 

recombine and loss process in photoinduced electron–

hole pair pairs. In order to solve this problem, CuO was 

compounded with other metal oxides (most commonly 

Zn) and combined to make cupric oxide-zinc oxide 

nanocomposites (CuO:ZnO). It contributes to the 

heterojunction, which is expected to improve charge 

separation and reduce electron–hole (e−/h+) 

recombination thus increasing performance in these 

materials [29]. Several other discharge-based methods 

can also be used to create copper nanoparticles. In (2021), 

Efimov et al, synthesised copper oxide nanoparticles by 

dry aerosol jet printing using a spark discharge 

technique.[30].In (2020) Glad et al, used spark discharge 

in water, and they controlled the size of the copper and 

copper oxide particles produced by the addition of tiny 

concentrations of HCl to control the electrical 

conductivity of the solution. [31].When comparing these 

techniques, energy efficiency should be considered, Spark 

discharge usually requires a higher voltage than arc 

discharge.In addition, the presence of electrolytes may 

stabilise the liquid medium's arc discharge, their use 

introduces additional side electrochemical reactions that 

complicate the process [32].The proposed arc discharge 

technique in deionized water, therefore, offers an energy-

efficient, simple, eco-friendly, and rapid alternative for 

producing copper oxide nanoparticles. More recently, 

Fomina et al. (2025) examined Bioactive properties of 

Janus-like CuO:Ag NPs against clinical isolates of 

Klebsiella pneumoniae.They reported that the antibiofilm 

activity of these particles at subinhibitory doses was 2- to 

10-fold greater than that of a mechanical combination of 

separate CuO and Ag particles. [33].It has also been 

reported that the liquid plasma interaction produces 

reducing agents that speed up the decrease in metal ions 

[34], and that low currents of a few amperes are 

advantageous during arc discharge in liquid, since higher 

currents generate high temperatures that can cause 

excessive electrode erosion [35,36]. Variations during the 

arc discharge can affect the primary reactions of 

ionization and water splitting in the liquid phase, thereby 

influencing the composition and structure of the 

synthesised particles.[37,38]. Recent studies have also 

investigated the direct synthesis of particles from 

electrodes in water without electrolytes or reducing agents 

[39].Importantly, discharge in an oxygen-containing 

liquid medium leads to oxidation of metal particles 

without post-synthesis thermal annealing, potentially 

producing monodisperse oxide nanoparticles not only of 

copper but also of other metals. In this study, arc discharge 

plasma technology generated between copper, (Cu-Ag), 

and (Cu-Zn) electrode pairs immersed in water was used 

as a simple, environmentally friendly method to produce 

pure and doped copper oxide nanoparticles, with water 

serving as both the oxygen source and the dielectric 

medium. This approach does not employ toxic gases and 

chemical additions like electrolytes and reducing agents. 

A 5-amp arc discharge in water was the key controlling 

factor in the nanoparticle synthesis process. Unlike 

previous methods, this method requires neither additives 

nor post-heat treatment and has enabled the direct 

production of a variety of doped and pure copper oxide 

nanoparticles from electrodes in a single, easy process. 

The direct arc discharge technique described here allows 

for the synthesis of pure and doped copper oxide 

nanoparticles, which were tested for methylene blue (MB) 

dye degradation in the aqueous phase as well as for their 

antibacterial activity against Klebsiella pneumoniae. 

 

 

2. MATERIALS & METHODS 

2.1 Nanoparticles Synthesis: 

In deionized water, arc discharge was used to create pure 

copper oxide particles doped with soluble silver and zinc. 

. Arc Discharge (schematic): Fig. 1 illustrates the arc 

discharge principle.Which is composed of a DC power 

supply and two electrodes with a distance of several mm 

between them, where the positions of the electrodes 

alternate between copper-silver and copper-zinc. We 

placed the electrodes within a glass vessel containing 

deionized water. The current in the plasma arc was 5 

amperes. A dark precipitate was formed from the 

generated plasma. After that, the mixture was allowed to 

sit at room temperature for six hours to promote the 

development and expansion of nanoparticles. After that, 

the water was harvested and centrifuged to separate 
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nanoparticles. The insoluble phase was centrifuged and 

thoroughly washed multiple times removing leftover ions 

or the unreacted feedstock with ethanol and distilled 

water. The nanoparticles (dark precipitate) were 

transferred to a glass slide and heated in the oven at 80 °C, 

then annealed at 450 °C for 2 hours in an electric furnace 

to complete the crystallization and phase formation. 

Finally, pure CuO, CuO: Ag, and CuO : ZnO powder 

nanoparticles were produced. Structural properties of 

nanoparticles were studied by X-ray diffraction and 

scanning electron microscopy. 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 1. (a) Experimental setup diagram (b) Arc discharge in water (c) Copper oxide particle solution obtained at a 

5 A current. 

2.2 Photocatalytic: 

The capacity of copper oxide nanoparticles to remove 

colours from polluted water by photocatalysis was 

investigated.With methylene blue (C16H18ClN3S·H2O; 

molecular weight: 319.86 g/mol) as a model dye. This dye 

was chosen to evaluate the photocatalytic efficiency. The 

photocatalytic reaction was carried out in a homemade 

reactor for photocatalysis. The reactor consisted of an 

ultraviolet lamp as the light source, a high-pressure pump 

(300 W, 220-240 V, manufactured by Philips 

Netherlands), a 200 mL Pyrex glass beaker, a magnetic 

actuator, a clamp, and a fan. The UV lamp was positioned 

20 cm above the beaker, while the magnetic actuator was 

positioned below it. A magnetic motor was used to rotate 

the dye (at 800 rpm) with the photocatalyst. A basic 

methylene blue solution of 10 ppm was produced simply 

mixing 1000 millilitres of distilled water with one gram 

of methylene blue. The concentration of methylene blue 

(MB) was determined using a UV-Vis spectrophotometer 

by measuring the maximum absorption at 664 nm. 

Subsequently, 20 mg of particles (pure and impure copper 

oxide prepared using liquid plasma) were added to the 

flask containing the 10 ppm methylene blue solution. For 

15 minutes, the mixture was agitated at room temperature. 

UV absorption equilibrium was achieved by incubating 

the catalyst-loaded dye solution in the dark for 30 minutes 

before UV exposure. After that, the solution was revealed 

to UV light, and 5 mL of the sample was withdrawn every 

15 minutes using a microtube. The resulting nanoparticle 

powder was separated by centrifugation (in a Hettich 

Mikro 22R centrifuge) at 4000 rpm for 15 minutes. This 

lysed solution was then used to measure absorbance. 

Finally, The samples were analyzed on a UV-Vis 

spectrometer (Agilent Technologies) at 664 nm. 

2.3 Antibacterial Activity 

Clinical isolates of  Klebsiella pneumoniae were obtained 

from Al-Diwaniyah Teaching Hospital and sub-cultured 

on MacConkey/Nutrient agar (37°C, 18–24 h). A single 

colony was grown overnight in TSB (1% glucose, 37°C, 

18–24 h), modified to 0.5 McFarland standard 

(approximately 1.5 × 10⁸ CFU/mL), and diluted 1:100 

prior to use. Nanoparticle suspensions  CuO, CuO:Ag, 

and CuO:ZnO were prepared in deionized water at four 

concentrations (125, 250, 500, and 1000 mg/mL) by 

vortexing and ultrasonic (15–30 min). Biofilm formation 

was evaluated using the microtiter plate assay. Bacterial 

suspension (100 µL) and nanoparticle suspension (100 

µL) were added to 96-well plates in triplicate, with 

bacteria-only and medium-only wells as positive and 

negative controls, respectively. Plates underwent static 

incubation (37°C, 24 h), washed with PBS to remove non-

adherent cells, and preserved with 100% methanol 

(15min). After 15 minutes of 0.1% crystal violet dyeing, 

the biofilms were cleaned with distilled water. The dye 

that was bonded was dissolved with 95% ethanol for 15 

min, and biofilm inhibition was quantified by absorbance 

at 570 nm with an (ELISA) microplate reader. 

 

 

3. RESULTS & DISCUSSION  
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3.1.1 X-ray diffraction analyses 

 

 

 

 

 

  

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. X-ray pattern of diffraction of nanoparticle synthesis from (a) pure copper oxide, (b) silver-doped 

copper oxide, (c) zinc oxide-doped copper oxide using liquid plasma technology. 

 

X-ray diffraction was used to characterize the copper 

oxide nanoparticles. One of the most dependable and 

widely used techniques for figuring out the crystalline 

phase is X-ray diffraction, crystal size, and structural 

flaws in nanomaterials. The diffraction pattern measured 

for the current copper oxide sample in a 2θ range from 20° 

to 80° with Cu Kα radiation (λ = 1.5406 Å) clearly 

indicated the production of a highly crystalline copper 

oxide phase.The observed diffraction peaks .Figure (2a). 

The diffraction pattern showed peaks at 2θ angles of 

32.4°, 35.6°, 45.8°, 50.5°, 55.4°, 58.9°, 62.2°, 65.5°, 

69.0°, and 72.5° corresponding to the crystalline planes 

(110), (–111), (–202), (020), (–202), (202), (−113), (–

311), (220), and (311), respectively, Those are features of 

the monoclinic phase of CuO. These findings are well in 

accord with standard reference data for CuO (JCPDS card 

89-2531), which verifies that the synthesised material 

crystallises with a monoclinic structure. These findings 

are supported by similar diffraction patterns reported for 

CuO nanoparticles prepared by solution-based methods 

[40]. No more Cu2O-related peaks or metallic copper 

phase suggests that the obtained product is a pure CuO 

phase without secondary impurities. The crystallite size 

(D) results were calculated utilizing Debye-Scherrer 

equations given by: 

D = (Kλ) / (β cos θ) 

 where K - shape factor (K = 0.9), λ - wavelength of 

incident X-rays, β - full width at half height (FWHM) of 

the chosen diffraction peak (in radians), and θ is the Bragg 

diffraction angle [41]. Figure (2b). Shows the X-ray 

diffraction spectrum of the nanoparticles, in which Bragg 

reflections indicate peaks at 2θ = 32.74°, 35.77° and 

38.95°, corresponding to planes (110), (002) and (111). 

Confirm that CuO nanoparticles are formed in a 

monoclinic structure (Renuga et al., 2020). [42]. Has 

indicated a cubic silver structure with angles 38.3°, 44.3°, 

64.4° and 77.4°, which were related to levels (111), (200), 

(220) and (311), respectively, based on the JCPDS card 

number (04–0783). The major peaks at ~32.4°, 35.4°, 

38.1°, 48.7°, 53.3°, 58.1°, 61.5°, 66.2°, 68.1°, and 72.4° 

correspond to levels (110), (−111), (111), (−202), (020), 

(202), (−113), (−311), (220), and (311), which are 

consistent with the monoclinic tenorite phase of CuO 

according to JCPDS card number (48-1548) [45]. The 

other peaks at ~38.1°, 44.3°, 64.4°, and 77.5° were 

attributed to metallic silver (Ag) with a cubic structure 

with a face center on (111), (200), (220), and (311) planes, 

respectively, corresponding to ICDD (04-0783) [31]. This 

indicates successful silver doping of copper oxide phases 

and the absence of other unwanted materials [46]. 

Because the CuO peak positions remained similar, the 

silver doping did not alter the fundamental crystal 

structure of CuO; instead, it led to the deposition of 

metallic silver either at the surface or at grain boundaries. 

The greater peak intensity and relative narrowness also 

indicate higher crystalline quality, meaning fewer crystal 

defects in the doped samples than in the undoped ones. As 

an electron sink, silver inhibits recombination between 

electrons and holes in the conduction band, which 

increases ROS production. This, in turn, benefits 

antibacterial activity, gas sensitivity, and optical 

properties. In particular, the presence of Cu₂O and 

metallic copper phases shows that the preparation process 

allowed partial oxidation of copper, leaving some in its 

metallic form. The significant peaks at 2θ ≈ 36.4°, 42.3°, 

and 73.5° match the planes (111), (200), and (311) of the 

cubic Cu₂O phase, in accordance with ICDD PDF card 

(78–2076) or ( 05–0667) [47]. The peaks at 50.3° and 
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74.9° correspond to metallic copper and correspond to the 

(200) and (220) planes, according to ICDD card 04-0836 

[48]. The particles prepared by the plasma arc in 

deionized water contained Cu, Cu₂O, and CuO phases 

together, and the ratios of these phases depend on the 

discharge current conditions, indicating that oxidation 

during the plasma process may be partial and incomplete 

[49]. Figure 2c. Two different crystalline phases were 

formed, according to X-ray diffraction analysis, 

confirming the successful synthesis of the CuO/ZnO 

nanocomposite: Zinc oxide (ZnO) - hexagonal wurtzite 

phase.Peaks appeared at 31.3°, 34.0°, 35.85°, 56.2°, and 

77.0°, corresponding to crystalline planes (100), (002), 

(101), (102), (110), and (202), respectively. These peaks 

are consistent with JCPDS card (36-1451), confirming the 

formation of the hexagonal wurtzite phase of zinc oxide. 

Monoclinic Copper Oxide (CuO) Phase. Peaks appeared 

at 35.14°, 38.37°, 48.54°, 58.19°, 62.5°, 67.6°, and 72.4°, 

corresponding to the levels (−111), (111), (−202), (202), 

(−113), (220), and (311), which are consistent with 

JCPDS card (48-1548) for the monoclinic CuO phase. 

The consistency of the peak positions with standard 

reference cards, along with the absence of additional 

peaks attributable to secondary phases or impurities, 

confirms effective fabrication of high crystalline purity of 

CuO:ZnO composite. The slight deviations observed in 

the positions of some peaks compared to the standard 

values are attributed to doping, crystal stress, or the small 

crystal size of the nanoparticles, phenomena common in 

nanomaterials prepared by various methods [50]. 

 

3.1.2 SEM analyses: 

The scanning electron microscope (SEM) image of 

extremely crystalline CuO nanoparticles is shown in 

Fig.3. The SEM image clearly shows a coarse aggregate 

with spherical nano-homogeneities of CuO nanoparticles 

[51]. Figure 4 shows nanoparticles with spherical to 

irregular shapes and agglomerations, creating a permeable 

structure, lattice-structured formation as illustrated. The 

coarse textures and nanotexture are evidently discernible, 

showing equal distribution of particles. Ag doping has 

resulted in morphological changes and an increase in 

surface roughness, thereby improving the photocatalytic 

activity [28]. Figure 5 shows CuO nanoparticles doped 

with ZnO using scanning electron microscope images. 

The resulting particles are nanoscale in size and shape, 

and they aggregate, indicating The total segregation is not 

accomplished. The CuO:ZnO nanoparticles exhibit an 

overlapping sheet-like appearance[52]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. Scanning electron micrographs of pure CuO nanoparticles synthesized using liquid plasma technology 

at different magnifications. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. Scanning electron micrographs of Ag-doped CuO nanoparticles fabricated using liquid plasma 

technology at different magnifications. 
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Figure 5. Scanning electron micrographs of ZnO-doped CuO nanoparticles fabricated using liquid plasma 

technology at different magnifications. 

 

3.2 Photocatalytic analysis  

The Figure(6a) shows a significant, gradual decrease in 

absorption peak of methylene blue dye at 664nm as the 

irradiation time increases from 15 to 135 minutes in the 

presence of pure CuO. This reflects the actual 

decomposition of the dye due to the formation of active 

radicals (•OH and •O2⁻) generated by the electron-hole 

pair (e⁻/h⁺) reaction resulting from CuO's absorption of 

light with water and dissolved oxygen. The 

decomposition efficiency reaches approximately 92–93% 

over 135 minutes. Comparing this result to the study by 

Khedr & Ali (2024) [53] . which used green-processed 

CuO and achieved a degradation efficiency of 95.34% 

within 120 minutes, yielded similar results, although the 

time required was slightly longer. This indicates that pure 

CuO possesses very good photocatalytic activity. Figure 

(6b) shows the photolysis process using a silver-doped 

copper oxide (CuO:Ag) catalyst. A rapid decrease in 

absorption intensity at 664 nm is observed as the 

irradiation time increases from only 15 to 90 minutes.The 

final degradation efficiency within 90 minutes is over 

98%, a remarkable improvement over pure copper oxide 

(CuO). This notable performance improvement is 

attributed to silver (Ag), which enhances visible-light 

harvesting and broadens charge separation, increasing the 

synthesis of reactive oxygen species (ROS) and 

accelerating dye deterioration. Comparing these results 

with a study by Zulfiqar et al. (2026), which directly 

compared chemically synthesized Ag-CuO samples with 

those produced using the greensynthesis method, the 

green synthesis sample achieved a degradation efficiency 

of 95% within 80 minutes, while the chemically 

synthesized sample achieved an efficiency of 82% in the 

same time period [28]. These results indicate the 

superiority of the results obtained in dye decomposition. 

Figure (6c) shows the photocatalytic decomposition 

process using a copper oxide catalyst doped with zinc 

oxide (CuO:ZnO) to decompose methylene blue (MB) 

dye under UV-Vis irradiation. Rapid decay of absorbance 

intensity at 664 nm was observed as the irradiation 

duration increased from only 15 to 60 minutes. The 

overall decomposition efficiency exceeded 95% within 60 

minutes, an excellent result compared to pure copper 

oxide (CuO), indicating that these compounds exhibited 

superior catalytic activity under optimal photocatalytic 

conditions. The composites exhibit a synergistic effect, a 

good connection between CuO and ZnO, which increases 

the photocatalytic activity. This significant performance 

improvement is attributed to the role of  ZnO, which 

enhances light absorption is enhanced, and charge 

separation is optimised. The results I obtained were better, 

reaching a decomposition rate of 95% within 60 minutes, 

while the results obtained by Paramasivam Shanmugam 

et al. (2023) reached a decomposition rate of 98.5% 

within 150 minutes [54].Although the current sample 

reached a slightly lower final decay rate, it achieved this 

in less than half the time (60 vs.150 minutes), which is 

consistent with a much higher decay rate. This 

demonstrates that the CuO:ZnO catalyst used in this study 

is more efficient than both pure copper and Ag-doped 

copper. 
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Figure 6. Catalytic photolysis of methylene blue (MB) dye by using (a) CuO pure, (b) CuO:Ag ,(c) CuO:ZnO 

 

3.3 Antibacterial Activity analysis 

Figure (7a) shows the results of bacterial adhesion. The 

graph measures the adhesion of Klebsiella pneumoniae 

bacteria (in cfu/ml) after exposure to increasing 

concentrations of three different kinds of nanoparticles: 

single CuO, CuO:Ag, and CuO:ZnO. The inhibition of 

adhesion by copper oxide (CuO) is as follows: Adhesion 

relies primarily on surface structures such as fimbriae and 

pili, which enable bacteria to attach to surfaces. CuO 

nanoparticles interfere with these structures by directly 

adhering to the cell wall and disrupting the bacteria's 

negative surface charge. This generates reactive oxygen 

species (ROS), which oxidize surface proteins involved in 

adhesion, thereby releasing Cu²⁺ ions that interfere with 

cilia formation. CuO nanoparticles showed a gradual 

decrease in bacterial adhesion as the concentration 

increased from ~0.13 to ~0.072 cfu/ml (a decrease of 

~64%). This result is consistent with studies confirming 

that CuO nanoparticles inhibit the initial adhesion of 

bacteria [55].While CuO:Ag particles showed the highest 

effectiveness in inhibiting bacterial adhesion among all 

groups, the value decreased from ~0.13 to ~0.052 at a 

concentration of 1000 mg/ml (a decrease of ~60%).When 

copper oxide is doped with silver, it creates a truly 

synergistic effect. The silver ions (Ag⁺) inactivate 

respiratory enzymes and bind to thiol groups (-SH) in 

membrane proteins more efficiently than copper alone, 

which explains the greater decrease in CFU/ml values at 

high concentrations. Nanoparticles also modulate the 

gene expression of many important adhesins, thereby 

affecting the bacterial ability to adhere to and colonize 

surfaces [56].CuO:ZnO particles showed effectiveness in 

inhibiting bacterial adhesion, as the value decreased from 

~0.11 to ~0.083 cfu/ml. When zinc oxide is added to 

copper oxide, zinc ions (Zn⁺) are more soluble than copper 

ions, resulting in faster, more diffuse availability of the 

antibacterial ions. This explains the strong inhibition even 

at relatively low concentrations [57]. Bacterial adhesion 

is the first critical step in colonization and pathogenesis, 

this step may be disrupted by Ag and Cu nanoparticles due 

to the toxicity of these compounds.The results shown in 

Figure (7b) demonstrated a clear difference in the ability 

to inhibit biofilm formation between the tested treatments, 

with the control group maintaining the highest optical 

density reading (O.D ≈ 3.7×10⁶) with relative consistency 

across all concentrations, reflecting normal, unhindered 

growth and formation of the biofilm in the absence of any 

antibacterial agent.In contrast, treating bacteria with 

copper oxide (CuO) nanoparticles and their compounds 

with silver (CuO:Ag) and zinc oxide (CuO:ZnO) resulted 

in a gradual and regular decrease in O.D values as the 

concentration increased from 125 to 1000 mg/ml, 

indicating an inverse relationship between the 

nanoparticle concentration and the mass of the biofilm 

formed, a dose-dependent inhibition pattern consistent 

with Ayman K. El-Sawaf et al.(2024) that used the same 

methodology based on measuring optical density and 

calculating the percentage of biofilm inhibition to 

evaluate the effectiveness of similar nanoparticle 

compounds against multidrug-resistant bacterial 

pathogens.While pure CuO particles were relatively less 

effective, they still exhibited concentration-dependent 

inhibition)[58].Shehabeldine et al.(2022) reported a 49–

59% reduction at 0.5×MIC against K. oxytoca and E. coli, 

attributing this to the toxicity of copper ions (Cu²⁺), their 

generation of ROS, and their reduction of EPS 

production[59]. The CuO:ZnO compound showed 

significantly higher activity than single copper oxide at all 
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concentrations, in accordance with the findings of 

Moupiya Ghosh et al (2026), who showed significantly 

increased antimicrobial and anti-biofilm properties of the 

CuO-ZnO compound compared to the untreated base 

material against Escherichia coli and Staphylococcus 

aureus. This improvement is explained by the synergistic 

effect of combining zinc ions with copper [60].While 

CuO:Ag particles exhibited the strongest inhibitory effect 

among all tested treatments, yielding the lowest O.D. 

values at the highest concentration (1000 mg/ml), this 

aligns with a study by Saklani Taru et al,(2024). which 

found that the non-calcified form of CuO/Ag was the most 

potent antibacterial agent, with inhibition zones reaching 

up to 20 mm against Escherichia coli, Salmonella enterica 

with Staphylococcus aureus[61]. The advantage of silver 

ions is due to the better capacity to promote the production 

of reactive oxygen species (ROS) and to disrupt bacterial 

cell membrane permeability more effectively than pure 

copper.This mechanism is further supported by a study by 

Fatima Alhosani et al (2025) [62]. In some cases, such as 

zinc oxide nanoparticles, more effective against bacterial 

biofilms have been observed, likely due to disrupting 

bacterial chemical signaling and possibly altering the 

structure of the substrate itself. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7. The antibacterial efficacy of nanoparticles at different doses against Klebsiella pneumoniae  (a) 

Bacteria adhesion (b) Biofilm formation 

 

 

4.CONCLUSIONS 

Pure and Ag/Zn-doped CuO nanoparticles were produced 

by arc discharge at 5 A in deionized water, without 

electrolytes, reducing agents, or post-synthesis annealing. 

XRD confirmed the pure monoclinic phase of CuO, and 

Ag and ZnO phases were clearly detected in the doped 

samples.SEM images showed porous, aggregated 

nanostructures with increased surface roughness after 

doping. Ag and ZnO doping considerably improved 

methylene blue degradation, with CuO:Ag (>98%, 90 

min) and CuO:ZnO (>95%, 60 min) outperforming pure 

CuO (~92–93%, 135 min). Against Klebsiella 

pneumoniae, CuO:Ag was most effective against bacterial 

adhesion, while CuO:ZnO showed the strongest biofilm 

activity. These results indicate that arc discharge in liquid 

is a simple, inexpensive, and an economical route for the 

growth of CuO nanoparticles for water therapy and 

antibacterial applications. 
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