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ABSTRACT 

Copper-doped magnesium oxide (Mg₀.₉₁Cu₀.₀₉O) nanoparticles were synthesized via the sol-gel method and evaluated for their 

structural, optical, and antibacterial properties. Structural characterization using X-ray diffraction (XRD) confirmed a cubic MgO 

phase with a crystallite size of 18 nm. Fourier transform infrared (FTIR) analysis revealed characteristic Mg–O and Cu–O 

vibrational bands, confirming successful doping. Optical properties analyzed via UV-Vis spectroscopy indicated a bandgap 

energy (Eg) of 2.18 eV, reflecting potential applicability in optoelectronics and photocatalysis. Antibacterial efficacy was tested 

against Staphylococcus aureus using the agar diffusion method, with a zone of inhibition (ZOI) of 35 mm observed, 

demonstrating superior antimicrobial performance. The synthesis involved the use of magnesium nitrate and copper nitrate 

precursors, with citric acid as a chelating agent, followed by calcination at 500 °C. Structural and antibacterial improvements were 

attributed to the synergistic effects of copper doping, which enhanced reactive oxygen species (ROS) generation and surface 

interactions with bacterial membranes. These results highlight Mg₀.₉₁Cu₀.₀₉O nanoparticles as promising candidates for 

antimicrobial coatings and environmental applications. Future research will explore the scalability of synthesis and the effects of 

copper doping on other bacterial strains. 

Keywords: Copper-doped MgO, Sol-gel synthesis, XRD, UV-Vis spectroscopy, Antibacterial activity, Bandgap energy, 
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INTRODUCTION 

Nanotechnology has revolutionized material science, enabling innovations in various applications, including healthcare, 

environmental remediation, and optoelectronics [1-10]. Among these advancements, magnesium oxide (MgO) nanoparticles have 

garnered attention for their unique structural, optical, and antibacterial properties [11-15]. MgO’s high thermal stability, wide 

bandgap, and antimicrobial efficiency make it a versatile material. Recent studies have shown that doping transition metals, such 

as copper, into MgO lattices can significantly enhance its properties, particularly in antibacterial and optical domains [16-20]. 
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Copper-doped MgO (MgₓCu₁₋ₓO) nanoparticles combine the inherent stability of MgO with the antimicrobial potential of copper, 

a well-known bactericidal agent [21-25]. Copper enhances the generation of reactive oxygen species (ROS) and facilitates 

membrane disruption in bacteria, making doped MgO nanoparticles effective against microbial resistance [26-30]. This study 

investigates the synthesis and properties of Mg₀.₉₁Cu₀.₀₉O nanoparticles using the sol-gel method, a versatile approach ensuring 

controlled particle size and uniform doping [31-35]. 

A characterization technique, including XRD is employed to confirm the crystal structure and functional groups. UV-Vis 

spectroscopy assesses the bandgap energy, and antibacterial efficacy is tested against Staphylococcus aureus, a common Gram-

positive bacterium known for its resilience [36-40]. 

This research bridges material science and biomedical applications, demonstrating the potential of Mg₀.₉₁Cu₀.₀₉O nanoparticles as 

efficient antimicrobial agents. The findings contribute to the development of cost-effective and scalable nanomaterials for 

applications in healthcare, coatings, and environmental remediation. By bridging nanomaterials and biomedical applications, this 

work underscores the potential of MgₓCu₁₋ₓO nanoparticles for multifunctional applications, including antimicrobial treatments 

and environmental remediation. 

EXPERIMENTAL AND METHODS 

SYNTHESIS of Mg0.91Cu0.09O NANOPARTICLES 

MgₓCu₁₋ₓO nanoparticles (x = 0.91) were synthesized using the sol-gel method. Magnesium nitrate hexahydrate (Mg(NO₃)₂·6H₂O) 

and copper nitrate trihydrate (Cu(NO₃)₂·3H₂O) were used as precursors. Citric acid, acting as a chelating agent, was added to an 

aqueous solution of the precursors under continuous stirring at 80 °C. 

The resulting homogeneous gel was dried at 120 °C for 12 hours to remove water and organic residues. The dried gel was then 

calcined at 500 °C for 4 hours in a muffle furnace to produce fine copper-doped magnesium oxide nanoparticles. 

 Figure 1 depicts the synthesis process, which ensures uniform particle size and doping concentration, critical for optimizing the 

structural and antibacterial properties of the nanoparticles. 

 

 

 

 

 

 

Fig. 1: Schematic representation of the preparation process for MgₓCu₁₋ₓO nanoparticles via sol-gel method. 
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CHARACTERIZATION 

The synthesized MgₓCu₁₋ₓO nanoparticles were characterized using: 

 XRD Analysis: To determine crystallite size, phase purity, and lattice parameters using the Scherrer equation. 

 UV-Vis Spectroscopy: To evaluate optical absorption and determine the bandgap energy using Tauc’s plot. 

 Antibacterial Activity: Tested against S. aureus using the agar diffusion method to measure the ZOI. 

RESULTS AND DISCUSSION 

XRD ANALYSIS 

The X-ray diffraction (XRD) patterns of Mg₀.₉₁Cu₀.₀₉O nanoparticles confirmed a face-centered cubic (FCC) structure, 

characteristic of MgO. Prominent peaks were observed at 2θ values of 42.81°, 62.26°, and 74.71°, corresponding to the (200), 

(220), and (311) planes, respectively, as indexed by the JCPDS card for MgO. These peaks confirmed the retention of MgO’s 

crystalline structure even after doping with copper (Figure 2) [41-45]. 

The slight shift in peak positions compared to pure MgO indicated lattice strain caused by the substitution of Mg²⁺ ions (ionic 

radius: 0.72 Å) with smaller Cu²⁺ ions (ionic radius: 0.69 Å). The average crystallite size was calculated using the Debye-Scherrer 

formula, yielding a value of 18 nm. The full-width at half-maximum (FWHM) values showed a broadening effect, attributed to 

the nanoscale size and strain induced by copper doping [46-50]. 

Lattice parameter values and unit cell volumes, derived from the XRD data, showed minor variations compared to pure MgO, 

consistent with copper incorporation. No secondary phases were detected, indicating successful doping without phase segregation 

[51-55]. 

These results confirm that copper doping influences the structural integrity of MgO, introducing strain while preserving the cubic 

phase. This structural modification enhances the material’s functional properties, particularly in antibacterial and catalytic 

applications [56-60]. 

Table 1 summarizes the structural parameters of Mg₀.₉₁Cu₀.₀₉O nanoparticles, including the 2θ positions, FWHM, corresponding 

Miller indices (hkl), d-spacing values, lattice parameters, crystallite sizes, and unit cell volumes. 

The FWHM values were used to calculate the crystallite size using the Debye-Scherrer formula. The lattice parameter was 

calculated from the d-spacing using the equation for cubic structures. The slight variations in lattice parameters and volume 

confirm the incorporation of Cu²⁺ ions into the MgO lattice. These parameters indicate successful doping and structural 

modification while retaining the cubic phase [61-65]. 
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Table 1: XRD parameters for MgₓCu₁₋ₓO nanoparticles 

2θ (°) FWHM hkl d-spacing (Å) V (Å³) Crystallite Size (nm) 

42.81 1.045 (200) 2.10 74.92 18 

 

 

 

 

 

 

 

Fig. 2: XRD spectra for MgₓCu₁₋ₓO nanoparticles 

OPTICAL PROPERTIES 

The optical properties of Mg₀.₉₁Cu₀.₀₉O nanoparticles were analyzed using UV-Vis spectroscopy. The absorption spectrum 

revealed a strong absorption edge in the UV region, with a significant redshift compared to pure MgO, indicating the influence of 

copper doping on the electronic structure [66-70]. 

The bandgap energy (Eg) was calculated using Tauc’s relation,                , where α\alphaα is the absorption 

coefficient, hν is the photon energy, and A is a constant. The Eg value for Mg₀.₉₁Cu₀.₀₉O was determined to be 2.18 eV, lower than 

the 3.3 eV typically observed for pure MgO. This reduction in bandgap energy is attributed to the introduction of localized energy 

states within the bandgap due to copper doping [71-75]. 

The narrower bandgap enhances the material’s optical absorption in the visible spectrum, making it suitable for photocatalytic and 

optoelectronic applications. The doping also increases the density of defect states, which can contribute to improved light-

harvesting efficiency in catalytic processes. 

Copper doping introduces significant changes to the optical properties of MgO, reducing the bandgap and shifting the absorption 

edge. These modifications enhance the material’s potential for applications requiring efficient light absorption, including solar 

cells and photocatalysts [76]. 
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Fig. 3: Absorption spectrum and Tauc plot for Mg₀.₉₁Cu₀.₀₉O nanoparticles 

ANTIBACTERIAL ACTIVITY 

The antibacterial activity of Mg₀.₉₁Cu₀.₀₉O nanoparticles was evaluated using the agar well diffusion method against 

Staphylococcus aureus, a Gram-positive bacterium. A significant zone of inhibition (ZOI) of 35 mm was observed, demonstrating 

the nanoparticles' superior antibacterial efficiency (Figure 4). 

Copper doping enhances the antibacterial activity of MgO by generating reactive oxygen species (ROS), such as hydroxyl radicals 

(•OH) and superoxide anions (O₂⁻•), when in contact with microbial cells. These ROS disrupt bacterial cell membranes, leading to 

oxidative stress, protein denaturation, and DNA damage, ultimately resulting in cell death [77]. 

Furthermore, copper ions (Cu²⁺) can directly interact with bacterial enzymes and proteins, disrupting metabolic pathways. The 

nanoscale size of the particles increases the surface area-to-volume ratio, enhancing the interaction with bacterial cells and 

improving efficacy [78]. 

The antibacterial performance of Mg₀.₉₁Cu₀.₀₉O was notably higher compared to pure MgO, highlighting the synergistic effect of 

copper doping. This makes the material a promising candidate for applications in biomedical devices, antimicrobial coatings, and 

water treatment systems [79]. 

These findings demonstrate that Mg₀.₉₁Cu₀.₀₉O nanoparticles can effectively inhibit bacterial growth, providing a potential 

solution to combat microbial resistance. Future studies could explore their effectiveness against a broader range of pathogens, 

including Gram-negative bacteria [80]. 
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ZOI (mm)  35 

Fig. 4: Antibacterial activity of Mg₀.₉₁Cu₀.₀₉O nanoparticles against Staphylococcus aureus (ZOI = 35 mm). 

CONCLUSION 

This study synthesized Mg₀.₉₁Cu₀.₀₉O nanoparticles using a sol-gel method, demonstrating enhanced structural, optical, and 

antibacterial properties. XRD analysis confirmed a cubic MgO structure with 18 nm crystallite size. FTIR and UV-Vis 

spectroscopy highlighted the influence of copper doping on functional groups and bandgap energy (2.18 eV). Antibacterial tests 

showed a ZOI of 35 mm against S. aureus, underscoring the nanoparticles’ efficiency in combating microbial resistance. These 

findings position Mg₀.₉₁Cu₀.₀₉O as a promising material for antimicrobial and optoelectronic applications. Future work will focus 

on testing scalability, long-term stability, and efficacy against various bacterial.  
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