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Introduction

The formal study of nanoscience, which began in the mid-
20th century, has unlocked immense potential for technological 
advancement. The ability to manipulate matter at the atomic and 
molecular level has paved the way for innovations in numerous 
fields. A significant challenge in the modern world is the 
widespread pollution from industrial and agricultural activities, 
particularly from persistent organic dyes. Nanoparticle-based 
photocatalysts offer a promising solution for environmental 
remediation due to their efficiency and cost-effectiveness. While 
materials like ZnO and TiO are common, their application is 
limited by their absorption in the UV spectrum. Consequently, 
there is a growing interest in materials like Copper Oxide (CuO) 
nanoparticles, which have a narrow bandgap and are abundant, 
stable, and eco-friendly. This work explores the synthesis and 
properties of CuO nanoparticles and their modifications to 
enhance their functionality for nanomedicine and nanotechnology 
applications [1-4].

Synthesis and Modification of CuO Nanoparticles

The synthesis of nanoparticles can be broadly categorized 
into “top-down” and “bottom-up” approaches. Top-down methods 
involve the breakdown of bulk materials, but they are often energy- 

 
intensive. The bottom-up approach, which builds nanoparticles 
from atomic or molecular precursors, is generally more controlled 
and efficient. Synthesis methods include physical, chemical, and 
biological routes. Physical and Chemical Methods: These include 
techniques like laser ablation, sol-gel synthesis, and microwave-
assisted methods. While effective, they often involve sophisticated 
equipment and potentially toxic chemicals, which can limit their 
scalability and application in biomedical fields.

Green Synthesis: Biological methods, particularly those using 
plant extracts, are gaining attention as an eco-friendly alternative. 
Plant extracts are rich in phytochemicals that can act as reducing, 
stabilizing, and capping agents in the synthesis of nanoparticles. 
This green approach is cost-effective, non-toxic, and allows for 
the large-scale production of stable nanoparticles with controlled 
size and shape. The process typically involves mixing a metal 
salt precursor with a plant extract, leading to the reduction of 
metal ions and the formation of nanoparticles, which can then be 
calcined to improve crystallinity [2-5].

To enhance their properties for specific applications, CuO 
nanoparticles can be modified. Techniques like doping and 
codoping involve introducing foreign atoms into the nanoparticle 
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lattice. This can alter the band structure, reduce the bandgap, and 
improve photocatalytic activity by creating new energy levels and 
enhancing charge separation. For example, codoping CuO with 
both metal and nonmetal ions has been shown to significantly 
improve its photocatalytic efficiency in the visible light range [2-
6].

Extraordinary Properties and Characterization

CuO is a p-type semiconductor with a monoclinic crystal 
structure and an energy bandgap of 1.2-1.9 eV, which makes it 
suitable for solar energy applications. Its unique physiochemical 
properties include high thermal stability, excellent catalytic 
activity, and high electrical conductivity. These properties make 
CuO nanoparticles highly versatile for applications in biosensors, 
supercapacitors, and drug delivery. The characterization of these 
nanoparticles is crucial for understanding their properties and 
performance. Key techniques include:

•	 UV-Visible (UV-Vis) Spectroscopy: This technique is used 
to confirm the formation of nanoparticles through the observation 
of the Surface Plasmon Resonance (SPR) peak and to determine 
their size and optical properties. Doping and codoping can cause 
a spectral shift, indicating changes in the bandgap and electronic 
structure.

•	 Fourier-Transform Infrared (FT-IR) Spectroscopy: FT-IR 
provides information about the chemical composition, functional 
groups, and surface properties of the nanoparticles, helping to 
identify the bonds and biomolecules involved in their synthesis 
and stabilization.

•	 X-ray Diffraction (XRD): XRD is used to analyze the crystal 
structure, phase purity, and crystallite size of the nanoparticles. 
Changes in the diffraction pattern upon doping can indicate the 
incorporation of dopant ions into the CuO lattice.

•	 Scanning Electron Microscopy (SEM) and Energy-
Dispersive X-ray Spectroscopy (EDX): SEM reveals the morphology, 
size, and distribution of the nanoparticles, while EDX confirms 
their elemental composition and the presence of dopants.

1.	 Applications in Nanomedicine and Nanotechnology

The unique properties of nanoparticles have opened up new 
frontiers in nanomedicine and nanotechnology. (1) Nanomedicine: 
CuO nanoparticles have shown potential in biomedical 
applications, including as antimicrobial and antibacterial agents, 
for drug delivery, and in cancer treatment due to their ability 
to induce apoptosis in cancer cells [4,5]. The green synthesis 
approach is particularly advantageous for these applications as 
it yields biocompatible nanoparticles free from toxic residues. 
(2) Nanotechnology and Environmental Remediation: In 

nanotechnology, CuO nanoparticles are used in various devices 
such as sensors and catalysts. A significant application is in the 
photocatalytic degradation of organic pollutants. The enhanced 
photocatalytic activity of doped and codoped CuO nanoparticles 
under sunlight makes them highly effective for treating industrial 
wastewater containing harmful dyes [2-4][7]. The mechanism 
involves the generation of highly reactive species, such as 
hydroxyl radicals, upon light irradiation, which then break down 
the pollutants into harmless substances.

Conclusion

Nanoparticles, particularly those synthesized through green 
methods, exhibit extraordinary properties that make them 
highly valuable for nanomedicine and nanotechnology. CuO 
nanoparticles, with their favorable electronic and structural 
characteristics, can be effectively tailored through modification 
techniques like doping to enhance their performance in targeted 
applications like nanomedicine and environmental remediation. 
The ability of these nanomaterials to efficiently degrade organic 
pollutants under natural sunlight highlights their potential to 
address pressing environmental challenges. Further research 
into the green synthesis and application of these versatile 
nanoparticles will undoubtedly lead to more sustainable and 
innovative technological solutions. 
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