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Abstract

This review intends to give an overview of synthesis and characterization of copper oxide nanoparticles (CuO
NPs) for Optical andphotocatalytic applications. With remarkable structural, electrical, and magnetic
properties, making it a promising material for applications in catalysis, sensors, solar cells, batteries toxic-
waste treatment agent and energy storage. This study comprehensively reviews various synthesis techniques,
including solid-state reaction, sol-gel, hydrothermal, and combustion methods, emphasizing their influence on
phase purity, morphology, and crystallinity. The characterization techniques, such as X-ray diffraction (XRD),
scanning electron microscopy (SEM), transmission electron microscopy (TEM), Fourier transform infrared
spectroscopy (FTIR), Raman spectroscopy, and UV-Vis spectroscopy, are discussed to analyze the structural
and optical properties. Moreover, the study explores the optical properties of CuO through UV-vis diffuse
reflectance spectroscopy and photoluminescence (PL) measurements. UV-vis spectroscopy the optical
absorption characteristics, while PL results reveal the presence of distinct blue-green and yellow emissions. The
discussion delves into the relationship between PL emission and lattice defects, providing valuable insights into
the nanomaterial's electronic structure. This multidimensional analysis contributes to a comprehensive
understanding of CuO. Additionally, the effects of doping, annealing temperature, and synthesis parameters on
CuO properties are explored. The study concludes with a discussion on current challenges and future prospects
for optimizing CuO in advanced technological applications.
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1. Introduction: CuO stands out with its narrow energy band gap of 1.2 eV, making it highly efficient in
utilizing visible light .As the most thermodynamically stable CuO compound under ambient conditions, it finds
broad applications in catalysis, solar energy, magnetic storage, semiconductors, gas sensors, field-effect
transistors, and batteries . However, a significant drawback of CuO nanostructures is their high carrier

concentration and resistivity, which result in poor hole mobility, limiting their effectiveness.

Although each has limitations, CuO nanostructures can be synthesized through various techniques, including
thermal annealing, spray pyrolysis, and solvothermal methods . The sol-gel method integrates chemical and
physical processes and has proven more effective in overcoming many challenges . Recent research has focused
on producing CuO nanostructures with different sizes and shapes, with doping emerging as a key strategy to

enhance their properties. Doping enables fine-tuning material characteristics, potentially lowering costs and

imgroving Eerformance.
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2. Synthesis Methods of CuO:
2.1 Solid-State Reaction Method

The solid-state reaction method for synthesizing CuO involves directly mixing and heating solid copper
precursors (like copper oxide or copper carbonate) with a suitable oxygen source (like air or oxygen gas) at
high temperatures to form copper oxide (CuO) through a solid-state reaction, essentially allowing the reactants
to react and crystallize into the desired CuO structure without going through a liquid phase. The reaction

follows:

2Cu?02 2Cu0O
. 2.2 Sol-Gel Method

The sol-gel method for synthesizing copper oxide (CuQO) nanoparticles involves dissolving a copper precursor
(like copper nitrate or copper acetate) in a solvent (usually ethanol), then adding a base (like sodium hydroxide)
dropwise to initiate a chemical reaction, forming a gel-like solution which is then dried and annealed at high

temperatures to produce the final CuO nanoparticles [1]
2.3 Hydrothermal and Solvothermal Synthesis

Hydrothermal synthesis involves the reaction of lanthanum and iron precursors in a sealed autoclave under high
pressure and temperature (~150-250°C). This method promotes the formation of highly crystalline
nanoparticles with controlled morphology. By varying parameters such as pH, solvent, and reaction time, the
particle size and shape can be tuned effectively.

2.4 Combustion and Co-precipitation Methods

The combustion and co-precipitation methods are techniques used to synthesize copper oxide (CuO)
nanoparticles, but they differ significantly in their approach, where combustion involves a rapid, exothermic
reaction to produce the oxide, while co-precipitation involves the gradual precipitation of CuO from a solution
by adding a precipitating agent like sodium hydroxide; both methods allow for control over particle size and
morphology of the resulting CuO nanoparticles depending on the reaction parameters used. The combustion
method utilizes organic fuels like urea or glycine to rapidly synthesize LaFeO; nanoparticles via an exothermic

reaction. This process leads to highly porous structures, beneficial for catalytic applications.
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3. Structural and Morphological Characterization:
3.1 X-ray Diffraction (XRD) Analysis [5]

CuO exhibits a monoclinic crystal structure, with distinct diffraction peaks at specific 20 angles that can be
used to confirm the presence of the CuO phase, determine its crystallite size, and assess the degree of

crystallinity.
3.2 Scanning Electron Microscopy (SEM) and Transmission Electron Microscopy (TEM)

SEM provides insights into the surface morphology and grain size distribution, while TEM enables high-
resolution imaging of the crystalline structure. Selected area electron diffraction (SAED) patterns further
confirm phase purity.

3.3 Fourier Transform Infrared (FTIR) and Raman Spectroscopy [5]

FTIR identifies functional groups and bonding interactions, while Raman spectroscopy detects lattice vibrations
and phonon modes, crucial for understanding structural defects.

4. Electrical and Magnetic Properties:
4.1 Dielectric and Impedance Spectroscopy

Dielectric spectroscopy reveals the frequency-dependent permittivity and loss characteristics of CuO. The
material exhibits relaxor-like behavior, making it useful for capacitor applications. Impedance analysis provides
information about grain boundary effects and conduction mechanisms.[2]

4.2 Optical Properties

Copper oxide (CuO) nanoparticles exhibit optical properties characterized by a strong absorption in the visible
light range due to their relatively narrow band gap, typically between 1.2 and 2.1 eV.

5. Effect of Doping and Processing Conditions:

Doping and processing conditions significantly affect the structural, electrical, and optical properties of copper
oxide (CuO) by altering the crystal lattice, introducing defects, and modifying the particle size and morphology,
leading to changes in its conductivity, band gap, and overall functionality in applications like catalysis,

electronics, and solar cells.
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6. Applications of CuO:

Gas Sensors: CuO-based sensors exhibit high sensitivity toward NO,, CO, and ethanol due to their high surface
activity.

Catalysis: Used in photocatalytic degradation of organic pollutants and as an oxygen evolution catalyst in water
splitting.

Energy Storage: Serves as an electrode material in lithium-ion batteries and solid oxide fuel cells.
Superconductors: Copper oxide nanoparticles can be used as high temperature superconductors.
7. Conclusion and Future Prospects:

This study highlights the influence of synthesis techniques on the structural, electrical, optical and magnetic
properties of CuO. While significant progress has been made, challenges remain in achieving superior phase
purity, optimizing functional properties, and scaling up for industrial applications. Future research should focus
on doping strategies, thin-film fabrication, and integration into multifunctional devices.
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