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ABSTRACT 

Copper is one of the useful materials in our day to day life. It has diverse 

applications in electronics, medicaland jewellery. Copper oxide nanostructures are in 

different morphologies such as nano ribbons, nano wires,spindles, nanoplates.It is low 

cost, chemical stability, high theoretical capacity. CuO nanostructures are also considered 

as electrode materials for the next-generation rechargeable lithium-ion batteries (LIBs). It 

form electron hole pair to conduct electricity. It has unique properties such as 

photocatalytic that can be used in optoelectronics. It has applications in sensors, super 

capacitors, solar cells etc., many techniques were used to investigate the size and shapes 

such as: scanning electron microscope (SEM) and X-ray diffraction (XRD). The research is 

going on to purify the water. In this paper, a review of synthesizing methods of copper 

oxide nanoparticles, characterisation and applications were studied. 
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INTRODUCTION 

Nanotechnology has produces variety of 

nanomaterial includes nanoparticles, Nano 

objects and nanorobotics.Nanomaterial’s are of 

the size from 1nm to 100nm. Because of their 

extreme small size they exhibit larger surface 

area than the bulk material. They attract the 

scientists because of their unique 

propertiessuchasoptical,thermal,mechanical,phy

sical,chemical,magnetic and electrical.One-, 

two- and three-dimensional (1D, 2D, 3D) 

architectures have been achieved, leading to the 

possibility of applying a bottom-upapproach in 

nanoscience and 

nanotechnology[1].Nanotechnology has wide 

applications in drug delivery, chemical sensors, 

photonicdevices and lightweight filler. In the 

past few years research is going on to 

synthesize metal nanoparticles because of their 

special properties and applications.. Metal 

oxides are available in nature more of them are 

practical in use. Transition metal oxides 
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because of high performance, high energy 

density and high voltage they are the futuristic 

materials.Interesting phenomena such as 

remarkable increase in surface-to-volume ratio, 

significant change in surface energy, and 

quantum confinement effectsoccur when 

transition MOs are reduced to nanoscale 

dimension [2]. 

The optical, electrical, gas-sensing 

properties and catalytic performance of 

materials are strongly influenced by 

theirmorphology and crystallographic form. 

This article presents a comprehensive reviewof 

recent methods along with associated synthesis 

mechanisms,characterization, and 

promisingapplications of CuO 

nanostructures.Copper metal is differently from 

other expensive materials.it shows interesting 

properties and low cost, so it becomes an 

industrially important material.CuO 

nanostructures with different morphologies, 

such as nanorods/wires, nanoplates, spindles, 

nanotubes, nanobelts, nanoribbons,hollow 

spheres, and the hierarchically varied 

architectures (from 1D to 3D).They are widely 

applications in different fields, such as 

magnetic storagemedia, temperature 

superconductors and giant magneto resistance 

materials,high-electronics, solar energy 

transformations, catalysis and antimicrobial 

effects. Among various metal oxides,Cupric 

oxide (CuO) is a p-type semiconductor with a 

narrow band gap of 1.2 eV, monoclinic crystal 

system, a Mott insulator (3d transition metal 

monoxide) whose electronic structures cannot 

be simplydescribed by conventional band 

theory andnon-toxic.CuO has been considered a 

promising candidate due to itsabundance, low 

cost, chemical stability, high theoretical 

capacity (674 mA h g_1), and environmental 

friendliness. 

Synthesis of copper oxide nanomaterials: 

Microwave irradiation: 

The copper precursors, copper acetate 

hydrate and copper nitrate hydrate, Anhydrous 

absolute EtOH and sodium hydroxide pellets, l-

Ascorbic acid was used as a precursor to 

synthesize cu nanoparticles. The MW-assisted 

synthesis of Cu nanoparticles was performed 

using a S-class oven with a PC control.it is a 

two-step processthe amount of Cu (II) precursor 

and of NaOH wereadded to 20 ml of absolute 

EtOH in the 35 ml glass reactor and 

theresulting mixture was irradiated at 150 W at 

140 ◦C for 15 min. the suspension was cooled 

to room temperature,the precipitate was 

centrifuged and then it was again. Suspended 

with the proper amounts of ascorbic acid and 

NaOHdissolved in 20 ml of absolute EtOH 

employing another 35 ml glassreactor. This 

second step was carried out under the same 

MW conditionsadopted for the first step (150 

W at 140 ◦C for 15 min). The cu nanoparticles 

were washed several times with ethanol, dried 

under vacuum and stored under nitrogen 

atmosphere [3]. 

Combustion method: 

Cupric nitrate (Cu (NO3)2) and citric 

acid (C6H807) were taken as starting materials 
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for the preparation of CuOnanorods. The 

compositions of the solution (fuels and 

oxidizer) were calculated according to the 

principle of propellant chemistry, keeping the 

oxidizer (metal nitrate) to fuel (citric acid) ratio 

as unity.  Amount of cupric nitrate was 

dissolved in deionised water and then citric acid 

was added into it.The solution was kept in the 

furnace at 300 °C. Initially, the solution boils 

and undergoes dehydration followed by 

decomposition with the evolution of large 

amount of gasses. After the solution reached the 

point of spontaneous combustion, it began to 

burn and releasedmuch heat, vaporizing the 

entire solution instantly and became black 

powder. Citric acid is oxidized by nitrate and 

serves as fuel.CuO product and gasses of CO2, 

H2O and N2 can be formed directly from the 

reaction between fuel and oxidizer. Normal 

atmosphere was maintained in furnace without 

any inert gas. The temperatureoutside the 

furnace is 22–25 °C. The solution was kept in 

the furnace at 300 °C. With large amount of 

fumes produced the combustion reaction was 

completed in 20 min and loose powder was 

formed which was crushed and ground 

thoroughly. CTAB (0.092 g) and copper nitrate 

(0.315 g) were dissolved in 10 mL of 0.05 

Mglycine solution and was heated in a silica 

crucible of 25 mL capacity. After a few 

minutes, combustion with explosion occurred to 

yield nanocrystallineCuO [4]. The experiment 

was repeated but without the addition of CTAB 

to get nanoCuO[5]. 

 Modified Arc discharge method: 

Cu on a water-cooled copper crucible 

has been used as the anode.The cathode is a 

carbon needle. After the chamber is evacuated, 

1.6 _ 104 Pa ofpure argon and 0.4 _ 104 Pa of 

hydrogen and 40 ml liquid ethanol are 

introducedinto the chamber. The arc discharge 

current is maintained at 100 A for 0.5 h. 

Thepartial pressure of ethanol increases with 

the time. When the arc time reaches0.5 h, the 

pressure of the chamber can reach 1 

atmospheric pressure because ofthe 

decomposition of ethanol and the expand of the 

gas with increasing the temperature [6].Then 

the products are collected from depositions on 

the top of the water-cooledchamber, after 

passivated for 8 h in air. To prepare the carbon–

coated CuOnanocapsules and CuO 

nanoparticles, we anneal the products at 350 

and 600 _Cfor 0.5 h in a tubular furnace in still 

air, respectively 

Impregnated method: 

Acid Red 88 (C20H14N2O4S; AR88) 

(Dye content 75%; C.I. 15620), Zinc Oxide 

(ZnO) and Copper sulfate (CuSO4·5H2O), 

Potassium peroxomonosulphate, a triple salt 

with the composition of 

2KHSO5·KHSO4·K2SO4 (commercially known 

as “Oxone”) was used as a precursor to prepare 

the cu on zinc oxide photocatalysts. About 1 g 

of previously calcinedZnO (at 400 ◦C for 5 h) 

was mixed in an aqueous solution of 

CuSO4·5H2O (0.2454 g,8mol%). The mixture 

was stirred for 48 h to allow the penetration of 

copper ions on the ZnO crystal matrix. The 

supernatant water is evaporated by heating the 
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mixture at 100 
◦
C over a time of 24 h. The 

resultant product is calcinedat 550 ◦C for 5 h 

[7].Two photocatalysts (i.e., 2.5% and 5.0% 

CuO/nano TiO2) wereprepared. 

Thephotocatalysts were dried at 378K for 6 h 

and calcined at 673 K for 2 h. 

Sol–gel method: 

CuO Cupric chloride (CuCl2)was used 

for preparation of CuO films with isopropanol 

(IPA) as the solvent. First, 0.7MofCuCl2 was 

dissolved in IPA by magneticallystirringat60 

1C for2hto yield a homogeneous solution. 

Corning glass substrates were cleaned in 

acetone, IPA 

andD.I.waterfor10minateachstepandblown 

dried byN2 gun. The solution was drop casted 

on to the pre-cleaned glass substrate and rotated 

at3000rpmfor30s.Afterthe deposition by 

spincoating, the film waspre-heatedat 250
0
C for 

30 min on a hot plate to ensure complete 

evaporation of the solvent 

[8].Subsequently,thedeposited films werepost-

annealedin air at400–550 1C for1h . 

Solvothermal reaction: 

In a typical synthesis, 1 

mmolCu(NO3)2.3H2O (0.243 g) was dissolved 

in 40 mL ethylene glycol (EG) and a green 

solution was formed. Then 2 mmol thiourea 

(Tu, SC(NH2)2, 0.152 g) was added into the 

above-mentioned solution under vigorous 

stirring for 30 min. Afterwards, the solution 

was transferred into a 60 mL Teflon-lined 

stainless steel autoclave, sealed, and maintained 

at 150 °C for 24 h on an oven. The rate of 

temperature increasing is 3 °C/min. Then the 

autoclave was cooled naturally for about 6 h to 

room temperature. Finally, the products were 

centrifuged and washed with distilled water and 

ethanol three times, respectively, and dried 

under vacuum at 60 °C for 4 h. 

Characterization: 

X-Ray Diffraction: 

Crystallinity and phases of the products 

were characterized by an X-ray diffractometer. 

It is used to evaluate the particle size. The 

crystalline size was calculated using the 

Scherrer formula, D = 0.9 λ/ β cosθ, where λ is 

the wavelength of X-ray radiation, β is the full 

width at half maximum (FWHM) of the peaks 

at the diffracting angle θ. The peak positions of 

the commercially available sample exhibited 

the monoclinic structure. By applying Debye–

Scherrer equation to the obtained XRD pattern 

of the CuO-NPs, the average nanoparticles size 

was found by the researchers to be 20 nm The 

high intensity peaks in the XRD pattern clearly 

reflect the crystallinity of CuO. it shows sharp 

peak at metal oxide coated with nano particles. 

Scanning Electron Microscopy: 

Scanning Electron Microscopy is used 

to study the surface morphology and core shell 

structure of the nanoparticles. It exhibits clear 

image under low magnification when copper 

oxide nanowires is formed on copper foils. 

SEM in fact consist of even narrower 

nanowires (10–20 nm in diameter), which 

aggregate into bundles. Size and the element 
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present in the material can be identified using 

this. 

Applications: 

Bactericidal activities: 

CuO thin film demonstrated 

antimicrobial activities against Gram-positive 

(S. aureus) and Gram-negative (E. coli) bacteria 

strains. Bactericidal activities of CuO 

nanomaterials and the electrical properties 

shows that decrease of specific conductance 

enhances the antibacterial activity. The 

decrease of conductance is a consequence of 

removal of defects during crystal formation and 

less is the defects in nanocrystals more is the 

bactericidal activity [9]. 

 

 

 

Photocatalyst: 

The surface generated the electron-hole 

pairs by photoabsorption. The Cu nanoparticles 

on the surface can absorb the 

photoexitedelectrons to spatially separate the 

pairs, leading to more efficiency of the photoin 

activation process [10]. 

CONCLUSION 

Copper (II)-oxide nanoparticles can be 

synthesized through different ways, the sizes 

and shapes of desired nanostructures materials 

can be controlled by limited number of 

synthetic factors such as: method, solvents, 

surfactants, starting precursors and temperature. 

Many shapes of copper oxide nanoparticles can 

be formed by varing temperatures and 

precursors. 
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