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Abstract 

In this work Oxidation method was used to prepare nanostructure of cupric oxide 

(CuO) film. The aim of this work is to calculate the results obtained via 

experiments conducted on samples of CuO, UV-Visible spectrophotometer was 

used at normal incident of light in the wavelength range of 200–1100nm 

. The UV–vis spectrum of the material shows significant amount of blue-shift in 

the band gap energy(Eg) and is found to be 2.458 eV due to the quantum 

confinement effect exerted by the nanocrystals. 
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1.Introduction: 
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Research interest in nanomaterials has increased exponentially thanks to their 

unique chemical and physical features, different of those of their bulk materials, 

including but not limited to diffusivity, electrical resistivity, electrical conductivity, 

strength and hardness, chemical reactivity and diverse and versatile biological 

activity [1,2][3]. Nanocrystalline semiconductor particles have drawn considerable 

interest in recent years due to their interactive properties such as large surface-to-

volume ratio and distinctive electronic and optical properties as compared to bulk 

materials [4]. Nanomaterials are different from bulk materials and isolated 

molecules because of their unique optical, electronic and chemical properties [5, 

6]. They manifest extremely fascinating and useful properties, which can be 

exploited for a variety of structural and non-structural applications [7]. Metal oxide 

nanoparticles belong to a family of nanomaterials that have been manufactured on 

a large scale for both industrial and household applications, and they hold promise 

for future applications [8, 9]. Copper Oxide is an extensively studied group II-VI 

semiconductor with optical properties that permits stable emission at room 

temperature having immense application in sensors, field emission and photonic 

devices [10].Nanoparticles of CuO can be used as gas sensors, optical switch, and 

magnetic storage media owing to its photoconductive and photochemical 

properties [11]. Furthermore it is a promising semiconductor for solar cell 

fabrication due to its suitable optical properties[12,13]. 

Copper oxide, a semiconductor transition metal oxide with a band gap of 1.2 eV, 

has attracted greater attention since it is used for photoconductive and 

photothermal applications [14]. An improved understanding of nanoparticles and 

biological cell interactions leads to the development of new sensing, diagnostic, 
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and treatment capabilities, such as improved targeted drug delivery [15], gene 

therapy, magnetic resonance imaging (MRI) contrast agents [16], and biological 

warfare agent detection [17]. Nano-sized copper oxide possesses good potential for 

photo-catalytic [18,19], and sensing applications [2,21]. Also, their usage in bio-

related fields including fouling control and nano-toxicology [22,23] are being 

explored. Nanoparticles may or may not exhibit size-related properties that differ 

significantly from those observed in fine particles or bulk materials [24, 25].  

In the past few years, the different morphologies of copper oxide nanoparticles like 

nanorods [26], nanoleaves [27], nanowires [28, 29], nanoribbons [30], nanobelts 

[31], dumbbell-like [32], urchinlike [33], flower-like [34] and plate-like [35] 

nanoarchitectures are developed for numerous practical applications. In this 

direction, vapour and liquid phase techniques are the two broad methods for 

preparing size and shape selective nanoparticles. Liquid phase techniques [36 -

37,38,39] were most widely used due to ease in operation and being a promising 

one to obtain different size and shape. However, each technique has its own merits 

and demerits in terms of purity of particles, equipment cost and synthesis time 

[40,41,42]. 
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Result and Discussion  

Determination of the optical properties of CuO  

The optical absorption (A), transmittance (T) and reflectance(R) spectra in the 

(420–580) nm wavelength range for CuO thin film are depicted in Fig. (1) the 

maximum absorption observed at wavelength (465-502 nm) region then it 

decreases to CuO at wavelength >484 nm. The absorption edge of the film occurs 

at wavelength (484 nm) corresponding to photon energy (2.56 eV).  

The optical transmittance and reflectance of the films as a function wavelength are 

shown in Fig.(2) and fig (3) , the transmittance spectra increase in the wavelength e 

(483.7 nm) and the curves reach’s saturation above 523 nm and the average 

transmittance of the films is 99.79 % . Fig (3) show the reflectance spectra and it 

has a maximum value at region (441-527.5 nm) and it decreases in the wavelength 

region (452-518 nm). 

Determination of optical constant:  

The energy band gap of these materials is determined using the absorption spectra. 

According to the Taucc relation, the absorption coefficient α for direct band gap 

material is given by Sharma [43]  

𝛼ℎ𝜈 = 𝐵(ℎ𝜈 − 𝐸𝑔)𝑛                                                                 (1) 

Where the (Eg) energy gap, (B) constant is different for different transitions, (hυ) is 

energy of photon and (n) is an index which assumes the values 1/2, 3/2, 2 and 3 

depending on the nature of the electronic transition responsible for the reflection. 

The absorption coefficient, is given by  
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𝛼 =  
2.303∗𝐴

𝑑
                                               (2) 

Where (d) is the thickness of the sample and (A) is the absorbance. Fig. (4) shows 

the plot of (α) with wavelength (λ ), which obtained that the value of α >4.48 cm-1 

for all films in the visible region , this means that the transition must corresponding 

to a direct electronic transition [44] , and the properties of this state are important 

since they are responsible for electrical conduction. Also, fig (4) shows that the 

value of (α) decrease in absorbance coefficient when decrease thickness of the thin 

films. To understand the nature of energy band gap transition in this material, a 

graph of hυ vs (αhυ) 2 is drawn for the case of sample as shown in Fig (5). The plot 

in the figure is a straight line, the slope of which gives n = 2. This confirms that the 

transition is a forbidden direct transition in these materials. When graph is plotted 

between hυ and (αhυ) 2 , a straight line is obtained. The extrapolating of the straight 

part of the curve to meet the(x) axis, the intersection point gives the energy gap of 

the sample as it is shown in the Fig (5) the value of (Eg) obtained was (2.458) eV , 

which is approach the value of (2.469) eV . 

The refraction index of the CuO thin film is given by the following relation [45]  

𝑛 = [(
1+𝑅

1−𝑅
)

2
− (1 − 𝑘2)]

1

2 +
1+𝑅

1−𝑅
                                            (3) 

Where (k) is the extinction coefficient k = 
𝛼𝜆

4𝜋
 which is shown in the Fig.(6) and it is 

noticed that the refractive index has a maximum value of 1.00652786 at 

wavelength 548.8 nm as shown in the Fig. (7), which is due to interactions takes 

place between photons and electrons. The refractive index changes with the 

variation of the wavelength of the incident light beam due to these interactions, i.e. 
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the optical loss caused by absorption and scattering, which decreases the 

amplitudes of the transmission intensity oscillations at shorter wavelengths.  

Conclusion 

Copper Oxide is an extensively studied group II-VI semiconductor with optical 

properties, in this paper Oxidation method was used to prepare nanostructure of 

cupric oxide (CuO) film. Thin film of Copper metal were deposited on substrate 

(quartz) in a thermal vacuum evaporator. The thickness of the film was measured 

to about 20 μm. The thermal oxidation of this evaporated film was done in a 

horizontally heated quartz furnace at temperature (400°C) , through this studies. 

Optical properties of CuO nanoparticles were analyzed clarified through UV 

absorption. The direct band gap of CuO nanoparticles was found to be ) the value 

of (Eg) obtained was (2.458) eV , which is approach the value of (2.469) eV .and 

this value was large. Moreover, the absorption coefficient, optical conductivity, 

refractive index along with extinction coefficient and  energy gap  were calculated 

through UV absorption, The CuO nanoparticles could be used as an extensive 

semiconductor, optical devices, solar cell applications, and so on. 
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