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In this work, copper oxide thin films were deposited by pneumatic spray pyrolysis method 
on a microscopy glass substrate, heated at 400°C for different deposition times (5min, 
10min, 15min, 20min,25min, and 30min) using a 0.1M of precursor concentration. These 
films are characterized by X-ray diffraction (XRD), Fourier-transform infrared (FT-IR), 
spectroscopic ellipsometry, UV-visible spectroscopy, four points method, and water 
contact angle. According to the XRD, all peaks confirm the formation of the phase tenorite 
of the monoclinic structure. The deposited were polycrystalline copper oxide CuO with 
directions along (111) plane, the crystallites size between 14 and 23 nm. FTIR 
spectroscopy confirms the presence of the CuO phase and agrees that it will result in XRD. 
From the transmission spectra, the average transmission between 400 and 800nm is 65% 
to 50%, and the gap energy is 2.65 eV to 1.09 eV. The water contact angle values in all 
samples are greater than 90° and range from 96.4° to 103.2°, as we can see from these 
results that all the samples are hydrophobic films. 
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1. Introduction  
 
Scientific research and industrial development have paved the way for nanoscience and 

nanotechnology. The Nano technique It was a subject of extensive research for many years to this 
day. Nanotechnology is focusedonself-cleaning Several studies have been conducted in recent 
years on nanomaterials.Copper oxide is one of the attractive metal oxides for this technology, 
which is one of the most valuable materials due to its wide range of applications, such as gas 
sensors [1,2], antibacterial activity [3], solar cells [4] and photo catalysis [5]. 

Cuprous oxide (Cu2O) and cupric oxide (CuO) are the two stable forms of copper oxide 
(CuO). These two oxides differencetheir colors, crystal formations, and physical characteristics. 
[6,7].  CuO is a monoclinic structure of the phase tenorite [8]. It is an extensively studied group II-
VI [9]. With the lattice parameters a = 4.684 Å, b = 3.425 Å, c = 5.129 Å, and β= 99.28 Å.Is a p-
type transition metal oxide semiconductor with a direct bandgap between 1.2 and 1.9 eV [10, 11]. 
Copper oxide has gotten much attention because of its non-toxicity, low cost [1], economy, good 
environmental adaptation [12], and high solar absorbance. It may thus be an excellent absorption 
material in solar cells [7, 13]. Copper oxide films have been prepared using various deposition 
techniques, such as pyrolysis spray [14], sol-gel [15], DC reactive sputtering [2], and thermal 
evaporation [16].   
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To find out the quality of the surface and the extent of the application of nanotechnology 
in self-cleaning, we used a water contact angle. She represents the angle formed between a liquid 
and a solid surface and measured only produced using pure liquids and very clean solid surfaces. If 
the liquid molecules are strongly attracted to the solid molecules, the drop will spread out fully 
over the solid surface, yielding a contact angle of 0°. Although an oxide layer or impurities on the 
solid surface can considerably increase the contact angle, this is typically the case for water on 
bare metallic or ceramic surfaces. The most prominent application of nanotechnology in household 
appliances is self-cleaning or easy-to-clean surfaces like the manufacture of water and stain-
repellent clothing  [17].    

This work aims to develop single-phase structures of copper oxide in thin films of 
different spray times on a glass substrate. Then characterization of their structural, optical, and 
electrical properties. And in the end, we carry out an application in nanotechnology on the 
synthesized films as self-cleaning films and check the surfaces by the contact angle; as we can see 
from these results that all the samples are hydrophobic films which where opens up horizons for 
the field of nanotechnology thanks to their functional properties. 

 
 
2. Experimental study 
 
2.1. Preparation of thin layers 
The copper oxide thin films are prepared by pneumatic spray pyrolysis method, with a 

flow rate of 20 ml/h for different spray times of 5 min, 10 min, 15 min, 20 min, 25 min, and 30 
min, using copper nitrate precursor Cu(NO3)2 of molarity 0.1M, deposited on a glass substrate 
heated to 400°C.  

 
3. Results and discussion 
 
3.1. Thickness measurement 
Figure. 1 shows the thickness of copper oxide (CuO) at different spraying times (t= 5, 10, 

15, 20, 25, 30 min) by pneumatic spray pyrolysis method. It was observed that the thickness of 
these films changes between 102-650 nm. The thickness of our samples increases with the increase 
in spraying time.      

 

 
 

Fig. 1. Thickness of copper oxide as a function of spraying time. 
 
 
3.2. X-Ray diffraction 
DRX has identified the structural characteristics of copper oxide thin films for different 

spray times from 5 min to 30 min. As represented in (figure.2), we note the presence of several 
diffraction peaks at 2θ = 32.35°, 35.44°, 38.62°, 53.43°, 66.16° and 68.30° corresponding to the 
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following crystal planes (002),(110),(111),(020),(-311)and (220) respectively this is in good 
agreement with the JCPDS code 00-041-0254 which confirm the formation of the tenorite phase of 
the monoclinic structure. This reveals that the thin films are polycrystalline. In all the samples, a 
more intense peak corresponds to the (111) plane. It is generally reported that the CuO thin films 
represent a preferential orientation along the (111) plane; this result agrees with the bibliography 
[18,19]. When the spray time of copper nitrate was increased, it was found that the intensity of the 
two main peaks increased. The growth and crystallinity of the crystallites of these layers were 
improved. The increase in the intensity of the peaks confirms this. 

 
 

 
 

Fig. 2. XRD spectra of undoped CuO thin films deposited at 400 °C. 
 
 
3.3. Texture coefficient 
When determining the texture coefficient (Tc) and finding the preferred orientation of 

these films, equation (II.11) is used. Figure. 3 represents the variation of texture coefficient for the 
two planes (110) and (111) for the films of copper oxide at different spraying times. We notice that 
the texture coefficient in all the films (>1) in two planes (110) and (111) confirms the existence of 
a preferential orientation along the plane (110) and (111). 

 
 

 
 

Fig. 3. Texture coefficient as a function of spraying time at (110) and (111). 
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3.4. Crystallite size and microstrain 
The crystallite sizes of these layers are illustrated in Table 1, were calculated by Scherrer's 

equation [20]: 
 

D =   0.9 ∙ λ
β∙cosθ

                                                                                      (1) 

 
where D is the size of the crystallites, λ is the wavelength of the incident ray,β is the width at half 
maximum (FWHM), and θ is the Bragg diffraction angle. 

The microstrain ɛ was calculated by the following formula [21]: 
 

ɛ =
𝛽𝛽 ∙ 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 

4
                                                                                (2) 

 
The crystallites are nanometric sizes between 14 and 23 nm (Table 1). we note that the 

best sizes at 20 min in the time of spray. Figure.4 represents the curve of variation of the 
deformation andcrystallite size as a function of spray time; we note an inverse relationship 
between them. When the crystals are increased, the defects in the lattice decrease, which leads to a 
decrease in the microstrain in the crystal lattice of copper oxide.  

 
 

Table 1. Lattice parameters of the samples. 
 

Phases Plane 
(hkl) 

2θ (°) FHWM β(°) D 
(nm) 

𝛆𝛆 
(10- 4) 

𝛅𝛅10^15 (Lines/ 
m2) 

a (Å) b (Å) C (Å) 𝛃𝛃(°) v
 ( Å𝟑𝟑) 

5min (111) 38.62 0.543 14 22.36 5,10 4.68 3.41 5.14 99.20 80.79 

10min (111) 38.85 0.503 15 20.7 4,44 4.68 3.42 5.13 99.25 81.29 

15min (111) 38.62 0.452 17 18.61 3,46 4.68 3.41 5.14 99.12 81.30 

20min (111) 38.76 0.342 23 14.08 1,89 4.66 3.43 5.14 99.71 81.14 

25min (111) 38.63 0.483 16 19.89 3,90 4.63 3.42 5.14 99.19 80.38 

30min (111) 38.61 0.373 21 15.36 2,26 4.64 3.43 5.14 98.99 80.85 

               
 

 
 

Fig. 4. Crystallite size and microstrain of the films as a function of spray time. 
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3.5. Vibration spectroscopy investigations using FT-IR 
The ATR-FTIR spectroscopy technique was used to characterize the generated thin films 

to understand better the chemical compositions of the samples and the interactions that determine 
their properties. For different spray times, infrared (IR) spectra of CuO thin films were recorded in 
the range 400-2500 cm-1, as shown in (figure 5). Several absorption bands were clearly identified.  

The peaks at 413 cm-1, 424 cm-1,462 cm-1,478 cm-1,529 cm-1,575cm-1,478 cm-1,529 cm-

1,718 cm-1, 908 cm-1 are characterized as the Cu-O bond and another author's bonde of 1540cm-1, 
1650 cm-1 corresponding to the vibration of the O-H bond which is associated with the vibrational 
mode of the hydroxyl groups bonded to the adsorbed water. These results are in good agreement 
with references [22, 23, 24].   

 
 

 
 

Fig. 5. ATR-FTIR spectra of copper oxide thin films for different spray times. 
 
 
3.6. Optical properties 
3.6.1. Transmittance spectra 
Figure 6 shows the transmittance spectra of CuO obtained at different spray times in the 

wavelength range (200 nm to 900 nm).  From this figure, we notice that the transmittance 
increases with the increase of the wavelength in the whole sample. We distinguish two regions; 
one region has an average transmittance greater than 50%, and the maximum transmittance is 
about (65%) in the wavelength region above 500 nm, and another region in the visible of strong 
absorption by what the energy of the incoming photons is close to the edge of absorption (energy 
value of band forbidden) also corresponding to the fundamental absorption (λ<500nm), for which 
the transmittance is canceled about below 400nm. This transition wavelength corresponds to the 
optical gap energy of the copper oxide layers studied. All the photons of energy higher than the 
gap (and thus all the photons having a wavelength lower than 500 nm) are absorbed instead of 
being transmitted. This absorption is due to the interband electronic transition. The variation of the 
transmission in this region is exploited to determine the gap. 

On the other hand, we observe a shift of the absorption threshold towards low energies 
(long wavelengths). This shift is attributed to the increase in the concentration of free carriers in 
the material [25]. The spray time of 5min represented a good transmittance in the visible range 
accused of the lower thickness. 
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Fig. 6.Variation of the transmittance of CuO films deposited at different Spray times. 
 
 
3.6.2. Gap energy 
To determine the gap energy of the thin layers of samples prepared by the spin-coating 

method, the following tauc relation is used [26]: 
 

αhν = A ∙ �hν − Eg�
1
2�                                                                            (3) 

 
with A: Constant, Eg: Optical Gap in eV, hν: The energy of a photon eV. 

Figure 7 shows the plot of (𝛼𝛼ℎ𝜈𝜈)2 as a function of the energy of a photon ℎ𝜈𝜈, and by the 
extrapolation method, we have represented the optical gap 𝐸𝐸𝑔𝑔. 

 
 

 
 

Fig. 7. Variation of (αhν)2 as a function of the Photon energy of copper oxide for different spray times. 
 
 
Several factors affect the gap energy values, like the spray times and the thickness. Figure 

8 represents the variation of the gap energy as a function of spray time. We notice a decrease and 
an increase in the optical gap such that the values of the gap energy varied between 2.652 eV and 
1.909 eV. The spray time 20 min represents the minimum value of the gap energy. This can be 
explained by a good crystallization of our material, which confer the large size of crystallites 
obtained for this spray time. Also, the low transmittance indicates the amount of material 
deposited. 
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Fig. 8. Variation of the gap energy as a function of the spray time. 
 
 
3.7. Optical constants 
Using a spectroscopic ellipsometer, we obtained these constants 
 
3.7.1. Refractive index (n) 
Figure 9 shows the refractive index spectra as a function of photon energy for different 

spray times. The increase in the refractive index is related to the increase of the packing density as 
a result of the improvement of the crystal structure of the prepared copper oxide films in the case 
of spray times of 5min and 20min. The values of the refractive index increase gradually with the 
increase of the photon energy lower than the value of the gap energy of these films. Then after the 
values of gap energy, there is a decrease in the refractive index due to the high value of optical 
absorption due to direct electronic transmissions. 

 
 

 
 

Fig. 9. Refractive index of CuO thin films deposited at different spray times. 
 
 
3.7.2. Extinction coefficient (K) 
The extinction coefficient is defined as the amount of energy storedby the electrons of the 

layer material. Figure 10 represents the variation of the extinction coefficient as a function of 
photon energy for different spray times of thin films of copper oxide. This increase is due to the 
rapid increase of the absorption coefficient at these energies, which may indicate the appearance of 
direct electronic transitions. This phenomenon can be explained by the values of the absorption 
coefficient change; therefore, the extinction coefficient is related to the absorption coefficient. The 
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spray time taken into account from the curves is clear. The spray time affects the absorption 
properties and the extinction coefficient. 
 
 

 
 

Fig. 10. the variation of the extinction coefficient as a function of photon energy for  
different spray times of CuO. 

 
 
3.7.3. Dielectric constant (𝜀𝜀) 
The dielectric constant is a fundamental optical parameter and is written as:  
 

𝜀𝜀 =  𝜀𝜀1 − 𝑖𝑖𝜀𝜀2                                                                      (4) 
 
where ε1 is the real part of the dielectric constant, which is related to the energy stored in the 
material, and ε2 is the imaginary component of the dielectric constant, which is related to the 
energy dissipation in the material [27]. 

 
3.7.3.1. Real part of dielectric constant (𝜀𝜀1) 
The real part of the dielectric constant is calculated from the following relation.  
 

𝜀𝜀1 =  𝑛𝑛2 − 𝑘𝑘2                                                                      (5) 
 
The following spectra show the variation of the real part of the dielectric constant as a 

function of the energy of a photon. It can be seen from Figure11 that the values of the real 
dielectric constant increase progressively with the increase of the photon energy and then decrease 
sharply in the high energy range for all the prepared films. It is obvious that the curves are similar 
to the refractive index curves due to the dependence of the values of the real part of the dielectric 
constant on the values of the refractive index according to equation (5) on the extinction 
coefficient values. As we can see, the extinction coefficient's effect is very small compared to the 
effect of the refractive index, so it can be neglected, especially at low photon energies. 
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Fig. 11. Variation of the real part of the dielectric constant as a function of the energy of a photon. 
 
 
3.7.3.2. Imaginary part of dielectric constant (𝜀𝜀2) 
The imaginary part of the dielectric constant is calculated from the following relation 

 
𝜀𝜀2 =  2𝑛𝑛𝑘𝑘                                                                          (6) 

 
The variation of the imaginary part of the dielectric constant as a function of the incident 

photon energy with the evolution of the spray time is represented in figure (12) as it is noted that 
the imaginary part of the dielectric constant almost increases with the increase of the spray time. 
The increase of the absorption energy shows this increase. This result is in good agreement with 
the extinction coefficient results. In all films, the peaks of the curves creep towards low photon 
energies (long wavelengths), and note also the 5min spray time film is shown the value one as the 
highest value of the imaginary dielectric constant. 

 
 

 
 

Fig. 12. Variation of the imaginary part of the dielectric constant as a function of the energy of a photon. 
 
 
3.8. Electrical properties 
The four-point method can measure the electrical conductivity (σ) and resistivity (ρ) of 

CuO oxide thin films obtained by spray time deflection. The results are presented in the following 
table. 
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Table 2. Electrical parameters obtained by the 4-point method. 
 

Spray time 
(min) 

Resistivity 
( Ω .cm) 

Conductivity 
( Ω-1.cm-1) 

5 4783.649 2.1.10-4 
10 3325.678 3.10-4 
15 3202.561 3.1.10-4 
20 2.938 0.34 
25 48.936 0.0204 
30 220.826 0.00458 

 
 
The variation of electrical conductivity and resistivity as a function of spray time is 

presented in the following figure.   
We notice a decrease and an increase of the electrical conductivity with the increase of the 

spray time until obtaining a maximum value of 0.34 Ω-1 .cm-1, corresponding to the time of spray 
20min. This result is in agreement with the results of reference [28]. And the other electrical 
conductivity values agree with the references [14, 29]. The increase in electrical conductivity is 
well related to the increase in free charge carriers and the decrease in crystalline defects due to the 
increase in crystal size compared to the others. These results of the electrical conductivity are well-
tuned with the results of the gap energy such that when the gap energy decreases, the electrical 
conductivity increases. The decrease of the electrical conductivity is related to the decrease of the 
crystallite size and, therefore, the presence of grain boundaries and defects that can be increased to 
the optical gap energy. 

 

 
 

Fig. 13. Variation of conductivity and resistivity as a function of spray time. 
 
 
3.8. Water contact angle 
The contact angle of the water droplets depends on the structure of the surfaces and the 

variation of the size of the water droplets at the nanoscopy scale. As represented in the following 
images. 
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Fig. 14.Water contact angle image of various spray times of CuO (a),5 min (b),10 min (c),15 min  
(d),20 min  (e),25 min (f),30 min. 

 
 
Figure (15) represents the variation of the contact angle as a function of spray time, which 

corresponds to a change in the thickness of the samples. We notice an increase and decrease of the 
contact angle such that their values in all the sample is greater than 90° and varied between 
96.4°and 103.2°. The contact angle on the rough surface is greater than on the smooth surface, 
indicating that the roughness of the solid hydrophobic improves its hydrophobicity [30-36]. 
Generally, suppose the contact angle with water is less than 90°. In that case, the solid surface is 
considered hydrophilic, and if the contact angle with water is greater than 90°, the solid surface is 
considered hydrophobic [17]. The lowest contact angle is observed for the 15min spray temples. 
This is due to the increased water adsorption on the film surface due to its smooth surface. As we 
can see from these results, all the samples are hydrophobic films, which open horizons for 
nanotechnology, such as the manufacture of waterproof fabrics. 
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Fig. 15.Variation of water contact angleas a function of various spray times. 
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4. Conclusion  
 
Thin layers of CuO for different deposition times were used in nanotechnology as self-

cleaning thin films. These films were deposited on a glass substrate by the pyrolysis spray method. 
According to XRD data, the films produced were polycrystalline with a C2/c space group. The 
water contact angle results show that all the samples are hydrophobic films with a contact angle 
that increases with increasing layer thickness. This means there is an inverse relationship between 
the contact angle and the thickness of the layer. Also, the contact angle on the rough surface is 
greater than on the smooth surface. This indicates that the roughness of the hydrophobic solid 
improves its hydrophobicity. 
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