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 The copper oxide is a semi-conductor type P, the present work is an 

investigation of flow rate influence deposition on the structural, 

optical and electrical properties of our samples, we used a solution of 

chloride copper CuCl2 with molarity 0.1 M, substrates of glass were 

kept at temperature of 350 0C, We used two flows 5ml/h and 10ml/h 

with a time spray of 15 minutes. Composition and structure of films 

were characterized by X-ray diffraction and Raman scattering, optical 

and electrical properties were studied byUV spectroscopy visible and 

technique of four points. The results obtained indicate that the flow 

rate is an important factor in the physical properties of CuO film, 

these films are formed of single phase CuO, crystallite size and 

energy gap is improving with the increase in flow. 
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I. Introduction 

Thin film of copper oxide CuO is a metal with optical gap [1.3-2.5] eV [1], have been studied for a long time. 

Given that they present a conductivity of type p, the present studies are increasingly devoted to their use as 

absorbent layer in the solar cells. Therefore, the physical properties of copper oxides, including optical band gap, 

optical absorption coefficient, defect, mobility, carrier concentration and diffusion length minority, have a strong 

influence on the performance of the cells. Others applications of the copper oxide are: photovoltaic materials [2], 

catalytic applications [3], and gas sensors [4]. The oxide films of copper can be obtained by using various 

methods of deposition such as: thermal evaporation [5], electro deposition [6], laser ablation [7], thermal 

oxidation [8] and spray ultrasonic pyrolysis [9-11]. Among these techniques, spray ultrasonic which is a simple 

method, economic and compatible with production of thin materials homogeneous. 

In this work the copper oxide CuO is deposited on glass substrates with method of ultrasonic spray, seeking the 

effect of the flow rate deposition on the structural properties, electrical and optical films obtained. 
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II. Research Method 

The oxide films of copper have been obtained by the dissolution of the chloride of copper CuCl2.2H2O precursor 

in distilled water with a molarity of 0.1 M. Our substrates of glass have been heated to a temperature of 350 0C. 

The total solution was sprayed during 15 min by ultrasonic system for two flows deposition 5ml/h and 10 

ml/h.The thickness of films obtained is measured with profilometer, structural properties are determined by 

using a diffractometer PhilipsX'Pert system with Cu Kα radiation (λCu=1.54056 A0), the 2θ varied in the range 

200 
- 700 , and Raman spectometer. Optical properties citing energy gap and absorption coefficient will be 

calculated from spectrum transmissions obtained by spectrophotometer Shimadzu in UV visible with wavelength 

range between 400 and 1000 nm. Electrical resistivity was measured with the four points. 

III. Results and discussion 

III.1. X-Ray diffraction 

The XRD spectra recorded for different flow rate is shown in figure 1 and 2, Our films have polycrystalline 

structure, in comparison data with references in PDF card 45-0937, confirms tetragonal structure of CuO 

(monoclinic cell), two preferential orientations are observed in (002) and (111), and film thickness increases 

from 851 nm to 1364 nm. 
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 Figure 1.  XRD diffraction pattern of CuO thin films prepared with flow rate deposition 5ml/h. 
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Figure 2.  XRD diffraction pattern of CuO thin films prepared with flow rate deposition 10ml/h. 
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Figure 3: Variationof intensity in (111) and (002) orientation as a function of flow deposition 

 
 

In order to study the structural properties, we have estimated the average crystallite size using Scherrer's formula  

 

[12]:  

𝐷 =
0.9.𝜆 

𝑤.𝑐𝑜𝑠𝜃
                                                                           (1) 

The micro-strain ε was also estimated using the following formula [13]: 

 

𝜀 =
𝑤.𝑐𝑜𝑠𝜃

4
                                                                          (2) 

Where λ is the wavelength of the X-ray beam incident, w : is the width at half height of diffraction line, and θ: 

is the Bragg angle.The size crystallite and micro strain variations are reported in figure 4, the size crystallite 

growth increases from 20.07 nm for 5 ml/h, to 21.08 nm for 10 ml/h. The growth in the size grains is due to 

decrease in internal constraints which will let these grains to occupy more space and makes our material more 

crystalline. 
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Figure 4: Crystallite size and micro-strain variations as a function of flow rate deposition 
 

III.2. Transmission by UV-Visible  

Figure 5 shows the spectra transmittance of UV-visible from films of CuO. The films deposited at low flow rate 

have a high transparency, in the visible region of light. We can see that when the flow rate increases, 

transmittance decreases up to 10 %. All films present a strong absorbance in the visible region. The copper oxide 

is recommended to be a good candidate for application of solar cells. 

The energy of gap will be calculated from the relationship [14, 15]:   

 

(𝛼ℎ𝜗)2 = 𝐴(ℎ𝜗 − 𝐸𝑔)                                                       (3) 

 

Where:  α is a absorption coefficient, A is a constant, h is Planck constant, Eg is the energy band gap. 

The film prepared with a flow rate of 5ml/h has an energy gap higher than prepared with a flow of 10ml/h which 

is 1.54 eV (figure 6).  This returns that the film to be more crystallite material with increase in flow deposition 

(figure 7). M. Zeggar and al [15], have found an energy of gap of 1.61 eV with substrate kept at temperature of 

300 0C and a flow rate of 10 ml/h, however the increase in the temperature of the substrate such as our case of 

350 0C and flow rate in our case 10 ml/h, has allows our grain to find a sufficient location for form a material 

more organized which is well required for solar cells. 
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Figure 5: UV–visible transmittance spectrum of CuO thin films deposited two different flow rates 
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Figure 6: Variation of (αhν)2 as a function of photon energy, for different two different flow rates used for the 

determination of the optical gap 
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Figure 7: Variation of optical gap as a function of different flow rates 

III.3. Electrical resistivity  

The resistance of our films has been measured with the four points; this last is related to the electrical resistivity 

ρ by the expression [16]: 

 

𝜌 =
∆𝑉

𝐼

𝜋𝑑

𝑙𝑛2
= 𝑅𝑠. 𝑑                                                                        (4) 

 

 

Where:    d: Thickness film of the material, Rs: The surface resistance. 

We note that the resistivity decreases of 128.5 kΩ.cm with a flow rate of 5ml/h at 107 kΩ.cm for the flow of 

10ml/h (figure 8), this devaluation is explained by the decrease of optical energy that reflects as films of CuO 

became more conductive and also by the increase in the average crystallite size which also explains that our film 

is become more a polycrystal (figure 7). 
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Figure 8: Variation of resistivity as a function of different flow rates 
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Figure 9: Typical variation of optical gap and crystallite size as a function of different flow rates 

 

III.4.  Spectroscopy Raman  

Figure 10 shows the Raman spectra of CuO of our films for different time of spay and for a flow rate of 5 ml/h 

and 10 ml/h with a temperature of 350 0C of our substrates. The Raman spectra are composed of three main 

modes Ag and 2 Bg located at 286.7cm-1, 339 cm-1 and 592.25 cm-1. These peaks are reported in the literature 

[17-20], are the confirmation of the presence a single phase CuO for all films deposited and total absence of 

secondary phase of Cu2O. 

. 
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Figure 10: Raman spectra of deposited films as a function of different flow rates 

IV. Conclusion 

In our work the copper oxide is obtained using the chloride copper and deposited on the glass substrate kept at a 

temperature of 350 0C with ultrasonic spray for 15 minutes and by varying the flow rate of the solution of 5ml/h 

and 10 ml/H. The results indicate that the physical properties of CuO are sensitive to flow. The Raman 

spectroscopy reveals that our films are composed of a single phase monoclinic of CuO, and structural analysis 

indicate that our films is polycrystalline which improves with increase in flow. Our films present a strong 

absorption in the visible with an optical energy varies between 1.87 eV and 1.54 eV for a flow rate of 10 ml/h 

which is suitable for the manufacture of solar cells. 

Acknowledgements 

This work has been supported by the Laboratory (LRPCSI) of 20 august 1955 University - Skikda, Algeria. 

References 

 

[1] DP. Singh, N. Al. Synthesis of TiO2 and CuO nanotubes and nanowires. Sci Adv Mater 2010, 2, 295–335. 

[2] H. Kidowaki, T. Oku, T. Akiyama, A. Suzuki, B. Jeyadevan, J. Cuya. Fabrication and characterization of 

CuO-based solar cells. J Mater Sci Res 2011, 1, 138–143 

[3] K. Zhou, Y. Li. Catalysis based on nanocrystals with well-defined facets. Angew Chem Int Ed (English) 

2012, 51, 602–613. 

[4] BJ. Hansen,  N. Kouklin, G. Lu,  K. Lin, J. Chen, X. Zhang. Transport, analyte detection, and opto-

electronic response of p-type CuO nanowires. J Phys Chem C 2010, 114, 2440–2447. 

[5] T. Kosugi, S. J. Kaneko. J. Am. Chem. Soc, 81, 3117, 2004. 

[6] T. D. Golden, M. G. Shumsky, U. Zhou, R. A. Vander Werf, R .A. Van Leeuwen and J. A. Switzer. Chem. 

Mater, 8, 2499,1996. 

[7] A. Chen, H. Long,G. Yang and P. Lu, Vacuum, 83, 927, 2009 

[8] J. Chen, F. Zhang, J. Wang, G. Zhang, B. Miao, X. Fan, and  al. CuO nanowires synthesized by thermal 

oxidation route. J Alloys Compd, 2008, 454, 268–273. 

200 400 600 800

2000

4000

6000

8000

10000

12000

14000

In
te

n
s
it
y
 (

A
rb

.U
n
it
s
)

Raman Shift (cm
-1
)

 10 ml/h

 5  ml/h



Algerian Journal of Renewable Energy and Sustainable Development 5(2) 2023: 136-143, doi: 10.46657/ajresd.2023.5.2.5 

 

 

143 

[9] J. Morales, L. Sanchez, F. Martin, JR. Ramos-Barrado, M. Sanchez. Nanostructured CuO thin film 

electrodesprepared by spray pyrolysis: a simple method for enhancing the electrochemical performance of 

CuO in lithium cells. Electrochim Acta 2004, 49, 4589–4597. 

[10] B.Boudjema, R.Daira, A. Kabir, R. Djebien‘Physico-Chemical Properties of CuO Thin Films Deposited by 

Spray Pyrolysis’, Materials Sciences forum Vol 895, 2017, 33-36. 

[11] R.Daira, A. Kabir, B.Boudjema, C. Sedreati‘Structural and optical tranmittance analysis of CuO thin film 

deposited by the spray pyrolysis method’, Solid State Sciences, Vol 104, 2020, 106254. 

[12] S.K. Das, G.C. Morris, Sol. Energy Mater. Sol. Cells. 30, 1993. 

[13] Daira , R., Roguai , S., Bouzid, B., & Harrouz, A. Structural, Electrical and Optical Properties of Fe-doped 

CuO Deposited by Spray Pyrolysis TechniqueStructural, Electrical and Optical Properties of Fe-doped CuO 

Deposited by Spray Pyrolysis Technique. Algerian Journal of Renewable Energy and Sustainable 

Development, 5(01), 79-84, 2023. 

[14] S. Prabaher, M. Dhanam, Journal of Crystal growth 285, 41-48, 2005. 

[15] C.Y. Yeh, Z.W. Lu, S. Froyen, A. Zunger, Phys. Rev. B 46, 10086,1992. 

[16] M.L. Zeggar, L.Chabane, M.S.Aida, Solution flow rate influence on properties of copper oxide thin films 

deposited by ultrasonic spray pyrolysis, Materials science in semiconducteur processing, 30,2015, 645-650. 

[17] M. Rami, E. Benamar, M. Fahoume, F. Chraibi, A. Ennaoui, Solid State Sciences t1,179,1999. 

[18] D. P. Volanti, D. Keyson, L.S. Cavalcante, A.Z. Sim~oes, M.R. Joya, E.Longo, J. A. Varela, P. S. Pizani, 

A. G. Souza, J. Alloys Compd. 459,2008. 

[19] T. Yu, C.H. Sow, A. Gantimahapatruni, F.C. Cheong, Y. Zhu, K.C.Chin, X. Xu, C.T. Lim, Z. Shen, J.T.L. 

Thong, A.T.S. Wee ,Nanotechnology 16,1238, 2005. 

[20] R.Daira, B.boudjema, ‘Application of laser technique for the calculating the speckle size and object 

incidence angle’, Journal of intense pulsed lasers and applications in advanced physics,  Vol. 5, No. 1, 

(2015), p. 1- 4. 

[21] R.Daira, B.boudjema, M.Mordjaoui, M.Mezéri ‘Electrical properties of metallophtha- locyanine thin films’, 

Journal of optoelectronics and advanced materials – rapid communications,  Vol 5, No 2, (2011) p. 167 –

171. 

https://www.researchgate.net/publication/313843127_Physico-Chemical_Properties_of_CuO_Thin_Films_Deposited_by_Spray_Pyrolysis?_iepl%5BviewId%5D=gmDyeUBmco500rW1tzxqUXT8&_iepl%5BprofilePublicationItemVariant%5D=default&_iepl%5Bcontexts%5D%5B0%5D=prfpi&_iepl%5BinteractionType%5D=publicationTitle
https://www.researchgate.net/publication/313843127_Physico-Chemical_Properties_of_CuO_Thin_Films_Deposited_by_Spray_Pyrolysis?_iepl%5BviewId%5D=gmDyeUBmco500rW1tzxqUXT8&_iepl%5BprofilePublicationItemVariant%5D=default&_iepl%5Bcontexts%5D%5B0%5D=prfpi&_iepl%5BinteractionType%5D=publicationTitle

