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ABSTRACT 

In this study, we designed pure NiO and CuO thin films by the spray pyrolysis method on glass substrate. The doping effect at 7% is traced by adding ‘Li dopant 

in NiO’ and ‘Fe dopant in CuO’ films. The confirmation of the film formation and structural modifications was observed by XRD analysis. NiO film shows cubic 

and CuO film has monoclinic morphology. The crystalline size is changed in both dopings. For NiO size was reduced from 14 to 9 nm. Similarly, for CuO size 

increment takes place from 9.6 to 10 nm. 
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1. Introduction 

“Transition metal oxides such as nickel oxide (NiO) and copper oxide (CuO) have garnered significant interest due to their versatile electrical, optical, 

and catalytic properties, which make them ideal for a wide range of applications including gas sensors, transparent conductive films, solar cells, and 

electrochromic devices [1–3]. NiO is a wide band gap p-type semiconductor with a cubic crystal structure, while CuO is a narrow band gap p-type 

semiconductor exhibiting a monoclinic structure [4,5]. The physical and chemical properties of these oxides can be effectively tuned through controlled 

doping with suitable metal ions, thereby enhancing their performance in specific applications [6,7]. 

Among various deposition techniques, spray pyrolysis is considered a simple, cost-effective, and scalable method for the synthesis of high-quality thin 

films with good uniformity and control over composition [8,9]. In this study, pure NiO and CuO thin films were synthesized using spray pyrolysis on 

glass substrates. The effect of 7% doping was studied by incorporating lithium (Li) into NiO and iron (Fe) into CuO thin films.” 

2. Experimental details 

2.1 Substrate cleaning  

A glass substrates are dipped in chromic trioxide for 24 hours. After that, substrates are washed under running distilled water.  

2.2 Li-doped NiO Thin Films 

“Li-doped NiO thin films were synthesized using the spray pyrolysis technique. A 0.1 M solution of nickel acetate tetrahydrate was used as the base 

precursor, and lithium acetate dihydrate was added in varying concentrations (0, 1, 3, and 5 wt%) to prepare doped samples. The mixed solution was 

stirred for 15 minutes and then sprayed onto glass substrates preheated to 350 °C.” The spray rate was maintained at 3 ml/min with compressed air as the 

carrier gas. Upon heating, the precursor decomposed, forming uniform and adherent Li-doped NiO thin films. 

2.3 Fe-doped CuO Thin Films 

Fe-doped CuO thin films were prepared using the chemical spray pyrolysis method. Aqueous solutions of 0.1 M copper acetate monohydrate and iron 

nitrate nonahydrate were used as precursors. The iron dopant was introduced in concentrations of 0, 1, 3, and 5 wt% by mixing appropriate volumes of 

the solutions. The final mixture was stirred and sprayed onto glass substrates maintained at 350 °C. The spray resulted in the thermal decomposition of 

the precursors and the formation of Fe-doped CuO films with good surface uniformity and adhesion. 
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3. Results and discussion 

3.1 Structural analysis 

 

Fig2: XRD of NiO & Li doped NiO thin films. 

X-ray diffraction is generally used to study structural properties of synthesised material in the form of powder or a thin film. Above Fig 2. shows the X-

ray diffractogram of NiO thin film. The multiple Bragg’s diffraction peaks recorded confirm the cubic phase of as deposited NiO thin film. The Bragg 

peaks of high intensity were recorded at Bragg’s angles, 2θ = 37.02 and 43.91 where as additional weak peaks were located. The X-ray diffraction data 

of as deposited CuO thin film was in good agreement with JCPDC card 78-0643. The different planes of orientation of as deposited film at different 

Bragg angles were reported as (111), (200).   

 

Fig3: XRD of CuO & Fe doped CuO thin films 

The XRD pattern, as depicted in Fig 3, confirms the formation of the monoclinic phase of CuO. Prominent diffraction peaks were observed at 2θ values 

of 35.02° and 38.91°, corresponding to the characteristic reflections of monoclinic CuO. Additionally, several weak diffraction peaks were detected, 

indicating the monoclinic nature of the deposited film. The obtained diffraction pattern exhibited excellent agreement with the standard data (JCPDS 
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Card No. 80-1916), thereby validating the phase purity of the synthesized material. The major diffraction peaks were indexed to the (-111) and (111) 

crystallographic planes. 

Grain size (D) of as deposited CuO thin film was calculated using Debye Scherrer’s formula stated in equation 

 

Where, (β) is the half-width of full maxima, (k = 0.9) is Scherrer’s constant and (λ =1.54 oA) is the Cu Kα-radiation wavelength. The average size of a 

crystallite for NiO was calculated to be 14 nm. After doping, the crystallite size was reduced up to 9 nm. In the case of CuO, the size increases after 7% 

of Fe doping. For pure CuO it is 9.6 nm and for Fe doped CuO it is 10 nm. 

4. Conclusion 

In this work, pure and doped NiO and CuO thin films were successfully synthesized using the spray pyrolysis technique. X-ray diffraction analysis 

confirmed the formation of cubic-structured NiO and monoclinic-structured CuO thin films. The incorporation of Li and Fe dopants at 7 % induced 

noticeable changes in the crystallite size, reflecting modifications in the structural properties. Specifically, Li doping reduced the crystallite size of NiO, 

suggesting grain refinement, while Fe doping led to a slight increase in the crystallite size of CuO, indicating improved crystallinity. These findings 

demonstrate that doping plays a significant role in tailoring the structural characteristics of metal oxide thin films, potentially enhancing their functional 

performance for various technological applications 
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