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Abstract 

The fabrication of Nickel oxide (NiO) thin films by spray pyrolysis technique were coated onto a 

glass substrate maintained at constant substrate temperature 350 C̊ at different mole 

concentrations (0.1 M, 0.2 M and 0.3 M ). The influence of deposited thin film on the structural, 

morphological, optical properties was characterized by X-ray diffraction analysis (XRD), FE-

SEM and UV-Vis spectroscopy. A special emphasis on the magnetic properties of NiO thin films 

were determined using vibrating sample magnetometer. The NiO thin film displayed the 

crystalline nature with cubic structure. The XRD parameters were estimated and tabulated. The 

homogeneous, uniform spherical grains were observed from FESEM. The optical band gap was 

estimated from Tauc’s relation and was found to be 3.40 eV, 3.39 eV and 3.34 eV respectively 
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for concentrations 0.1, 0.2 and 0.3 M. The NiO thin films possess superparamagnetic ordering 

which suggest that the magnetic behavior may be due to the size effects. 

Keywords: NiO thin films, Spray pyrolysis, Spherical grains, Superparamagnetic 

ordering,   Size effects. 

 

 

Introduction 

The NiO an important transition metal oxide possessing cubic structure, has good thermal 

stability. The NiO have green or black appearance, where the black appearance suggests the non 

stochiometric form of NiO. It is p-type semiconductor with energy gap of 3.6 – 4 eV. The bulk 

NiO is antiferromagnetic in nature. It is quite interesting to show NiO exhibit 

superparamagnetism and weak ferromagnetism [1]. The NiO is an ideal materials for the future 

spintronic applications, spin valve devices, non volatile random access memory devices, 

magnetic sensors and devices [2-4].  The magnetic properties of the materials are highly  

dependent on sample morphology, crystallinity, magnetic direction etc,.  Few researchers had 

pointed out the size effects dominates the magnetic properties in NiO. At finite sizes magnetic 

nanoparticles will begin to exhibit properties differing from bulk material. The magnetic 

property  ferromagnetism (D ≤ 24 nm), superparamagnetism (D ≤ 31.5 nm), spin glass behavior 

(D ≤ 10 nm) and core shell structure  (4 ≤ D ≤ 22 nm) when the size reduced at nanoscale [5].  In 

the present study, the cost effective technique  have been adapted to fabricate  thin films of NiO 

on glass substrate using  custom made spray pyrolysis. The structural, morphological, optical and 

magnetic properties of NiO thin films were examined. The NiO thin films showed the 

superparamagnetic behavior at room temperature instead of the antiferromagnetic nature. 
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Experimental Methods 
 
        The fabrication of NiO thin films is as follows. The stochiometric amounts (0.1 M, 0.2 M 

and 0.3 M) of precursor Ni(CH3COO)2.xH2O diluted in a mixture of ethanol and distilled water  

in the ratio (1:2) and is stirred until the homogeneous solution results. Then after the 

homogeneous solution were sprayed onto the pre-heated glass substrate maintained at 350°C for 

which a thermocouple attached to a temperature controller with accuracy of  ± 5ºC was used. The 

compressed air (3 pascal) was used and the other parameters such as solution flow rate (3 

ml/min) and nozzle to the substrate distance (18cm) is kept constant throughout. In order to 

identify the phase and crystalline structure of the samples, the Panalytical X-ray diffractometer 

(XRD) was used. The surface morphology of the samples was examined using Field emission – 

Scanning electron microscope (FE-SEM). The optical properties were estimated from the UV-

Vis spectrophotometer and the magnetic behavior of the sample was measured using Vibrating 

sample magnetometer at room temperature. 

 STRUCTURAL ANALYSIS 
 

The purity and crystallinity of NiO thin films were evaluated from X-ray diffraction 

technique (XRD). Fig: 1 displays the XRD patterns of NiO thin film deposited at different molar 

concentration, 0.1 M, 0.2 M and 0.3 M. The XRD patterns reveal the polycrystalline nature of 

the deposited film. The XRD reflection patterns are in good agreement with the JCPDS data: 89-

5881 and confirms the cubic phase with space group Fm-3m. The broad hump observed around 

20̊ – 30̊ is due the reflection from the amorphous glass substrate [6]. The intensity of the 

diffraction peaks increases with the molar concentration. The film patterns does not show any 

sign of impurities in the thin film. The film deposited at 0.1 M has the peaks at 37º, 42.98º and 

62.60º corresponds to (111), (200) and (220) planes.  The film deposited at 0.2 M has four 
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reflection planes (110), (111), (200) and (220) appearing at 2θ, 31.68º, 37.22º, 43.25º and 62.84º. 

Similarly the film deposited at 0.3 M have (111), (200) and (220) planes oriented at 2θ ~ 37.29º, 

43.31º and 62.92º. The intensity of (200) plane increases while the intensity of other diffraction 

peaks varied. Also, the preferred orientation changed with the molar concentration is observed. 

The texture growth of other peaks began to re-crystallize and it shows the randomization 

behavior of NiO thin film [7]. The lattice constant of bulk NiO material (a0 = 8.353 Å). Several 

structural parameters such as crystallite size, FWHM, d-spacing, lattice constant, dislocation 

density, microstrain were estimated from XRD data and is presented in Table: 1. 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Fig: 1 XRD patterns of NiO thin film at (a) 0.1 M, (b) 0.2 M, and (c) 0.3 M 
 
The crystallite size (D) was determined from the Debye Scherer’s relation and the crystallite size 

of NiO thin film deposited at 0.1 M was smaller than those deposited at higher concentrations. 
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This is due to the formation of new smaller crystallites on the larger grains. The FWHM 

decreases and the crystallite size is found to increase from 24.39 to 28.07 nm, 23.74 to 28.33 nm 

and 21.85 to 27.55 nm respectively for (111), (200) and (220) planes. The change in the 

crystallite size may result in a change in its optical properties. The dislocation density (δ) is the 

measure of number of dislocations in a unit volume of a crystalline material and it is found to 

decreases with molar concentration. The observed lattice parameter and d-spacing are in good 

agreement with the standard values. 
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Table: 1 Determination of XRD parameters 

Sample 
2θ 

 
(deg) 

(hkl)  
plane 

FWHM 

(deg) 
Crystallit

e size 

(nm) 

Dislocation 

density 

(10-16 

lines/m2) 

Micro 
strain 

d-spacing (Å) Lattice  
constant 

(Å) calculated experimental 

N0.1 

37.00 111 2.80 3.13 10.072 4.134 2.436 2.427 4.219 

42.98 200 2.775 3.21 9.704 4.133 2.110 2.102 4.22 

62.60 220 2.30 4.22 5.615 4.148 1.487 1.485 4.205 

N0.2 

31.68 110 0.244 35.35 0.0802 4.348 2.832 2.821 4.005 

37.22 111 0.359 24.39 0.168 4.158 2.422 2.413 4.195 

43.25 200 0.376 23.74 0.177 4.175 2.097 2.089 4.178 

62.84 220 0.445 21.85 0.209 4.162 1.482 1.477 4.191 

N0.3 

37.29 111 0.312 28.07 0.126 4.167 2.417 2.409 4.186 

43.31 200 0.315 28.33 0.124 4.165 2.094 2.087 4.188 

62.92 220 0.353 27.55 0.131 4.165 1.481 1.475 4.188 
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MORPHOLOGICAL ANALYSIS 

The surface morphology of thin films is investigated by Field emission scanning electron 

microscope (FESEM). The morphology of NiO thin films strongly depends on the substrate 

temperature and different morphology of NiO thin films were observed for different 

concentrations of Ni precursor. Fig: 2(a) shows flakes like morphology embedded over the 

smooth surface. The observed morphology consist neither the holes nor the voids. Fig: 2(b) 

displays agglomerated clusters over the irregular grains. The bebble like structure of irregular 

size with voids was observed for the thin film at 0.3 M and is displayed in Fig: 2 (c) 

 

 

 

 

 

 

 

 

Fig: 2 SEM images of NiO thin film at  
(a) 0.1 M, (b) 0.2 M and (c) 0.3 M 
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OPTICAL CHARACTERIZATION 

The optical absorbance spectra of NiO thin film at different molar concentrations is shown in 

Fig: 3 a & b. The absorbance and transmittance of NiO thin films deposited on glass substrate 

was measured in the wavelength range 300 – 800 nm. The absorbance is high in the UV and 

visible region and is related to the optical bandgap absorption [8]. The transmittance of NiO thin 

film decreases from 80% to 30 % at higher precursor concentration is observed.   

 

 

 

Fig: 3 UV Absorbance and Transmittance of NiO thin films at different mole 

concentrations 

Cattin et al., obtained similar decreasing trend in transmittance of NiO thin film is reported. The 

low transmittance of NiO thin films could be attributed to the black coloration of the deposited 

thin film which is induced due the presence of oxygen during spray process [9]. The low 
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transparency of NiO thin film is due to the excitation of surface plasmons, growth of 

grains/crystallites and inhomogeneity in thin films [11]. 

The optical band gap energy (Eg) of NiO thin film is calculated from absorbance data. The 

obtained direct band gap values of NiO thin film fabricated at different mole concentrations are 

3.40 eV, 3.39 eV and 3.34 eV respectively for concentrations 0.1, 0.2 and 0.3 M and shown in 

Fig. 4 (a-c)[10]. The change in the optical band gap is due to the shift in absorption edge and the 

observed red shift in Eg is due to increase in grain size, reduction of defect sites and micro strain 

effects [11] of the NiO thin film as seen in Table:1. 
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Fig: 4 Plot of (αhν)2 Vs (hν) of NiO thin films at different mole concentrations 

Determination of optical constants 

 

 

 

 

 

 

 

Fig: 5 Extinction coefficient Vs wavelength of NiO thin films 
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The variation of extinction coefficient as the function of wavelength is displayed in Fig:5. The 

extinction coefficient increases with increase in wavelength is observed. The increasing trend in 

the values of k is related to the absorption of light [12]. 

Magnetic Properties 

The M-H hysteresis loop of NiO thin film at different concentrations (a) 0.1 M, (b) 0.2 M and (c) 

0.3 M respectively is displayed in Fig: 6 (a-c). The bulk NiO is antiferromagnetic in nature and 

the magnetism of perfume sprayed NiO thin film was strongly determined by the grain size, 

morphology and high degree of crystallinity [13, 14]. The Non stoichiometry of NiO thin film 

confirmed from UV-Vis analysis and it led to more complex magnetic behavior. The observed 

(M-H) hysteresis loop showed week ferromagnetic nature and this was the typical characteristics 

of superparamagnetism of NiO thin film [15, 16]. The crystallite size of NiO nanoparticles 

ranges from 1 to 25 nm and suggests the superparamagnetic or super antiferromagnetic behavior 

(a) (b) 
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of NiO thin films.  

 

 

 

 

 

 

 

Fig:6 M-H loop of NiO thin films at Molar Concentrations (a) 0.1M, (b) 0.2 M and                 

(c) 0.3 M  

The high surface to volume ratio of nano sized crystallites demonstrated number of 

uncompensated spins, resulting in net magnetization [17]. It was observed that the hysteresis 

loops were not centered at zero field and it was due to the oxidation at the surface of the film. All 

the samples exhibited unsaturation magnetization in M(H) curve shown in Fig: 6 (a-c) confirmed 

the presence of antiferromagnetic interaction. It may be attributed to the disordered surface spins 

of paramagnetic species of NiO nanoparticles [18]. 
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Table: 2 Magnetic parameters of NiO thin films 

Samples 
Retentivity 
Mr x 10-6 

(emu/g) 

Coercivity 
HC 

Saturation 
magnetization 

Ms x 10-3 

(emu/g) 

Squareness 
𝑴𝒓

𝑴𝒔
 

Exchange 
bias 

𝑯𝑬𝑩 =  
𝑯𝑪

𝟐
 

N0.1 9.703 27.067 6.811 0.014 13.533 

N0.2 14.619 42.966 6.602 0.021 21.483 

N0.3 15.803 47.973 6.294 0.025 29.86 

 

The splitting of saturated magnetization for NiO thin film deposited at 0.3M is observed in Fig:6 

(c).The possible reason may be due to drift in room temperature during measurements and / or 

created by eddy currents. The values of remanent magnetization (Mr), coercivity (HC), saturation 

magnetization (Ms), magnetic squareness and exchange bias are tabulated in Table: 2. The ratio 

of remanent magnetization (Mr) to saturation magnetization (Ms) i.e, magnetic squareness 

(MSR) ranges from 0.014 to 0.025. 

Conclusion 

In this work, the fabrication of NiO thin films by spray pyrolysis is reported. The structural, 

morphological, optical and magnetic properties of NiO thin films were studied using XRD, 

FESEM, UV-Visible spectroscopy and vibrating sample magnetometer. The NiO thin films 

revealed the cubic crystalline nature. The thin films of NiO displayed uniform, homogeneous and 

spherical shaped morphology. The absorbance of deposited NiO thin film was observed in UV 

region and the band gap was estimated from the absorbance spectra. The direct band gap of NiO 

was found to be 3.40 eV, 3.39 eV and 3.34 eV respectively for concentrations 0.1, 0.2 and 0.3 M.  
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The magnetic characterization of NiO thin films reveals the superparamagnetic nature of the 

sample. All the samples showed unsaturated magnetization at high magnetic field. The magnetic 

squareness ranges around 0.014 to 0.025.  
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