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Abstract  

Nickel oxide is considered a p-type semiconductor has a wide range of applications. Recent trends have focused on employing it 

as a gas-sensor element. In this work, nickel oxide thin films have been prepared to produce a film with sensitizing properties 

suitable for working as a gas sensor application, by using  a spray system. Several concentrations of nickel nitrate salt solution 

were used to investigate the effect of the salt solution concentration on the structure, and sensing properties of the films. The 

structure and morphology of the NiO films were investigated and confirmed by x-ray diffraction and field-emission scanning 

electron microscopy (FE SEM). X-ray patterns, and  SEM images test results have confirmed that all films have a good 

consistency, uniform structure, and  well adherent to the substrates. The results also showed that the structure of the films are a 

polycrystalline  cubic and having  a preferential orientation along the (111) plane. The gas sensing properties of the  films were 

tested via a dynamic gas testing system wherein the target gas was H2S at different temperature (50,100, 200, 250, 300 and 350 
OC). The experimental data shows that  at 200°C the system possessed,  short response and recovery times, and better longer-term 

stability to H2S than the others  operating temperature. 
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Introduction 

Metal oxides are a widely used  material for the sensor and biosensor applications. Metal oxide in a form of nano and normal scale 

structure has a lot of applications in ranges of fields of applied technology. Earlier, the scientists interested in the bulk form of 

these oxides, then they extended to the its thin film applications. (ZnO, SnO2, TiO2, WO3, Cu2O and CdO) are considered the most 

important of this kind of oxides. Nowadays, several a new kind of  metallic-oxides thin films have been  appearing and starts 

getting attentions. Nickel oxide films, which is one of these materials have a wide range of application, such as optoelectronic, 

semiconductor, and magnetic devices [1-5]. 

Metal oxides thin film can be created by using many proper deposition techniques, such as chemical deposition, dc-magnetron 

sputtering, electron beam evaporation, etc.[6-17]. Spray pyrolysis method is the most suitable technique to coat large areas due to 

its feature in terms of low cost, proper to deal with mass production, and its ability to produce high purity metallic and non metallic 

thin films [18,19]. In this work, NiO thin films have been created using the spray pyrolysis method, and investigate its structure 

and sensing properties. Keeping the environment, safety from these dangers requires providing proper detector for these chemicals. 

Moreover, in industrial applications and research there are still demand to improve these detectors. Particularly  in terms of  

sensitivity, detection limitation, and selectivity [20-22]. 

Experimental procedure  

NiO thin films have been realized on (25mm x 25mm x 1mm) glass substrate using the spray pyrolysis technique.A different 

concentrations of NiO solution was prepared by dissolving NO in distilled water, with a continuous stirring for 1 hour in room 

tempruture to obtain complete mixing using Magnetic Stirrer (IKA® C-MAG HS 7). Weighs of 0.29079gm, 0.87238 gm, 

1.445397gm, 2.03555 gm, and 2.9079 gm of (Ni(NO3)2.6H2O), each weight has been solved in 100 ml to produce (0.01, 0.03, 0.05, 

0.07 and 0.1M) concentration respectively.The weight of of (Ni(NO3)2.6H2O)  that required for each concentration has been 

determined by use the following equation : 

 

    

 

where: M represents the concentration in molars,  W, Material Weight, MW: molecular weight equal to 74.6928 gm/mol, V: 

distilled-water volume (100 ml). 
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The thin film depositing process has been performed by fixing the nozzle at 30 cm distance from the substrate, which was placed 

in contact with heater to avoid decreasing of substratum temperature, and keep it at 420±8 °C. The deposition was carried on by 

approximately 11-sec intervals, followed by two minutes with 5 ml/h of air flow rate. The film thickness was determined by use 

the relation: [23] 

.A

m
t


   

where A is representing the actual area of the film, Δm is the weight difference before and after deposition process, ρ is the density 

of  NiO   which is equal to 6.67 gm / cm3. The thickness of the prepared films  ranged between 250-350 nm. 

 

Results and Discussion 

The crystal structure of NiO films has been identified via a Philips X-ray diffractometer device with Cu (kα)  radiation source, 

with a wavelength of  λ=1.54059292 Å,  Maximum rated output 1.2 kW, a Tube current of 30 mA, and Tube voltage 40 kV. The 

results which are  scattered intensity as a function of the outgoing direction was presented graphically. The angular positions of  

the peaks of energies  have confirmed that the structure of the prepared NiO films had polycrystalline structures, with face-

centered cubic (FCC), and the phase with bulk lattice constants a= 4.17382 Å. Figure (1) shows are  three  peaks at 38.51o , 

44.73o, and 65.19o which corresponds to (111), (200) and (220) planes, respectively. On the other hand, no diffraction peaks were 

observed belong to the impurities or metallic Ni. The weak peaks means there is textured, the degree of the texturing depends on 

the kind of sprayed solution. While the strong peaks confirm that the dominant phase is crystalline phase. 
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Fig.1: XRD patterns of NiO thin films at different precursor molarity 

 

 

 

The crystallite  size D  has been calculated from the highest  peak  (111) at 2θ = 38.5  using Scherrer formula: [24] 

 




cos

9.0
D  

where (β) represents the  half maximum of full width (FWHM) for  the peak diffraction at an angle (θ) ), λ= wavelength of the X-

Ray beam. 

The structural parameters involving lattice constants (a), mean strain (ε), dislocation density (δ), and the space (d) have been 

calculated using the following equations [25-27] and the data  in table (1). 
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The  lattice parameter values for all studied films look smaller than for the standard lattice parameter (a=4.17382 Ǻ) of NiO, this 

difference can be interpreted because of the existence of internal strain, defects and impurities in the films, similar results are also 

reported by other researchers [28, 29]. 

The negative sign in the mean strain expression means that the strain is a compressive strain. It is noticed that average crystal sizes 

are increasing from 9.7834 nm to 28.5314 nm with raising the solution concentration, which  can be attributed to the increment of 

the defects and empty spaces in the crystalline structure with increasing the concentration of solutions. Also, it can be noticed that 

the film with the best structural properties possess  the smallest mean straing value which effects on the crystallization level.  

 

Table1: Structural parameters of NiO thin film at different precursor molarity 

Precursor 

molarity 

(mol/ L) 

2Ɵ 

(deg) 
d(Ǻ) exp 

a(Ǻ) 

exp 
D(nm) 

δ 1016 

(lines/m2) 
     ε(%)   

Miller 

Indies’

s 

0.01 38.5110 2.33578 4.045 9.7834 104,38 - 0.1461 (111) 

0.03 37.7076 2.38367 4.128 10.66988 87.83777 -0.1286 (111) 

0.05 37.4932 2.39681 4.151 12.18642 67.3361 -0.1238 (111) 

0.07 38.4850 2.33729 4.195 21.38948 21.85746 -0.1456 (111) 

0.1 38.6250 2.32914 4.173 28.53139 12.2844 -0.1485 (111) 

 

The surface morphology was observed by (SEM) using a (Hitachi S-4160 SEM device). Figures (2, 3, 4, 5, and 6), shows the 

SEM topographic of nano-crystalline NiO thin film with EDX measurements for a different concentrations.The images show a 

homogeneous, uniform distribution of NiO nano-crystallites over a scanned area, and the grains shaped of different sizes. 

The micro-structural details resolved by SEM show the  grain size differ from the size which estimation from XRD data. This 

difference could be due to the grain in SEM is possibly formed by several crystallites of different crystallographic orientations 

whereas XRD gives the mean. X-ray data indicate and SEM images also there is textured development in nano scale. The 

existence of contrasting locations in the respective images denotes different density of particles which was related to the grain 

size. The aggregate elemental composition of the phases in the sample is determined using EDX attached to the SEM instrument 

as in figures (2, 3, 4, 5, and 6) and table (2). 
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Fig.2 : SEM images of NiO nanostructure for 0.01M concentration and EDX spectrum . 

 

 

 

 

Fig.3 : SEM images of NiO nanostructure for 0.03 M concentration and EDX spectrum. 
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Fig.4 : SEM images of NiO nanostructure for 0.05 M concentration and EDX spectrum.   
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Fig.5 : SEM images of NiO nanostructure for 0.07 M concentration and EDX spectrum  . 

 

        

 

Fig.6: SEM images of NiO nanostructure for 0.1M concentration and EDX spectrum. 
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Table 2: EDX measurements of NiO nanostructure thin films at different concentration 

Element 0.01 M 0.03 M 0.05 M 0.07 M 0.1 M Standard Label 

O 35.66 12.97 9.95 11.85 8.01 SiO2 

Ni 64.34 87.03 90.05 88.15 91.99 Ni 

Total: 100.00 100.00 100.00 100.00 100.00  

 

 

Gas sensing properties 

For gas sensing tests, an acrylic plastic chamber equipped with 500-watt electric ceramic heater with computerized control has 

been installed. The chamber is supplied by mixtures of target gas (H2S) and air in controlled proportions via two mass 

flow/control valves was set at a 1000 sccm during the test. A current source (2400 Source Meter, Keithley, Cleveland, Ohio, 

USA) was used to follow and record the changes in electrical resistance of the samples during the sensing exam. 

The change of NiO film resistance in the  resulting from adsorption of targeted gas molecules was translated into an electrical 

signal by the sensor and could be used to detect or calculate the target gas concentration, The measurement set-up is shown in 

Figure 7. 

 

Fig. 7: Experiment setup, gas sensor testing system 

 

 

The sensitivity of p-type semiconductor (NiO) film for H2S gas estimated by: 

 

%.100



a

ga

R

RR
S  

 

where R represents the electrical resistance of the film [30-32]. The testing results show that the sensitivity  changing with the 

temperature (25-350 C) for all studied concentration as shown in figure 8. The increasing in the operating temperature was led to 

boost  the sensitivity, so it peaks at operating temperature 200 oC, then the rising stops, because increasing the temperature more, 

will begin to impede the oxidation process. Therefore, the optimal operating temperature for this kind of sensor is a  200 ºC. The 

maximum sensitivity value toward H2S gas gets 154 % for 0.01 M. Table (3) shows the sensitivity and operating temperature. The 

reaction of the system   in optimum temperature with 90 pp concentration of H2S gas in terms of response and recovery time is 
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shown in Figure 9. To find out the effect of gas concentration on the response time,  they listed in Table 4. , the data indicates that 

the response time increases with the concentration and the shorter time was  2.68 s for 0.03 M concentration. 

 

0

50

100

150

200

250

300

0 50 100 150 200 250 300 350

C=0.01 M

C=0.03 M

C=0.05 M

C=0.07 M

C=0.1 M

H2S

 

 

Fig. 8: The variation of the sensitivity for H2S gas with operating temperature for films at different concentration. 
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Fig. 9: The variation of Response time and Recovery time with concentration at optimum operating temperature(200 oC). 
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Table 3: The sensor parameters for NiO films when exposed to H2S gas. 

 

Conce Sensitivity % 
Operating 

temperature 

Response 

time 

Recovery 

time 

0.01 254 190 6.71 72 

0.03 171 200 2.68 75.6 

0.05 135 200 5.9 64 

0.07 50 200 8.4 65.9 

0.1 29 200 8.6 54 

 

 

Conclusion: 

In summary, high sensitive gas sensor system was realized by deposit tin oxide thin film on glass substrate.  X-ray and SEM 

screening has indicated that the structure of NiO films ware a polycrystalline, and the crystallite size was 9.7834 – 28.53139 nm. 

As for gas sensing performance to H2S, gas sensing tests have been done using of varying concentration of the target gas (H2S), 

nickel oxide films (NiO) (1-10 wt%). The maximum sensitivity about 254 % at 200 oC as an optimum working temperature and 

NiO films optimum concentration of 0.01 M. The NiO gas sensor shows an excellent response and recover time, which is 2.68 and 

75.6 s, respectively at optimum temperature 200 oC. It was shown that by the chosen parameters, it is possible to establish an 

outstanding performance for detection of H2S gas.   
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