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In this paper, copper doped nickel oxide as the thin films have been 
synthesized by a sol-gel spin coating method for gas sensing application. 
The ratios of Cu –doped were (1, 2, and 3) %wt. The characterization of 
obtained films was investigated in detail of the structural, morphological 
surface, optical properties, and sensing properties of Nitrogen dioxide 
(NO2) and hydrogen sulfide (H2S) gases. The crystallinity was confirmed 
by the x-ray diffraction (XRD) analyses. The surface morphology is 
characterized by atomic force microscopy (AFM). The NiO: Cu films have 
a polycrystalline with a cubic structure phase. The results of AFM showed 
the roughness and grain size distribution decreased from (13.56-22.71) 
nm, and (2.56-5.21) nm, respectively. The optical property showed that the 
highest absorption of the obtained films was 0.739 to the 1%Cu sample and 
the bandgap decreased from (3.31 to 3.01) eV with increasing Cu doped. 
The results of sensing analysis showed the doping of NiO film with Cu was 
suitable for gas sensing applications where the electrical conductivity of 
NiO was an enhancement. 

INTRODUCTION
Semiconductors are important materials, which 

have made significant progress, have made the 
extent of the last decade, inherited extensively 
through a range of electronic applications and 
devices, including electronic devices, optical 
guests, light-emitting, photocatalysis, and 
other applications [1]. Nickel oxide (NiO) is a 
semiconductor p-type; it has a cube structure, 
as well thin films, and good transparency. NiO 
has been used in many applications because of 
its crystal good and best permeability of a wide 

range of visible wavelengths, also, possessing 
an energy gap between (3.6 to 4) eV [2]. These 
thin films of NiO are used in many applications 
such as solar cells, chemical sensors, electric 
minors, photovoltaic, organic-relief diodes, and 
UV detection devices[3]. Hydrogen sulfide (H2S) 
is a flammable gas and its properties are colorless 
with a distinctive smell of rotten eggs. This 
gas naturally produces volcanic lava and some 
water from the well and is also produced when 
the bacteria decompose organic matter in the 
absence of oxygen. It has been widely observed 
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by the H2S gas in industrial places. Consequently, 
workers in these environments may be exposed 
to H2S gas, as well as workers in agriculture, oil, 
and wastewater treatment, and the dangerous 
dose of this gas that causes death when exposed 
to it is H2S (>500 ppm)[4]. Nitrogen dioxide (NO2) 
is one of the numerous nitrogen oxides. It is a 
gas in its natural state, brown-red color has a 
sharp permeable smell. NO2 is one of the most 
important and most common air pollutants and 
causes poisoning when inhaled. Traffic emissions 
are the main source of nitrogen oxides while some 
small concentrations are produced from power 
stations and some other industrial sources, but 
emissions from power stations and industrial areas 
are in most cases high on the monitoring stations 
and their rise helps the speed of the spread of 
pollutants in the atmosphere, so traffic emissions 
are the main source and the dangerous dose of 
this gas that causes death when exposed to it is 
H2S (>100 ppm)[5]. Several deposition methods 
can get NiO thin films like as, electrochemical 
deposition, Pulls laser deposition (PLD), plasma 
sputtering, thermal evaporation, Sol-Gel process, 
and chemical vapor deposition (CVD) [6][7]. The 
semiconductor applications problems are high 
values ​​of energy gaps and the lack of electrical 
conductivity so many researchers seek to improve 
the physical properties of these materials through 
vaccination with other elements. In this work, we 
synthesis undoped and doped NiO by Cu as thin 
films by using sol-gel spin coating method for gas 
sensing application. The target gases were NO2 
and H2S with operating temperature (200, 250, 

and 300) oC, also the structure properties, surface 
morphology, optical properties were investigated.

MATERIALS AND METHODS
Materials

Nickel acetate tetrahydrate powder 
(C4H6NiO4·4H2O) purity at 99.99%, 
2-methoxyethanol (C3H8O2) purity at 99.00%, and 
Monoethanolamine (MEA) purity at 98% were 
used as stabilizer and solvent. Cupper nitrate Cu 
(NO3)2 was used as a source of Cu doped. The 
substrate used was Glass. All starter materials 
were supplied from Sigma-Aldrich, Malaysia.

Preparation of NiO: Cu thin films”
Nickel acetate tetrahydrate powder was 

dissolved in 2-methoxyethanol with a solution 
concentration of 0.5 M. The solution was mixed 
by using magnetic stirred for 30 minutes and 60 
oC, after 30 minutes a drop of MEA was added 
to the solution, and then the solution lasts for 
another 30 minutes until the solution is becoming 
clear. To make Cu doping it’s prepared by the 
same condition. The two solutions were mixed 
according to ratios of Cu-doping (1,2, and 3) wt%. 
The prepared solution was left for aging at room 
temperature for 24 hours, to allow forming the gel 
to complete hydrolysis [8].  The deposition process 
of NiO: Cu films by using a spin coater, Model VTC-
100.  The preparation process of the films has 
done in three steps: first at 500 rpm for 5 seconds, 
the second at 1000 rpm for 30 seconds, and at 
3000 rpm for 5 minutes.  The drying films at 80 ° 
C for 15 minutes by using the oven to evaporate 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1. XRD patterns of NiO: Cu films, (a) NiO, (b) doping 1%Cu, (c) doping 2%Cu, (d) doping 3%Cu.”
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the solvent and remove organic matter.  This 
process is repeated five times to get the required 
thickness. Thereafter, the obtained films were 
annealed at 450 °C for 2 hours. Before deposition, 
the glass substrate was cleaned using acetone, 
methanol, and de-ionized water, an ultrasonic 
cleaner. For thickness measurement a fizeau 
method was used for this purpose, the obtained 
thicknesses were (189, 230, 210.4, and 197.8) 
nm for NiO, 1% Cu, 2%Cu, 3%Cu, respectively. 
Shimadzu XRD 6100/7000, λCuKα = 0.15406 nm) 
was used for structure properties analysis, atomic 
force microscopy (AFM) used type (Nitegra NT. 
MDT), the scan electronic microscopy (SEM) was 
type JEOL, 67001 and UV-visible (35-LAMBDA) for 
measurement of optical properties.

RESULTS AND DISCUSSION
Fig. 1 showed the X-ray diffraction pattern 

of the NiO: Cu films with Cu-doping ratios (1 to 
3) wt% and annealing at 450 oC for two hours. 
XRD patterns showed peaks at 43.92◦ and 63.12◦, 
corresponding to the (111) and (104) planes, 
which describe a polycrystalline for the cubic 

structure phase of NiO, respectively, according to 
the JCPDS file no. 04-0835. Fig. 1 showed a simple 
shift in the angles of NiO film of the other samples, 
and the samples, 2%Cu and 3%Cu doping were 
appearances a peak indicated to copper phase 
at the angle 43.02 and (111) plane, according to 
the JCPDS file no. 04-0936. The average crystalline 
size was measured by using the Debye–Scherrer 
equation [9]:”

D = “0.9λ
β cos θβ                                                                                           (1)

Where D: the crystallite size (nm), λ: x-ray 
wavelength (1.54 Ao), β: the FWHM width of the 
peak, and θβ: the diffraction angle of the peak. 

Moreover, microstrain (ε), dislocation density 
(δ), and stacking fault probability (α) were 
measured by the equations [10-11]:

δ =  1
D2                                                                   (2)

                                                                

ε =  (|CoICDD−CoXRD|
CoICDD ) × 100                                 (3)

 

NiO: Cu films 2θ (Deg.) ε D (nm) δ=1/D2 
(line.nm-2) α 

0%Cu 43.925 0.002 48.1502 0.0004 0.0019 

1%Cu 43.975 0.002 48.4036 0.0004 0.0019 

2%Cu 43.025 0.002 48.5492 0.0004 0.0019 

3%Cu 43.710 0.027 19.2477 0.0019 0.0019 

 

 

 

Table 1 Microstructure properties of NiO: Cu films
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Fig. 2. Crystalline size and stacking fault probability of NiO: Cu films with Cu-doping ratios.
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α = 2π2∆(2θ)
45tanθ                                                         (4)                                                  

 Where CoICDD: lattice constant, ICDD and 
CoXRD: value forth lattice constant. The result 
showed an enhancement in crystallinity of NiO: 
Cu films compared with the results of many 
researchers[7-10]. Table 1 summarizes the results 
of the XRD data analysis.

“Fig. 2 showed the crystalline sizes (D) and 
stacking fault probability (α) of NiO: Cu films 
as a function of Cu-doping concentration. The 
crystalline size was decreased with an increase 

in Cu concentration, also, the stacking fault 
probability increased with increasing Cu-doping, 
This suggests that Cu atoms in the NiO structure 
may restrict the grain growth of NiO films due 
to the lowest ionic radius of Cu2+(0.69 Ao) than 
Ni2+(0.72 Ao), also, the stacking fault probability is 
directly proportional to the crystallization, as the 
less crystallization, the more randomness, and 
thus the decreased in the values ​​of the stacking 
fault probability, this is agreed with the results of 
[12].

Fig. 3 showed AFM images of the surface 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3. AFM images NiO: Cu films, (a) 0%Cu-doped, (b) NiO:1%Cu-doped, (c) NiO:2%Cu-doped, (d) NiO:3%Cu-doped.
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morphology for NiO: Cu films, the scanning images 
(4.5x4.5) µm of the film surfaces for all samples, 
and the images of the prepared films were in (3-D). 
The grain size distribution of the surface increased 
(13.576 to 22.724) nm with increasing the ratios 
of Cu-doped. Fig. 4 showed the results analysis of 
AFM images. It observed that the roughness and 
root mean square (RMS) of the NiO sample was 
(2.937) nm and (4.436) nm respectively, and then 
it’s increased to (5.211) nm and (9.653) nm with 
increased the Cu content. The reason for these 
increases in the value of roughness and RMS can 
be attributed to the increase in the Cu-doping, 
where the difference between Cu+2 and the Ni+3 is 

the latest increase in the roughness and RMS [13].
This technique of UV-Visible is described that 

fact shows the electron is moved from band 
to band, where it moved from valence band to 
conductivity band when the electron acquires 
the energy necessary to cross the energy gap of 
the semiconductor. The electrons move occurred 
because the absorption of photons provides rich 
information on the transition type. When an 
electron momentum is saved that the transition 
is immediately and is not measured by indirect 
energy and the transition power is measured by 
using the relation of Tauc [14]. Fig. 5 showed the 
absorption spectra of NiO: Cu films at different 
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Fig. 5. UV- Visible absorption diagrams of the NiO: Cu films at different Cu-doping.
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ratios of Cu-doping (1,2 and 3) %wt percentage. 
The behavior of absorption spectra was turned 
towards the higher wavelength of absorption 
edges with an increase of Cu-doped. This shift 
showed decreasing in values of bandgap as 
shown in Fig. 6, this is because of an increase 
in the particle size [15]. The measured value 
of absorption edges of NiO: Cu obtained films 
at different ratios of 330, 336, 339, and 340 nm 
for NiO, 1%Cu, 2%Cu, and 3%Cu respectively. 
Also, Fig. 5 shows an exponential decrease in the 
absorption pattern with increasing wavelength. 

There are many reasons, including the interaction 
of photons with the internal electric fields within 
the crystal volume of the prepared films, and the 
deformation that occurs to the lattice because 
the strain caused by the deficiency and inelastic 
scattering occurs for charge carriers by phonons 
[16]. The absorption coefficient (α) related to 
the absorption area of the prepared films was 
calculated from the equation below [17]:”

∝= 2.303A
t                                                                          (5)
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Where: α: absorption coefficient, A: absorption 
and t: thickness.”

“the energy gap (Eg) of prepared films measured 
by used Tauc formal [18]:”

(∝ hv)n = B(hv − Eg)                                           (6)

Where (α, hν): absorption coefficient, photo 
energy, respectively, B is a constant belonging to 
the material and n equal 2 or 1/2 for direct and 
indirect bandgap respectively. The optical bandgap 
is measured by concluding the linear part of the 
(αhν)n – hν curve as shown in Fig.6. “

“Fig. 6 showed the energy gap of NiO: Cu 
films. The number linear relation was for n = 1/2, 
suggesting that NiO: Cu films are a semiconductor 

with direct transition [19]. The values of energy gap 
were (3.31, 3.2, 3.1, and 3.02) eV for NiO,1%Cu, 
2%Cu, and 3%Cu, respectively.

The sensitivity% can be defined as the ratio 
between changing the resistance of the sensor 
with the presence of gas and without gas [20]:

                                                   (7)

Where Ga: the resistance of sensor in air, Gg: 
the resistance of sensor in presence of a gas. The 
target gases were NO2 as an oxidized gas and H2S 
as a reduced gas. 

 Fig. 7 shows the sensitivity% of NiO: Cu films 
at present H2S gas. The sensitivity in general 
increased with increasing Cu content and 
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operator temperature, as for the pure sample 
NiO film, the sensitivity% increased by increasing 
the temperature, and the reason for this is due 
to the nature of the semiconductor material, 
as its resistance is decreased by increasing 
the temperature and thus an increase in the 
sensitivity[21], as for the 1%Cu sample, the 
sensitivity% was also increasing with an increase in 
the temperature, and the reason for this positive 
effect of heat on-resistance of semiconductor 
with metal [22]. While the 2%Cu sample the 
sensitivity% was completely different from the 
rest of the samples and the reason, for this may 
be due to the bad homogeneity in this sample. 

The sensitivity% of the 3%Cu sample was also 
increased with an increase in the temperature 
because of the positive affect of heat on resistance 
of semi –conductor with metal.

Fig. 8 illustrates another behavior of NiO: Cu 
films with NO2 gas, In the pure sample NiO film, 
the sensitivity% decreased by increasing the 
temperature, and the reason for this is due to 
the nature of the semiconductor p-type, as its 
resistance is known to act usually as oxidation gas 
on n-type metal-oxide semiconductors [23]. Also, 
the sensitivity of the other samples decreased 
with an increase in the operating temperature, 
but this is a different effect from one sample to 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 11. Histogram of the sensitivity% values of NiO: Cu films for H2S gas.

 

 

 

 

 

 

Fig. 12. Histogram of the sensitivity% values of NiO: Cu films for NO2 gas.
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another, the reason for this is due to the nature 
of the crystallization of the prepared samples, 
as well as the influence of the resistance of the 
semiconductors of the n-type with oxidizing gases 
[24]

Fig. (9,10) showed The response time of H2S 
and NO2 gases, respectively. Fig. 9 showed the 
response time of the pure sample was increased 
with an increase in temperature and this is due 
to the effect of temperature on the resistivity of 
the prepared film [23]. As for the rest samples 
(1%,2%, and 3%)Cu, the time of response with the 
temperatures is irregular, and the reason for this 
is due to the lack of homogeneity of the metal-
doped on the surface of the samples [25]. Fig. 10 
showed the response time of NiO: Cu films for 
NO2 gas. It is clear that the response time with the 
temperatures is irregular, and the reason for this 
is due to the lack of homogeneity of the metal-
doped on the surface of the samples and the 
nature of act the oxidizing gases on the resistivity 
of the semiconductors from n-type [24].

Fig. 11 showed histogram of the sensitivity% 
values of NiO: Cu films with the temperatures 
for H2S gas. The results illustrated that the best 
sensitivity% was to NiO:1%Cu films at 300⁰ C. Fig. 
12 summarizes the results of sensitivity% values of 
NiO: Cu films with the temperatures for NO2 gas, 
the results showed that the best sensitivity% was 
NiO:2%Cu films at 200 ⁰C.

CONCLUSION
The sol-gel spin coating technique was used to 

prepare NiO: Cu thin films at different ration of Cu 
(1,2, and 3)wt% as a gas sensor of two gases H2S 
and NO2. The results of XRD illustrated that NiO: 
Cu thin films exhibit Poor crystallization the phase 
was monoclinic, and the crystallite size increased 
from (48.15024 to 19.24775) nm with increasing 
Cu-doped concentration. AFM images revealed 
that the grain size distribution on the surface of 
prepared samples increased from (13.56 to 22.72) 
nm with increased Cu-doped. Optical absorption 
results indicate a low absorbance in the infrared 
and visible regions and the bandgap of NiO 
film was 3.31 eV, while it’s reduced to (3.2, 3.1, 
and 3.02) eV for Cu-doped  at 1%, 2%, and 3%, 
respectively. The gas sensor results of NiO: Cu 
films, the results indicate that the best sensitivity 
to H2S gas was NiO:1%Cu film, where the sensitivity 
% was 151.24% at 300 oC and the best sensitivity 
to NO2 was NiO:2%Cu film, where the sensitivity % 

was 64.03% at 200 oC. We conclude that NiO: Cu 
films are potential sensors for H2S and NO2, with a 
strong response to H2S gas.
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