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Abstract
                         

In this study, nano films of pure NiO and films doped with zinc and copper concertation (1%, 3%, 
5%) and their mixture for 5% under 100 nm thickness were generated on glass bases using the sol-
gel process at a temperature of 298 K. The Cu, Zn-doped NiO and nano NiO optical characteristics 
were examined throughout a wavelength range of 300 to 800 nm, with high transmittance values 
of 94% in the Vis-NIR. Transmittance films after doped copper and zinc have dropped to 5% (91% 
and 92%), respectively. The index of refraction, coefficient of extinction, optical conductivity and 
the dielctric constants (real and imaginary) were also studied. The results show that the optical 
conductivity of NiO׃Zn and NiO׃Cu films increased at the room temperature with increasing the 
dopant concentrations.
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Introduction
An excellent example of a p-type semiconductor 

with a wide band gap energy range of 3.6 to 4.0 eV is 
nickel oxide (NiO) [1]. NiO is an interesting contender 
in this class for applications requiring clear conducting 
p-type oxide semiconductors [1]. The NiO is a 
fascinating substance that is utilized in solar cells [2], 
transparent electronics [3], electrochromic devices [3, 
4], and as a useful sensor layer for chemical sensors [5]. 
The following characteristics make NiO particularly 
appealing׃ ① excellent durability and electrochemical 
stability,② low material cost,③ promising ion storage 
material in terms of cyclic stability, ④ a high spin 
optical density, and ⑤ the ability to be manufactured 
using a variety of techniques [6‒12]. Thin films can be 

created using a variety of techniques, including the sol-
gel method, sputtering, spray pyrolysis [13], and laser 
deposition. The sol-gel approach is popular because 
of its benefits, including affordability, simplicity in 
deposition, simplicity in managing the composition 
of the films, and simplicity in controlling doping 
percentage [14‒16]. A few papers have concentrated 
on the synthesis and deposition of zinc-doped NiO thin 
layers. Additionally, doping with Zn ion can modify 
the band structure of NiO to affect its optoelectronic 
performance [17‒19].

In this work, we have synthesized the effect of 
different copper and zinc concentrations on the 
physical properties of pure and copper and zinc doped 
NiO thin films deposited by sol-gel technique. 
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Materials and Preparation

A solution of hexahydrate nickel chloride was 
prepared with a molar mass of 237.69 g/mol and 
a concentration of 0.4 mol/L. Take 9.5 g of nickel 
chloride salt and dissolve it in 100 mL of ethanol, then 
stir slowly for six hours at room temperature using a 
German-made magnetic stirrer to ensure that there is 
no precipitate and complete dissolution of the legal 
substance in ethanol. The resultant mixed solution was 
dropped on glass slides using a spin coater apparatus 
setting to 3000 r/min for 30 s. To remove organic 
contaminations, the as-deposited NiO films were dried 
at 100 °C for around 5 min. The previous procedure 
was done four times. The same process was used to 
create Cu and Zn doped NiO films from solutions 
prepared by adding cooper and zinc to the mixed 
solution at varying mass fraction of 1%, 3%, and 5%. 
Finally, all deposited films were annealed in the air for 
2 h at 350 °C.

Results and Discussion 

Optical properties are of great importance in 
understanding the properties of semiconductors 
nanostructures, through which it is possible to 
understand and develop the structure of beams and 
optical energy gap and know their suitability for 
practical application. The optical properties of the NiO 
nanofilm and the films doped with zinc and copper 
were studied individually and their mixture with mass 
fraction of 1%, 3%, 5%, deposited on glass bases at a 
temperature of 298 K with a thickness of nanoparticles 
100nm, through the spectral change of absorption and 
transmittance in the range of ultraviolet wavelengths 
and the region visible and near infrared.

Transmittance

Figure 1 shows the transmittance spectrum of the 
NiO nano-film and the zinc-doped films with mass 
fraction of 1%, 3%, 5% within the wavelength range 
of 300–800 nm. The transmittance shows in two 
separate zones׃ the first at short wavelengths less than 
360 nm, where the transmittance increases practically 
abruptly with increasing wavelength, and the second 
at longer wavelengths greater than 360 nm. In the 
second region, which is greater than 360 nm, we 
notice that the membrane’s permeability is high (up to 
94%) throughout the visible region and extends into 
the near infrared region (that is, in the range of low 

energies Vis-NIR). This finding qualifies it for using as 
permeable layers in solar cells, which outperforms the 
results of a number of researchers who analyzed the 
NiO compound in the form of a film of nano and non-
nano thickness generated using a method similar to 
the one used in our work, as well as other approaches 
[20, 21]. After doping the nano-membrane with zinc 
with mass fraction of 1%, 3%, 5%, the transmittance 
values started decreasing to reach (91%) for 5% 
doping at wavelengths greater than 360 nm, i.e., in 
the low energies Vis-NIR range. As for the copper-
doped NiO nano films with the same mass fraction 
shown in Fig. 2, the transmittance values decreased 
to 92% upon doping with 5% in the low-energy range 
Vis-NIR, and this also qualifies them to work as anti-
reflection coatings such as permeable layers in solar 
cells. This behavior is similar to previous research with 
a clear superiority in the results of the transmittance 
values for our current study [22, 23]. The decrease in 
transmittance values with higher doping ratios could 
be due to the creation of localized quantities of zinc or 
copper impurities within the energy gap, resulting in an 
increase in absorbance.

Fig. 1 Transmittance spectrum as a function of the wavelength 
of pure NiO and NiO׃Zn films with different doping ratios

300 400 500 600 700 800
Wavelength (nm)

40

60

80

100

Tr
an

sm
itt

an
ce

 (%
)

Pure NiO
ωZn =1%
ωZn =3%
ωZn =5%

Fig. 2 Transmittance spectrum as a function of the wavelength 
of pure NiO and NiO׃Cu films with different doping ratios
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Absorbance   

The strongly permitted optical stimulation of 
electrons across the energy gap results in a significant 
increase in absorbance at a wavelength matching the 
energy gap. The optical absorption edge is the name 
given to this characteristic of the absorption spectrum. 
Figures 3 and 4 show the absorption spectra of pure 
NiO and the NiO׃Zn films with mass fraction of 1%, 
3%, 5% within the wavelengths of 300–800 nm, 
respectively. The absorbance of all films has a large 
amount at wavelengths adjacent to the basic absorption 
edge (320–360 nm); then as the wavelength increases 
the absorbance decreases. The absorbance of the films 
generally takes low values in the visible and near 
infrared region. At high wavelengths, the photons 
of the incident light do not have enough energy to 
interact with the atoms of the material, and the photon 
is carried out. In the region of wavelengths less than 
320 nm, it crawls towards higher wavelengths (red 
shift). With the increase in the percentage of distortion, 
it is assumed that a decrease in the optical power gap 
is in agreement with previous research [24]. After the 
wavelength of 320 nm, there are no absorption peaks, 

and this is due to the superior transmittance of the films 
in that region of the visible spectrum. The absorbance 
values increase with the increase in the percentages 
of distortion to increase the grain size and also due to 
the decrease in the optical energy gap as a result of the 
energy gap’s local concentrations of copper or zinc 
impurities.
Optical absorption coefficient

Figures 5 and 6 show the absorption coefficient 
(α) of the NiO nanofilm and the copper, zinc-doped 
films versus the incident photon energy (hν). The 
increase in the absorption coefficient is slowly 
gradual increase at lower energies. Therefore, these 
films can be used as anti-reflection coatings in solar 
cells and reagents at low energies and then increase 
faster in the higher energies range (3.5–3.8 eV) and 
(3.5–3.9 eV) respectively. From this increase, it is 
possible to identify the basic absorption edge and the 
occurrence of transitions between the valence band 
and conduction. From Figs. 5 and 6, the coefficient of 
absorption is about 3×104 cm-1 at the energy gap of 3.5 
eV, and this suggests that direct electronic transitions 
have occurred, which shows a reduction in optical 

Fig. 4 Absorbance spectrum as a function of the wavelength of 
pure and NiO׃Cu films with different doping ratios

Fig. 3 Absorbance spectrum as a function of the wavelength of 
pure and NiO׃Zn films with different doping ratios
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Fig. 5 The absorption coefficient as a function of the photon 
energy of pure and NiO׃Zn films with different doping ratios
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Fig. 6 The absorption coefficient as a function of the photon 
energy of pure and NiO׃Cu films with different doping ratios
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energy gap values, and this is caused by the creation of 
local levels near the conduction band.

Optical energy gap

The allowed direct energy gap was calculated by 
extending the straight (tangent) part of the curve until 
it intersected the photon energy axis hv at hνα = 0. The 
permitted direct optical energy gap values for the NiO 
nanofilm were 100 nm and 3.73 eV, as shown in Fig. 7, 
which are within the range of conventional energy gap 
values for NiO films (3.6–4 eV). The permitted direct 
optical energy gap values for pure NiO were 100 nm 
and 3.73 eV, as shown in Fig. 7, which are within the 
range of conventional energy gap values for NiO films 
(3.6–4 eV). The rise in charge carriers, or the increase 
in Zn and Cu concentration in the deposited films, 
causes changes in the homogeneity and density of the 
local levels, which causes a drop in the optical energy 
gap values. In addition, the decrease in the optical 
energy gap values may be related to the percentage 
increase in the grain size, on the basis of which the 
optical energy gap values appear for the case of doping 
with zinc less than in the case of copper.

Refractive and extinction coefficients

The extinction coefficient of pure NiO, NiO׃Zn 
and NiO׃Cu films doped with zinc and copper in 
mass fraction of 1%, 3%, 5% as a function of incident 
photon energy (hv) are depicted in Figs. 9 and 10, 

respectively. We notice that the values of the damping 
coefficient increase with the increase in the energy 
of the photon, and this increase in the values of the 
damping coefficient is a result of the increase in the 
values of the absorption coefficient. Figures 11 and 
12 show the relationship between the refractive index 
and the photon energy of the NiO nanofilm and the 
zinc-copper doped films with mass fraction of 1%, 

Fig. 7 The optical energy gap of the pure and NiO׃Zn films with 
different doping ratios
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Table 1 The optical energy gap for pure NiO, NiO׃Zn and 
NiO׃Cu

Mass fraction
Optical gap (eV)

Zn Cu

Pure NiO 3.37 3.37

1% 3.58 3.61

3% 3.42 3.49

3% 3.41 3.42

Fig. 8 The optical energy gap of the pure NiO and NiO׃Cu films 
with different doping ratios
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Fig. 9 The extinction coefficient pure NiO and NiO׃Zn films 
with various doping ratios as a function of incident photon 
energy
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Fig. 10 The extinction coefficient pure NiO and NiO׃Cu films 
with various doping ratios as a function of incident photon 
energy
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3%, 5%, respectively. We notice an increase in the 
refractive index with an increase in the energy of 
the incident photon and for the different percentages 
of addition, and this is explained in the light of the 
inverse relationship between the refractive index and 
wavelength and this behavior agreement with previous 
research [24].

Complex dielectric constant

The NiO nanoparticles and zinc-copper doped films 
with mass fraction of 1%, 3%, 5% are shown in Figs. 
13 and 14 to demonstrate how the real part of the 
dielectric constant changes as a function of wavelength. 
The behavior of the real dielectric constant curve 
resembles that of the refractive index curve to some 
extent. The curve starts decreasing at high wavelengths, 
but after doping, the real dielectric constant values 
decrease with the increase in doping ratios.  The effect 
of the damping index is slightly compared to the effect 
of the index of refraction. Figures 15 and 16 display 
the variation in the imaginary part of the dielectric 
constant as a function of wavelength for zinc-copper 

doped films and NiO nanofilms, respectively. As we 
note that the curve behaves similar to the curve of the 
damping coefficient, but after doping, we notice that 
the value of the imaginary dielectric constant increases 
with the increase in the percentage of doping.
Optical conductivity

Figures 17 and 18 change the optical conductivity of 

Fig. 12 The index of refraction as a function of input photon 
energy for NiO nanomembranes and Cu-doped films with varied 
doping ratios

Fig. 11 The index of refraction as a function of input photon 
energy for NiO nanomembranes and Zn-doped films with varied 
doping ratios
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Fig. 14 The NiO nanomembrane and Cu-doped films with 
various doping ratios’ values of the real dielectric constant as a 
function of wavelength

Fig. 13 The NiO nanomembrane and Zn-doped films with 
various doping ratios’ values of the real dielectric constant as a 
function of wavelength
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Fig. 15 The imaginary dielectric constant values of the NiO 
nanomembrane and Zn-doped films with varying doping ratios 
as a function of wavelength
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the NiO nanofilm and the Zn-Cu-doped films in mass 
fraction of 1%, 3%, 5% as a function of the incident 
photon (hν). From the figure, it increases dramatically 
at higher power energies. As for the effect of doping, 
it shows an increase in the conductivity in an orderly 
manner, and this indicates a significant increase in 
the conductivity of the membrane and this behavior 
agreement with previous research [24].

Conclusion 

In this study, nano films of pure (NiO) and films 
doped with zinc and copper mass fraction of 0, 1%, 3%, 
5% and their mixture for 5% under 100 nm thickness 
were prepared on glass bases using sol-gel method. 
The optical properties of nanocomposites have been 
studied: the transmittance, absorbance, absorption 
coefficient, refractive and extinction coefficients, 
dielectric constant (real, imaginary) and the optical 
conductivity. By calculating the transmittance of the 
NiO nanoparticle, it was found that it has the highest 
value of transmittance (94%) within the low energies 
range (Vis-NIR), while the permeability of the films 
after doping with zinc and copper decreased to reach 
at 5% to 91% and 92%, respectively, and this qualifies 
them to be suitable to work as anti-reflection coatings 
to improve the efficiency of the solar cell and that 
the dielectric constant in its real and imaginary parts 
increases with increasing wavelength.
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