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Abstract 
In this study, copper doping concentrations of 0.02 and 0.04 were employed to 

create (NiO) films, which were then subjected to optical and structural tests, 

including X-ray diffraction, atomic force microscopy, and absorbance, 

reflectivity, and energy gap. The higher doping ratio resulted in a smaller value 

for the granular size by (62nm), whereas the pure films gave a granular size of 

(118nm), and this result agreed with the results of the XRD. The doping ratios did 

not affect the phase of the prepared films, but they did affect both the granular 

size and the specific surface area. The range of particle sizes used for the AFM 

analysis. According to the findings of the eye examinations, the absorbance and 

reflectivity increased with the amount of doping while the transmittance 

decreased. The membrane had an energy gap of 1.65 eV during the time when the 

pure membrane had an energy gap of 0.04Cu, but the energy gap shrinks as the 

amount of cu in the thin film grows (1.85 eV). 
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1. Introduction 

Thin films, which provide better physical properties of materials than those of 
those materials in their natural form, are one of the most significant technologies 
that have contributed to the development of semiconductors and their 
applications. [1], As a result of atoms or molecules condensing on a substrate (solid 
base), constructed of glass, silicon, or aluminum, depending on the nature of the 
study, a thin film is formed up of one or more layers of material atoms that are only 
one micrometer or several nanometers thick. Due to the impact of surfaces on the 
physicochemical properties of the membranes and the neglect of these surfaces, 
membranes have physical and chemical properties that are different from those of 
the materials that make up their constituent parts. 
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Due to the variety of applications for these layers, different film preparation 
methods are used. Thin films can be prepared using either a physical process or a 
chemical method. The choice of one method over another depends on a number of 
variables, the most crucial of which are the kind of material employed, the 
application area for the layer that was prepared, and the cost of preparation. As 
there are some procedures that are suitable for materials and not suitable for 
other materials, and since some of them are simple to use and others are complex, 
the techniques that are characterized by low economic cost have drawn a lot of 
attention [3]. The rotary coating method was used in this study because it requires 
the substrate to be rotated at a high speed while the gel solution is poured on it 
drop by drop. As a result, the sedimentation material is distributed across the 
substrate by the action of centrifugal force, and the layer thickness can be changed 
by adjusting the rotation and acceleration. The major purpose of this treatment is 
to eliminate crystalline flaws and hence enhance the properties of the membranes 
in terms of permeability and crystallinity [4,5]. This treatment is also dependent 
on the viscosity of the gel solution, where the solvent evaporates extremely 
quickly. 

2. Experimental Part 

2.1. Preparation of solutions 

2.1.1. Prepare pure sample solution 

In order to create (NiO) films, aqueous nickel nitrate (Ni (NO3) 2.6H2O) with a 
molecular weight of (M = 290.8 g/mol) was used. The weights of nickel nitrate 
needed to be combined with (V = 15 ml) of distilled water to create a solution with 
a concentration of (C = 0.3 mol/l) can be determined using the relationship (1): [6] 

m = C.M.V‏ ----------‏‏‏‏‏‏‏ (1) 

whereas -:‏  

m : the weight to be used 

C : molar concentration in mol/gm 

M: The molecular weight of the substance used in gm/mol 

2.1.2. Preparation of impure samples solution 

To inoculate nickel oxide with copper, two molar ratios of (0.02,0.04) mol of the 
inoculation solution (quantitative copper nitrate) were used for all molar 
concentrations of the basic (Ni (NO3)2.6H2O) with a volume of (Vs = 15 ml) as in 
the equation ( 2).[7] 

(Vs2/Vs1)×100=W(2) ------------  ‏‏‏ 

Vs1: volume of the base solution (aqueous nickel nitrate solution). 

 Vs 2: the volume of the inoculation solution (the solution in which the aqueous‏
copper nitrate is dissolved). 

 .W: volumetric percentage of inoculum‏

Note that the molecular weight of aqueous copper nitrate is (241.45 gm/mol). 
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2.2. Prepare the glass bases 

We used glass substrates of the type (0004-0302-CITOPLUS- REF) with 
dimensions (75 mm×25). These substrates were cleaned to get rid of sediment in 
several stages, namely: 

 By immersing the glass substrates in chloric acid (HCI) and then in ethanol 
solution, then cleaning them with distilled water to ensure the quality of 
cleaning . 

 The substrates were placed in ethanol with the chemical formula (C2H5OH) 
for 10min, then extracted from the solution and dried at a temperature of 
60C̊ for 10min. 

 Then it was placed in acetone with the chemical formula (C3H6O) for 10 
minutes, then it was extracted from the solution and dried at a temperature 
of 60C̊ for 10 minutes. 

After all these steps, the models are ready for painting. 

2-3 Rotational coating process steps (Sol-Gel) 

The process of deposition on the films is carried out using the rotary coating 
method, following the following steps: 

 After leaving the prepared solution for 24h, we filter the solution using 
filter paper to ensure that the solution is free of any impurities and also to 
ensure the homogeneity of the solution. 

 We put the glass substrates after cleaning and put them on the base of the 
device and use a micro-burette to withdraw an amount of 50µml and drip 
onto the substrate and then operate the device at a speed of (3000 rpm) for 
30sec and then turn off the device and repeat the process again after 
several minutes on the same slide . 

 the samples were dried at a temperature of 100C̊ for a period of (10min), 
after which they were left to until room temperature was reached. 

3. Examinations 

3.1. The test of X-Ray-Diffraction  

Using an X-ray diffraction machine from Shimadzu Corporation. The interstitial 
distances values for atomic levels (d) were obtained for each sample using 
equation (3( [8]. 

nλ=2dsinƟ                 ----------------- (3)       

For the purpose of calculating the particle size of the formed material, we use 
equation (4) [9]. 

      ----------------- (4) 

D :- particle size .‏  

ʎ  :- X-ray wavelength. 
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K :- Constant form factor .‏  

ß ;- width middle beck 

Θ :- Brack angle 

Through equation (5) we can calculate the surface area (S) [10]:- 

D =            ------------ ( 5) 

D: particle size, nm 

S: Specific surface area (m2 /gm) 

ρ: surface area density 

3.2. Atomic force microscopy (AFM) examination 

The atomic force microscope (AA 3000 SPM) was used in this research to study the 
surface topography of the samples (particle size and surface roughness rate). 

3.3. Optical examinations 

The UV-1800 (UV Visible Spectrophotometer) spectrometer was used to produce 
optical measurements for the wavelength range (200-1100) nm in order to 
conduct visual examinations. in the reference window, the fundamental rule. For 
the above-mentioned range of wavelengths, optical measurements included 
measuring transmittance and absorbance. Using the relationships (6), (7), (8), and 
(9), we will calculate the optical properties of transmittance, reflectivity, 
suppression coefficient, absorption coefficient, and energy separation. 
[11.12,13,14] 

T = e -αd                ------------- (6) 

Α (cm-1) = 1/d ln (            -------------- (7) 

K =                 --------------- (8) 

(αhv)2 = B ( hv -Eg)      --------------(9) 

B is a constant  

Eg: energy interval and its unit (eV) 

hv : photon energy and its units (eV) 

4. Results and discussion 

4.1. Effect of copper doping on particle size and specific surface area 

The (XRD) inspection of the produced films revealed directions (111), (200), and 
(220) at angles (38.2, (43, and 67.1), respectively, and they were noticeably 
different in appearance between the inlaid and untreated films, as shown in Figure 
1. All of the prepared films gave off a polycrystalline structure of the cubic type as 
shown in the international card ASTM (card 04-0835), and table (1) demonstrates 
that the percentage of inoculation affected the particle size even though the phase 
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of all the prepared films was unaffected by the inoculation condition. Increases in 
the proportion of copper inoculation also increased the surface area of the 
membranes by causing a reduction in particle size. In line with [15,16,17,18] 

Figure 1. X-ray diffraction of the doped and undoped films 

 
 

Table 1. Shows the particle size and surface area of the thin films 
Models S (m2/mg) D (nm) 

NiO 7.6 118 
NiO(O.O2Cu) 12.8 70 
NiO(0.04Cu) 14.5 62 

 

4.2. The effect of copper doping on the results of atomic force microscopy 

Figures (2), (3), and (4) show AFM pictures made with NiO, NiO(0.02Cu), and 
NiO(0.04Cu), respectively. In these images, we can see how the distribution of 
particle sizes on the film surfaces varies for different percentages. The average 
particle size falls as the inoculation percentage increases, but the surface 
roughness rate is different since it increases as the inoculation percentage 
increases, whereas the non-copper-doped films give an average value of (321nm). 
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Figure 2. Shows AFM images of a thin film (NiO). 

 
 

Figure 3. Shows the AFM  images of thin film NiO (0.02Cu). 

 
 

Figure 4. Shows AFM images of thin film NiO (0.04Cu) 

 
 

Table 2. Shows the average particle size and surface roughness of the films 
Models Average Grain Size (nm) Roughness 

Average (nm) 

NiO 330 321 

NiO(O.O2Cu) 200 113 

NiO(0.04Cu) 150 615 
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4.3. Effect of doping on optical properties‏ 

4.3.1. Absorbance 

The maximum absorbance values were for the doped films with larger doping 
ratios, and the lowest values were for the undoped films, as shown in Figure (5). 
This is due to the small grain sizes of the doping ratio (0.04Cu) and the high 
granular sizes of the NiO, which increases the surface area of the doped films and 
raises absorbance. These films received less photon energy than undoped films, 
which had smaller surfaces and so produced somewhat lower absorption results. 
The area caused the prepared films to behave zigzag, but when the near infrared 
region approached, the absorbance levels started to increase once more.  

Figure 5. Shows the absorbance as a function of wavelength 

 

4.3.2. Reflectivity 

Figure (6) depicts the relationship between reflectivity and wavelength. The 
behavior of the reflectivity is comparable to that of the absorbance with respect to 
the incident photon's wavelength and the produced films' copper doping 
percentages. 

Figure 6. Shows the reflectivity as a function of wavelength 

 

4.3.3. Transmittance 

Figure (7) shows the relationship between the wavelength of the incoming photon 
and the transmittance of the prepared membranes. We note that the highest 
transmittance values were in the ultraviolet region, or before the absorption edge, 
but that there was a decline in transmittance values after the absorption edge to 
support these values for wavelengths between (400nm) and (800nm) (1100nm) In 
terms of the impact of copper doping, the (0.02Cu) and (0.04Cu) films had the 
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lowest values of transmittance along the wavelength path in contrast to the (NiO) 
film, which had the highest values. 

Figure 7. shows the transmittance as a function of wavelength 

 

4.4. Effect of copper doping on the energy gap 

Figures (8), (9) and (10) show that, in contrast to films doped with lower 
percentages, those doped with higher percentages of copper have a positive 
relationship between the values of the allowed direct transmission energy and the 
energy of the incident photon, whereas the values of the undoped films had a more 
stable relationship with energy values. We note that the allowed direct transition 
energy values increased very quickly after increasing the photon energy values 
above the energy gap values, and from Table (3) we find that by increasing the 
doping values, the gap values decreased energy compared to the undoped films. 
These two relationships for the doped and undoped films showed similar behavior. 

Figure 8. Direct allowable transition energy relation to photon energy (NiO). 

 
 

Figure 9. Direct allowable transition energy relation to photon energy (0.02Cu)(NiO). 
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Figure 10. Direct allowable transition energy relation to photon energy(0.04Cu)(NiO). 

 
 

Table 3. Shows the energy gap values 
Models Eg(e V ) 

NiO 1.85 

NiO(O.O2Cu) 1.75 

NiO(0.04Cu) 1.67 

 

5. Conclusions 

 The particle size of the produced films reduces when the inoculation rates 
are increased, increasing the specific surface area. 

 For all membranes, the absorption values rise in the visible alkaline 
wavelength range and the region of the near infrared spectrum. 

 We see a marked improvement in the energy gap values as the doping rates 
are increased; the energy gap of NiO films was (1.67 eV) when doped with a 
ratio of (0.04Cu), whereas it was (1.85eV). 
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