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Abstract

The effect of Ag doping on optical, structural and electrical 

properties of deposited Ni1-xAgxO thin films on glass 

substrate by spray pyrolysis technique has been studied. The 

main objective of this research is to study the change of the 

physical and optical properties of Ni1-xAgxO thin films that 

are fabricant to semiconductor with different doping levels 

x. These levels are 0 at.%, 2 at.%, 4 at.%, 8 at.% and 10 

at.%. The transmission spectra show that the Ni1-xAgxO thin 

films have a good optical transparency in the visible region 

from 68 to 83%. The optical gap energy of the Ni1-xAgxO 

thin films varied between 3.70 and 3.81 eV. The urbach 

energy varied between 245 and 289 meV. However, the 

Ni0.96Zn0.04O thin films have many defects with maximum 

value of urbach energy. The Ni0.96Ag0.04O thin films have 

minimum value of optical gap energy. The Ni0.96Ag0.04O thin 

films have maximum value of the electrical conductivity 

which is 0.023 (Ω.cm)-1. The Ni0.92Ag0.08O thin films have 

maximum value of the transmission which is 83%. The 

average electrical conductivity of our films is about (0.0184 

(Ω.cm)-1). XRD patterns of the Ni1-xAgxO thin films indicate 

that films are polycrystalline with cubic structure. 
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1. Introduction 

Nickel oxide is one of the most important semiconductor materials in the environmental field due to the detecting ability of 

toxic gases [1]. Nickel oxide (NiO) has a several different applications in the field of pizoelectronic, optoelectronic, 

environmental and renewable energy such as sensors, fuel cell electrodes, catalysis, thermoelectric devices, dye-sensitized 

solar cells (DSSCs) and electrochromic material for displays [2-8]. Moreover, it is used to find suitable material with enhanced 

properties for gas sensing applications for detecting the sensibility in the environment such as NOx, SOx, CO, CO2…, at high 

temperature. Because of its semiconductor nature with controlling optical transparency and electrical conductivity, finding the 

form of the applied interaction is significant. However, several studies have been made to find that the NiO have a high optical 

transparency and good electrical conductivity at various experimental conditions. NiO thin films have a direct band gap 

ranging from 3.5 to 4.3 eV [9-10]. 

Nickel oxide is used as thin layers, which can be deposited in several methods, including molecular beam epitaxy (MBE), 

electrochemical deposition, pulsed laser deposition (PLD), chemical vapor deposition and spray Sol–Gel methods, spray 

pyrolysis technique [11-17]. We used the argent doped NiO thin films to improve the optical and electrical properties of deposited 

thin films. This is a metal transition in the periodic table, which was used in the research because of some rare earth material 

quality due to the increase in the optical band gap energy (broadening). 

In this work, we have prepared Ag doped NiO thin films by using the spray pyrolysis technique deposition on glass substrate 

which its temperature is 480 °C. We sprayed this glass substrate for 5 minutes. Ag doped NiO thin films were synthesized with 

different doping levels (0, 2, 4, 8 and 10 at. %) for Ni1-xAgxO. The Ni1-xAgxO thin films were used to enhance the optical and 

electrical properties of deposited thin films. However, we have studied the change of the optical, structural and electrical 

properties of Ni1-xAgxO thin films that are fabricant to semiconductor. 
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2. Experimental procedure 

Ni1-xAgxO solutions were prepared by dissolving the nickel 

acetate (Ni(CH3.CO2)2.4H2O) andargent acetate (AgC2H3O2) 

with 0.5 mol l-1. In this work, we have used a Ag doping 

with various concentrations in the game Ag/Ni = 0, 2, 4, 8 

and 10 at.% or (x = 0, 0.02, 0.04, 0.08 and 0.10). Then, we 

have added a drop of HCl to stabilize heating solution. The 

mixture solution was stirred at room temperature and heated 

at 40 °C for 2 h to yield a clear and transparent solution. The 

coating was made 1 day after the precursor was prepared. 

The Ni1-xAgxO samples were prepared by spraying the 

coating solution onto glass substrate. Its temperature is 480 

°C for 5 minutes to obtain a thin film. The prepared Ni1-

xAgxO thin films at different Ag doping levels are 0 at.%, 2 

at.%, 4 at.%, 8 at.% and 10 at.%. After the deposition of the 

thin layers, we left substrate to decrease its temperature to 

the one of the room. 

The structural properties of Ni1-xAgxO thin films were 

studied by means of X-ray diffraction (XRD Bruker AXS-

8D) with CuKa radiation (λ=0.15406 nm) in the scanning 

range of (1h) which was between 20° and 70°. The optical 

transmission of the deposited films was measured in the 

range of (300–900nm) by using an ultraviolet-visible 

spectrophotometer (LAMBDA 25) and the electrical 

conductivityσ was measured by four-point methods. 

 

3. Results and discussion 

3.1 Structural properties of Ni1-xAgxO thin films 

The structural characterization of the Ni1-xAgxO thin films is 

carried out by X-ray diffraction method that is shown in Fig 

1. XRD spectra indicate that the films exhibit polycrystalline 

structure that belongs to the cubic type of NiO (JCPDS) No. 

73-1519) [18]. Fig 1 shows that the XRD peaks at 37.4064° 

and 43.2092° corresponding to (111) and (200) crystal 

planes respectively, the peaks position was accordant with 

Abdur Rahman et al. [19]. We observed that the intensity of 

(111) and (002) peaks increase in thin films with the 

increasing doping levels x at x=0.10. This information 

confirmed that the preferred orientation is along to (111) and 

(002) planes. However, the film at x=0.10 has higher and 

sharper diffraction peaks indicating an enhancement of 

crystallinity with comparison to other films. 

The structure information was defined by the diffraction 

peak angles of the Ag doped NiO thin films (see Table 1). 

The lattice parameter a of Ag doped NiO thin films was 

calculated from XRD patterns by using the following 

equation [20]: 

 

 (1) 

 

Where h, k and l are the Miller indices of the planes. a is the 

lattice parameter and dhkl is the inter planar spacing. The 

crystallite sizes G of (111) and (200) planes were calculated 

according to the Scherer equation [21-22]: 

 

 (2) 

 
Where G is the crystallite size, β1/2 is the full width at half-

maximum (FWHM), θ is Bragg angle of the diffraction 

peaks and λ is the X-ray wavelength (λ=0.15406 nm). The 

variations are shown in Tables 1 and 2. The Ni0.96Ag0.04O 

thin films have minimum value of the crystallite size which 

is 8.742987 nm of (111) peak and 10.658580 nm of (200) 

peak. 

The variations of the crystallite size and diffraction angle 

according to (111) and (200) peaks presented in Fig 2 a and 

b shows the variation of crystallite size and diffraction angle 

of Ag doped NiO thin films as a function of Ag doping 

level. In Fig 2a, we have observed that the diffraction angles 

of (111) plan decreased with increasing doping levels x from 

0.04 to 0.10 (see Tables 1). The crystallite size of (111) plan 

decreased to minimum value obtained at x=0.04 (see Tables 

1). On the other hand, fig 2b shows that the diffraction 

angles of (200) plan decreased then increased and decreased 

again with increasing doping levels x to reach the maximum 

value obtained at x=0.10 (see Table 2). But we observed that 

the crystallite size of (200) plan decreased to minimum 

value at x=0.04. The decrease of the crystallite size has been 

indicated by the enhancement of the crystallinity and a-axis 

orientation of Ag doped NiO thin films. These phenomena 

were observed in [23-27]. This result can be explained by 

coalescence of the crystallite of the thin films to improve 

oxygen diffusion [28]. The Ni0.96Ag0.04O thin films have best 

structural properties. 

 

 
 

Fig 1: X-ray diffraction of Ni1-xAgxO thin films as a function of Ag 

doping level 
 

Table 1: The structural parameters of Ni1-xAgxO thin film as a 

function of Ag doping level of (111) diffraction peak 
 

X 2θ(°) d (nm) β1/2 (°) G(nm) a(nm) 

0 37.4536 0,240044 0.4091 20.513691 0,415769 

0.02 37.4136 0,240292 0.6453 13.003501 0,416197 

0.04 37.5338 0,239550 0.9601 8.742987 0,414912 

0.08 37.4517 0,240056 0.8027 10.454844 0,415789 

0.10 37.1792 0,241753 0.6453 12.994537 0,418728 

 
Table 2: The structural parameters of Ni1-xAgxO thin film as a 

function of Ag doping level of (200) diffraction peak 
 

x 2θ(°) d (nm) β1/2 (°) G(nm) a(nm) 

0 43.0222 0,210175 0.3304 25.855795 0,420350 

0.02 43.0208 0,210181 0.4878 17.512738 0,420363 

0.04 43.4585 0,208165 0.8027 10.658580 0,416333 

0.08 43.0594 0,210002 0.6453 13.240116 0,420004 

0.10 43.4853 0,208043 0.2517 33.994592 0,416086 
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Fig 2: The variation of crystallite size and diffraction angle of Ag 

doped NiO thin films according to a (111) phase and b (200) 
 

3.2 Optical properties of Ni1-xAgxO thin films 

The Optical characterizations of fabricated Ni1-xAgxO thin 

films by doping levels x were performed by measuring the 

transmittance and absorbance in the wavelength region 300 

to 900 nm as it is shown in Figure 3 and 4. As we can see, 

the value of the average transmission of spray Ni1-xZnxO 

thin films is about 73% in the visible region. But for these 

doping levels x, the region of the absorption edge was 

located between 315 and 365 nm in comparison with others 

which are found at 355 and 370 nm [29-30]. It is related region 

between of the valence band and the conduction band. Fig 4 

presents the variation of absorbance data of thin films of Ni1-

xAgxO. The absorption edge shifts was observed clearly at 

wavelength shorter than 370nm. The absorption edge shifts 

of Ni1-xAgxO thin films increased with the increase of 

doping levels x. As we can note, the optical property of thin 

films of Ni1-xAgxO is affected by doping levels x. 

The role of doping levels x on the transmission of thin films 

of Ni1-xAgxO was clearly observed on the thin films quality 

due to the higher transparency. The high transparency was 

obtained in Ag doped NiO thin film with at 8% due to the 

interstitial site of Ag and Ni. The Ni0.92Ag0.08O thin films 

have best transmission. That absorbance and the optical 

band gap energy Eg of fabricated Ni1-xAgxO thin films were 

determined by the following relations [31-33]: 

 

 (3) 
  

 (4) 

 
where A is the absorbance of fabricated Ni1-xAgxO thin 

films, α is the absorption coefficient, d is the film thickness, 

T is the transmission of fabricated Ni1-xAgxO thin films, C is 

a constant, hυ is the energy of photon and 

Eg is the band gap energy of the semiconductor. However, 

the disorder or Urbach energy (Eu) also was determined by 

the expression follow [34-35]: 

 

 (5) 

 
Where A0 is a constant, hυ is the energy of photon and Eu is 

the Urach energy, the tail width of the Urbach energy was 

used to characterize the order of the defects. The variation of 

optical band gap energy and Urbach energy of fabricated 

Ni1-xAgxO thin films as a function of doping levels x are 

presented in the Fig 5. The band gap energy was observed a 

smaller than 3.82 eV. The value of band gap energy 

decreased and increased with the increase in doping levels 

from. 3.70 to 3.81 eV. The diminution in the optical band 

gap energy value of Ni1-xAgxO thin films can be illustrated 

by the effect of quantum confinement due to the diminution 

in the crystallite size of fabricated Ni1-xAgxO thin films (see 

Fig 2). As can be seen in Fig 5, that the value of Urbach 

energy increased and decreased with the increase in doping 

levels from 245 to 289 meV. Also, this can be related by the 

diminution of the crystallite size value (see Fig 2). The 

Ni0.96Ag0.04O thin films have best optical properties.  

 

 
 

Fig 3: Transmission spectra of Ni1-xAgxO thin films as a function 

of Ag doping level 
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Fig 4: Absorbance spectra of Ni1-xAgxO thin films as a function of 

Ag doping level 
 

 
 

Fig 5: The variations of optical pand gap energy and Urbach 

energy of Ag doped NiO thin films at various doping levels 
 

3.3 Electrical properties of Ni1-xAgxO thin films 

The four-points probe method was used to determine the 

electrical conductivity of Ni1-xAgxO thin films, it is based on 

measuring the sheet resistance of the films as expressed by 

[36]: 

 

 (6) 

 

Where I is the applied currant I=1 nA and V is the 

measurement voltage. However, the electrical conductivity σ 

is also determined by the following equation [37]: 

 

 (7) 
 

Fig 6 shows the variation of the electrical conductivity of 

Ag doped NiO thin films as a function of Ag doping level. 

As can be seen, the electrical conductivity increases with 

increasing the Ag doping level up to 4 at.% where we 

obtained a maximum conductivity value which was 0.0023 

(Ω.cm)-1. The increase in the conductivity of the Ni1-xAgxO 

thin films can be explained by the displacement of the 

electrons. The latter comes from the Ag+ donor ions in the 

substitutional sites of Ni+2 and the formation of the 

molecular NiAg2O existed on the surface. The increase in 

the conductivity of deposited films after 4 at.% can be 

related to the increase of the potential barriers, because the 

introduced atoms are segregated into the grain boundaries 

[38-39]. The Ni0.96Ag0.04O thin films have best electrical 

properties. The Figures (2, 5 and 6) showed the decrease in 

the crystallite size, the decrease in optical gab energy, the 

increase in urbach energy and the increase in electrical 

conductivity. These results explain the good crystallization 

of the thin films according to [40, 41, 42, 43]. 
 

 

 
 

Fig 6: The electrical conductivity variation of Ni1-xAgxO thin films 

as a function of Ag doping level 
 

4. Conclusion 

In this work, nickel acetate and argent acetate were used in 

spray pyrolysis to successfully deposit argent-doped nickel 

oxide thin films (Ag/Ni = 0, 2, 4, 8, and 10 at. %) on glass 

substrates. In the visible spectrum, the Ni1-xAgxO thin films 

exhibit transparency. The energy of the optical gap varies 

from 3.70 to 3.81eV. The Urbach energy fluctuates between 

245 and 289meV. That being said, Ni0.96Ag0.04O thin films 

show many flaws at the maximal Urbach energy. Thin films 

of Ni0.96Ag0.04O have the lowest optical gap energy. The 

Ni0.96Ag0.04O thin films also exhibited the highest electrical 

conductivity. The crystallite sizes of the Ni0.96Ag0.04O films 

range from 8.742987 nm (111) at the minimum to 

10.658580 nm (200) at the peak. The XRD patterns of the 

Ni1-xAgxO thin films indicate that the films are 

polycrystalline with a cubic structure. The electrical 

conductivity of the deposited films is on the order of 0.0184 

(Ω.cm)-1. The Ni0.96Ag0.04O thin films have best structural, 

optical and electrical properties. The Ni0.92Ag0.08O thin films 

have best transmission. Figures 2, 5, and 6 show the 

decrease in the crystallite size, the decrease in the optical 

gap energy, the increase in the Urbach energy, and the 

increase in the electrical conductivity. These results explain 

the good crystallization of the thin films. 
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