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Abstract 

      In the present investigation, (NiO:WO3 ) thin films were deposited at RT onto 

glass substrates  using PLD technique employing focused Nd:YAG laser beam at 

600 mJ with a frequency second radiation at 1064 nm (pulse width 9 ns) repetition 

frequency (6 Hz), for 400 laser pulses incident on the target surface .The structural, 

morphological and optical properties of the films doped with  different concentration 

of  Au content (0.03, 0.05, and 0.07) were examined with X-ray 

diffractometer(XRD), Atomic Force Microscope(AFM) , UV–Vis 

spectrophotometer . The results show that the films were amorphous with small 

peaks appearing when doped with AuNPs . The XRD peaks of the deposited 

NiO:WO3 were enhanced with increasing the Au content  .  The crystalline size of 

the deposited thin films was calculated using Debye Scherer formula and found to 

decrease from 6.6 nm for undoped NiO:WO3 to  3.4 nm for doped (NiO:WO3) with 

the increase of Au content from x=0 to x=0.07  at preferred orientation of (200). All 

the samples have a cubic structure. Also, the results showed that Au content of the 

films affects the surface morphology. From the results of AFM analysis, it was 

found that the roughness and average diameter change when adding Au to the 

structure, with the highest value occurring at Au ratio 0.03 equal to 7.58 and 81.02 

nm, respectively. UV–Vis spectrophotometer was used to investigate the optical 

transmission. It was found that when Au content of films increased, the 

transmittance of films decreased. 

 

Keywords: Structural properties, optical properties, NiO :WO3 thin films, Au 

nanoparticles  
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( ، XRDتم فحص الخرائص التركيبية والسهرفهلهجية والبررية للأغذية بهاسطة حيهد الأشعة الديشية )
السرئية ، على التهالي بتركيزات مختلفة  -( ، التحليل الطيفي للأشعة فهق البشفدجيةAFMمجير القهة الذرية )

(.أظيرت الشتائج أن الأفلام كانت غير متبلهرة مع ظيهر قسم صغيرة 6.64و  6.62, 6.60محتهى الذىب )
ىب.  السرسبة مع زيادة محتهى الذ NiO:WO3 الخاصة ب XRDعشد التطعيم  بسادة الذىب.تم تحدين قسم 

ووجد انخفاض من  Debye Schererتم حداب الحجم البلهري للأغذية الرقيقة السرسبة  باستخدام علاقة 
  x=0(  مع زيادة محتهى الذىب من NiO:WO3نانهمتر لاغذية ) 0.1إلى  NiO:WO3نانهمتر لـ  3.3
. أظيرت الشتائج أيزًا  ( وتبين ان جسيع العيشات ليا هيكل مكعب066في الاتجاه السفزل لـ )  x=0.07الى 

، وجد أن الخذهنة ومعدل الحجم  AFMأن محتهى الذىب للأغذية يؤثر على شكل الدطح. من نتائج تحليل 
يداوي إلى   من الذىب6.60الحبيبي تتغير عشد إضافة الذىب  إلى الييكل ، مع أعلى قيسة تحدث عشد ندبة 

لاستقراء  طيف الشفاذ. لقد وجد أنو عشدما  UV-Vis. تم استخدام السطياف البرري    54.60nmو 4.25
  زاد محتهى الذىب في الاغذية السحزرة ، تقل نفاذية الاغذية السحزرة.

1.Introduction 

       Research on transition elements has led to the conclusion that different classes of 

materials are of particular interest for various applications such as in nanoscale, 

microelectronics, computer science, energy, transportation, safety engineering, military, 

technology, optoelectronic devices and electrical appliances, etc.[1]. Nickel oxide (NiO) and 

tungsten oxide (WO3) are regarded as two of the best frequently used transition oxides, which 

provide a set of new and diverse properties, especially in the form of thin films [2]. It is 

known that the mixed nickel–tungsten oxides have much better properties than their pure 

counterparts, especially tungsten [3, 4], As well as nickel [5]. Nickel oxide is a material that 

has many uses and applications due to its special features, such as p-type transparent 

conductive film, electrical devices, gas sensors, magnetic storage materials, active optical 

electrodes, dye sensitivity, solar cells etc. [6,7]. In recent years, interest has increased in 

tungsten oxide (WO3) due to its importance in photocatalysis and photovoltaics[8]. Also, it is 

an n-type semiconductor with a bandgap of 2.5–3.0 eV; it can be employed as a sensing layer 

[9]. This material has many characteristics that make it distinctive, including its cheapness, 

chemical stability, non-toxicity and mechanical properties; Also, it is considered a catalyst for 

semiconductors [10,11]. On the other hand, the metallic noble Au nanoparticles are attracting 

much attention because of their excellent electrical efficiency, optical, physical, chemical and 

magnetic properties[12,13]. Also, it has pulsed photoabsorption, high dispersion in an 

aqueous medium, chemical inertness, and biocompatibility [14,15]. 

In the present paper, the fabrication and characterization of optically transparent (NiO:WO3 ) 

films and doped with different content of Au nanoparticles were investigated. The structural, 

morphological and optical properties of the (NiO:WO3):Au thin films were characterized by 

X-ray diffraction (XRD), atomic force microscopy (AFM) and UV–Visible spectroscopy.  

2.Experimental 

(2-1) Preparation of Samples 

        NiO0.85:WO0.15 with (99.99% purity) was mixed with different contents of Au 

nanoparticles (0.03,0.05, 0.07). The powder was gridded together for 10 minutes using a gate 

mortar. After that, it was compressed together with a hydraulic press under 5 tons pressure for 

(10 minutes) to have pellets of  1 cm diameter and 0.2 cm thickness. The pellets were sintered 

at (700 ° C) for one hour; after that, they were cooled to room temperature. 

(2-2) Deposition of Thin Films 

       The prepared pellets were used to deposit (NiO:WO3)1-xAux thin films at room 

temperature(RT) on glass substrates with dimensions (2,5×7,5 cm) which were washed with 

distilled water using an ultrasonic procedure for 15 minutes. Thin films were prepared using 

the pulsed laser deposition technique employing Nd: YAG laser with a wavelength of (1064 

nm) and energy 600 mJ, for 400 laser pulses, replicate frequency (6Hz)  incident on the target 
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surface with a 45 ° angle. The deposition was made at a chamber pressure of (1× 10
-1

) mbar. 

The target-substrate distance was 10cm. The film thickness was estimated using the 

interference method to be around  200±5 nm. 

 

(2-3)Measurements 

       The structural property of (NiO:WO3 )1-xAux thin films was examined by X-ray 

diffractometer (Philips PW1730) using Cu-Kα (λ = 0.154 nm) over a 2θ scan range of 10–80°. 

The surface morphological property of the film was studied by atomic force spectroscopy 

(AFM). The optical properties of thin films were studied using UV–Vis-NIR 

spectrophotometer (Metertech, SP8001) in the wavelength range of (190-1100) nm  

3. results and the discussions  

(3-1) The X-rays Diffraction Results . 
         Figure 1 shows the x-ray diffraction patterns (XRD) of undoped and doped NiO:WO3 

thin films with different Au content. The results showed that the films were amorphous. This 

result agrees with Myong et al. [12] and with Ayat et al. [13]. The XRD pattern showed  very 

weak peaks at an angle of 43.3721 corresponding to a reflection of (200). This may be due to 

the addition of tungsten into NiO inducing a weakening of the long-range order in the Ni-O 

matrix. [16].  It was noted that when Au of (0.05 and 0.07) content was added to the films, 

two new weak peaks appeared at an angle of 37.186  corresponding to a reflection of (111). 

This is an indication of the effect of gold content. It was found that, (NiO: WO3): Au thin 

films have cubic structure, compared with those given in the (ASTM data card No.96-432-

0488). 

To calculate the size of the crystal (Cs), the Debye-Scherer equation was used [17]: 

Cs =
     

     
                                                                  (1) 

Where: λ is the wavelength of the X-ray, 𝜷is the full width at half maximum (FWHM) and θ 

is the diffraction angle.  

to calculate the strain(ε),  the following relation was used[18]: 

ε= 
    

      
                                                          (2) 

To find the dislocation density (δ) that can be represented by the length of the dislocation 

lines to the crystal size, the following relation was applied [19]: 

δ= 
 

  
                     

                                             (3) 

      The average crystallite size Cs, inter-planner distance, microstrain ε dislocation and 

number of planes were also calculated according to Debye Scherer equation. The results are 

presented in Table 1 for (100) and (200) planes in the diffraction pattern of undoped and 

doped NiO:WO3 thin films. 

According to data from Table 1, it was noted that the average crystallite size had decreased, 

and the micro-strain and dislocation increased with the increase of the Au content. This 

should be ascribed to Au phase inhibiting the (NiO:WO3) grain growth. It can also be 

attributed to the fact that the atomic radii of  Au particles are less than that of NiO leading  to 

Myong et al. [12] and with Ayat et al. [13]. The XRD pattern showed  very weak peaks at an 

angle of 43.3721 corresponding to a reflection of (200). This may be due to the addition of 

tungsten into NiO inducing a weakening of the long-range order in the Ni-O matrix. [16].  It 

was noted that when Au of (0.05 and 0.07) content was added to the films, two new weak 

peaks appeared at an angle of 37.186  corresponding to a reflection of (111). 
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Figure 1- the X-ray diffraction of  (NiO 0.85:WO3 0.15) doped with different contents of Au 

nanoparticles. 

 

Table 1- the interplaner distance (dhkl,), FWHM (deg.), and crystal size for (NiO:WO3) thin 

filmsdoped with different contents of Au nanoparticles. 

Au (%) 
2θ 

(Deg.) 

FWH

M 

(Deg.) 

dhkl 

Exp.(Å) 

C.S 

(nm) 

dhkl 

Std.(Å

) 

ɛ×10-3 δ(nm)-2 hkl Phase 

(NiO 0.85:WO3 0.15) 43.3721 1.3023 2.0846 6.6 2.0824 
818.714

0 
23.2034 (200) 

Cubic 

NiO 

(NiO 0.85:WO3 0.15)0.97):Au 

0.03) 

 
43.3721 1.4651 2.0846 5.8 2.0824 

921.061

1 
29.3673 (200) 

Cubic 

NiO 

 

((NiO 0.85:WO3 0.15) 0.95):Au 

0.05 

37.1860 0.9225 2.4159 9.1 2.4044 
685.565

4 
12.1133 (111) 

Cubic 

NiO 

43.3721 2.1163 2.0846 4.0 2.0824 
1330.44

96 
61.2751 (200) 

Cubic 

NiO 

((NiO 0.85:WO3 0.15)0.93):Au 

0.07 

 

43.2636 2.5503 2.0896 3.4 2.0824 
1607.72

30 
89.0510 (200) 

Cubic 

NiO 

 

(3-2) Atomic force microscopic 

       3D AFM images of (NiO:WO3) thin films doped with different content of Au 

nanoparticles are  shown in Figure 2 and Table 2 from which  the surface morphology of 

films  deposited on glass substrates at 300 K can be studied, and  the mean diameter, mean 

roughness, and mean square root (RMS) can be determined. The fine morphology and 

roughness of the films of (NiO:WO3) with different activators of Au can be observed. The 

images show  a well aligned printed AuNPs monolayer covered by (NiO:WO3). The mean 

size of Au-doped NiO:WO3,determined from the images, was larger than that calculated from 

XRD data, which can be attributed to the particle conglomeration.  The brighter contrast in 

the image indicates the heavier element (Au in our case). 

Adding  Au resulted in roughness and RMS change, with the highest value occurring at Au 

ratio of 0.03. According to the XRD and AFM  results, the 0.03 Au ratio is the best among the 
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other ratios (It gave the largest crystalline size and the highest roughness), and it can be used 

to make various devices such as optoelectronic devices. 

 

 
Figure 2- 3D AFM images of (NiO) 0.85:(WO3) 0.15 thin films doped with different contents of 

Au nanoparticles prepared at room temperature. 

 

Table 2: overall roughness of the surface and granular content of the prepared films at room 

temperature 

Peak-peak 
(nm) 

R.M.S 
(nm) 

Avg.Roughness 

(nm) 
Avg.Diameter 

(nm) 
Sample 

30.3 8.74 7.57 59.96 (NiO)0.85:(WO3)0.15 

32.5 8.9 7.58 81.02 
((NiO)0.85:(WO3)0.15)0.97 :Au0.03 

 

26.6 7.87 6.86 60.92 ((NiO)0.85:(WO3)0.15)0.95 :Au 0.05 

16.3 4.73 4.1 56.22 ((NiO)0.85:(WO3)0.15)0.93 :Au 0.07 

 

 (3-3)The optical properties  
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Figure 3-Transmittance spectra of (NiO) 0.85:(WO3)0.15 thin films doped with different 

contents of Au nanoparticles. 

 

      The optical properties of undoped and doped (NiO:WO3) thin films with different content 

of Au (0.03, 0.05 and 0.07)%wt., such as transmission, absorption coefficient, extinction 

coefficient, refractive index, dielectric constant, and optical energy gap were measured and 

recorded in the wavelength range of (400-1100) nm. Figure 3 shows the  transmission change  

with wavelength for (NiO:WO3):Au prepared at RT. It is evident from the  figure and Table 3 

that the transmittance value is inversely proportional to the Au concentration; it decreased 

with the increase of the Au content in (NiO:WO3) films. This may be due to the increase of 

heavy atoms which cause the increase in absorption. On the other hand, the decrease of the 

transmission may be attributed to the creation of  levels at the energy bandgap  leading  to the 

shift of peak to smaller energies. This result agrees with that of Khorsand [20]. This result 

may also be explained because adding Au particles to the NiO :WO3 matrix adds excess 

oxygen(a decrease in Ni
2+

 ions and an increase in Ni
3+

 ions), thus producing nickel vacancies. 

According to Mendoza-Galvan et al., excess oxygen in the lattice causes absorption of 

wavelengths longer than 400 nm [18]. It was also noticed, from the figure, that the 

transmission of undoped (NiO:WO3) is higher than that of the Au doped (NiO:WO3)[21]. 

This result  agrees with the XRD and AFM analysis. 
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Figure 4-Absorption coefficient of (NiO) 0.85:(WO3)0.15 thin films doped with different 

contents of Au nanoparticles. 

 

The absorption coefficient can be found through the relation[22,23]: 

α =2.303A/t                                 (4) 

where: A is the absorbance and t is the thickness of the sample. 

The value of the optical energy gap can be calculated through the following relation[24]: 

αhv=B(hv-Eg)r                                     (5) 

where Eg is the optical bandgap, r is the exponent indicating the type of optical transitions in 

the material, hν is the energy of the incident photon, B is a constant inversely proportion with 

the degree of amorphousity. experiences a strong increase in absorption due to band-to-band 

absorption, which occurs when an electron is elevated from the valence band to the 

conduction band, resulting in the formation of a new pair of charge carriers (an electron and a 

hole). The high absorption and low transmittance in the UV region of the doped NiO:WO3 

thin films (as seen in Figure 5) may be helpful in blocking the UV portion of the 

electromagnetic spectrum, which is harmful to human health. Additionally, as the doping 

value increases, the energy gap values decrease. Table 3 shows the bandgap values for the 

different Au content. The decrease of  Eg  with the increase of Au content (x) increases the 

absorbance making the material opaque. This is due to the increase of the density of localized 

states in the Eg near valence band or conduction band, which are ready to receive electrons 

and generate tails in the optical energy gap reducing the energy gap. The decrease in the 

bandgap can also be correlated to many-body interaction effects, which occurs between either 

free carriers and ionized impurities or charge carriers [25]. From Figure 5, it can be observed 

that increasing Au content from 0 to 7% leads to  decrease in the optical bandgap values from 

approximately 3.25 eV to 2.7 eV at RT. This result agrees with that of and is compatible with 

the XRD results. 

 

 

 



Sharef and Hamed                                    Iraqi Journal of Science, 2022, Vol. 63, No. 6, pp: 2502-2513 

 

3052 

 
Figure 5-Plot of (αhυ)

2
 as afunction of( hυ)  for(NiO) 0.85:(WO3)0.15 thin films doped with 

different contents of Au nanoparticles. 

 

     The variation of extinction coefficient (k) with wavelength in the range of (400 - 1100) nm 

for samples prepared at room temperature is shown in Figure 6, which shows that the k values 

increase with the increase of the doping. The results are illustrated in Table 3. The values of k 

were determined from the following relation[26] 

k=
  

  
                                                                                              (6) 

 
Figure 6-The extinction coefficient (k) for (NiO) 0.85:(WO3)0.15 thin films doped with different 

content of Au nanoparticles. 

 

The variation of refractive index with wavelength of undoped and doped (NiO:WO3) with 

different (Au) content in the wavelength range of (400-1100)nm is shown in Figure 7 and 

Table 3, as can be noted that the refractive index decreases as the doping  increases.  



Sharef and Hamed                                    Iraqi Journal of Science, 2022, Vol. 63, No. 6, pp: 2502-2513 

 

3015 

 

 
Figure 7-Refractive index for (NiO) 0.85:(WO3)0.15 thin films doped with different contents of 

Au nanoparticles. 

 

Relation 7 describes  the complex optical refractive index of thin films[27]: 

n*=n – ik                                                       (7 )  

Where: n* is the complex refractive index, (n) and (k) are the real part and imaginary part of a 

complex refractive index. While, the simple refractive index can be found through the 

relation[28]: 

n= 
   

   
 +√

  

(   ) 
 –K2                           (8) 

Figures.8 and 9 show the real and imaginary part of the dielectric constant of undoped and 

doped (NiO:WO3) thin films with different contents of Au (0.03,0.05,0.07), respectively, as a 

function of wavelength in the wavelength range (400-1100) nm at room temperature. The real 

part (according to Equation 9) depends only on the value of (n
2
) since (k

2
) is very small 

compared to n
2
. While, the imaginary part (according to Equation 10) depends on the value of 

(k). It was found that their values increased with increasing the doping , and with increasing 

wavelength, and as shown in Table 3. The real and imaginary parts of the dielectric constant 

were calculated by applying the equations [29]: 

ɛr = n
2
-k

2
                                        (9) 

ɛi = 2nk                                           (10) 

 
Figure 8-The real part of the dielectric constant for (NiO) 0.85:(WO3)0.15 thin films doped with 

different contents of Au nanoparticles. 
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Figure 9-The imaginary part of the dielectric constant for (NiO) 0.85:(WO3)0.15 thin films 

doped with different contents of Au nanoparticles. 

 

Table 3-The transmittance, absorption coefficient and optical constant for ((NiO) 

0.85:(WO3)0.15) thin films  undoped and doped with (Au) in proportions (0.03,0.05,0.07) at 

room temperature. 

Sample T% α (cm
-1

) k n εr εi Eg (eV) 

(NiO) 0.85:(WO3)0.15 50.24 34417 0.137 2.623 6.786 0.715 3.25 

((NiO) 0.85:(WO3)0.15)0.97 :Au 0.03 40.11 45682 0.182 2.446 7.907 0.958 2.70 

((NiO) 0.85:(WO3)0.15)0.97 :Au 0.05 37.82 48613 0.194 2.345 7.801 1.012 2.85 

((NiO) 0.85:(WO3)0.15)0.97 :Au0.07 38.62 47567 0.189 2.111 7.845 0.993 2.80 

 
Conclusion 

In the present work, the effect of doping (NiO: WO3) thin films with different Au content on 

the structural, morphological and optical properties was studied. The XRD pattern showed 

that the films are amorphous with the presence of  very small weak peaks at an angle of 

43.3721 corresponding to a reflection of 200 which is developed after annealing temperature. 

According to the XRD and AFM analysi, the ratio of 0.03 percent Au is the best among the 

other ratios (It gave the highest crystalline size and the highest roughness); it can be used to 

make a variety of products, including optoelectronic devices. For all samples, the absorption 

coefficient decreased as the doping ratio increased, and had a value of (> 104 cm 
-1

). It was 

found that the refractive index decreased,  extinction coefficient increased and dielectric 

constant (real and imaginary parts) increased with the increase of the ratio of doping. From 

the results, it was concluded that NiO: WO3 doped with different content of Au is a perfect 

device in solar cell applications.  
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