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Abstract Key words 
     Chemical spray pyrolysis technique was used at substrate 

temperature 250 ˚C with annealing temperature at 400 ˚C (for 1hour) 

to deposition tungsten oxide thin film with different doping 

concentration of Au nanoparticle (0, 10, 20, 30 and 40)% wt. on glass 

substrate with thickness about 100 nm. The structural, optical 

properties were investigated. The X-ray diffraction shows that the 

films at substrate temperature (250 ˚C) was amorphous while at 

annealing temperature have a polycrystalline structure with the 

preferred orientation of (200), all the samples have a hexagonal 

structure for WO3 and Au gold nanoparticles have a cubic structure. 

Atomic force microscopy (AFM) was used to characterize the 

morphology of the films. The optical properties of the films were 

studied using UV-Vis spectrophotometer within the wavelength in 

the range (300-1100) nm. The optical energy gap of the films was 

(2.80) eV for WO3 and it decreased at annealing temperature         

(400 ˚C) equal to (2.65) eV. And finally the optical constants such as 

refractive index, real and imaginary dielectrics, absorption 

coefficient, absorption, transmission, and extinction coefficient were 

investigated. 

Tungsten oxide, Au, 
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 الزقيقة للتٌكستيالٌبًوية للذهب على الاغشية تبثيز الجزيئبت 

عصبم هحود ابزهين
1

الجببرًيزاى فبضل عبد , 
2

عبير حاتم فزع, 
2

 

1
 جبيعخ ثغذاد ,كلية العلوم, قسى انفْضّبء

2
 جامعة تكريت , كلية التربية, قسى انفْضّبء

 الخلاصة

ً نذنذ ىزه الاغشْخ  نًذح سبعخ ثذشاسح C˚ 250 اسُزخذايذ طشّقخ انزذهْم انكًْْبئِ انذشاسُ عنذ دشاسح      

400 ˚C,  10, 0)نزشسْت اغشْخ سقْقخ ين اًكسْذ انزنكسزن ثزشاكْض رطعْى يخزهفخ ين جضّئبد انزىت اننبنٌّخ ,

20 ,30  ً40 )% wt.,  ِ100عهَ قٌاعذ صجبجْخ ًثسًك دٌان nm,  اجُشّذ انفذٌطبد انزشكْجْخ

نلاغشْخ انًذضشح عهَ الاسضْبد انضجبجْخ ثبسزخذاو دٌْد الاشعخ ثْنذ ين انخظبئض انزشكْجْخ  ,ًانجظشّخ

ًرًزهك رشكْت يزعذد انجهٌساد ًثبنطٌس  ,C˚ 250انيب رًزهك طٌس غْش يزجهٌس عنذ دشاسح  XRDانسْنْخ 

ثبنزىت نيب رشكْت فِ انطٌس  انًشٌثخ   WO3وان اغشية (  (200انسذاسِ لاًكسْذ انزنكسزن ًثبلارجبه انًفضم 

اسُزخذو انًجيش انقٌح انزسّخ نزعْْن طجْعخ انسطخ كًب دسسذ انخظبئض  C˚ 400نذ دشاسح رهذّن يكعت ع

-nm 300 انجظشّخ ثبسزخذاو يطْبف الاشعخ فٌق انجنفسجْخ ًالاشعخ انًشئْخ يع طٌل يٌجِ ّزشاًح ثْن

 دشاسح انزهذّن انَرنبقظذ يع   eV (2.80)  لاغشْخ انزنكسزن  انجظشّخ  انطبقخ فجٌح   ًكبنذ .((1100

.(2.65) eV انخًٌد يعبيم, الايزظبطْخ, اننفبرّخ, الانكسبس يعبيميثم  الاخشٍ انجظشّو انثٌاثذ دسبة ًرى 

 .انًذضشه نلاغشْو ًيعبيم الايزظبص, ًانخْبنِ انذقْقِ انعضل ًثبثذ
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Introduction  
     Over the last few years, interest in 

tungsten trioxide (WO3) has increased 

rapidly and significantly due to the 

materials potential applications in 

photo voltaic and photo catalytic 

processes [1]. WO3 is a cheap material, 

with excellent chemical stability, 

nontoxicity, good mechanical 

properties and is one of the most 

efficient semiconductor photo catalyst 

for extensive environmental 

applications because of its strong 

oxidizing power, high photochemical 

corrosive resistance and cost 

effectiveness[2, 3]. There are many 

techniques to synthesize WO3 thin 

films, including sol–gel, sputtering, 

anodic oxidation, pulsed laser 

deposition (PLD), electron-beam 

evaporation and spray pyrolysis [4]. 

Easy and fast in preparing thin film 

with requisite specifications because of 

the existence of the chemical materials 

and the film formed immediately after 

the chemical reaction takes place on 

the hot substrate The film which is 

prepared by the spray technique has 

high stability with time in its physical 

properties [5]. Noble metal 

nanoparticles such as Au NPs have 

been a source of great interest due to 

their novel electrical, optical, physical, 

chemical and magnetic properties [6, 

7]. Among nanomaterial's, gold (Au) 

NPs are especially attractive as they 

exhibit vibrant optical absorbance, 

high dispersibility in aqueous     

medium, chemical inertness, and 

biocompatibility [8, 9] to improve 

characteristics of metal oxide films can 

be Gained by adding small amounts of 

dopants into the pure MOS materials. 

Intentional impurities, or dopants, used 

to control the behavior of materials lies 

at the heart of many technologies. 

Dopants can influence semiconductor 

Nanocrystals, crystallites a few 

nanometers in scale with unusual and 

size specific optical and electronic 

behavior [10]. In this research the 

essential aim of work to prepare a pure 

WO3 thin films and doped Au by using 

chemical spray pyrolysis method at 

different concentration (0, 10, 20, 30 

and 40) %wt. and study the structural 

and optical properties of these prepared 

samples. 

Experimental procedure 

Preparation solution  
     The solution was prepared by 

mixed HCl and H2O2 to get WCl6 .The 

molar concentration of the solution 

must be equal to 0.05 mol/ litter. To 

prepare the solution of 0.05 molar 

concentrations from these two 

materials, few grams weight are 

needed from each of them, heated 90 

ml of distilled water, according to the 

following equation:   

Weight of the material (g) =Volume 

(ml) × Molecular concentration (mol/l) 

×Molecular weight (g/mol)               (1) 

 

According to Eq. (1), the weight which 

is required from tungsten material can 

be calculated as following: 

  

The weight of WO3= (231.84×0.05 

×100) / 1000= 1.1592g. 

 

where the molecular weight of the 

WO3= 231.84 g / mol 

A digital balance type "Mettler AE- 

160" with an accuracy of 10
-4 

g is used 

for weighting the needed material. 

 Finally, the weight material heated in 

(100 ml) of distilled water to get the 

wanted solution. Then, it was putting 

on the magnetic stirrer for 15 minutes 

to be sure that the mixture solutions are 

well mixed. After then the solution was 

ready for using. 

 

Thin film preparation of WO3 

     Chemical spray pyrolysis method, 

thin films were prepared by spraying 

the solution on a hot glass substrate at 

a temperature about (250 ˚C), and the 

film will be formed by the chemical 
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reaction of the prepared solution on the 

hot substrate. To get the finally WO3 

thin film according to the following 

chemical equation [11] 

2WCl6 + 3O2 
 
→ 2WO3 + 6 Cl2         (2)  

 

It is necessary to leave the glass 

substrate on the electrical heater for 

one hour at least after finishing the 

operation of spraying to complete its 

oxidation and crystalline growth 

process. In the spray system, 

compressed and purified air was used 

as the carrier gas with a 3 kg / cm
2
 

pressure and the spraying solution     

0.05 M concentration, the distance 

between the spray nozzle and the 

substrate was fixed at 22 cm the 

deposition rate is ~5 min, then the 

substrates can be raised.  

 

Preparation of Au nano solution 
     Nanoparticles gold solution was 

prepared by (Nd-YAG Laser) type 

(HUAFEI) at a wavelength (1064 nm) 

and frequency of pulses (6 Hz), using 

removal by leaser inside solution. 

Putting small pieces of high gold 

purity (99.99 %) in glass container 

contains (2 ml) of distilled water. The 

distance between the target and laser 

beam was (12 cm), the energy required 

for preparation was (500 mJ) and the 

number of pulses (200 pulse) the time 

for preparation was (6 min). Many 

tests were used to examine the 

produced thin film such as XRD,    

UV- Vis., and AFM. 

  

Results and discussion 

1-X-ray diffraction  

     Fig.1 shows XRD patterns of WO3 

thin films with doping by gold 

nanoparticles as prepared at 250 ˚C 

were amorphous structure this results 

agree with Myong and et al. [12] and  

with Ayat and et al. [13], the addition 

of Au gold nanoparticles into WO3 did 

not improve the structure of WO3 up to 

Au concentration of 40 %, as 

evidenced from the absence of XRD 

peaks, however, at higher Au 

concentration (40 %) there was still no 

improvement in the structure of WO3, 

Fig. 2 shows  annealed films at 400˚C, 

many small and high peaks was 

showed in pure film are belongs to 

WO3 this obtain that the film is a 

polycrystalline and the preferential 

orientation of the film was a long the 

plan (200) at diffraction angle of        

2θ = 28.1900˚ which in agreement with 

[12, 14]. When the Au was added at 

ratio 10%, new one peak (200) was 

appeared belongs to Au at                     

2θ =44.4118˚. An additional peak was 

appear (111) at 2θ =37.8210˚ is also 

belongs to Au was showed in the ratio 

20 %. In the ratios 30 % and 40 % the 

intensity of peaks of Au becomes to 

increases and the peak's intensity of 

WO3 gradually began to decrease ,all 

the samples have a hexagonal structure 

for WO3 according to International 

Centre for Diffraction (card No.96-

100-4058), and which is doped gold 

nanoparticles have a cubic structure 

according to the International Centre 

for Diffraction (96-901-2431), in the 

randomly there are defects and levels 

of the tail and at annealing are 

improving the composition of the 

material and rearrangement, which          

led to conversion to multiple 

crystallization its' mean removing 

some defects and gaps remained local 

levels and therefore the gap is less 

more than before. The crystallite size 

decreases by increasing the deflection, 

this is explained by the large diameter 

of the ion of the defect will be 

interface, which leads to the decrease 

in crystallite size and thus an increase 

of (2θ), the crystallite size is inversely 

propotional to the (FWHM) this is 

agree with [15-18], the average 

crystallite size was equal to (9.24) nm 

it was estimated with Debye – scherrer 

formula for the (200) reflection           

follow [19]: 
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D = 
      

       
                                         (3)       

 

where λ is the wavelength of XRD 

photons which equal to 0.154 nm, β is 

the full width at half maximum 

(FWHM) and θ is the Brage diffraction 

angle in degrees. Eq. (3), where the 

relation between the crystallite size and 

FWHM is reverse. Decreasing in the 

crystallite size after doping is evidence 

on the improvement of the nanocrystal, 

which indicates that the deposited 

atoms of these films going towards 

nanostructure. There was a decrease in 

the D value when WO3 films doped 

with Au dopant which indicate to 

nanoparticales formed which it was 

resulting from the doping process. 

 

 
Fig.1: The XRD pattern of WO3 doped of Au thin films as deposited. 
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Fig. 2: The XRD pattern of WO3 and doped of Au thin films with annealing temperature at 

Ta = 400 ˚C. 
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Table 1: Structural parameters vis. inter-planar spacing, crystalline size for pure WO3 and 

Au thin films at Ta=400 ˚C. 

 
 

2- Atomic force microscopic 

      Three-dimensional AFM images 

and the chart of grain density 

distribution for WO3:Au as shown in 

Fig. 3. AFM images were taken in 

order to further observe microstructure 

and confirm the XRD result. The 

average diameter, average roughness 

and root mean square (r.m.s) are 

deduced from AFM images. The finer 

morphology and roughness of the films 

can be clearly seen for WO3 thin films 
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with different doping of Au (10, 20, 30 

and 40) % wt. before annealing. The 

result observe doping with 10% of Au 

average diameter, roughness average 

and root mean square decreases while 

for doping percent 30%, the average 

diameter, roughness and root mean 

square decreases. Figs. 3 and 4 show 

the morphological properties of the 

prepared pure and doped films at 

temperature before and after annealing 

at 400 ˚C, respectively. A sponge-like 

structure was appearing and the film 

covered all the surface of the glass 

substrate. From Table 2, the average 

diameter of WO3 film is 90.59 nm 

before annealing, when the Au was 

added, the average diameter is 

decrease. The roughness and the RMS 

are varies when the Au is added and 

the maximum value was at Au ratio       

20 %. From XRD and AFM results 

concluded that the ratio of 20 % Au is 

the best between the other ratios 

(smallest crystalline size and highest 

roughness) it can be used in 

manufacturing different devices such 

as optoelectronic devices. 

 

 
Fig. 3: AFM image and size distribution for pure WO3 and doping with different ratio of 

Au thin films at room temperature 250 ˚C. 
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Table 2: Morphology parameters for pure WO3 and doping with different ratio of Au thin 

films. 

Au (%) Ave. diameter(nm) Roughness 

average(nm) 

Root mean 

square(nm) 

0 90.59 1.56 1.87 

10 79.60 1.15 1.39 

20 60.36 4.93 5.90 

30 81.43 2.73 3.30 

40 88.25 3.48 4.22 

  

When the annealing temperature raised 

to 400 ˚C for pure WO3 films and 

doped by Au, each of average 

diameter, roughness, and RMS was 

increase comparative with the film's 

properties before annealing it can be 

explained that the annealing and 

doping of Au improve the surface 

properties also the successive grain 

growth as result of the annealing         

at 400 ˚C [see Table 3]. The roughness 

of these films increases due to the 

existence of many hillocks, which are 

faceted and distributed randomly on 

the relatively smooth surface, so the 

increase of roughness can be explained 

by the grain growth and some structure 

densification of the deposition 

processes [20].  

 
 

 

 

Table 3: Morphology parameters for WO3 and doping with different ratio of Au thin films 

with annealing temperature at Ta=400 ˚C. 

Au (%) Ave. diameter (nm) Roughness average (nm) Root mean square (nm) 

0 96.70 5.82 6.77 

10 88.72 3.98 4.88 

20 77.27 2.21 2.60 

30 92.76 2.81 3.39 

40 100.57 4.89 5.39 
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Fig. 4: AFM image and size distribution for WO3 and doping with different ratio of Au thin 

films with annealing temperature at Ta=400 ˚C. 

 

3- Optical properties  
     The optical properties of pure WO3 

thin film and doped with different 

concentrations of Au (0, 10, 20, 30 and 

40)%wt. such transmission, absorption 

coefficient, Extinction coefficient, 

Refractive index, dielectric constant, 

and optical energy gap was measured 

before and after annealing at 400 ˚C. 

 

 

3-1 The transmission spectrum 

     From transmission spectra 

illustrates in Figs. 5 and 6, before and 

after annealing at 400 ˚C the films 

showed high transmittance when the 

Au was added and increased from 

3.89% for pure film to 34.34% for 30% 

Au ratio before annealing and 

increased from 1.92% for pure  film  to 
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22.09 % for 20 % Au ratio after 

annealing. In general the transmittance 

increase with increasing of doping 

ratio as a result of decreasing the 

absorbance and it was shown that the 

transmittance decreased for pure and 

doped films after annealing due to the 

enhancement of the absorption. The 

high transmittance of films throughout 

the UV-VIS regions makes it good 

material for optoelectronic devices. 

 

 

 
Fig. 5: The transmission spectrum for pureWO3 and doped of Au (0, 10, 20, 30 and 40)% 

films as a function of wavelength. 

 

 
Fig. 6: The transmission spectrum for pureWO3 and doped Au (0, 10, 20, 30 and 40)% 

films as a function of wavelength at Ta=400 ˚C. 

 

3-2 Absorption coefficient 

     From Figs. 7 and 8 it can be noticed 

that the value of the absorption 

coefficient of thin films are of the 

order of (10
4
) cm

-1
 which supports the 

direct band gap nature as well as, it can 

be seen that the absorption through 

WO3 thin films is relatively high at 

below band gap region which 

indicating a high concentration of free 

carriers, the values of the absorption is 

attributed that the incoming photon 

have the sufficient energy to excite the 

electrons from the valence band to the 

conduction band, the absorption 

decreases when the wavelength 
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increasing and this decrease 

corresponds to the reduction in the 

photons energy. The absorbance 

coefficient also decreases with 

increasing of doping ratio (0, 10, 20, 

30 and 40) %wt. Au. After annealing at 

400˚C we can notice that the 

absorbance coefficient decreases due to 

the direct electronic transitions˛ α is 

the absorption coefficient, which is 

obtained near the absorption edge from 

the transmittance, T, using the    

equation [21, 22]: 

 

α = [1/t] ln [T/(1-R)
2
]                       (4) 

 

where T is the transmittance, R is the 

reflectance, and t is the film thickness.  

 

 
Fig.7: The absorption coefficient for pure WO3 and doped of Au (0, 10, 20, 30 and 40)% as 

a function of wavelength. 

 

 
Fig.8: The absorption coefficient for pure WO3 and doped of Au (0, 10, 20, 30 and 40)% as 

a function of wavelength at Ta=400 ˚C. 

 

3-3 The optical energy gap 
     The values of the band gap of pure 

WO3 thin film and doped with 

different concentration of gold 

nanoparticles can be determined by 

extrapolating the straight line portion 

of the (αhν)
2
 against hν, (see Fig. 9) at 

substrate temperature Ts= 250 ˚C, the 

results showed that the energy gap 

increases with increasing dopant ratio, 
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the increase in band gap from           

(2.80 eV) to (3.40 eV) is due to the 

effect of the dopant. Fig. 10 shows that 

the thin films at annealing temperature           

Ta = 400 
˚
C it can be observed that (Eg) 

is increasing slightly with increasing of 

doping all films and changed from 

(2.65 eV) for pure film to (3.95 eV) for 

the ratio 40 % Au, (see Table 5) this 

results agree with Gullaplli and et al. 

[23], this is may be due to the effect of 

the dopant and annealing temperature. 

The type of transition was directly 

allowed transition because the 

dependence of (α) on the photon 

energy (hv) was found to obey the 

following relationship [24]: 

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

where Eg is the optical band gap, r the 

exponent depends upon the type of 

optical transitions in the material, hν is 

the energy of the incident photon, B 

the absorption edge width parameter. 

 

 
Fig. 9: The optical energy gap for pure WO3 and doped of Au thin films. 

 

 
Fig. 10: The optical energy gap for pure WO3 and doped of Au thin films with annealing 

temperature at Ta = 400 ˚C. 
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3-4 Extinction coefficient 
     Extinction coefficient (k) spectra 

versus wavelength in the range (300-

1100 nm) as a function of different 

doping with Au is shown in Fig. 11 at 

Ts =250 ˚C, (see Table 4) it can be 

notes that (k) decreases at the 

absorption edge region this decrease is 

attributed to the decrease of the 

absorption coefficient due to the direct 

electronic transitions, it is clear from 

Fig. 12 that with the increase of Au 

concentration, and after annealing at 

400 ˚C the extinction coefficient (k) 

decreases, it can be notes that (k) 

decrease at the absorption edge 

region(see Table 5), in general the 

extinction coefficient of annealing 

samples is smaller than that prepared 

before annealing. The Extinction 

coefficient (k) is calculated using the 

relation [25]:  

k = 
  

   
                                                (6) 

 

 
Fig. 11: The extinction coefficient for pure WO3 and doped Au (0, 10, 20, 30 and 40)% thin 

films as a function of wavelength. 

 

 
Fig. 12: The extinction coefficient for pure WO3 and doped Au (0, 10, 20, 30 and 40)% thin 

films as a function of wavelength at Ta = 400 ˚C. 
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3-5 Refractive index 

     The variation of the refractive index 

as a function of the wavelength for 

pure WO3 and doped Au thin films is 

illustrated in Figs. 13 and 14 at          

Ts= 250 ˚C and  400 ˚C annealing 

temperatures, it is clear from these 

figures that the refractive index 

increases with the increase in the 

wavelength of the incident photon, also 

it can be observed that the refractive 

index of the films increases with the 

increase in the doping ratio and 

annealing temperature (see Table 4 and 

5), the increase in the refractive index 

may be correlated with the increase in 

the transmittance and the decrease in 

the absorption coefficient. The increase 

in the value of the refractive index with 

increasing wavelength shows normal 

dispersion behavior of the material 

[13]. The refractive index (n) is 

calculated using the relation [12]:  

n = (1+ R
1/2

) (1- R
1/2

)                        (7) 

 

 

 
Fig. 13: Refractive index for pure WO3 and doped of Au (0, 10, 20, 30 and 40) % thin films 

as a function of wavelength. 

 

 
Fig. 14: Refractive index for pure WO3 and doped of Au (0, 10, 20, 30 and 40) % thin films 

as a function of wavelength at Ta=400 ˚C. 
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3-6 The dielectric constant 

     Figs. 15-18 illustrate the variation 

of the real and  imaginary part of the 

dielectric constant as a function of the 

wavelength for pure WO3 and doped of 

Au with different ratios (0, 10, 20, 30 

and 40)%, before and after annealing at 

400 ˚C, the real part of the dielectric 

constant (ɛr) depends mainly on the 

value of (n
2
), because of the smaller 

values of (k
2
) comparison with (n

2
), the 

imaginary part of the dielectric 

constant (ɛi) depends mainly on the (k) 

values which are related to the 

variations of the absorption coefficient 

(see Table 4 and 5). The real and 

imaginary parts of dielectric constant 

(εr, εi) respectively, were calculated by 

using these equations [12]: 

 

ɛr = n
2
- k

2
                                          (8) 

ɛi = 2nk                                             (9) 

 

 
Fig. 15: The real part of dielectric constant for pure WO3 and doped of Au (0, 10, 20, 30 

and 40)% thin  films as a function of wavelength. 

 

 
Fig. 16: The imaginary part of dielectric constant for pure WO3 and doped of Au (0, 10, 20, 

30 and 40)% thin  films as a function of wavelength. 
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Fig. 17: The real part of dielectric constant for pure WO3 and doped of Au (0, 10, 20, 30 

and 40)% thin  films as a function of wavelength at Ta= 400 ˚C. 

 

 
Fig. 18: The imaginary part of dielectric constant for pure WO3 and doped of Au (0, 10, 20, 

30 and 40) % thin films as a function of wavelength at Ta= 400 ˚C. 

 
Table 4: The optical energy gap and the optical constants parameters for pure WO3 and 

different doping of Au thin films at λ = 500 nm. 

Au % T% α (cm
-1

) K n ɛr ɛi Eg(ev) 

0 3.89 81169 0.323 3.050 9.198 1.971 2.80 

10 10.63 56041 0.223 4.525 20.424 2.019 3.00 

20 29.04 30912 0.123 4.956 24.544 1.220 3.30 

30 34.34 26721 0.106 4.740 22.456 1.008 3.60 

40 31.58 28816 0.115 4.861 23.614 1.115 3.40 
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Table 5: The optical energy gap and the optical constants parameters for pure WO3 and 

different doping of Au thin films at Ta = 400 ˚C at λ = 500 nm. 

Au% T% α (cm
-1

) K n ɛr ɛi Eg(ev) 

0 1.92 65904 0.262 4.542 20.563 2.383 2.65 

10 10.91 36932 0.147 7.167 51.351 2.108 3.50 

20 22.09 25164 0.100 6.958 48.404 1.394 3.80 

30 18.22 28381 0.113 7.193 51.726 1.625 3.95 

40 21.00 26012 0.104 7.035 49.476 1.457 3.90 

 

Conclusions  

     The WO3 thin film with         

different doping concentration of Au 

nanoparticles (0, 10, 20, 30 and          

40)% wt. based on chemical spray 

pyrolysis deposition have been 

prepared on glass substrate at               

Ts =250 ˚C successfully. The X-ray 

diffraction pattern of WO3:Au at 

substrate temperature 250 ˚C show 

amorphous, but with annealing 

temperature the structure will became a 

polycrystalline for different doping 

concentration of gold nanoparticles. 

The absorption coefficient in general 

with the increasing of doping ratio 

decreases for all samples, and have 

value (α > 10
4
 cm

-1
), the refractive 

index and extinction coefficient and 

dielectric constant (real and imaginary 

parts) in general, are increase with the 

increasing of doping  ratio for all 

samples before and after annealing. 
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