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Abstract Key words

     The structural and optical properties of pure and doped nano 

titanium dioxide (TiO2) films, prepared using chemical spray 

pyrolysis (CSP) technique, with different nano-size nickel oxide 

(NiO) concentrations in the range (3-9) wt% have been studied. 

X-Ray diffraction (XRD) technique was used to analysis the

structure of the prepared thin films. The results revealed that the

structure properties of TiO2 was polycrystalline with anatase phase.

The parameters, energy gap, extinction coefficient, refractive index

and real and imaginary parts were studied using absorbance and

transmittance measurements from a computerized ultraviolet visible

spectrophotometer in the wavelengths range (300-800) nm. Optical

properties of TiO2 were affected by the addition of NiO impurity

where the transmittance increased as NiO concentration increased but

with more adding the transmittance returned to decrease again. It was

found that the extinction coefficient, refractive index and real and

imaginary parts values decreased with increasing the doping

percentage up to 7% and then increases again at 9%. Energy gap

values increased after doping with NiO where the values were in the

range was 3.31 to 3.51 eV.
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بواسطت  المحضرة TiO2:NiO للاغشيت الرقيقت النانويت الخصائص التركيبيت والبصريت

الرش الكيميائي الحراري

وسن علي الطائي
1

بشرى عباس حسن، 
2

1
انعراق ،تغذاد ،، جايعح انُهرٍَ، كهُح انعهىوقسى انفُسَاء

2
انعراق ،تغذاد ،جايعح تغذاد ،كهُح انعهىو ،قسى انفُسَاء

 الخلاصت

 انًحضرجانُقٍ وانًشىب  TiO2انخظائض انرركُثُح وانثظرَح لاغشُح اوكسُذ انرُراَُىو  ذًد دراسح     

تًذي   NiO يع دراسح اضافح َسة يخرهفح يٍ اوكسُذ انُُكم انُاَىٌ ،تاسرعًال ذقُُح انرش انكًُُائٍ انحرارٌ

. اسرخذيد ذقُُح حُىد الاشعح انسُُُح نرحهُم انخىاص انرركُثُح نلاغشُح انًحضرج. انُرائج %wt (9-3)ذركُس 

انًعهًاخ فجىج انطاقح يعايم درسد ًَرهك ذركُة يرعذد انرثهىر تطىر الاَراش.  TiO2ذىطهد انً اٌ غشاء 

الاَثعاثُح يٍ جهاز الاجساء انحقُقٍ وانخُانٍ درسد تاسرخذاو قُاساخ الايرظاطُح و ،يعايم الاَكسار ،انخًىد

  NiOائثح  اضافح انشَرُجح  TiO2انخىاص انثظرَح ل ذاثرخ . nm (800-300)تًذي اطىال يىجُح  انًطُاف

 ،. وجذ اٌ قُى يعايم انخًىدنهرشىَة حُث زادخ الاَثعاثُح يع زَادج انرركُس نكُها اَخفضد يع انُسة انعانُح

ويٍ ثى عادخ نهسَادج  %7الاجساء انحقُقٍ وانخُانٍ اَخفضد يع زَادج َسة انرطعُى حرً  ،يعايم الاَكسار

انً 3.31  انًذيحُث كاَد انقُى فٍ  NiOقُى فجىج انطاقح تعذ انرطعُى يع ازدادخ   .%9يرج اخري عُذ 

3.51 eV. 
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Introduction 
     There have been increasing application in a wide range of fields for the use of 

metal oxides. It represents about a third of the consumer nanotechnology product 

market [1]. Metal oxides are compounds that contain at least one metal and one 

oxygen ion in their chemical formula such as ZnO, Fe3O4, TiO2, Al2O3, BaTiO3, and 

BaZrO3. They play an important role in the fields of chemistry, physics, and materials 

science. 

     Nanoparticles are important as a driving force for industry and many research 

groups to study and understand the manufacture of these materials. The fabrication of 

nanoparticles can be classified into two methods “top-down” and “bottom-up”, based 

on different physical and chemical approaches [2]. 

     The most common semiconductor material for metal oxide is titanium dioxide 

(TiO2) or titania. TiO2 is an n-type semiconductor. It possesses three types of crystal 

structures consisting of rutile, anatase, and brookite phase. TiO2 nanostructures have 

been used in many applications such as in photocatalysis or solar cells, lithium-ion 

batteries, and gas sensors. Titanium dioxide nanostructures can be fabricated by 

different processes, for example, anodizing, and thermal evaporation, hydrothermal 

and microwave-assisted. These processes can be fabricated using different 

nanostructures of titanium dioxide such as nanoparticles, nanotubes, and nanowires 

[3-5]. 

     Doping has opened up the possibility of changing the electronic structure, the 

chemical composition and the optical properties of TiO2 nanoparticles. 

Much effort has gone into combining doping with metal ions, such as nickel, 

chromium, iron, vanadium, and zinc. Agglomerated nanoparticles, thin films, 

nanocomposites, nanobelts [6], Where Oja et al., attended For TiO2 films by spray 

pyrolysis method at substrate temperatures from 315 to 500 °C [7]. Yingqiang et al., 

[8] prepared TiO2 and fluorine doped titanium dioxide (F-TiO2) by one-pot 

hydrothermal synthesis. Quartz crystal microbalance resonators (QCM) were used to 

detect trace levels of the stimulating nerve agent. From the dimethylphosphonate 

(DMMP) sensing measurements. Znad et al., Prepared photocatalysts of the mixed Ta 

/ TiO2- and Nb / TiO2 oxides by simple impregnation [9]. This work deals with the 

preparation of doped and undoped TiO2 thin films with various concentrations of NiO, 

and studying the structural and optical properties. 

 

Experimental work 

     A pure semiconductor metal oxide TiO2 mixed with an inorganic material NiO at 

different concentrations (3, 5, 7 and 9) wt% was prepared in this work. All TiO2 thin 

films were prepared by spraying an aqueous solution of titanium (III) chloride (TiCl3) 

from (Merck KGaA, Germany) using chemical spray pyrolysis (CPS) technique. 

These films were synthesized with solution molarity of (0.1M) for all experiments. 

The thin film TiO2 chemical equation was formed according to [10]: 

 

(
2    3    2          2  2       4

  (  )2  2       2  2   
)                                          ( ) 

 

     To prepare good quality thin films with nanostructure by chemical spray pyrolysis, 

different parameters such as nozzle to substrate dixtance, flow rate, solution 

deposition time, concentration and deposition temperature have to be considered, 

Fig.1. The prepared solution spray onto a substrate heated at 300 °C. The prepared 

thin films were annealed at 600 °C for 1 hour. 
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      The structural and optical properties of these films were studied. XRD diffraction 

was done measured using X-Ray Diffractometer Shimadzu type (XRD 6000). The 

spectra of absorbance and transmittance were recorded in the wavelengths (300-800) 

nm using a computerized ultraviolet visible spectrophotometer (Shimadzu UV-1601 

PC). The light sources are a halogen lamp and a deuterium socket lamp.       

  

 

 
Fig.1: Schematic diagram of chemical spray pyrolysis [11]. 

 

Results and discussion 

     From the analysis of X-ray diffraction (XRD), the structural properties of TiO2 and 

TiO2:NiO nanostructures can be recognized over the phase of XRD studding. The 

XRD analysis Fig.2 of these materials showes that pure TiO2 possesses many 

diffraction peaks and it hase a polycrystalline structure. This result is consistent with 

Yan et al., Jia et al., Al-Jawad, Panneerdoss et al.  [12-15]. 

     The crystal structure phase was found to be the anatase phase which agree with 

(ASTM) card no. [96-900-9087]. The (101) orientation was along the plane at 

diffraction angle of 2θ = 25.2119°, d = 3.5169A° according to card no. [96-900-9087] 

as shown in Table 1. 

     After doping with NiO in different concentrations (3, 5, 7, and 9) %, the peaks 

showed variation in their intensities. The peaks intensity decreased after doping until 

the structure converted from polycrystalline to amorphous up to 7% and hence the 

intensity of peaks returned increased again at 9% percentage. There was an increase in 

full width of half maximum FWHM to more peaks but decreased of crystallite size 

with increased doping percentage. 
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Fig.2: XRD of TiO2 doped and undoped thin films. 

 
Table 1: The structure properties of TiO2 samples. 

 

 

     The UV-Vis transmission spectrum in the (300-800) nm region is shown in Fig.3 

for TiO2 and TiO2:NiO films. The figure shows that the intensity of transmittance 

increases with increasing wavelength and with increasing concentration of NiO. The 

increase of concentration of NiO resulted in reduction of crysttallite size which in turn 

shift the energy gap to the high energy side. The crystal size decreased from 14.21 to 

12.92 nm as the doping ratio increased from 0 to 5%. The transmittance increased 

NiO% 2θ (Deg.)
FWHM 

(Deg.)

dhkl  

Exp.(Å)
G.S (nm)

dhkl  

Std.(Å)
Phase hkl card No.

25.2119 0.5728 3.529526 14.21181 3.5169 Anatase (10	1) 96-900-9087
37.8121 0.6873 2.377342 12.21783 2.3785 Anatase (004) 96-900-9087

0 48.0069 0.7446 1.893598 11.67921 1.8925 Anatase (200) 96-900-9087

53.8488 0.63 1.701138 14.14302 1.7001 Anatase (105) 96-900-9087

54.937 0.3436 1.669988 26.05846 1.6665 Anatase (21	1) 96-900-9087

62.6811 0.5330 1.480994 17.45114 1.4809 Anatase (204) 96-900-9087

25.2692 0.5727 3.521652 14.21588 3.5169 Anatase (10	1) 96-900-9087

37.9267 0.8019 2.370422 10.47537 2.3785 Anatase (0	0	4) 96-900-9087
3 48.0641 0.6873 1.891478 12.65572 1.8925 Anatase (200) 96-900-9087

53.9061 0.7446 1.699465 11.96933 1.7001 Anatase (105) 96-900-9087

54.937 0.5727 1.669988 15.63417 1.6665 Anatase (21	1) 96-900-9087

62.7262 0.8019 1.480037 11.60205 1.4809 Anatase (20	4) 96-900-9087

25.3837 0.63 3.506026 12.92581 3.5169 Anatase (10	1) 96-900-9087

37.984 0.8019 2.366977 10.47717 2.3785 Anatase (0	0	4) 96-900-9087

5 48.0641 0.8018 1.891478 10.84843 1.8925 Anatase (200) 96-900-9087

53.9633 0.6873 1.697799 12.97051 1.7001 Anatase (105) 96-900-9087

62.7835 0.5154 1.478824 18.0569 1.4809 Anatase (20	4) 96-900-9087
7 Amorphous
9 25.2692 0.8018 3.521652 10.15395 3.5169 Anatase (10	1) 96-900-9087
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with increasing of doping ratio for law doping ratio but it decreased at the 9%. This 

decrease causes a decrease in absorption within the visible region of the spectrum. 

The transmittance increases and is nearly constant at (44, 49, 57, 62 and 61) % for the 

concentrations (pure, 3, 5, 7 and 9) % respectively at wavelength 500nm, Table 2. 

These results of transmittance are in agreement with those of Essalhi et al. [16]. 
 

 
Fig.3: Transmission spectra of TiO2 doped and undoped thin films. 

 

Optical band gap values were estimated according to Tauc's equation Eq. (2): 

 

αhν  = Bʹ   hν - Eg )
1/2                               

                                             (2) 
 

where Bʹ is inversely proportional to amorphouscity, ν is the optical frequency. To 

calculate the band gap energies of pure TiO2 and of those doped with NiO thin films. 

(αhν)
2
 was drawn as a function of the incident radiation energy as shown in Fig.4. A 

typical optical energy gap was determined at the highest absorption region where           

α> 10
4 

cm
-1

 plotted (αhν)
1 / r

 = 0 where r = 1/2 for direct allowed transition [17]. 

     From Fig.4 it can be observed that direct optical band gap energy for pure TiO2 

films is 3.31 eV, this result agrees with that of Cetin et al. Scanlon et al.  Prasai et al.  

Rojviroon et al. [18-21]. The optical energy gap increased with the increase of doping 

ratio of NiO, It increased from 3.31eV to 3.51eV with the increase of doping up to 7% 

after that decrease in the value of the energy gap to 3.49 eV was noticed at 9% 

doping, Table 2. This shift towards the higher energy of the optical energy gap is 

associated with a reduction in the size of the crystals responsible for reducing the 

absorption coefficient [22-23]. 

 
Table 2: The optical properties of TiO2 samples at 500 nm. 

NiO% T% Eg(eV) n k εr εi 

0 44.86 3.31 2.590 0.340 6.592 1.762 

3 49. 08 3.40 2.577 0.302 6.552 1.557 

5 57.52 3.45 2.480 0.235 6.098 1.165 

7 62.92 3.51 2.380 0.196 5.628 0.936 

9 61.12 3.49 2.410 0.209 5.796 1.01 
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Fig.4: Variation the (αhν)

1/2
 as a function of photon energy. 

 

     An important parameter for optical materials and applications is the refractive 

index (n). The refractive index of all films was determined from the relationship [24]: 

 

                                             (3) 

where R is reflectance, k is extinction coefficient. The variation of refractive index of 

the TiO2 and TiO2:NiO samples for different doping percentage with wavelength of 

the incident photon is shown in Fig.5. High refractive index is observed in the short 

wavelengths followed by a gradual decrease in the high wavelength. 

     The refractive index of TiO2 films was found to increase after continuous addition 

of NiO at short wavelengths then decreased at long wavelengths up to 7% and 

increased again at 9% doping. The calculated experimental values were (2.59, 2.57, 

2.48, 2.38 and 2.41) for samples (pure, 3, 5, 7 and 9) % respectively at 500 nm. The 

increase of refractive index is attributed to the reduction of transmittance giving rise 

to high opaque material. The refractive index values obtained agree with the results 

reported by Sta et al. [25]. 

 

 
Fig.5: The variation of refractive index with wavelength for pure and doped TiO2  films. 
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     Fig.6 shows the dependence of the extinction coefficient (k) on the wavelength in 

the range (300-800) nm for undoped and doped samples. The figure show that the 

extinction coefficient for pure TiO2 sample showed a decrease in the wavelengths 

range (330-800) nm and with after doping the samples (3, 5, 7 and 9) %, in theses 

wavelengths. Extinction coefficient showed continuous decrease for doping 

concentrations (3, 5 and 7) % and after that increased again for 9%.  

     The decrease and increase of the extinction coefficient associated with a decrease 

and increase in the absorption coefficient accompanied the addition of impurity 

atoms. The extinction coefficient is calculated by the below equation [26]: 





4
k                                                                                         (4) 

where α is the absorption coefficient. 

 

 
Fig.6: The Extinction coefficient versus wavelength for undoped and doped TiO2  

thin films. 

 

     The real dielectric constant is εr and the imaginary parts εi are related to the values 

of (n) and (k). Real and imaginary values were calculated by using equations [27]:  

 

εr =  n
2
 –k

2          
                                                                             (5) 

εi = 2nk                                                                                         (6) 

       

     Dependence of the real part on wavelength is shown in Fig.7 for the pure and 

doped thin films. Real part values show suggestion increase in the short wavelengths 

at (320-370) nm of all films and then slightly decreased was happened in the 

wavelength range (370-800) nm. On the other hand, in the high wavelength curves of 

real part was decreased with increasing concentration up to 7% and then there was an 

increase again at 9%. The measured values at wavelength 500nm were (6.592, 6.552, 

6.098, 5.628 and 5.796) for samples (pure, 3, 5, 7 and 9) % as shown in Table 2.  
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Fig.7: The variation is the real part of the dielectric constant as a function of the 

wavelength of the pure and doped TiO2 thin films. 
 

     Fig.8 shows the imaginary part of dielectric constant as a function of wavelength 

in range (300-800) nm. The figure clearly showed the dependence of the imaginary 

part on the extinction coefficient Eq.(6) because it is very small refractive index [28, 

29].                                                                                            

     The imaginary part decreased, as NiO was added to the host material in different 

concentrations up to 7% and then increased with more addition of NiO. The measured 

values, at wavelength 500nm were (1.762, 1.557, 1.165, 0.936 and 1.01) for samples 

(pure, 3, 5, 7 and 9) % as show in Table 2. The same reason previously mentioned to 

k can be given here to explain the behavior of εi. 

 

 
Fig.8: The imaginary part of dielectric constant versus wavelength for undoped and doped 

TiO2 thin films. 
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Conclusions 

     The results indicate that nanosize of pure and doped TiO2 with Nickle oxide NiO 

can be achieved which can affect the structure and optical properties. XRD analysis 

showed that all the prepared thin films from pure TiO2 and doped with Nickle oxide 

up 5% have polycrystalline structure with anatase phase. Increases of doping ratio up 

to 7% reduced the crystallte size till change the structure from crystalline to 

amorphous and shift the energy gap to higher energies and then polycrystalline 

structure return to appear with further increase of doping ratio and the energy gap 

reduced to slightly. The refractive index and real part dielectric constant increased 

while extinction coefficient and imaginary dielectric constant reduced by addition of 

NiO to TiO2 up 7% and then the inverse manner took place.  
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