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  In this work, the concentration effect of mixed tin dioxide and zinc oxide on optical properties 
of titanium dioxide thin films was studied. Thin films were prepared by using spray chemical 
pyrolysis technique on glass substrate at 350   ͦC. The optical results revealed a weak optical 
transmittance for Un-doped TiO2 at the end of ultraviolet spectrum followed by an increase, 
more than 48%, at the near IR spectrum. TiO2 thin films revealed more transparent with blue 
shift in the absorption edge when the SnO2-ZnO mixed increased. A significant decrease in the 
absorption coefficient with increasing the mixed of SnO2-ZnO. According to the results of the 
electronic transition of TiO2, thin films have direct and indirect energy gap, about 3.2 eV and 
2.11 eV, respectively. An increase in both types of energy gap was observed with the mixing 
concentrations of SnO2-ZnO increase. In addition, a significant decrease also was in the 
refractive index and extinction coefficient with the increasing SnO2-ZnO concentration.  
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1. INTRODUCTION  

Thin film technology is one of the important 
techniques that helps in the development of electronic science 
and engineering of surfaces. Because of the thinness of these 
films and the ease of cutting, they are deposited on other 
materials to be used as substrates, depending on the nature of 
studying and using such as glass, quartz, silicon, aluminum 
and other metals [1]. The type of substrate Recently, they have 
been used in the manufacture of ordinary and thermal mirrors, 
filters and sensitive panels for electromagnetic waves, 
imaging, solar cells, integrated circuits and they have 
contributed to the development of building computers and 
aerospace Technology [2]. Thin film technology contributed 
significantly to the study of semiconductor properties and it 
gave a clear idea about many of its physical and chemical 
properties[3]. 
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The method of chemical spray pyrolysis technique 

(CSP) has been adopted by many researchers and in our 
research. CSP has several characteristics; the most important 
are simplicity and low cost of equipment used which can be 
used in normal weather conditions. In addition, films and 
materials with high melting point can be prepared by this 
technique and they can produce a good homogeneity surface 
in large areas that may not be prepared in other ways [4]. 

Titanium dioxide was used as the base material in our 
study because of its unique characteristics. It is a white 
inorganic solid, thermal stability with a large energy gap of 
3.2 eV, non-flammable and non- toxic with good 
semiconductor properties [5]. Commercially, It is an important 
material that has been used in paints and thin films coating 
applications because it has a high optical transparency [6]. 
Titanium dioxide constitutes a very valuable material for 
optical applications in recent years [7-12]. Many efforts have 
been directed toward transference the optical sensitivity of the 
TiO2 from UV to the visible-light spectrum for the efficient 
use of solar radiation or synthetic visible light [13].  

The objectives of the present work include studying the 
doping effect with different concentrations of mixed SnO2-
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ZnO on the optical properties of titanium dioxide thin films 
according to the system (TiO2)1-x:(SnO2-ZnO)x with !(1 −

𝑥): (!
"
	+	!

"
)*, where (x= 0, 3, 5, and 7) wt.%. After that, 

finding the possibility of using the prepared films in the wide 
fields of electronic applications. 

 

2. THEORETICAL PART  

2.1. Transmittance  
The transmittance spectrum (T) of the prepared thin 

films was calculated using the absorption spectrum depending 
on the following formula: [14] 

𝑇 = 𝑒𝑥𝑝#".%&%	( 		……………… . . …	(1) 	

𝑇 : Transmittance    and   𝐴 : the absorbance. 

2.2. Absorption Coefficient 
The absorption coefficient (α) was practically 

determined by the measuring of absorption (A) and 
transmittance (T), as following: [15] 

𝛼	 = 	2.303 (
)
	……………… .…… . (2) 	

𝐴: The absorbance after correction, and 𝑡: the thickness. 

2.3. Energy Gap 
The energy gap was calculated by the following 

relation: [15] 
𝛼ℎ𝜐	 = 	𝐵(ℎ𝜐	 −	𝐸*)+ 		……… . . …	(3) 
𝐸*: Optical energy gap (eV) and ℎ𝜐: absorbed photon energy 

(eV) 
𝐵: Constant depends on the nature of the material. 
𝑟 : the exponential coefficient depends on the nature of the 
transitions, it is equal to 1/2 for allowed direct transition and 
3/2 for the forbidden direct transition, while it equals to 3 and 
2 for allowed and forbidden indirect transition respectively. 
2.4.Refractive Indiex  

The refractive index (n) was calculated according to 
the relation: [15] 

𝑛	 = 	
1 + √𝑅
1 − √𝑅

	…………………	(4)	

𝑅: thin film reflectance. 

2.5. Extinction Coefficient: 
The extinction coefficient (K) represents the energy absorbed 
in the film. It was calculated from the relation: [15] 

𝐾	 = 	𝜆𝛼 4𝜋⁄ 	………………………… . . (5) 	

𝜆: Incident photon wavelength. 

3. EXPERIMENTAL PROCEDURE  
  Un-doped TiO2 and doped with (3, 5, and 7) wt.% 

mixed oxide of SnO2 and ZnO (TSZ) thin films according to 
Table1by using spray pyrolysis technique on glass substrate at 
optimal temperature of 350 ͦC with 125 nm as a thickness. 
Before deposition process, the glass substrates were cut with 
dimensions (2.5×2.5) cm followed by cleaning with D.W and 
ultrasonically bath for 15 minutes to make sure the removal of 
oily impurity. Finally, they were washed with D.W to be ready 
for deposition. 

Table 1: Wt.% of TSZ doped TiO2 thin films. 
TSZ 

concentrations % System 
0 TiO2 
3 TiO2 (0.97):(SnO2:ZnO) (0.015+0.015) 
5 TiO2 (0.95):(SnO2:ZnO) (0.025+0.025) 
7 TiO2 (0.93):(SnO2:ZnO) (0.035+0.035) 

Titanium trichloride (TiCl3) solution with 0.05 M 
was used as a source of TiO2

 depending on the following 
reaction: [24] 
2𝑇𝑖𝐶𝑙! +𝐻"𝑂 → 𝑇𝑖(𝑂𝐻)"𝐶𝑙" + 𝑇𝑖𝐶𝑙# 
𝑇𝑖(𝑂𝐻)"𝐶𝑙" →	↓ 𝑇𝑖𝑂"+↑ 2𝐻𝑐𝑙  

The doping solutions were prepared from Tin (II) 
chloride dehydrate (SnCl2.2H2O) and Zinc acetate 
dehydrate [Zn(CH3COOH)2.2H2O] to obtain SnO2 and 
ZnO, respectively. The powders were dissolved in 
distilled water without any other additives. UV-visible 
spectrometer with a wavelength ranging from 300 to 900 
nm with double beam was used to study the absorption, 
optical transmittance, absorption coefficient, electronic 
transition, refractive index and extinction coefficient. 

After completing the process of substrate and 
solutions preparation, thin films deposit was the next 
step. The glass substrates were placed on the middle of 
the electric heater, which controlled by NiCr/Ni as a 
type of thermocouple. After making sure that the 
solution falls vertically and regularly on all parts of the 
substrates, a selective factors and conditions were 
depended; temperature about (350±5  ͦC), spray time 
(5sec) , stop time (12sec) , flow rate of solution (2 
ml/min), spray distance (29 ± 3cm) and air pressure (3 
Nt./m2).  
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4. RESULTS AND DISCUSSION 
Figure.1 shows the transmittance spectrum at 

room temperature that was calculated by equation (1) 
within the spectrum range 300 to 900 nm.  

 
Fig.1: Transmittance as a function to the wavelength for Un-

doped TiO2 and doped with TSZ. 

The transmittance spectrum is mainly composed 
of two parts. It reveals a weak optical transmittance for 
Un-doped TiO2, less than 20%, at the beginning of 
visible spectrum. Slight linear increases in the 
percentage of transmittance within the range 325 to 370 
nm followed by a jump in transmittance values after the 
edge of absorption to reach the higher value in the end of 
spectrum, about 84%, agreement result with [16]. The 
reason for the weak transmittance within this range was 
due to the high absorption within this region of the 
spectrum as the transmittance is inversely proportional 
to the absorbance based on the equation (1). 

Figure 1 also shows the obvious effect on the 
transmittance spectrum at the TSZ doping with the same 
behavior for Un-doped films. It was found that the 
transmittance increased with the increase of the doping 
concentrations reaching the highest transmittance value, 
more than 89% at the near IR for the films with 7% 
TSZ.  Another observation of the same figure that 
showed there was a shift in the edges of the absorption 
towards the short wavelengths (blue shift) with the 
increase of TSZ, as shown in Table 2. This is due to the 
possession of nanoparticle description for the prepared 
films [17] and the doping process changed the grain size 
of these nanoparticles [18]. This shift refers to an 
increase in the energy gap values as TSZ increased, as 
seen below.  

Since the doping process has resulted in a significant 
increase in transmittance especially in the visible spectrum 
region, it is possible to benefit from such types of films in the 
fields of electronic applications as optical windows where its 
effective region is in the range of the visible spectrum. 

Table 2: Variation of transmittance according to the 
wavelength: maximum at l1, at the absorption edge l2, at the 

end of spectrum l3.   
Doping 
Ratio% 

l1 
(nm) T% l2 

(nm) T% l3 
(nm) T% 

0 327 11.52 387 25.33 900 55.44 
3 324 17.9 370 38.53 900 86.76 
5 317 17.47 362 47.02 900 88.53 
7 314 22.90 358 47.42 900 89.22 

The absorption coefficient was calculated from 
equation (2) and it is shown as a function to the 
wavelength in Figure.2. All films have a strong 
absorption edge in the Ultraviolet region, due to the 
electronic transitions between bands at this wavelength 
[19]. Figure.2 also shows that Un-doped TiO2 has a 
strong absorbance peak, 11×104 cm-1, at the wavelength 
of 327 nm then a significant decrease in the absorption 
coefficient with increasing wavelength. It is attributable 
to the increase of the transmittance in this spectral range.  

 

Fig.2: Absorption coefficient variation with the wavelength. 

In general, the absorption coefficient values decreased 
after doping with TSZ with the same behavior for Un-doped 
films, as shown in Table 3. The reason for the decrease in the 
absorption coefficient values within the wavelength range 
from 400 to 900 nm was due to the fact that the electronic 
transition in this wavelength range were few. In other words, 
the energy of the falling photons was not sufficient to excite 
these electrons and then transfer them to the valence band 
from conductive band [20]. 
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Table 3: Variation of absorption coefficient with wavelength: 

maximum at l1, at the absorption edge l2, at the end of 
spectrum l3.   

Doping 
Ratio% 

l1 
(nm) 

α ×104 
cm-1 

l2 
(nm) 

α ×104 
cm-1 

l3 
(nm) 

α ×104 
cm-1 

0 327 11 387 6.86 900 2.77 
3 324 8.72 370 4.71 900 0.62 
5 317 8.58 362 3.86 900 0.56 
7 314 7.37 358 3.63 900 0.51 
 

All prepared films had an absorption coefficient greater 
than 104 cm-1, approach to its findings by [16], which gives the 
impression that the films under study will have an energy gap 
of the direct type. According to these results, the doping with 
this concentration of TSZ can be used in the field of reflective 
coatings to take advantage of the low absorbance property at 
the spectrum range from visible to infrared radiation. 

According to many previous studies, Titanium dioxide 
films have both types of energy gap, direct and indirect type. 
The values of the energy gap in general depend on many 
factors, one of the most important is the crystal structure of 
the nanoparticle thin films in addition to how the atoms are 
distributed and arranged in the lattice of the crystal [21]. 
Results of direct and indirect band gap calculations are shown 
in the figures 3 and 4, which were calculated by plotting the 
relation between (𝛼ℎ𝜐)" as a function of the photon energy 

(ℎ𝜐) for direct 𝐸* while (𝛼ℎ𝜐)
!
" as a function of the photon 

energy (ℎ𝜐) for indirect 𝐸* depends on equation (3). The 
values of the direct and indirect optical energy gap represent 
the intersection point between the photon energy, (X-axis), 
and a straight line extending from a curve of (𝛼ℎ𝜐)" and 

(𝛼ℎ𝜐)
!
" , respectively, at 𝛼 = 0. 

The values of direct and indirect optical energy gap 
were tabulated in Table4. They are very close to many results 
by researchers [17,22]. This shows that there was an increase 
in both types of 𝐸* with an increase of dopant concentration. 
That may be due to the doping with TSZ which leads to 
improve the crystalline growth by reducing localized states 
and thus reducing the structural defects of the crystal structure 
[23].  

Table 4: Direct and indirect 𝐸! for Un-doped TiO2 and doped 
with different concentration of TSZ. 

Doping Ratio % Direct 𝐸* (eV) In direct 𝐸* (eV) 
0 3.2 2.11 
3 3.3 2.42 
5 3.38 2.6 
7 3.47 2.67 

 

Fig. 3: Variation of direct optical energy gap as a function to 
the photon energy 

Fig. 4: Variation of indirect optical energy gap as a function to 
the photon energy 

Figure.5 shows the variation of refractive index for Un-
doped TiO2 and doped with different concentrations of TSZ 
depending on equation (4). For Un-doped film, there is a 
linear increase in n values within the range 340 to 387 nm 
then exponential decrease to the end of the spectral range at 
900 nm. However, doping with 3, 5and 7% with TSZ refers to 
a significant decrease in refractive index and extinction 
coefficient. That may be as a result of changing in the atoms 
distribution on the surface of the prepared thin films and then 
in the roughness of films, this is in agreement with [24], also, 
the reason may be due to a decrease in the granular size of the 
prepared membranes and the surface density of the 
nanocrystals [8]. Table 5 shows the variation value of 
refractive index as a function to the wavelength for all 
prepared films; minimum value at l1, at the absorption edge 
l2 and at the end of spectrum l3. Films with high refractive 
index are suitable for anti-reflective coatings and multilayer 
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optical coatings, such as optical fibers, applications [25]. 
Decreasing the refractive index with TSZ increase made the 
prepared films more transparent, which could be used in the 
field of optical windows [9]. 

Fig. 5: The variation of refractive index as a function for the 
wavelength. 

Table 5: Variation of refractive index with wavelength: 
maximum n at l1, at the absorption edge l2, at the end of 

spectrum l3.   
Doping 
Ratio% 

l1 
(nm) n l2 

(nm) n l3 
(nm) n 

0 643 2.66 387 2.65 900 2.38 
3 365 2.65 370 2.64 900 1.60 
5 347 2.64 362 2.58 900 1.57 
7 337 2.64 358 2.57 900 1.54 

The extinction coefficient is influenced by many 
factors, including the loss of incident wave energy due to the 
absorption process. A similar behavior to the absorption 
coefficient is due to the relationship between them, equation 
(5). Figure 5 revealed the changing in the extinction 
coefficient values with the wavelength.  

The highest extinction coefficient values for prepared 
thin films were within the absorption edge followed by sharp 
decreasing to the end of spectrum, as shown in Table 6. This 
decrease is due to the amount of radiation that attenuated on 
the surface of the films [7]. The highest extinction coefficient 
values within short wavelength can be attributed to the losses 
in the energy of the falling radiation because of the 
fundamental absorption process. In other words, the higher 
energy of incident radiation means the greater possibility of 
absorption. Whereas, the low values of the extinction 
coefficient at long wavelengths can be attributed to the 
increase in transmittance within this spectral region of the 
prepared films [26]. 

Fig.6: The variation of extinction coefficient as a function for 
the wavelength. 

Table 6: Variation of K with wavelength: maximum at l1, at 
the absorption edge l2, at the end of spectrum l3. 

Doping 
Ratio% 

l1 
(nm) K l2 

(nm) K l3 
(nm) K 

0 327 0.231 387 0.17 900 0.19 
3 324 0.188 370 0.11 900 0.045 
5 317 0.184 362 0.105 900 0.041 
7 314 0.156 358 0.101 900 0.038 

 
From Figure 6, it is clear that Un-doped film has a 

rapid decrease in the extinction coefficient within the UV 
spectrum and then an exponential increase within a visible 
rang followed by relatively stability within infrared spectrum. 
However, this variation in the behavior of films depends on 
many factors; elemental type of the composition, roughness 
and density of the surface films, atoms distribution, the type of 
the crystalline structure, etc. [27]. The TSZ dopant 
concentration effect was decreased the extinction coefficient 
with the same behavior of absorption coefficient as the same 
reasons, because of the relation between α and K, according to 
relation (5). An important indicator from the low values of the 
extinction coefficient in the visible and near IR spectrum 
range, that the surfaces of the prepared TiO2 films were 
smooth [28]. 

5. CONCLUSION 
Thin films of Un-doped TiO2 and doped with different 

concentrations of SnO2-ZnO mixture (TSZ) on glass 
substrates are prepared by chemical spray pyrolysis. Results of 
optical calculations showed an increase in optical 
transmittance with increase of the dopant concentration, while 
the absorption coefficient decreases. Direct and indirect 
optical band gap increases from 3.2 to 3.47 eV and from 2.11 
to 2.67 eV, respectively. The TSZ doping ratio reduced 
refractive index from 2.65 to 2.57, while the extinction 
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coefficient has the maximum value within the range of UV 
spectrum. 
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 شرلا ةینقتب ةرضحملا ةقیقرلا 2TiO ةیشغلأ ةیرصبلا صئاصخلا ىلع ZnO-2SnO طیلخ زیكرت ریثأت
 يرارحلا يئایمیكلا

 جیزر الله لام لامج و فیطل بلاط ءلاجن

 قا;علا-=دام;لا/را8نلاا ةعماج , م2لعلا ة)ل. , ءا*()فلا #"ق
jam72al@uoanbar.edu.iqsc.: mail-E 

 : ةصلا@لا

 ةق4ق5لا ةM4غلأا UV45ت Tت .م4QناP4Pلا =4>كأ يناOل ةق4ق5لا ةM4غلأل ةI?5Jلا Hئا?Fلا ىلع Bن7لا =4>كأو 5ی=?قلا =4>كأ يناث 5647ت 45ثأت ةسارد -(ت ،ل(علا ا%ه يف

XساPF=قت ماY4لا يئا4(4]لا ش5لا ةU5ق ىلع \راQع جاج7لا ^م =عاY= 47لس ةجرد 350 ةرا5ح ةجردJ6 .ةMلا -فYPلا جئاI?5Jذافن ^ع ةiة X?5Jغلأ ةف4عض ةM4ة TiO2 

 فحزو ىلعأ ة4فافش ةق4ق5لا TiO2 ةM4غا ت5ه{أ .ة5JIقلا ءاU)5لا -Uت ةعشلاا فy4 ^(ض ،٪ 48 ^م O5كأ ،ةداJز اه4لت يt>فIYلا قQف فq4لا ةiاهن يف ةMQo(لا 45غ

 اقًفو .ZnO-SnO2 ج7Jم ةداJز عم صا?Pملاا لماعم يف 6I45 ضافFنا .ZnOو 2OSn ج7Jم ةI>ن ةداJز عم ة45?قلا ة4جQ(لا لاyQلاا هاtتاX صا?Pملاا ةفاح يف

 4Tق يف ةداJز كاYه -نا6 .يلاPQلا ىلع -لQف 2.11و -لQف 3.2 يلاQح ،ة5شاIم 45غو ة5شاIم ةقاy ةtQف ىلع ةق4ق5لا ةM4غلأا \UPQت ،2TiO ـل ينوP5]للإا لاقPنلاا جئاYPل

 .5647ZnO-2SnOت ةداJز عم دF)Qلا لماعمو را>]نلاا لماعم يف 6I45 ضافFنا كاYه ،Bل%ل ةفاضإ .ZnO-2SnO �4لخ 5647ت ةداJز عم ةقاqلا ةtQف يعQن لاك

 .ة;:89لا صا61لا ،ةقا4لا ة01ف ،ةق*قر ة*(غا ،2TiO :ة4حاPف(لا تا(ل]لا

 


