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Abstract  

Energy is a huge question in this 21
st
 century; the ability to solve energy problems today is 

the ability to solve most of the ills and sufferings of our societies. The decrease in inventories 

of crude oil, global warming and air pollution associated with the use of hydrocarbons show 

the need to consider alternative sources of energy and abundant renewable. 

Titanium dioxide (TiO2) is widely used in various industries (cosmetics; painting; solar cells; 

used-water reprocessing; electro-chromatic systems; etc.). It exists under different crystalline 

forms: rutile, anatase, and brookite. We have prepared our samples using an alcoholic 

solution of Isopropoxyde of titanium. The solution thus prepared by a sol–gel method on a 

soda-lime glass substrate. The layers undergo a heat treatment at temperatures varying from 

500 with 600°C, and various dippings. DRX analysis of our thin films of TiO2 shows that the 

titanium oxide starts to crystallize starts from the temperature of annealing 500°C. 

 

1 Introduction  

Transparent conducting oxide coatings are important element in a large number of 

applications, due to the unique combination of high electrical conductivity with good optical 

transmission in the visible range [1]. In  recent  years,  titanium  dioxide  has  been 

extensively  used  as  an  environmentally harmonious and  clean  photocatalysts,  because  of  

its  various qualities,  such  as  optical  properties,  low  cost,  high photocatalytic  activity,  

chemical  stability  and  non-toxicity [2]. 

 

Crystalline TiO2 film exist in three phases: anatase (tetragonal), rutile (tetragonal), and 

brookite (orthorhombic), rutile being the most stable of the three, and the formation of its 

phase depending on the starting material, deposition method and temperature treatment. In 

particular, TiO2 thin films can transform from amorphous phase into crystalline anatase and 

from anatase into rutile by changing temperature. In this semiconductor material, the 

absorption of ultraviolet light energy h = Eg (Eg of TiO2 = 3.2eV), this corresponds to a 

wavelength between 360-380nm, results in the production of electron pairs - hole. [3].  

 

2 Materials  

2.1 Preparation of the solution and deposition of the layer  
In this work we prepared two types of layers: a layer of TiO2, the other layer doped by silver 

(Ag-TiO2 with different percentage of Ag). 
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2.1.1 Preparation of the solution of TiO2 

The chemical process of gelation of a sol-gel film involves several steps: Pour 1 ml of 

titanium isopropoxide in a beaker. Adding 2 ml of isopropanol, and mixed for 10 min. adding 

0.3ml of acetic acid (mixed for 15 min). Finally we add 10 ml of methanol and mixed the soil 

for one hour. 

 

2.1.2 Preparation of the  solution of Ag-TiO2 

We conducted the following procedure: A mixture of 0.2 g of silver nitrate, 20 ml of nitric 

acid (mixture for 10 min), with the previous solution (mixture for 10 min). 

 

 

2.1.3 Deposition of the  layer 

The method we used in this study is the dip-coating to increase the thickness of the layer is 

deposited samples several times, in this case is deposited samples after three time, five and 

eight times. The heat treatment in this study separated into two stages followings: 

 

A) Drying: For the development of our layers, we carried out 20 minutes of drying at 150 ° C 

in an oven to bake after waiting a few minutes for the more volatile products have evaporated. 

 

B) Annealing: TiO2 thin amorphous films can be formed at low temperatures between 100 ° -

150 ° C. Amorphous TiO2 do not have a strict crystallographic structure, the crystalline phase 

of the lowest temperature of TiO2 can be achieved is anatase. For the anatase polycrystalline 

film can be deposited as amorphous TiO2 and then be crystallized by annealing at high 

temperature for this work we chose a temperature of 500 ° C. 

2.2 Characterizations  

Film morphology was characterized by Atomic Force Microscope. The crystalline phases and 

crystallite size of TiO2 was studied by XRD technique. The X-ray diffraction patterns were 

obtained on a D8 Advanced Bruker X-ray diffractometer using Cu Kα radiation at an angle of 

2θ from 15 to 60°. The scan speed was 1
o
/min. The strongest peaks of TiO2 corresponding to 

anatase (101) was selected to evaluate the crystallinity of the samples. The mean crystallite 

size L was determined from the broadening β of the most intense line, for each polymorph, in 

the X-ray diffraction pattern, based on the Scherer equation [2,4,5,6]: 

 

  
    

         
                                                                             

 

With: 

L = average crystallite size in Å. 

λ = wavelength of the excitation line (1.54098 Å). 

θ= Bragg angle corresponding to the position of the 

line. 

Δ(2θ) = width at half height of the line considered. 

 

UV-vis (spectrophotometer calculate the index of refraction, by envelope method, and to 

deduce the optical gap of the layer. The UV–visible spectra from our samples are obtained 

using a SHIMADZU 1700 double–beam spectrophotometer controlled by computer.  

 



ECCM15 - 15
TH

 EUROPEAN CONFERENCE ON COMPOSITE MATERIALS, Venice, Italy, 24-28 June 2012 

 

3 

 

3. Result and discussion 

3.1 XRD Analysis.  

The crystalline phase of the powders that evolved after Annealing was examined by XRD D8 

Advanced Bruker X-ray diffractometer using Cu Kα irradiation (λ = 0.154056 nm) at 45 kV 

and 40 mA radiation at an angle of 2θ from 15 to 60°. The crystallite size (D) was estimated 

from the width of lines in the XRD pattern according to the Scherrer equation. The XRD 

patterns of film of TiO2 Annealing at 450◦C were showed in Figure 1.  

The spectra provide information on the distances d hkl of different families of planes (hkl) in 

the sample and thus the crystalline phase. From the Figure 1 we see that the beginning of 

crystallization of the anatase phase from 500 ° C. 

3.1.1 The film annealed at 500 ° C 

• 5 layers: the XRD diffraction pattern shows a peak around 25.35 ° a distance d hkl = 

3.5115 A ° to the plane (101), crystallite size L = 31.34 nm. 

• 8 layers: the XRD diffraction pattern shows several peaks for the (101) around the angle 

of 25.15 ° the distance between the plane are 3.5403 A ° to the plane (101), crystallite size 

is 8.7 nm. For other peaks are the crystallite size 25.1 nm and 32.5 following nm 

corresponds to the following plans (004) to 37.9 ° and the angle (200) to the angle 48.2 °, 

respectively. 

 

Figure 1 : The evolution of diffraction spectra, film annealed at 500°C. 

 

3.1.2 The film annealed at 600 ° C 

       Well crystallized layer, the XRD diffractogram shows several peaks for the (101) around 

the corner of 25.01° the distance between the plane are 3.5598 A° to the plane (101), 

crystallite size is 24.33nm. For other peaks we determined the size of anatase nanocrystals 

31.11 16.29 16.70 and 17.45nm in the directions normal to the planes, respectively (112) at   

2θ = 38.05°, (200) at 2θ = 48.63° (211) to 2θ = 54.45 and (204) at 2θ = 63.34°. 
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Figure 2: The evolution of diffraction spectra. Film annealed at 600°C. 

 

The texture coefficient (TC) represents the texture of a particular plane, whose deviation from 

unity implies the preferred growth. Quantitative information concerning the preferential 

crystallite orientation was obtained from another texture coefficient TC (hkl) defined as [6]: 

 

        

      
       

 
      
       

 

                                                              

 

 

Where I (hkl) is the measured relative intensity of a plane (hkl) and I0 (hkl) is the standard 

intensity of the plane (hkl) taken from the JCPDS data. The value TC (hkl) = 1 represents 

films with randomly oriented crystallites, while higher values indicate the abundance of grains 

oriented in a given (hkl) direction. The specific surface area of the sample was calculated 

from the formula (2) [7]: 

 

    
   

  
                                                                                          

 

Where, S is the specific surface area (m
2
 g

−1
), d is the average crystallite size, and ρ (g/cm

3
) is 

the density of anatase or rutile (3.85 and 4.25 g/cm
3
, respectively) [7]. 

 

 The variation of TC for the peaks is presented in Table 1 and 2. 

 

 

 

20 30 40 50 60 70

0

10

20

30

40

50

60

70

213 anatase

    63.34°

211 anatase

    54.45°

200 anatase

    48.63°

113 anatase

    38.05°

101 anatase

     25.01°

I(
%

)

2

600°C



ECCM15 - 15
TH

 EUROPEAN CONFERENCE ON COMPOSITE MATERIALS, Venice, Italy, 24-28 June 2012 

 

5 

 

hkl dhkl 

(A)° 

2θ (°) d(nm) s (m
2
 

g
−1

) 

TC[%] 

101 3.5403 25.15 8.7 179.13 35.05 

004 2.3786 37.9 25.1 62.08 33.18 

200 1.8869 48.2 32.5 48.07 31.77 

Table 1: Results for film annealed at 500°C. 

 

hkl dhkl 

(A)° 

2θ 

(°) 

d(nm) s (m
2
 g

−1
) TC[%] 

101 3.560 25.01 24.33 64.05 23.22 

004 2.3737 37.87 11.31 137.79 7.14 

200 1.8722 48.63 16.29 95.66 18.21 

211 1.6849 54.45 16.70 93.31 28.21 

204 1.4683 63.34 17.45 89.30 23.22 

Table 2: Results for film annealed at 600°C. 

 

3.2 UV-Vis Analysis. We find that undoped samples exhibit a high transmittance (> 65-85%, 

depending on thickness) in the visible range. The observed oscillations are the result of 

interference at the interfaces air-film and film-substrate. They are characteristic of a high 

index material, deposited on a support of low index. This is the case of anatase (n=2.5) on 

soda-lime glass (n=1.513). The amplitude of the oscillations decreases with increasing film 

thickness. In addition, the transmittance maximum at 450-500 nm, decreases the thickness of 

the layer thickness goes. This is a consequence of light scattering which increases with the 

roughness and the anisotropy resulting from the increase in grain size. see figure 3(a). 

For samples doped found low transmission below   λ = 350 nm due to absorption in the UV 

TiO2 matrix. The comparison between the graph transmission of undoped films with graph of 

doped films shows that there is a significant absorption between 350 nm and 475 nm with a 

maximum around 405 nm. Or chute transmission. See figure 3(b). 

The refraction indices n at various wavelengths were calculated using the envelope curve 

for Tmax (TM) and Tmin (Tm) in the transmission spectra. The expression for the refractive index 

is given by [1,8,9]: 
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Where ns are the refractive index of the medium soda-lime glass (1.513), Tm and TM are the 

maximum and minimum transmittances at the same wavelength. 

 

a 
 

b 

Figure 3: transmission spectrum:  (a) undoped film, (b) doped film. 

 

The thickness is calculated by this equation: 

  
     

                  
                                                              

Where M is the number of oscillations between the minimum and maximum choice (M = 1 

between two consecutive minima and maxima) and λ1, λ2 and n (λ1), n (λ2) wavelengths and 

indices corresponding refraction. 

The results also show the evolution of the index n as a function of layer thickness. Index 

increased slightly from 1.78 in 2.269 when the thickness decreases from 761 nm to 309 nm. 

See table. 

 

Thickness (nm) Réfractive index  n(λ) Porosity (%) 

316 
2.236 

(λ=345 nm) 

2.146 

(λ=425 nm) 
10.3   15.07 

309 
2.269 

(λ=350 nm) 

2.155 

(λ=445 nm) 
8.83   14.43 

574 2.059  (λ=360nm) 
1.988 

(λ=410nm) 
19.35    21.97 

761 1.78  (λ=488nm) 
1.760 

(λ=588 nm) 
34.56   35.27 

Table 3: Evolution of index. 
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The absorption coefficient follows a variation with the energy type[9,10]: 

               
                           

Figure (4) shows the variation of the root of the absorption coefficient is multiplied by the 

energy hv, according to the energy hv. Between field of fundamental absorption, which 

corresponds to high energies, and the field stabilization energies corresponding to low, in this 

graph  there are part linear variation, by extrapolating this part α = 0, there is a decrease in the 

optical gap when the thickness is increased, the optical gap is 3.05 for a thickness of 761 nm 

for  layers undoped. 

 

Figure(5): a decrease in the band gap around 2.7eV (for 2 hours) to 2.58 eV (for 24 hours), 

due to the presence of silver. 

 

Figure 4: Variation of      
 
   as a function of hv. 

 

Figure 5: Determination of the gap of Ag-TiO2. 
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From the gap we can calculate the carrier concentration of the doped layer. Using the 

following equations [11]: 

 

    
  

    
 
     

 
 

 
  

                                                                    

 

 

 
 
   

   

          
                                                                              

 

 

ΔEg [eV] : widening of the gap to the Burstein-Moss effect. 

N [cm
-3

]: carrier concentration. 

m
*
: effective mass of electron 

 

Electrons in TiO2 have a very large effective mass (~10 me or more) [12]. 
 
 

Time of doped the 

layer 

N (carrier concentration) 

Unité  10
21 

cm
-1 

one hour 13.4
 

Two hours 15.5 

24 hours 18.5 

Table 3: Evolution of carrier concentration by time of doping. 

 

3.3 AFM Analysis: TiO2 grains is very crystallized and oriented, the grain size is estimated 

around 100 nm for undoped layers. The observation of AFM images indicated an increase in 

porosity when the thickness becomes thick. TiO2 grains disappeared by the effect of the 

presence of silver.  
The size of grains silver estimated around 5nm-10nm, so it is difficult to capture by force atomic 

microscope. 

 

Roughness:  

 

For 100nm thick found an average roughness of Ra = 2.90nm. For Ra = 309nm 4nm thick.  

For 761nm thick = 3 nm Ra.  

For the doped layer we find a mean roughness Ra = 2.70nm. 
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Figure 1: AFM imagerie. 

4. Conclusion 

We determined the crystallite size anatase in the direction normal to the planes (101) (103) 

and (200), the crystallite size was estimated between 10 and 35nm. For samples prepared at 

500 ° C, we determined the crystallite size of anatine in the direction normal to the planes 

(101)  (112)  (200) (211) and (204), the crystallite size was   estimated between   11 nm  and 

25 nm.  

For undoped layers we see an optical gap around 3.2 eV, the index decreases when the 

thickness becomes thick. For the doped layers there is a change in gap at 3.2eV (2.58 eV) for 

Ag-TiO2. 
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