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 Thin films of TiO2 nanostructures were prepared on FTO bases 

with different temperatures 140 ° C and 160 °C for 4 h. The XRD 

results showed that that there was an increase in the intensity of the 

peaks of the prepared (quadrangular) samples and a decrease in the 

FWHM was observed due to the increase in temperature as well as 

increase in the grain size in which the distance between the grains was 

decreased. According to the UV-Vis results, the energy band gap Eg was 

calculated from the reflectivity spectrum using the Kobelka - Monk 

equation. The increase in temperature has reduced the energy band gap, 

which shifting it towards the blue direction. FESEM, an increase in the 

surface thickness of the thin film due to an increase in the preparation 

temperature. The solar cell efficiency was decreased with increased in 

temperature.  Where it was found the efficiency reduce rom 0.17% to 

0.004%  for As for 140 ° C and 160 ° C respectively. 
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 تحضير وتوصيف خلايا شمسية صبغية على اساس مه ثىائي اوكسيد التيتاويوم

  د عباسفيم غفران بارونصالح  عارف

 .نىفخجبهعخ ال –مليخ العلىم  –قسن الفيشيبء 

 ةـــلاصـــخ  ــــال  الكلمات المفتاحية:

 ثٌبئي اومسيذ الزيزبًجىم

 الاًوبء الوبئي 

 الخلايب الشوسيخ

 الصجغبد الحسبسخ

 FTOعلاً قىاعاذ  لثٌابئي اومسايذ الزيزابًيىم  رن رحضيز أغشيخ رقيقخ هي الهيبمل الٌبًىيخ 

سابعبد. أههازد ًزابئ   4درجخ هئىيخ لوذح  061درجخ هئىيخ و  041ثذرجبد حزارح هخزلفخ 

XRD   فاي أى هٌبك سيبدح في شذح القون للعيٌبد الوحضازح ررثابعي الشوايابل ولاىحخ اًخفاب 

 يجايحجان الحجالثسجت الشيبدح في درجخ الحزارح ومذلل سيبدح  FWHM هٌزصف عز  القوخ 

، راان حساابة فجااىح ً ااب   UV-Vis. وفقاًاب لٌزاابئ  يجااي الحج الحااذ حيااا اًخفضااذ  الوساابفخ  ثاايي

أدد الشيابدح فاي درجاخ  .Kobelka - Monkهي طيف الاًعنبسيخ ثبسزخذام هعبدلخ  Egال بقخ 

 ثيٌاذ واىر الحزارح إلً رقليل فجىح ً ب  ال بقخ ، هوب أدي إلً رحىيلهب ًحاى الارجابٍ ارسر .
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1. INTRODUCTION 

The energy produced around the world uses 

fossil fuels. This fuel is harmful to the 

environment because it emits carbon dioxide 

and drains fossil fuels around its sustainable use 

for future energy needs[1]  . The sun is one of 

the largest and most important sources of 

energy in life on earth and is considered a 

source of all types of energy. The solar energy 

that the sun radiates 3×1024 J per year, which is 

equivalent to ten times the current demand for 

energy[2, 3]   

Sun energy is divided into two parts 

according to its uses: systems that convert solar 

radiation into thermal energy called thermal 

photovoltaic systems, and devices that convert 

solar energy into electrical energy are called 

solar cells or photovoltaics .[4] In 1991 Dye 

sensitized solar cell were first developed by B. 

O’Regan and M. Grätze. Dye solar cells are a 

cost-effective way to convert photon energy 

into electrical energy. Here dye is used to 

absorb visible light. Every color has it the 

wavelength range that absorbs light excludes 

this range from the wave length  Therefore, it is 

easy to convert the energy of a photon [5]. 

After that, DSSC attracted many 

researchers because it is low cost easy to 

manufacture, non-toxic and environmentally 

friendly Operation. The efficiency of DSSCs 

has reached 11.20%[6], Over the past decades 

they have done extensive research on 

photocatalys is for applications of titanium 

dioxide. It is used in photovoltaics [7] and it is 

used in water purification systems [8] 

as well as in sterilization and self-cleaning 

[9]and because it is considered inexpensive, thin 

films have been used in a wide range of fields. 

The energy of titanium dioxide varies according 

to its structure [10]The energy gap of the 

anatase phase is 3.5 eV while the rutile phase is 

3.0-3.2 eV [11] The rutile phase absorbs light in 

a wide range of wavelengths, so it is considered 

better than performing anatase, but the 

photocatalysis of anatase is higher due to its 

high density. Therefore, attention has been paid 

to understanding the anatase-phase 

photostimulation [12, 13]  

 There are different techniques that have 

been used in the manufacture of thin films, 

including the sol-gel, the hydrothermal method 

[14]the spin coating, and the chemical 

precipitation method [15] 

2. Preparation of Dye-Sensitized Solar Cell  

(DSSC) 

DSSC mainly consists of three parts as dye 

sensitivity TiO2 film deposited on FTO glass 

substrate, electrolytes and Carbon counter 

electrode. First mix 2 mL (TiCl4) with 8 mL of 

butanol. TiCl4 was placed in a three-neck flask. 

Butanol was added drop by drop using a 

magnetic stirrer applied without heating to the 

butanol end and the fog clears. The oiled yellow 

solution was obtained. In a glass container, the 

solution consisting of (12.5) ml of distilled 

water is mixed with (12.5) ml of hydrochloric 

acid at a concentration of (35.4%) and left for 

15 minutes, then placed (0.3) ml of TTB and 

left for 25 minutes. Mixing is done with a 

Teflon magnetic stirrer, the FTO is placed at a 

certain angle and then the solution is added to 

cover the sample, leaving a distance from the 

top where this portion is conductive for the 

measurement. Then the autoclave container is 

tightly closed and placed in the oven at 

temperatures of (140,160) ° C for four hours, 

then the hydrothermal reactor is cooled to room 

temperature. Then she will give birth at 400 ° C 

for half an hour. 

Dye preparation: (0.0235) methyl violet 

10b is added to (15) ml of ethanol and mixed. 

Well, by using a magnetic stirrer for (15) 

minutes at room temperature, leaving it for a 

while and immersing the prepared samples in 

the dye for 24 hours before the measurement 

(1.5609) of Na2S with (0.6413) of S with 

(0.6567) of KCl is added to a beaker containing 

(7ml) ethanol with (3ml) of distilled water and 

mixed for one hour at room temperature to the 

preparation of the electrolyte solution by using a 

FESEM  .سيااابدح فاااي ساااول السااا ق للفااايلن الزقياااح ثساااجت سيااابدح درجاااخ حااازارح الزحضااايز ،

خ هع سيبدح درجخ الحزارح. حيا وجاذ أى النفابءح راٌخفن ثٌساجخ اًخفضذ مفبءح الخلايب الشوسي

 درجخ هئىيخ علً الزىالي. 061درجخ هئىيخ و  041٪ ثبلٌسجخ لـ 1.114٪ إلً 1.00
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magnetic stirrer until it is dissolved. Leave it on 

for 24 hours before using it. Then an amount of 

carbon is added to the another FTO glass bases 

using the adhesive method to prepper the anode. 

After that, it is heat treated for 15 seconds at 

300 ° C in order to provide more adhesion to the 

FTO base surface 

3. RESULTS AND DISCUSSION  

Figure (1) illustrates Refers to the sample 

diffraction pattern S1(TiO2 prepared on a FTO 

base by HIP method at 140 temperature for 4 h 

with annealing)  here diffraction pea s indicate 

                                  anatase phase 

also at         .        .        .        .     

   .    unifor ity of the cell net or  constant 

 a        .      
 
  and  c    .      

 
  the 

corresponds to [16] Figure (2) indicates the 

diffraction pattern of sample S2 (TiO2 prepared 

on a FTO base by HIP method at 160 

temperature for 4 h with annealing) , where the 

diffraction peaks (101), (103) (004), (200), 

(213) (204) indicate anatase phase also in 

(26.46)), (35.92) (37.58)     .       .     

   .     the unified net or  constant of    is  a 

       .      
 
  and  c    .      

 
   hese 

results correspond to the card profile(JCPDS-

04-0477). 

 
Fig. (1)XRD for S1 for 140 ° C under 

annealing. 

 

 
Fig. (2)XRD for S2 for 160 ° C under 

annealing. 

When comparing these samples with 

greater diffusion activation energy, thus it will 

allow the lower energy atoms to move to the 

appropriate location in the crystal structure ,thus 

the crystals will grow in their preferred 

direction and then the crystal fusion process will 

start to form larger granules and within the 

grain boundaries, the oxygen defects will 

decrease. An increase in temperature leads to an 

increase in the profile size and an increase in the 

grain size and thus the surface roughness 

increases and also the intensity of the peaks as 

shown by the XRD patterns will become 

narrow[16, 17]. 

 

Table (1). Data on thin TiO2 films at different 

temperatures with with annealing. 

Sample D (nm) ᵟ (nm
-2

) ɛ 

S1 31.738 0.00123 0.0012 

S2 24.121 0.00201 0.0015 

The energy band gap was calculated by the 

Kubelka-Munk method based on the reflectivity 

spectrum        )  
    ) 

  
) Figure (3) 

shows the reflection spectrum of TiO2, in which 

the energy gap of sample S1 was calculated, 

which is equal to 3.38 eV .Figure (4) shows the 

spectrum of reflectivity at 160 ° C for sample 

S2 the energy gap began to decrease and shift 

towards the blue direction, so that the energy 

gap of sample S2 became 3.1 volts and these 

results are compatible with[18]. 
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Fig. (3) The reflectivity spectrum of sample 

S1. 

 

 
Fig. (4) The reflectivity spectrum  of sample 

S2. 

 

Figures (5) and (6) show the TiO2 

formation that was grown at different 

temperatures of 140 and 160 ° C for four hours. 

The growth on the FTO was in nanorod form 

The growth of the sticks is perpendicular to the 

FTO, and the rod shape was quadrangular with 

square sides, there was a difference between the 

samples in terms of nanorod density and this is 

due to the increase in temperature in addition to 

the annealing temperature and the effect of 

temperature [18] on increasing the grain size 

and thus increasing the surface significantly  

4. FESEM Measurement 

Typical FESEM images show the TiO2 

formation that was prepared at different 

temperatures (140, and 160 ° C for four hours). 

The growth of TiO2 on the FTO is in the 

nanorod form which shape is tetragonal with 

square sides. Figures 5 and 6 appeared that the 

samples S1 less density than S2, and this is due 

to the increase in preparation temperature  [19, 

20]. The effect of the temperature on the 

increase in the size of the grains and thus the 

surface increase significantly which  leads to 

increase the crystallinity of the material and 

hence increases the number of crystallites [16]. 

 
Fig. (5) FESEM to the sample S1. 

 

 
Fig. (6) FESEM to the sample S2. 

 

5. Solar Cell Parameters 

Solar cell coefficients were calculated using 

Keithly 2400. The intensity of the light source 

was equal to 100 mW which was simulated for 

sunlight as the filling factor was calculated from 

the equation 

 (   
        

       
 ) The efficiency of the solar 

cell was also calculated from equation (  
    

   
) for two samples with different 

temperatures 

FF: Represents the fill factor 

Ƞ: It represents the efficiency of the solar cell. 

By compared between the values of solar cell 

parameters for  S1and S2 we found: all 

parameters  increasing in S1 than S2. 

Voc=0.48mv, JSC=0.1984 mA.cm-2
, FF= 9.27 and 
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the efficiency of the solar cell =0.17% for S1 

sample. While these parameters decrease in S2 

as shown in table1-2 where the efficiency about 

0.0041%.  This is due to the fact that the 

increase in nanorod density led to a decrease in 

absorbance as a result of the increase in grain 

size. Thus, this led to a decrease in charge 

carriers which led to a decrease in efficiency 

[21, 22].  

 

Fig.  (7) J-V curve and P-V curve   of  S1  

sample. 

 

 
Fig.  (8) J-V curve and P-V curve   of  S2  

sample. 

 

Table (2) Solar cell parameters for the sample S1 and S2 

Sampl

e 

VOC 

mV 

JSC 

mA.cm
-2

 

VMAX 

mV 

JMAX 

mA.cm
-2

 

)Fill 
factor) 

FF 

% 

)efficiency) 
Ƞ 

% 

S1 0.48 0.1984 0.90837 2.02933 9.27 0.17 

S2 0.0715 0.725 0.90844 1.92321 3.37 0.0041 

6. CONCLUSION 

The temperature showed an effect on the 

grain size and distance between them, as well as 

the decrease in the energy gap. The highest 

efficiency was at the S1 sample of 140 ° C, 

which was equal to 0.17% and decreased to 

0.004 %0  at S4 to 160 ° C. 
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