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Abstract: 

The heterogeneous semiconductor photo catalysts are the one of major contributors to combat against the air and water 

pollution. These are also used for splitting of water and produce hydrogen, which is considered major contributor as 

future clean energy generation. Any binary and ternary semiconductors with suitable band gaps can decompose the 

organic and inorganic pollutants and living micro organisms dissolved or suspended in the water as well as in air. In 

article, recent advances in the research and application of heterogeneous semiconductor photo catalysis for the 

treatment of pollutants with low contaminant in water and air using titanium dioxide semiconductor are reviewed.  

 

Introduction:  

Photo catalysts are the Transparent conducting oxides or any binary or ternary semiconducting materials, play 

the role of heterogeneous catalysts in presence of electromagnetic radiations and used to decompose the 

organic pollutants in any state (liquid, solid or gaseous)  as well as splitting up of water, when brought in 

contact with them, by the method of photo catalytic oxidation (PCO) process
(1)

 . 

They are used in powder form as well as in the form of thin film.  In case of powder form, the catalyst 

particles are suspended in the polluted liquid.  Drawback of this method is that, difficult to restore the powder 

after decomposition reaction is difficult
 (2)

.   

If the semiconductor photo catalyst  coated on suitable substrate, placed inside the pollute solution in presence 

of light energy equals to that of semiconductor, decomposition takes place without any extra effort, photo 

catalysts can be removed from the solution without much complexity
(3)

 . 

There are many number of conducting oxide those can be used as the photo catalysts, some of them are CdS
(b) 

GaP, ZnO, TiO2, ZnO, WO3
(4)

 etc.  But  TiO2 is most promising semiconductor due its novel properties like, 

its lower cost, strong oxidizing ability, crystalline structure, non toxicity and inert nature and stability against 

interaction of light, corrosion under water and under wide range of pH
(5)

.   This is reason why TiO2 is widely 

preferred as photo catalyst to decompose the industrial wastages, volatile organic compounds (VOC).  For the 

first time Fujishima and Honda used TiO2 for the splitting up of water in 1972, this process is named as 

Fujishima-Honda effect. 

TiO2 has three stable phases, namely anatase (tetragonal structure), brookite (orthorhombic structure), and 

rutile (tetragonal structure). The anatase phase of TiO2 has a higher crystalllinity and more sensitive than the 

two other phases because of its relatively greater surface activity, which much needed for the production of 

photo catalysts 
(7, 8)

. 

The Anatase form is stable at lower temperature.  If temperature of go beyond 400
o
C the Anatase start convert 

in Rutile phase.  Among the two forms anatase is most suitable for using as photo catalyst. 

Semiconductors are characterized by the filled valance band and empty conduction band, the energy 

difference between the conduction minima and valance band maxima is called as band gap or Energy gap (Eg).  

For anatase TiO2, this value is 3.2 eV. Which is equals to energy density of Electromagnetic radiation 388nm 

(UV range).  If UV rays of 388 nm illuminated on TiO2 electrons are excited to conduction band leaving hole 

in the valance band.  Only 5% of solar spectrum can be used here available in this range.  This limitation in 

the use of solar spectrum for photo reaction reduces application of photo catalysts in commercial purposes. 
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The excited electrons automatically recombine with hole with a time lag of 10ns.  But the inhibiting of 

recombination processes important to increase the efficiency of photo catalytic process; this is done by the 

start of oxidation and reduction reaction with water and oxygen, is shown in the figure 1, followed by the 

reaction process.  The rate of adsorption of reactants through the film surface shall be increase in the 

hydrophilicity of the surface.  In case of Mg-doped TiO2 films, as prepared film shows hydrophobic property, 

if the film is annealed for two to three hours at about 500
o
C, it convert into super hydrophilic surface is known 

by the contact angle measurement
(9)

.  

The surface property of the semiconductor film also contributes much in increasing the efficiency of photo 

catalytic activity.  The hydrophobic property increases with the roughness of the film. 

 

Working of Photo catalyst (Mechanism) 

 

 

 

 

 

 

 

 

 

The oxygen is pumped in the pollute solution so that, the 

redox reaction starts and decomposition of pollute (RX) can takes place, giving final products in different 

forms, like Hydrogen, Carbon dioxide, water etc.    

 

Experimentation 

There are many methods to prepare the thin films namely, solgel, sputtering, CVD chemical bath method, 

SILAR etc.  In present experiment the thin films are prepared by the SILAR (Successive Ionic Layer 

Adsorption and Reaction method), which is process in which reaction takes place between precursors layer by 

layer, hence the deposition takes place.  
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The mechanism of photo catalysis is a 

simple process.  The photo catalyst 

semiconductor is suspended inside the 

pollutant material so that, pollute is 

absorbed through the photo catalyst.  

The UV radiations are incident on the 

surface of photo catalyst, the electron 

and hole pairs are generated as shown in 

fig. 1.   

Fig 1. Mechanism of TiO2 Photo Catalysis 
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Take four beakers of 100ml size, fill about 3/4
th
 portion of every beaker with the contents given below. First 

beaker with 0.1N TiCl3 (15%HCl), the double distilled water is added in second beaker. The NaOH diluted to 

0.01 N is added in third beaker and again double distilled water filled in fourth beaker.  The soda glass 

substrate is used for the coating is cleaned with detergent and with the acetone thoroughly so that no dirt or 

oily content should remain on substrate if needed the substrate is dried with hot air blower.   The clean and dry 

glass slide is dipped in TiCl3 of first beaker for 15 to 20 sec and rinse with distilled water second beaker for 5 

sec.  Next dip the  same slide in the NaOH of third beaker for about 10 to 15 second and at last rinse again in 

fourth beaker that contains distill water, this completes one cycle of deposition TiO2.  In this way about 10 

cycles are repeated for better coating of TiO2 film. 

In the above process, when the substrate immersed in the solution of TiCl3, a thin layer of Ti(OH)3
+
 adsorbs 

through the substrate (reaction 1), next when the same substrate is immersed in NaOH solution, the hydroxyl 

ion (OH
–
)  reacts with the  with the Ti(OH)

3+
 gives rise to TiO2 on the substrate (Reaction 2).  The distilled 

water used in between the reaction is just to remove extra precursor attached to the surface. 

Ti
3+ 

+ H2O → Ti(OH)3
+
   ------------------------------ (1) 

Ti(OH)3
+ 

+ OH
–  

→  TiO2  +  2 H2O  ----------------- (2) 

The freshly coated films are first dried in sunlight and latter annealed in at the temperature of 373k for two 

hours. 

 

Result and Discussion: 
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UV-VIS spectra for the absorbance of TiO2 thin film annealed to 373K with 10 cycles and 20 cycles of 

coating. 

The UV-VIS characteristics of the TiO2 films coated with 10, 20 and 30 cycles by the SILAR method is 

shown in graph.  From the graph it is found that the absorbance is maximum at the wavelength nearer to the 

320nm.  The first film the smaller peaks are of the absorption properties of the glass used as substrates. It may 

indicate that the coating is not so uniform.  

In second and third graph with the coating of 20 cycles and 30 cycles’ of the titanium oxide, one can observe 

the peaks at 320 nm and absorbance also increases.  Which determines the absorbance is increases with 

increase in the thickness of the film.  

 

Conclusion: From the above discussion we understood that from drying in sunlight and annealing in 

temperature 373k and for 2 hours one can get the cristalinity, but sharpness of peak reduced with increase in 

thickness.  Therefore the increase in the annealing temperature and time crystallinity may increased, it is also 

predicted that absorption may higher with the films of higher thickness. 
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