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EXPERIMENT8 - PHOTOCATALYTIC DEGRADATION OF POTASSIUM 
DICHROMATE IN THE PRESENCE OF AQUEOUS TiO2

 
 
THEORY 
 
Heterogeneous photocatalysis occurs over irradiated semiconductors. These 
photocatalysis generate charge carriers (e- and h+) that are ultimately positioned at 
the surface and can undergo a variety of events (recombination, trapping) in 
competition with other processes (redox chemistry). These charge carriers have been 
implicated in photocatalytic reductions of metals and in various photocatalytic 
oxidations of halogenated and non-halogenated aromatics/aliphatics. In the case of 
organics, total mineralization to CO2 was demonstrated. 
 
Electron hole pairs can be generated in a semiconductor by the absorption of light of 
energy greater or equal to band-gap energy (Ebg) of the semiconductor. In an n-type 
semiconductor immersed in solution, an electric field forms spontaneously at the 
semiconductor-electrolyte interface; e- and h+ pairs generated in the region of the 
electric field, i.e. the space charge region, are separated efficiently, rather than 
undergoing recombination. As a consequence, in an n-type semiconductor, the 
photogenerated electron moves into the bulk of the semiconductor, where it can be 
transferred either to non-photoactive electrode or through a surface site to a point 
where an electron acceptor, A, can be reduced, i.e. A + e- → A-. In the meantime, the 
photogenerated hole, under the influence of the electric filed, migrates towards the 
surface of the semiconductor to a surface site where it can oxidize a suitable electron 
donor; D, i.e. D + h+ → D+. (See Figure 1) 
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The semiconductor must be photoactive, able to utilize UV light, biologically and 
chemically inert, photostable and inexpensive. The semiconductor TiO2 satisfies all 
these criteria and is one of the best n-type semiconductors.  
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Figure 2. UV Absorbance Spectrum of TiO2

 
In this experiment, potassium dichromate is chosen as the model compound. The 
absorbance maximum of K2Cr2O7 throughout the UV region is found at 350 nm. At this 
wavelength K2Cr2O7 is not degradable with the direct photolysis of the black-light 
fluorescent lamp. 

 
Figure 3. Emission spectrum for black-light. 

 
Therefore, our reaction will proceed in a TiO2 slurry and with a black-light fluorescent 
lamp as an irradiation source. The amount of degradation of K2Cr2O7 will be monitored 
by using a UV/VIS spectrophotometer. 
 
APPARATUS: An irradiation box, a fan, a black-light fluorescent lamp, a beaker, a 
magnetic stirrer, UV-VIS spectrometer, cuvettes, watch glass, spatula and Millipore 
microfilter. 
 
CHEMICALS: 1×10-3 M K2Cr2O7 (Molecular weight = 294), TiO2

 
EXPERIMENTAL PROCEDURE:  
 

1. Prepare the following stock solution: 500 ml of 1×10-3 M K2Cr2O7 in H2O). Then 
using this stock solution, prepare the following:  
200 ml of 5×10-4 M K2Cr2O7

 200 ml of 4×10-4 M K2Cr2O7 

200 ml of 3×10-4 M K2Cr2O7 

200 ml of 2×10-4 M K2Cr2O7 
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2. Read the absorbance values of each of the above solutions using the UV/VIS 
spectrometer. Record this data in your data sheet as absorbance values at 
time= 0 min. 

 
3. a) Take the suggested amount of K2Cr2O7 in the table below and add the 

required amount of TiO2 to it.  
b) Stir the solution in the dark for 5 minutes. 
c) Then irradiate and stir this solution for 20 minutes.  
d) Filter the solution by using a Millipore microfilter. 
e) Then read the new absorbance value of the irradiated solution. Record this 
data as absorbance values at t= 20 min. 
f) Repeat steps d-e at 40 and 60 min ONLY for 5×10-4 M K2Cr2O7. 

 
Amount of K2Cr2O7 Amount of TiO2

100 ml of 5×10-4M K2Cr2O7 0.1 g 
100 ml of 4×10-4M K2Cr2O7 0.1 g 
100 ml of 3×10-4M K2Cr2O7 0.1 g 
100 ml of 2×10-4M K2Cr2O7 0.1 g 

 
 
CALCULATIONS: 

 
1. Draw absorbance versus concentration graph. 
 
2. Draw an absorbance versus time graph for 5×10-4 M K2Cr2O7. 

 
3. Compare the absorbance values of different concentrations of K2Cr2O7 before 

and after irradiation process.  
 
4. Comment on the degradation percentages (Hint: Think about the available 

surface adsorption sites on the TiO2) 
 
 
DATA SHEET:  
 
Absorbance t= 0 min t= 20 min t= 30 min t= 40 min 

5x10-4 M     

4x10-4 M     

3x10-4 M     

2x10-4 M     

 


