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INSTRUCTIONS  

 The paper consists of two sections. 

 Section A is compulsory (30 marks) 

 Answer any two questions from section B (each 20 marks) 

 Check for periodic Table behind the Question paper (page 4) 

 

Useful constants 

        8100.3 c m/s     
3410626.6 h Js = 6.624 × 10-27 erg-sec, N = 6.02×1023 

  1 kcal = 4200 J 

SECTION A 
 

QUESTION ONE (30 MARKS) 

 

a) State and explain the laws of photochemistry                                                   (4 marks) 

b) The energy gap between the triplet ground state and the excited singlet state for 

molecular oxygen is 120 kJ mol-1. Calculate the wavelength of photons given off if an 

excited singlet state relaxes to the ground state with emission of light               (3 marks) 

c)   (i) Using the Jablonski diagram explain the various photophysical processes  (8 marks) 

 (ii) Use the Jablonski diagram to explain why the wavelength of fluorescence is greater  

 than that of phosphorescence                                                                    (4 marks) 
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d) A solution which transmits 12 % of a certain wavelength of light beam is passed through 

a 1.5 cm cell containing 0.45 molar solution. Calculate the: 

(i)  Transmittance                                                                              (1 mark) 

(ii) Absorbance                                                                                 (2 marks) 

(iii) Molar extinction coefficient                                                       (2 marks) 

e) (i) Explain why the quantum yield for the photochemical formation of hydrogen chloride   

 is high in the absence of oxygen but low when oxygen is present            (2 marks) 

(ii)  Calculate the quantum yield of gaseous HI when irradiated with a wavelength of 

 253 nm where 0.018 moles of HI decompose per kcal of radiant energy absorbed   

                                                                                                                             (4 marks)  

SECTION B 

 

QUESTION TWO (20 MARKS) 

a) Using relevant diagrams, explain each of the following phenomenon: 

(i) Kasha’s rule                                                                                               (3 marks) 

(ii) Stokes shift                                                                                                (3 marks) 

(iii) Franck-Condon principle                                                                           (3 marks) 

b) State four differences between fluorescence and phosphorescence                     (4 marks) 

c) Explain the mechanism of photosensitization                                                       (5 marks) 

d) State the conditions for high or low quantum yield                                              (2 marks) 
 

QUESTION THREE (20 MARKS) 

a) State four causes of low quantum yield                                                               (4 marks) 

b) Distinguish between;- 

(i) Primary and secondary photochemical process                                    (2 marks) 

(ii) Chemiluminescence and photochemical reaction                                 (2 marks) 

c)  Describe the principle of flash photolysis                                                             (5 marks) 

d) The extinction coefficient of K3[Fe(CN)6] at 419 nm is 1020 cm2 mol-1. Determine the 

percentage of light that is transmitted from a cell of thickness 2.0 cm containing 1 × 10-4 

M K3[Fe(CN)6] solution                                                                                       (4 marks) 

e) A solution containing 5.2 0 ppm KMnO4 had a percentage of 32 % in 1.25 cm cell at 

520 nm. Calculate the molar absorptivity of the solution at 520 nm                 (3 marks) 
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QUESTION FOUR (20 MARKS) 

a) State five differences between photochemical reaction and thermal reaction (5 marks) 

b) Complete and name the types of photochemical reactions given below 

(i)                                                                              (2 marks) 

(ii)                                                               (2 marks) 

(iii)                                                 (2 marks) 

c) State four applications of fluorescence                                                                 (4 marks) 

d) Show a photochemical reaction between H2 and Br2 and determine the expression for the 

rate of formation of HBr                                                                                        (5 marks) 

QUESTION FIVE (20 MARKS) 

a) (i) What is an actinometer?                                                                                  (2 marks) 

(ii) Briefly explain the working principle of any one chemical actinometer       (6 marks)  

b) Using a schematic diagram, show an experimental set up how you will determine the 

quantum yield of a solution and state the function of each component in your 

experimental set up                                                                               (7 marks) 

c) Substitution of carboxylic acid or carbonyl group on an aromatic ring generally inhibits 

fluorescence. Explain                                                                                           (2 marks) 

 

d) Using the structure of quinine molecule below explain which part will likely behave as a 

chromophore and as a reaction centre                                                                 (3 marks) 
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