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SCH 3303: INTRODUCTION TO GROUP THEORY 
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INSTRUCTIONS:  Answer question one and any other two questions.  
 

QUESTION ONE (30 MARKS) 

a) Determine the hybridization of boron in BH3     (6 Marks) 

b) Which conformation of ������molecule has an S6 axis? to what point group does the 

confirmation stated above belong?      (3 Marks) 

c) Is the conformation stated in (b) above superimposable on its mirror image? Explain. 

(3 Marks) 

d) The ferocene molecule (Fig 1) is a pentagon prism with Fe atom sandwitched between 

two  C5H5 rings. Use group theory to predict whether it is polar or non polar.(3 Marks) 

                    

F e

F ig .  1  

e) Draw sketches to identify the following symmetry elements; 

(i)  A C3 and �� plane in NH3 molecule     (6 Marks) 

(ii) A principle axis and �ℎ plane in the square-plana [PtCl4]2-  (6 Marks) 

f) Determine the maximum degeneracy in [PtCl4]2-    (3 Marks) 
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QUESTION TWO (20 MARKS) 

a) Explain what you understand by the term symmetry operations  (2 Marks) 

b) Describe the five types of symmetry operations and state their corresponding symmetry 

elements.         (15 Marks) 

c) What is polar molecule? Explain the symmetry elements which when present disqualifies 

a molecule from being polar.       (3 Marks) 

QUESTION THREE (20 MARKS) 

a) Identify the symmetry elements in each of the following molecules and hence assign the 

appropriate point group to which each of the molecules belongs.  (10 Marks) 

Cl

CCl
H

H

(i)

 
(ii) H2O2  
(iii) BH3  
iv) Trans-Pt(NH3)2Cl2  

N
F

H
H(iv)

 
b) What is a chiral molecule?       (2 Marks) 

c) With reasons classify each of the following molecules as chiral or achiral   (8 Marks) 

(i)  Ni(CO)4 

(ii)  CHFClBr 

(iii) CH4 

(iv)   CHCl3 

QUESTION FOUR (20 MARKS) 

a) A mathematical group is defined as a set of elements (��,�
, �� .  .  .) together with a rule 

for forming combinations gigi. State these rules.    (4 Marks) 

b) Write short notes on each of the following;     (8 Marks) 

(i)  Group multiplication table  

(ii)  Irreducible representation  
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(iii) Reducible representation  

(iv)  Character table 

c) Group theory can be used to predict which molecular vibrations will be seen in the 

infrared or Raman spectra. Identify vibrations modes of water molecule that are infrared 

active and hence predict the number of absorption bands that can be observed in infrared 

spectra of water.        (8 Marks) 


