CHUKA UNIVERSITY EXAMINATIONS (2023)
CHEM 315: CHEMICAL APPLICATIONS OF GROUP THEORY
STREAMS: BSc (CHEMISTRY), BSc (BIOLOGY)
TIME: 2 HRS

INSTRUCTIONS
Answer question One (Compulsory) and any other Two questions
QUESTION ONE [30 MARKS]
(a) Define each of the following terms (4 marks)
(i) Order of a group                            (ii) Symmetry operation              
(iii)  Generators                                  (iv) Improper rotation axis 

(b) Determine the Lewis structure, the molecular geometry, the symmetry elements and the point group of each of the following species (8 marks)
(i) ICl3              (ii) XeO3            (iii) SeCl4            (iv) BFClBr
(c) State the postulates of a mathematical group (4 marks)
(d) Consider the multiplication table of the D3 point group:
	D3
	E
	C3
	C32
	C2
	C2'
	C2''

	E
	E
	C3
	C32
	C2
	C2'
	C2''

	C3
	C3
	C32
	E
	C2'
	C2''
	C2

	C32
	C32
	E
	C3
	C2''
	C2
	C2'

	C2
	C2
	C2''
	C2'
	E
	C32
	C3

	C2'
	C2'
	C2
	C2''
	C3
	E
	C32

	C2''
	C2''
	C2'
	C2
	C32
	C3
	E



(i) Determine the subgroups of the D3 point group (4 marks)
(ii) Determine the classes of the D3 point group (5 marks)
(e) Determine the chirality of each of the following molecules (3 marks)
(i) [Co(en)3]3+                      (ii) CHFBrCl
(f) Explain the meaning of the following Mülliken symbols (2 marks)
(i) A              (ii) E           (iii) g          (iv)  ''


QUESTION TWO [20 MARKS]
(a) Determine the point group and the polarity of each of the following species (6 marks)


(b) Determine the possible hybridization(s) of the sulphur atom in the SO3 (D3h) molecule (8 marks)

(c) Derive the characters of the irreducible representations of the D3 {E, 2C3, 3C2} point group using the Great Orthogonality Theorem (6 marks)
[bookmark: _GoBack]
QUESTION THREE [20 MARKS]
(a) Consider the NH3 molecule, which belong to the C3v point group:
(i) Determine the atomic orbitals that the nitrogen atom can use to form molecular orbitals with hydrogen atoms (4 marks)
(ii) Construct normalized SALCs for the NH3 molecule using the projector operator (6 marks)
(iii) Draw a well labelled molecular orbital diagram for the NH3 molecule (2 marks)
(b) Determine the fundamental vibrational modes of XeOF4 (C4v, square pyramidal) that are Infrared and Raman active (8 marks)




QUESTION FOUR [20 MARKS]
(a) The molecular geometry of BF3 can either be trigonal planar or trigonal pyramidal. Describe how group-theoretical analysis of its fundamental vibrational modes can be used to establish the correct geometry (12 marks)
(b) Consider the trans-1,2-dichloroethene, which belong to the C2h { E, C2, i, σh } point group: 
(i) Write a set of transformation matrices that describe the effect of each symmetry operation in the C2h group on a set of coordinates x, y, z for a point (4 marks)
(ii) Determine the irreducible representations of the C2h point group that can be generated from the transformation matrices (i) above (2 marks)
(iii) Construct the multiplication table for the C2h point group (2 marks)
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