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INSTRUCTIONS:  Answer question one and any other two questions.  
 

� � 3.0 �10	
��
  

QUESTION ONE (30 MARKS) 

a)   What is the frequency associated with radiation of wavelength 825 
o

A ? (2 Marks) 

b) Explain the following terms; 

(i)  Chromophore        (1 Mark) 

(ii)   Hyperchromism       (1 Mark) 

(iii) Auxochromic shift       (1 Mark) 

(iv)  Bathochromic shift       (1 Mark) 

(v)  Spectroscopy        (1 Mark) 

c) The UV spectrum of 4-methyl-3-pentan-3-one (in n-hexane ) shows two absorption bands 

at ����236nm (� 1800� , and ����314nm(� 13�. 

 

 4Methyl-3-penten-2-one

O

 

(i)  Assign these absorption bands by indicating the orbitals involved in the electronic 

transitions.       (2 Marks) 

(ii)  Why are the � values substantially different in the two bands? (2 Marks) 
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d) Calculate the wavelength of maximum absorption for the molecule below. (4 Marks) 

 

e) State three precautions necessary when handling cuvette cells.  (3 Marks) 

f) Both wavelength  in micrometers (�
� and wavenumber (�
�
�can be used in infrared 

region which lies between wavelength 4000 − 600�
�
. Express this range in �
. 

(2 Marks) 
g) Using IR spectroscopy, distinguish between the following; 

(i) CH�CH�OHAND CH�OCH�?      (1 Mark) 

(ii)   Hexane and 1−Hexene?      (1 Mark) 

h) The mass spectrum of 3-methyl-2-butanone is given below; 

 

 

 

 

 

 

 

 

 

 

 

(i)  Identify the molecular ion peak and give reasons.    (2 Marks) 
(ii)   Identify the base peak and give reason.     (2 Marks) 
(iii) Identify the molecular structure of the principal fragment ions and propose mechanisms 

for their formation.        (4 Marks) 
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QUESTION TWO (20 MARKS) 

a) Between Cl2 and HCl, which is IR active? Explain.    (2 Marks) 
b) True or false? 

(i)  Stretching frequencies are lower than the corresponding bending frequencies 
(1 Mark) 

(ii)   Symetric frequencies are lower than asymmetric frequencies. (1 Mark) 
c) Match the five C%H
&O isomers below with their key infrared absorption bands 

listed:(Note: the fingerprint bands and alkane stretches are not reported).  
(i)  3400 �
�
      (ii)3400, 1660�
�
(iii)1715�
�
 (iv)1660, 1100�
�
(v)1100�
�
 

H2C
OHHO

H2C
O CH3

CH3

CH3

O
O

A B C D E  

d) Study the IR spectrum given below. 
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(i) Would this be an aromatic or aliphatic compound? Give reason. (2 Marks) 

(ii)  Identify the important diagnostic bands.     (4 Marks) 
(iii)  Expain why vibrational spectra occur as bands rather than lines  (1 Mark) 
(iv) Distinguish between the fingerprint and functional group region of infrared spectrum. 

          (4 Marks) 

QUESTION THREE (20 MARKS) 

a) (i)   Define Beer-Lambert’s law.      (2 Marks) 
 
(ii)   State any three limitations of Beer-Lambert’s law.   (3 Marks) 

b) Arrange the following molecules in order of increasing wavelength of maximum 
absorption. 
CH3CH=CHCH3, CH2= CHCH=CH2, CH3CH=C(CH3)2   (1 Mark) 
Explain          (2 Marks) 

c) Illustrate the general features of a double-beam UV-VIS spectrometer. (4 Marks) 
d) The EI mass spectrum of trans-2-hexene produced two fragments at m/z 69 and 55. 

Identify these peaks and show the mechanism of their formation.  (6 Marks) 

QUESTION FOUR (20 MARKS) 

a) Explain the following terms; 
(i)  Inelastic scattering       (2 Marks) 

(ii)   Rayleigh scattering        (2 Marks) 

(iii) Stokes Raman scattering      (2 Marks) 

(iv) Anti-Stokes Raman scattering      (2 Marks) 

b) Raman peak was obtained at 547nm by a 532nm excitation wavelength. Calculate the 

Raman shift in wavenumbers.       (2 Marks) 

c) Briefly describe the Mossbauer absorption spectroscopy technique.  (7 Marks) 

d) State three applications of Mossbauer absorption spectroscopy?  (3 Marks) 

 Woodward-Fieser Rules for Cyclic dienes 

Group  �'
 
Parent heteroannular diene 

Parent  homoannular diene 

Extended conjugation  

Each exo-cyclic C=C 

214 

253 

+30 

+5 
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Alkyl 

-OCOCH3 

-OR 

-SR 

Cl,-Br 

-NR2 

 

+5 

+0 

+6 

+30 

+5 

+60 

 
 


