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SYLLABUS 

Symmetry elements and symmetry operation, definitions of group, 

subgroup, relation between orders of a finite group and its subgroup. 

Conjugacy relation and classes. Point symmetry group. Schonflies 

symbols, representations of groups of matrices (representation for 

the Cn, Cnv, Cnh, Dnh etc. groups to be worked explicitly). 

Character of a representation. The great orthogonality theorem 

(without proof) and its importance. 

Character tables and their use; spectroscopy.     
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    The Great Orthogonality Theorem (GOT) 

 



 

  

 



 

  

 



 

  

 



 

  



 

  

 

 

 

 

 

 

 

 

 

 

 

 



 

  

 
UNIT – 1 

 

1. Which of the following is a symmetry element? 

a) Identity (E)   
b) Translation (T)   

c) Lattice point   

d) All of the above   
Answer: a) Identity (E) 

 

2. What is the symmetry element associated with a rotation by 
360°/n about an axis? 

a) Inversion center   

b) Rotation axis (Cn)   
c) Reflection plane   

d) Identity (E)   

Answer: b) Rotation axis (Cn) 

 

3. What does a C2 rotation operation imply? 

a) 360° rotation   
b) 180° rotation   

c) 90° rotation   

d) 60° rotation   
Answer: b) 180° rotation 

 
4. What symmetry element corresponds to reflection through a 

plane? 

a) Mirror plane (σ)   
b) Inversion center (i)   

c) Rotation axis (Cn)   

d) Improper rotation (Sn)   
Answer: a) Mirror plane (σ) 

 

5. What is the notation for an improper rotation axis? 

a) Cn   

b) Sn   

c) i   
d) σ   

Answer: b) Sn 

 
6. A point group with no symmetry elements except identity is 

called: 

a) C∞   
b) C1   

c) S∞   

d) Cs   
Answer: b) C1 

 

7. Which symmetry element is associated with inversion through 
a point? 

a) σ   

b) Cn   
c) i   

d) E   

Answer: c) i 
 

8. The symmetry element that leaves all points unchanged is 

called: 
a) Identity (E)   

b) Inversion center (i)   

c) Rotation axis (Cn)   
d) Reflection plane (σ)   

Answer: a) Identity (E) 

 
9. What is the order of the symmetry element C4? 

a) 2   

b) 3   
c) 4   

d) 5   

Answer: c) 4 
 

10. The symmetry operation σh represents reflection through: 

a) A vertical plane   
b) A horizontal plane   

c) An inversion point   

d) A diagonal plane   
Answer: b) A horizontal plane 

 

11. Which of the following is an improper rotation? 
a) Cn   

b) i   

c) Sn   
d) E   

Answer: c) Sn 

 
12. Which point group contains only the identity operation? 

a) C∞v   

b) C1   
c) D2h   

d) S6   

Answer: b) C1 

 

13.  What symmetry element is present in all molecules? 

a) σ   
b) C2   

c) E   

d) i   
Answer: c) E 

 
14. In water (H2O), what is the symmetry element present? 

a) C2   

b) C3   
c) C∞   

d) S4   

Answer: a) C2 
 

15. Which of the following operations is not a symmetry 

operation? 

a) Identity   

b) Reflection   

c) Inversion   
d) Translation   

Answer: d) Translation 

 
16. A reflection plane perpendicular to the principal axis is called: 

a) σh   

b) σv   
c) σd   

d) S2   

Answer: a) σh 
 

17. Which symmetry element involves rotation followed by 

reflection? 
a) Rotation axis   

b) Improper rotation (Sn)   

c) Mirror plane   
d) Inversion center   

Answer: b) Improper rotation (Sn) 

 
18. The molecule methane (CH4) belongs to which point group? 

a) D2d   

b) Td   
c) C3v   

d) C2h   

Answer: b) Td 
 

19. A point group that includes a C2 axis and two perpendicular 

C2 axes belongs to: 
a) C2v   

b) C3v   

c) D2   
d) D2h   

Answer: c) D2 

 
20. In a Cn point group, what symmetry operation is performed? 

a) Reflection   

b) Rotation   
c) Inversion   

d) Translation   



 

  

Answer: b) Rotation 
 

21. Which symmetry operation represents reflection through a 

vertical plane? 
a) σv   

b) σh   

c) σd   
d) Sn   

Answer: a) σv 

 
22. What is the symmetry element for a cube? 

a) C2   

b) C4   
c) C3   

d) All of the above   

Answer: d) All of the above 
 

23. How many mirror planes (σ) does benzene have? 

a) 3   
b) 6   

c) 5   

d) 4   
Answer: b) 6 

 

24. What is the principal axis of rotation for a trigonal 
bipyramidal molecule? 

a) C2   
b) C3   

c) C5   

d) C∞   
Answer: c) C5 

 

25. What is the symmetry element of a diatomic molecule? 
a) σ   

b) C∞   

c) C2   
d) i   

Answer: b) C∞ 

 
26. Which of the following is a symmetry operation but not a 

symmetry element? 

a) Cn   
b) σ   

c) Rotation by 120°   

d) E   
Answer: c) Rotation by 120° 

 

27. Which symmetry element involves inversion at the origin? 
a) C2   

b) σv   

c) i   
d) Sn   

Answer: c) i 

 
28. Which of the following point groups contains an improper 

rotation axis? 

a) C1   
b) S6   

c) D2h   

d) C3v   
Answer: b) S6 

 

29. What is the symmetry element of a planar square molecule? 
a) C4   

b) C2   

c) σh   
d) All of the above   

Answer: d) All of the above 

 

30. Which of the following point groups belongs to linear 

molecules? 

a) C∞v   
b) Td   

c) D2h   

d) C2v   

Answer: a) C∞v 
 

31. What is the symmetry operation associated with S2? 

a) Reflection   
b) Rotation by 180°   

c) Rotation by 90° followed by reflection   

d) Identity   
Answer: b) Rotation by 180° 

 

32. A reflection plane that bisects angles between symmetry axes 
is called: 

a) σv   

b) σh   
c) σd   

d) S2   

Answer: c) σd 
 

33. The point group C2v contains how many symmetry elements? 

a) 2   
b) 4   

c) 6   

d) 8   
Answer: b) 4 

 

34. What is the principal symmetry element of a molecule with 
Td symmetry? 

a) C3   
b) C4   

c) C2   

d) i   
Answer: a) C3 

 

35. Which molecule belongs to the D6h point group? 
a) Methane (CH4)   

b) Benzene (C6H6)   

c) Water (H2O)   
d) Ammonia (NH3)   

Answer: b) Benzene (C6H6) 

 
36. What is the symmetry element of a tetrahedral molecule? 

a) C4   

b) C2   
c) C3   

d) σh   

Answer: c) C3 
 

37. In which point group does the ammonia (NH3) molecule 

belong? 
a) C3v   

b) C2v   

c) Td   
d) C∞v   

Answer: a) C3v 

 
38. How many symmetry elements does the identity (E) operation 

have? 

a) 1   
b) 2   

c) 0   

d) Infinite   
Answer: a) 1 

 

39. What is the symmetry element for a sphere? 
a) C2   

b) C∞   

c) i   
d) Td   

Answer: b) C∞ 

 

40. What symmetry operation is associated with a Dn point 

group? 

a) Rotation only   
b) Reflection and inversion   

c) Rotation and perpendicular C2 axes   

d) Improper rotation   



 

  

Answer: c) Rotation and perpendicular C2 axes 
 

41. Which of the following is a symmetry operation? 

a) Reflection   
b) Rotation   

c) Inversion   

d) All of the above   
Answer: d) All of the above 

 

42. A C2 symmetry operation represents a rotation by: 
a) 360°   

b) 180°   

c) 90°   
d) 120°   

Answer: b) 180° 

 
43. The inversion operation (i) takes each point in a molecule 

through: 

a) The origin   
b) The reflection plane   

c) A rotational axis   

d) A perpendicular plane   
Answer: a) The origin 

 

44. What does the identity operation (E) do? 
a) Reflects the molecule   

b) Rotates the molecule   
c) Leaves the molecule unchanged   

d) Inverts the molecule   

Answer: c) Leaves the molecule unchanged 
 

45. A C3 symmetry operation is associated with which type of 

rotation? 
a) 120°   

b) 180°   

c) 90°   
d) 60°   

Answer: a) 120° 

 
46. A σv operation refers to a reflection through a: 

a) Horizontal plane   

b) Vertical plane   
c) Diagonal plane   

d) Inversion center   

Answer: b) Vertical plane 
 

47. The improper rotation Sn consists of: 

a) Only rotation   
b) Only reflection   

c) Rotation followed by reflection   

d) Reflection followed by inversion   
Answer: c) Rotation followed by reflection 

 

48. Which of the following operations is not a symmetry 
operation? 

a) Translation   

b) Reflection   
c) Rotation   

d) Inversion   

Answer: a) Translation 
 

49. In a C4 operation, the molecule is rotated by: 

a) 90°   
b) 120°   

c) 180°   

d) 60°   
Answer: a) 90° 

 

50. The symmetry operation that inverts all points through the 

center of the molecule is called: 

a) σh   

b) E   
c) C2   

d) Inversion (i)   

Answer: d) Inversion (i) 

 
51. Which operation combines rotation and reflection? 

a) Cn   

b) σ   
c) Sn   

d) i   

Answer: c) Sn 
 

52. The σh symmetry operation reflects a molecule through a: 

a) Horizontal plane   
b) Vertical plane   

c) Inversion center   

d) Diagonal plane   
Answer: a) Horizontal plane 

 

53. Which of the following is a rotation operation? 
a) Sn   

b) σ   

c) Cn   
d) E   

Answer: c) Cn 

 
54. A C∞ symmetry operation represents: 

a) Infinite inversion   

b) Infinite rotation   
c) Infinite reflection   

d) Identity operation   
Answer: b) Infinite rotation 

 

55. A symmetry operation that results in no change in the 
molecule is called: 

a) Reflection   

b) Identity   
c) Rotation   

d) Inversion   

Answer: b) Identity 
 

56. A symmetry operation that combines a 180° rotation followed 

by reflection is: 
a) C2   

b) S2   

c) σd   
d) i   

Answer: b) S2 

 
57. The symmetry operation σv in water (H2O) represents: 

a) A vertical plane reflection   

b) A horizontal plane reflection   
c) A 180° rotation   

d) An inversion   

Answer: a) A vertical plane reflection 
 

58. The Sn operation for S4 includes: 

a) 180° rotation and reflection   
b) 120° rotation and reflection   

c) 90° rotation and reflection   

d) 60° rotation and reflection   
Answer: c) 90° rotation and reflection 

 

59. Which of the following symmetry operations is always 
present in all molecules? 

a) σ   

b) E   
c) C2   

d) i   

Answer: b) E 
 

60. An S2 operation is equivalent to: 

a) A C2 operation   

b) A reflection   

c) An inversion   

d) A translation   
Answer: c) An inversion 

 



 

  

61. Which of the following is a combination of two symmetry 
operations? 

a) Cn   

b) Sn   
c) i   

d) E   

Answer: b) Sn 
 

62. The operation that takes each point of a molecule through a 

center of inversion is called: 
a) Reflection   

b) Identity   

c) Rotation   
d) Inversion   

Answer: d) Inversion 

 
63. How many degrees is the rotation in a C5 symmetry 

operation? 

a) 360°   
b) 90°   

c) 72°   

d) 60°   
Answer: c) 72° 

 

64. Which symmetry operation reflects a molecule through a 
diagonal plane? 

a) σh   
b) σv   

c) σd   

d) i   
Answer: c) σd 

 

65. The improper rotation Sn involves: 
a) Reflection only   

b) Inversion only   

c) Rotation and reflection   
d) Rotation and inversion   

Answer: c) Rotation and reflection 

 
66. A C3 operation rotates a molecule by: 

a) 180°   

b) 120°   
c) 90°   

d) 60°   

Answer: b) 120° 
 

67. Which symmetry operation involves rotating by 360°/n? 

a) Cn   
b) Sn   

c) σh   

d) E   
Answer: a) Cn 

 

68. A reflection through a plane that is parallel to the principal 
axis is called: 

a) σv   

b) σh   
c) σd   

d) C2   

Answer: a) σv 
 

69. The identity (E) operation is: 

a) A reflection   
b) A rotation   

c) A reflection and inversion   

d) The operation that leaves the molecule unchanged   
Answer: d) The operation that leaves the molecule unchanged 

 

70. Which symmetry operation leaves all points of a molecule 

unchanged? 

a) Cn   

b) Sn   
c) E   

d) i   

Answer: c) E 

 
71. What point group does a molecule with only the identity (E) 

operation belong to? 

a) C1   
b) Cs   

c) Ci   

d) C2v   
Answer: a) C1 

 

72. What point group does a linear molecule with a horizontal 
plane of symmetry belong to? 

a) D∞h   

b) C∞v   
c) C2v   

d) Td   

Answer: a) D∞h 
 

73. The ammonia (NH3) molecule belongs to which point group? 

a) C2v   
b) C3v   

c) Td   

d) D3h   
Answer: b) C3v 

 

74. A molecule with a C4 axis and four perpendicular C2 axes 
belongs to which point group? 

a) Td   
b) C4v   

c) D4h   

d) C3v   
Answer: c) D4h 

 

75. Which of the following point groups has only a single mirror 
plane and no other symmetry elements? 

a) C2v   

b) Cs   
c) C3v   

d) Td   

Answer: b) Cs 
 

76. Which point group includes a horizontal reflection plane (σh) 

but no vertical or diagonal planes? 
a) C3v   

b) Cs   

c) C2v   
d) C2h   

Answer: d) C2h 

 
77. The benzene molecule (C6H6) belongs to which point group? 

a) C2v   

b) Td   
c) D6h   

d) C3h   

Answer: c) D6h 
 

78. Which point group contains only the identity (E) and an 

inversion center (i)? 
a) C2v   

b) Cs   

c) Ci   
d) C1   

Answer: c) Ci 

 
79. Which point group corresponds to tetrahedral symmetry? 

a) Td   

b) Oh   
c) D3h   

d) D4h   

Answer: a) Td 

 

80. The water (H2O) molecule belongs to which point group? 

a) C2v   
b) Cs   

c) Td   

d) D3h   



 

  

Answer: a) C2v 
 

81. A molecule with a principal axis of rotation and no mirror 

planes or inversion centers belongs to which point group? 
a) Cn   

b) Cs   

c) Cnv   
d) Cnh   

Answer: a) Cn 

 
82. Which point group contains a C3 axis and three vertical 

mirror planes? 

a) C3h   
b) C3v   

c) C2v   

d) Td   
Answer: b) C3v 

 

83. A point group that contains a C2 axis and two perpendicular 
C2 axes is: 

a) C2v   

b) D2   
c) D3h   

d) Td   

Answer: b) D2 
 

84. Which point group contains a C2 axis and vertical mirror 
planes but no horizontal mirror planes? 

a) C2v   

b) C2h   
c) D3h   

d) S6   

Answer: a) C2v 
 

85. The molecule methane (CH4) belongs to which point group? 

a) D2d   
b) Td   

c) C3v   

d) C2v   
Answer: b) Td 

 

86. Which point group is characterized by the presence of only a 
horizontal reflection plane? 

a) C2v   

b) Cs   
c) Ci   

d) Cnh   

Answer: d) Cnh 
 

87. A point group with a C5 axis and vertical mirror planes is: 

a) D5h   
b) C5v   

c) C5h   

d) Td   
Answer: b) C5v 

 

88. Which point group is associated with octahedral symmetry? 
a) D6h   

b) C4v   

c) Td   
d) Oh   

Answer: d) Oh 

 
89. The point group for a planar square molecule is: 

a) C4v   

b) D4h   
c) C2h   

d) C2v   

Answer: b) D4h 

 

90. Which point group does the diatomic hydrogen molecule (H2) 

belong to? 
a) C2v   

b) D∞h   

c) C∞v   

d) D3h   
Answer: c) C∞v 

 

91. A molecule with a C3 axis and a horizontal mirror plane 
belongs to which point group? 

a) C3v   

b) C3h   
c) D3h   

d) D3d   

Answer: b) C3h 
 

92. Which point group contains a C2 axis, a σh, and two 

perpendicular C2 axes? 
a) D2h   

b) C2v   

c) D4h   
d) Td   

Answer: a) D2h 

 
93. Which point group does the allene (C3H4) molecule belong 

to? 

a) D2d   
b) Td   

c) C2v   

d) D3h   
Answer: a) D2d 

 
94. The point group for a trigonal planar molecule is: 

a) C3v   

b) D3h   
c) C2h   

d) Td   

Answer: b) D3h 
 

95. Which point group contains an improper rotation axis (Sn) 

and no other symmetry elements? 
a) Ci   

b) Cs   

c) Cn   
d) S6   

Answer: d) S6 

 
96. Which point group does the carbon dioxide (CO2) molecule 

belong to? 

a) C∞v   
b) D∞h   

c) C2v   

d) Td   
Answer: b) D∞h 

 

97. Which point group contains two perpendicular C2 axes and no 
mirror planes or inversion center? 

a) D2   

b) D3h   
c) C2v   

d) D4h   

Answer: a) D2 
 

98. The point group containing only a horizontal mirror plane 

(σh) is: 
a) Cs   

b) Ci   

c) Cnh   
d) C2v   

Answer: c) Cnh 

 
99. What is the point group for an ethylene molecule (C2H4)? 

a) D2h   

b) C2v   

c) Td   

d) D∞h   

Answer: a) D2h 
 

100. A molecule with a C6 axis and six perpendicular C2 axes 

belongs to which point group? 



 

  

a) D6h   
b) C6v   

c) C6h   

d) D3h   
Answer: a) D6h 

 

101. Which point group has a C3 axis and three σv planes? 
a) C3v   

b) C3h   

c) D3h   
d) S6   

Answer: a) C3v 

 
102. Which point group is associated with a molecule with C∞ 

symmetry and no mirror planes? 

a) C∞v   
b) D∞h   

c) C2v   

d) S6   
Answer: a) C∞v 

 

103. What point group does the molecule SF6 belong to? 
a) Td   

b) D2h   

c) Oh   
d) C3v   

Answer: c) Oh 
 

104. A point group with C2 axis, vertical mirror planes, but no σh 

or inversion center belongs to: 
a) C2v   

b) D2h   

c) C2h   
d) Td   

Answer: a) C2v 

 
105. What point group does the square planar molecule XeF4 

belong to? 

a) D2h   
b) Td   

c) C4v   

d) D4h   
Answer: d) D4h 

 

106. Which point group contains no reflection planes or inversion 
center but only a Cn axis? 

a) Cs   

b) Cnh   
c) Cn   

d) Ci   

Answer: c) Cn 
 

107. A molecule with Td symmetry has how many C3 axes? 

a) 1   
b) 3   

c) 4  

d) 6   
Answer: c) 4 

 

108. A molecule with octahedral symmetry (Oh) has how many 
mirror planes? 

a) 3   

b) 6   
c) 9   

d) 15   

Answer: d) 15 
 

109. Which point group does the PCl5 molecule belong to? 

a) Td   

b) D3h   

c) C4v   

d) C2v   
Answer: b) D3h 

 

110. Which point group contains a center of inversion but no 
mirror planes? 

a) C2v   

b) D2h   
c) Ci   

d) S6   

Answer: c) Ci 
 

111. What is a subgroup? 

a) A group that contains only one element   
b) A subset of a group that is itself a group   

c) A set of random elements   

d) A set of non-symmetric elements   
Answer: b) A subset of a group that is itself a group 

 

112. If H is a subgroup of G, then which of the following is true? 
a) H contains all the elements of G   

b) H is not closed under the group operation   

c) H must contain the identity element of G   
d) H contains no elements of G   

Answer: c) H must contain the identity element of G 

 
113. Which of the following is a necessary condition for H to be a 

subgroup of G? 

a) H is finite   
b) H is closed under the group operation   

c) H contains more elements than G   
d) H has no inverses   

Answer: b) H is closed under the group operation 

 
114. The set E, C2 in the group C2v is an example of: 

a) A trivial subgroup   

b) A non-trivial subgroup   
c) The whole group   

d) Not a subgroup   

Answer: b) A non-trivial subgroup 
 

115. Which of the following is a subgroup of the group C3v? 

a) C2v   
b) C2h   

c) C3   

d) Cs   
Answer: d) Cs 

 

116. A proper subgroup is defined as: 
a) A subgroup that contains the identity element only   

b) A subgroup that is equal to the original group   

c) A subgroup that is a proper subset of the group but 
not the entire group   

d) A subgroup that contains no identity element   

Answer: c) A subgroup that is a proper subset of the group but not the 
entire group 

 

117. In the group C4v, which of the following sets forms a 
subgroup? 

a) E, C4, C2, C4²   

b) E, σv   
c) E, C2   

d) C4, σh   

Answer: c) E, C2 
 

118. A trivial subgroup is defined as: 

a) A subgroup that contains only the identity element   
b) A subgroup that contains all elements   

c) A subgroup that contains the identity and all 

symmetries   
d) A subgroup with no identity element   

Answer: a) A subgroup that contains only the identity element 

 

119. Which of the following point groups is a subgroup of Td? 

a) C3v   

b) D2h   
c) Oh   

d) D3h   

Answer: a) C3v 



 

  

 
120. If G is a group with order 6, which of the following is a 

possible order for a subgroup H of G? 

a) 7   
b) 8   

c) 3   

d) 9   
Answer: c) 3 

 

121. Which of the following point groups is a subgroup of D3h? 
a) D6h   

b) C3v   

c) C2v   
d) C4v   

Answer: b) C3v 

 
122. Which of the following is a subgroup of D4h? 

a) C4v   

b) C6h   
c) Td   

d) D3h   

Answer: a) C4v 
 

123. The identity element alone forms which kind of subgroup? 

a) Non-trivial subgroup   
b) Improper subgroup   

c) Cyclic subgroup   
d) Trivial subgroup   

Answer: d) Trivial subgroup 

 
124. Which of the following point groups is not a subgroup of Oh? 

a) C2v   

b) Td   
c) C3v   

d) C2h   

Answer: d) C2h 
 

125. Which of the following point groups is a subgroup of C4v? 

a) C3v   
b) C2v   

c) D4h   

d) C6v   
Answer: b) C2v 

 

126. If a subgroup H of a group G has only two elements, one of 
which is the identity, what kind of subgroup is H? 

a) Cyclic subgroup   

b) Improper subgroup   
c) Non-trivial subgroup   

d) Normal subgroup   

Answer: a) Cyclic subgroup 
 

127. In group theory, the concept of a coset is closely related to: 

a) Subgroups   
b) Symmetry elements   

c) Point groups   

d) Molecules   
Answer: a) Subgroups 

 

128. If a subgroup contains half the elements of a group, it is 
known as: 

a) A cyclic subgroup   

b) A Lagrange subgroup   
c) A normal subgroup   

d) An index-2 subgroup   

Answer: d) An index-2 subgroup 
 

129. Which point group is a subgroup of D2d? 

a) Td   

b) C2v   

c) Oh   

d) D6h   
Answer: b) C2v 

 

130. The alternating group A4 is a subgroup of which of the 
following groups? 

a) Oh   

b) D3h   
c) S4   

d) Td   

Answer: c) S4 
 

131. The order of a group is defined as: 

a) The number of operations in the group   
b) The number of elements in the group   

c) The highest power of an element in the group   

d) The number of subgroups in the group   
Answer: b) The number of elements in the group 

 

132. What is the order of a subgroup in relation to the order of the 
group? 

a) It must be a divisor of the group's order   

b) It must be greater than the group's order   
c) It can be any arbitrary number   

d) It is always equal to the order of the group   

Answer: a) It must be a divisor of the group's order 
 

133. Which theorem relates the order of a finite group to the order 

of its subgroups? 
a) Fermat's Little Theorem   

b) Lagrange's Theorem   
c) Abel's Theorem   

d) Cayley's Theorem   

Answer: b) Lagrange's Theorem 
 

134. If a group G has order 12, which of the following can be the 

order of a subgroup H of G? 
a) 7   

b) 6   

c) 13   
d) 9   

Answer: b) 6 

 
135. If H is a subgroup of G, and the order of G is 24, which of the 

following could be the order of H? 

a) 10   
b) 8   

c) 25   

d) 15   
Answer: b) 8 

 

136. According to Lagrange's theorem, if a group G has order 18, 
the possible orders of its subgroups are: 

a) 1, 2, 3, 6, 9, 18   

b) 1, 3, 6, 9, 18   
c) 1, 4, 9, 18   

d) 1, 2, 6, 12, 18   

Answer: b) 1, 3, 6, 9, 18 
 

137. If a group G has a prime order p, what are the possible orders 

of its subgroups? 
a) 1 and p   

b) Only p   

c) Any divisor of p   
d) 1, 2, and p   

Answer: a) 1 and p 

 
138. What is the order of a cyclic subgroup generated by an 

element a of order n in a group G? 

a) n   
b) n²   

c) n/2   

d) 2n   

Answer: a) n 

 

139. If a group has order 15, what are the possible orders of its 
subgroups? 

a) 1, 3, 5, 15   

b) 1, 5, 10, 15   



 

  

c) 1, 2, 3, 15   
d) 1, 3, 7, 15   

Answer: a) 1, 3, 5, 15 

 
140. If H is a subgroup of a group G, and the order of G is 30, what 

are the possible orders of H? 

a) 1, 2, 3, 5, 6, 10, 15, 30   
b) 1, 3, 6, 9, 15, 30   

c) 1, 4, 5, 10, 20   

d) 1, 2, 5, 30   
Answer: a) 1, 2, 3, 5, 6, 10, 15, 30 

 

141. If a finite group G has a subgroup H, which of the following 
must be true? 

a) The order of H divides the order of G   

b) The order of G divides the order of H   
c) The order of H must be greater than the order of G   

d) The order of H is independent of G   

Answer: a) The order of H divides the order of G 
 

142. If G is a group of order 8, what are the possible orders of a 

cyclic subgroup of G? 
a) 1 and 8   

b) 1, 2, 4, 8   

c) 1, 4, 8   
d) 2, 4, 8   

Answer: b) 1, 2, 4, 8 
 

143. Which of the following statements about the order of a finite 

group and its subgroups is true? 
a) A subgroup must have more elements than the 

group   

b) A subgroup must have fewer elements than the 
group   

c) The order of the subgroup is always a divisor of 

the group's order   
d) The order of the subgroup is unrelated to the 

group's order   

Answer: c) The order of the subgroup is always a divisor of the group's 
order 

 

144. If the order of a group G is a prime number p, how many 
subgroups does G have? 

a) Only 1   

b) 2 (the identity subgroup and G itself)   
c) p   

d) p + 1   

Answer: b) 2 (the identity subgroup and G itself) 
 

145. If a group G has order 20, which of the following is not a 

possible order for a subgroup? 
a) 2   

b) 4   

c) 5   
d) 7   

Answer: d) 7 

 
146. If a group G has order 36, what are the possible orders of its 

subgroups? 

a) 1, 2, 3, 4, 6, 9, 12, 18, 36   
b) 1, 3, 6, 12, 36   

c) 1, 4, 6, 18, 36   

d) 1, 2, 4, 8, 16, 36   
Answer: a) 1, 2, 3, 4, 6, 9, 12, 18, 36 

 

147. In a group G of order 10, the order of any subgroup must be a 
divisor of: 

a) 5   

b) 10   

c) 2   

d) 20   

Answer: b) 10 
 

148. If a group G has order 24, which of the following could be the 

order of a subgroup? 

a) 16   
b) 24   

c) 7   

d) 9   
Answer: b) 24 

 

149. If the order of a group G is 40, what are the possible orders of 
its subgroups? 

a) 1, 2, 4, 5, 8, 10, 20, 40   

b) 1, 4, 8, 16, 40   
c) 2, 5, 7, 40   

d) 1, 3, 9, 40   

Answer: a) 1, 2, 4, 5, 8, 10, 20, 40 
 

150. If G is a group of order 21, which of the following can be the 

order of a subgroup? 
a) 6   

b) 7   

c) 9   
d) 14   

Answer: b) 7 

 
151. For any group (G), the size of the conjugacy class of an 

element (a) is equal to: 

a) The order of (G)   
b) The index of the centralizer of (a)   

c) The order of (a)   
d) The number of elements that commute with (a)   

Answer: b) The index of the centralizer of (a) 

 
152.  In a symmetric group (Sn), which of the following 

determines the number of conjugacy classes? 

a) The number of elements   
b) The number of distinct cycle types   

c) The number of transpositions   

d) The number of permutations   
Answer: b) The number of distinct cycle types 

 

153.  In a finite group, the number of conjugacy classes is equal to: 
a) The number of subgroups   

b) The number of irreducible characters   

c) The number of elements of the group   
d) The size of the group   

Answer: b) The number of irreducible characters 

 
154.  In the cyclic group (C4), how many conjugacy classes are 

there? 

a) 1   
b) 2   

c) 3   

d) 4   
Answer: a) 1 

 

155.  In a group (G) of order 12, which of the following is a 
possible number of conjugacy classes? 

a) 4   

b) 5   
c) 6   

d) 7   

Answer: c) 6 
 

156.  The conjugacy class equation for a finite group (G) states 

that: 
a) The sum of the sizes of conjugacy classes equals 

the order of the group   

b) The sum of the sizes of the conjugacy classes 
equals the number of elements in the center   

c) The sum of the sizes of the conjugacy classes 

equals the number of subgroups   

d) The sum of the sizes of the conjugacy classes 

equals the number of normal subgroups   

Answer: a) The sum of the sizes of conjugacy classes equals the order of 
the group 

 



 

  

157. In a group (G) of order (n), if there are (k) conjugacy classes, 
the sum of the orders of the centralizers of representatives of 

these conjugacy classes is: 

a) (n)   
b) (n times k)   

c) (n div k)   

d) (n^2)   
Answer: a) (n) 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 

 

 

 
 

 

 

UNIT-2 
 

1. What is a point group in the context of molecular symmetry? 

a) A group of all possible rotations   
b) A group that represents symmetry operations that 

leave a point fixed   

c) A set of all translation symmetries   
d) A group of all possible permutations   

Answer: b) A group that represents symmetry operations that leave a 

point fixed 
 

2. The point group ( C2v ) has how many symmetry elements? 

a) 2   
b) 3   

c) 4   

d) 6   
Answer: c) 4 

 

3. Which of the following point groups is characterized by 
having only one C₄ axis and no mirror planes? 

a) C4v   

b) D4h   
c) C4h   

d) C4   

Answer: d) C4 
 

4. The point group of a tetrahedral molecule like methane (CH₄) 

is: 
a) Td   

b) Oh   

c) C4v   
d) C3v   

Answer: a) Td 

 

5. The point group of a molecule with an octahedral geometry is: 

a) Td   

b) Oh   
c) C2v   

d) C3v   

Answer: b) Oh 
 

6. The point group of a molecule with one C₃ axis and three 

perpendicular mirror planes is: 
a) D3h   

b) C3v   

c) C2v   
d) D3d   

Answer: a) D3h 

 
7. In the point group ( Dnh ), what symmetry element is always 

present? 
a) A Cn axis   

b) A mirror plane perpendicular to the Cn axis   

c) A C2 axis   
d) An inversion center   

Answer: b) A mirror plane perpendicular to the Cn axis 

 
8. The point group of a linear molecule with no symmetry 

elements other than the identity and a rotation axis is: 

a) C∞v   
b) D∞h   

c) C2v   

d) Cs   
Answer: a) C∞v 

 

9. Which point group is associated with a molecule having a 
center of inversion but no mirror planes? 

a) C∞v   

b) D∞h   

c) S2n   

d) C2h   

Answer: b) D∞h 
 

10. The point group (C3v) contains: 

a) A C3 axis and three perpendicular C2 axes   



 

  

b) A C3 axis and three mirror planes   
c) A C3 axis and three perpendicular mirror planes   

d) A C2 axis and a mirror plane   

Answer: b) A C3 axis and three mirror planes 
 

11. Which of the following point groups has a horizontal mirror 

plane and a C2 axis? 
a) D3h   

b) C2v   

c) C3v   
d) D4h   

Answer: b) C2v 

 
12. For a molecule in the ( D3d ) point group, the number of 

mirror planes is: 

a) 1   
b) 2   

c) 3   

d) 6   
Answer: c) 3 

 

13. The point group of a molecule with a single C₂ axis and two 
perpendicular mirror planes is: 

a) C2v   

b) D2h   
c) C∞v   

d) D∞h   
Answer: b) D2h 

 

14. A molecule with (D4h) point group symmetry has: 
a) One C4 axis and two perpendicular C2 axes   

b) One C4 axis, four C2 axes, and mirror planes   

c) Four C2 axes and a horizontal mirror plane   
d) No symmetry elements   

Answer: b) One C4 axis, four C2 axes, and mirror planes 

 
15. The point group of a molecule with two perpendicular C3 

axes and mirror planes is: 

a) D3h   
b) C3v   

c) D6h   

d) D3d   
Answer: d) D3d 

 

16. In the point group ( C2h ), the symmetry elements include: 
a) One C2 axis and two mirror planes   

b) One C2 axis and an inversion center   

c) Two C2 axes and a horizontal mirror plane   
d) A C2 axis and a vertical mirror plane   

Answer: b) One C2 axis and an inversion center 

 
17. Which point group has a single C2 axis and no other 

symmetry elements? 

a) C2v   
b) C2   

c) Cs   

d) C∞v   
Answer: b) C2 

 

18. The point group of a molecule with (D6h) symmetry includes: 
a) One C6 axis, three C2 axes, and horizontal mirror 

planes   

b) One C6 axis and one C2 axis   
c) One C6 axis and vertical mirror planes   

d) One C6 axis and perpendicular mirror planes   

Answer: a) One C6 axis, three C2 axes, and horizontal mirror planes 
 

19. Which of the following point groups includes an inversion 

center? 

a) C2v   

b) C3v   

c) D2h   
d) D∞h   

Answer: c) D2h 

 

20. In the (Td) point group, the symmetry elements include: 
a) Four C3 axes and mirror planes   

b) Three C2 axes and mirror planes   

c) Three C2 axes and a center of inversion   
d) Four C3 axes and inversion center   

Answer: a) Four C3 axes and mirror planes 

 
21. The point group of a molecule with a mirror plane and no 

other symmetry elements is: 

a) Cs   
b) C2v   

c) D2h   

d) C∞v   
Answer: a) Cs 

 

22. The point group (Sn) is characterized by: 
a) A Cn axis and n mirror planes   

b) A Cn axis and n perpendicular C2 axes   

c) An n-fold improper rotation axis   
d) A single mirror plane   

Answer: c) An n-fold improper rotation axis 

 
23. In which point group does a molecule have a C3 axis and a 

horizontal mirror plane, but no vertical mirror planes? 

a) D3h   
b) C3v   

c) C2v   
d) D3d   

Answer: a) D3h 

 
24. The point group of a molecule with C5 symmetry is: 

a) C5v   

b) D5h   
c) C5   

d) D5   

Answer: c) C5 
 

25. The point group of a molecule with three perpendicular mirror 

planes and a center of inversion is: 
a) D3h   

b) D2h   

c) C2h   
d) Oh   

Answer: b) D2h 

 
26. For a molecule in the (D5h) point group, which symmetry 

elements are present? 

a) One C5 axis, horizontal mirror planes, and five 
perpendicular C2 axes   

b) One C5 axis, a horizontal mirror plane, and five 

perpendicular C2 axes   
c) One C5 axis and five mirror planes   

d) One C5 axis and one mirror plane   

Answer: a) One C5 axis, horizontal mirror planes, and five perpendicular 
C2 axes 

 

27. The point group of a molecule with a C2 axis and a vertical 
mirror plane but no horizontal mirror plane is: 

a) C2v   

b) D2h   
c) C2   

d) Cs   

Answer: a) C2v 
 

28. In the (Oh) point group, how many C4 axes are present? 

a) 1   
b) 2   

c) 3   

d) 4   

Answer: d) 4 

 

29. A molecule with a single C4 axis and four perpendicular C2 
axes belongs to which point group? 

a) C4v   

b) D4h   



 

  

c) C4h   
d) Td   

Answer: b) D4h 

 
30. The point group of a molecule with a single C3 axis and no 

other symmetry elements is: 

a) C3   
b) D3   

c) C3v   

d) C2v   
Answer: a) C3 

 

31. The Schoenflies symbol (C2v) represents a point group with: 
a) A single C2 axis and two perpendicular mirror 

planes   

b) A single C2 axis and one mirror plane   
c) A C2 axis and a C3 axis   

d) A C2 axis and a C4 axis   

Answer: a) A single C2 axis and two perpendicular mirror planes 
 

32. What is the Schoenflies symbol for a point group with one C3 

axis and three vertical mirror planes? 
a) C3v   

b) D3h   

c) C3h   
d) D3   

Answer: a) C3v 
 

33. The Schoenflies symbol (D2h) denotes a point group with: 

a) Two C2 axes perpendicular to each other and a 
horizontal mirror plane   

b) A single C2 axis and an inversion center   

c) A C2 axis and two vertical mirror planes   
d) Three C2 axes and a center of inversion   

Answer: a) Two C2 axes perpendicular to each other and a horizontal 

mirror plane 
 

34. The point group (Td) is characterized by: 

a) Four C3 axes and mirror planes   
b) A single C4 axis and perpendicular C2 axes   

c) Four C3 axes and an inversion center   

d) A C2 axis and mirror planes   
Answer: a) Four C3 axes and mirror planes 

 

35. Which Schoenflies symbol represents a point group with only 
a single C2 axis and no mirror planes? 

a) C2   

b) C2v   
c) C2h   

d) Cs   

Answer: a) C2 
 

36. The Schoenflies symbol (D4h) corresponds to a point group 

with: 
a) One C4 axis, two perpendicular C2 axes, and 

horizontal mirror planes   

b) One C4 axis and one mirror plane   
c) Four C2 axes and vertical mirror planes   

d) A C2 axis and four mirror planes   

Answer: a) One C4 axis, two perpendicular C2 axes, and horizontal 
mirror planes 

 

37. What is the Schoenflies symbol for a point group with an 
infinite Cn axis and vertical mirror planes? 

a) C∞v   

b) D∞h   
c) Cn   

d) Dn   

Answer: a) C∞v 

 

38. The point group (C4v) has: 

a) A single C4 axis and four vertical mirror planes   
b) One C4 axis and two perpendicular mirror planes   

c) Four C2 axes and one horizontal mirror plane   

d) One C4 axis and an inversion center   

Answer: a) A single C4 axis and four vertical mirror planes 
 

39. The Schoenflies symbol (C3h) represents a point group with: 

a) A single C3 axis and a horizontal mirror plane   
b) A single C3 axis and three perpendicular C2 axes   

c) Three C2 axes and a vertical mirror plane   

d) A single C3 axis and no mirror planes   
Answer: a) A single C3 axis and a horizontal mirror plane 

 

40. Which Schoenflies symbol represents a point group with a 
center of inversion and no mirror planes? 

a) D∞h   

b) C∞v   
c) C2h   

d) C2v   

Answer: c) C2h 
 

41. The Schoenflies symbol (D6h) denotes a point group with: 

a) One C6 axis, three C2 axes, and horizontal mirror 
planes   

b) One C6 axis and six perpendicular C2 axes   

c) One C6 axis and no mirror planes   
d) Three C2 axes and an inversion center   

Answer: a) One C6 axis, three C2 axes, and horizontal mirror planes 

 
42. The point group (D3h) includes: 

a) One C3 axis, three perpendicular mirror planes, 
and a horizontal mirror plane   

b) One C3 axis, three mirror planes, and one C2 axis   

c) A C2 axis and three vertical mirror planes   
d) One C3 axis and three perpendicular C2 axes   

Answer: a) One C3 axis, three perpendicular mirror planes, and a 

horizontal mirror plane 
 

43. In the Schoenflies symbol (D2d), what symmetry elements are 

present? 
a) Two C2 axes perpendicular to each other and two 

diagonal mirror planes   

b) Two C2 axes perpendicular to each other and a 
horizontal mirror plane   

c) One C2 axis and three perpendicular C2 axes   

d) A single C2 axis and an inversion center   
Answer: a) Two C2 axes perpendicular to each other and two diagonal 

mirror planes 

 
44. The point group (Oh) has: 

a) Four C4 axes and horizontal mirror planes   

b) Four C2 axes and vertical mirror planes   
c) Three C2 axes and horizontal mirror planes   

d) One C2 axis and one horizontal mirror plane   

Answer: a) Four C4 axes and horizontal mirror planes 
 

45. The Schoenflies symbol (S4) represents a point group with: 

a) An S4 axis and four mirror planes   
b) A C4 axis and four perpendicular mirror planes   

c) A single S4 axis and a horizontal mirror plane   

d) An S4 axis and perpendicular C2 axes   
Answer: a) An S4 axis and four mirror planes 

 

46. In the Schoenflies notation, the symbol (C∞v) describes a 
point group with: 

a) An infinite Cn axis and vertical mirror planes   

b) An infinite number of perpendicular mirror planes   
c) A single C∞ axis and a horizontal mirror plane   

d) A single C∞ axis and no mirror planes   

Answer: a) An infinite Cn axis and vertical mirror planes 
 

47. The point group (C2h) includes: 

a) A single C2 axis and a horizontal mirror plane   

b) A single C2 axis and two vertical mirror planes   

c) Two C2 axes and horizontal mirror planes   

d) A C2 axis and vertical mirror planes   
Answer: a) A single C2 axis and a horizontal mirror plane 

 



 

  

48. The Schoenflies symbol (C4h) corresponds to a point group 
with: 

a) One C4 axis and a horizontal mirror plane   

b) Two C4 axes and mirror planes   
c) Four C2 axes and vertical mirror planes   

d) One C4 axis and vertical mirror planes   

Answer: a) One C4 axis and a horizontal mirror plane 
 

49. The point group (D3d) is characterized by: 

a) Three C2 axes perpendicular to each other and 
diagonal mirror planes   

b) Three C2 axes and horizontal mirror planes   

c) One C3 axis and three perpendicular mirror planes   
d) One C3 axis and diagonal mirror planes   

Answer: a) Three C2 axes perpendicular to each other and diagonal 

mirror planes 
 

50. Which Schoenflies symbol denotes a point group with only 

the identity operation and no other symmetry elements? 
a) C1   

b) Cs   

c) C2   
d) D2h   

Answer: a) C1 

 
51. The Schoenflies symbol (D4) represents a point group with: 

a) A single C4 axis and four C2 axes   
b) Two C4 axes and horizontal mirror planes   

c) A single C4 axis and four perpendicular C2 axes   

d) Four C2 axes and no mirror planes   
Answer: c) A single C4 axis and four perpendicular C2 axes 

 

52. The point group (S6) is characterized by: 
a) An S6 axis and six mirror planes   

b) An S6 axis and one C6 axis   

c) A C6 axis and six perpendicular mirror planes   
d) An S6 axis and a horizontal mirror plane   

Answer: a) An S6 axis and six mirror planes 

 
53. The Schoenflies symbol (C3h) denotes a point group with: 

a) A single C3 axis and a horizontal mirror plane   

b) A single C3 axis and three vertical mirror planes   
c) Three C2 axes and a horizontal mirror plane   

d) Three perpendicular C2 axes and a horizontal 

mirror plane   
Answer: a) A single C3 axis and a horizontal mirror plane 

 

54. The point group (C2v) includes: 
a) One C2 axis and two perpendicular mirror planes   

b) One C2 axis and a horizontal mirror plane   

c) Two C2 axes and vertical mirror planes   
d) One C2 axis and no mirror planes   

Answer: a) One C2 axis and two perpendicular mirror planes 

 
55. The Schoenflies symbol (D6h) corresponds to a point group 

with: 

a) One C6 axis, perpendicular C2 axes, and 
horizontal mirror planes   

b) One C6 axis and one horizontal mirror plane   

c) Three C2 axes and vertical mirror planes   
d) Six C2 axes and no mirror planes   

Answer: a) One C6 axis, perpendicular C2 axes, and horizontal mirror 

planes 
 

56. Which point group is represented by the Schoenflies symbol 

(D4d)? 
a) A single C4 axis and two perpendicular C2 axes 

with diagonal mirror planes   

b) Four C2 axes and horizontal mirror planes   

c) One C4 axis and four perpendicular C2 axes   

d) One C4 axis and vertical mirror planes   

Answer: a) A single C4 axis and two perpendicular C2 axes with diagonal 
mirror planes 

 

57. The Schoenflies symbol (C5v) denotes a point group with: 

a) A single C5 axis and five vertical mirror planes   
b) A single C5 axis and one mirror plane   

c) Five C2 axes and a horizontal mirror plane   

d) A single C5 axis and five perpendicular C2 axes   
Answer: a) A single C5 axis and five vertical mirror planes 

 

58. The point group (D2) includes: 
a) Two perpendicular C2 axes and no mirror planes   

b) Two C2 axes and a horizontal mirror plane   

c) A single C2 axis and two vertical mirror planes   
d) Two C2 axes and diagonal mirror planes   

Answer: a) Two perpendicular C2 axes and no mirror planes 

 
59. The Schoenflies symbol (S4) represents a point group with: 

a) An S4 axis and four mirror planes   

b) A single S4 axis and vertical mirror planes   
c) An S4 axis and horizontal mirror planes   

d) A single S4 axis and no mirror planes   

Answer: a) An S4 axis and four mirror planes 
 

60. The Schoenflies symbol (D2d) includes: 

a) Two C2 axes and two diagonal mirror planes   
b) Two C2 axes and a horizontal mirror plane   

c) One C2 axis and two vertical mirror planes   

d) Three C2 axes and diagonal mirror planes   
Answer: a) Two C2 axes and two diagonal mirror planes 

 
61. The number of irreducible representations of the point group 

(Cn) is: 

a) (n)   
b) (n+1)   

c) (n-1)   

d) (2n)   
Answer: a) (n) 

 

62. In the (C2v) point group, how many irreducible 
representations are there? 

a) 2   

b) 3   
c) 4   

d) 5   

Answer: b) 3 
 

63. The point group (C4v) has how many 2-dimensional 

irreducible representations? 
a) 1   

b) 2   

c) 3   
d) 4   

Answer: b) 2 

 
64. For the (D3h) point group, how many irreducible 

representations are there? 

a) 4   
b) 6   

c) 7   

d) 5   
Answer: b) 6 

 

65. The character table for the (C2h) point group includes how 
many different irreducible representations? 

a) 2   

b) 3   
c) 4   

d) 5   

Answer: c) 4 
 

66. The point group (D4h) has how many 4-dimensional 

irreducible representations? 

a) 1   

b) 2   

c) 3   
d) 4   

Answer: a) 1 

 



 

  

67. In the point group (C6v), how many irreducible 
representations are there? 

a) 6   

b) 7   
c) 8   

d) 9   

Answer: b) 7 
 

68. The point group (D2d) has how many 2-dimensional 

irreducible representations? 
a) 2   

b) 3   

c) 4   
d) 5   

Answer: a) 2 

 
69. For the point group (D6h), the number of irreducible 

representations is: 

a) 5   
b) 6   

c) 7   

d) 8   
Answer: d) 8 

 

70. The character table for (C2v) includes which of the following 
irreducible representations? 

a) A1, A2, B1, B2   
b) A, B, E   

c) A1g, A2g, Eg   

d) E, T2   
Answer: a) A1, A2, B1, B2 

 

71. In the (C3v) point group, the number of irreducible 
representations is: 

a) 2   

b) 3   
c) 4   

d) 5   

Answer: b) 3 
 

72. The character table of (D3h) includes how many 3-

dimensional irreducible representations? 
a) 1   

b) 2   

c) 3   
d) 4   

Answer: c) 1 

 
73. For the (C4h) point group, which of the following is a valid 

irreducible representation? 

a) A1g   
b) B1g   

c) Eg   

d) T2g   
Answer: a) A1g 

 

74. The point group (D2h) has how many irreducible 
representations in total? 

a) 6   

b) 8   
c) 4   

d) 5   

Answer: b) 8 
 

75. In the point group (C2v), the irreducible representation (B1) is 

characterized by: 
a) A C2 axis and a mirror plane   

b) A C2 axis and perpendicular mirror planes   

c) A horizontal mirror plane   

d) A vertical mirror plane   

Answer: d) A vertical mirror plane 

 
76. The number of irreducible representations for the (D4h) point 

group is: 

a) 6   

b) 8   
c) 10   

d) 12   

Answer: b) 8 
 

77. Which point group has the irreducible representation (A1g)? 

a) (C2v)   
b) (D4h)   

c) (C3v)   

d) (D3h)   
Answer: b) (D4h) 

 

78. The point group (D5h) includes how many 2-dimensional 
irreducible representations? 

a) 1   

b) 2   
c) 3   

d) 4   

Answer: b) 2 
 

79. In (Cnh) point groups, the number of 1-dimensional 

irreducible representations is: 
a) 1   

b) 2   

c) 3   
d) 4   

Answer: b) 2 
 

80. For the point group (C6v), the number of 2-dimensional 

irreducible representations is: 
a) 1   

b) 2   

c) 3   
d) 4   

Answer: b) 2 

 
81. The character table for (D3h) includes which of the following 

irreducible representations? 

a) A1g, A2g, B1g, B2g   
b) A1, A2, E   

c) A1, A2, E1, E2   

d) A1g, A2g, Eg, T1u   
Answer: c) A1, A2, E1, E2 

 

82. In the (C2h) point group, which of the following is a 1-
dimensional irreducible representation? 

a) Ag   

b) Bg   
c) Au   

d) Bu   

Answer: a) Ag 
 

83. For the (D6h) point group, which irreducible representation is 

4-dimensional? 
a) A1g   

b) Eg   

c) T1u   
d) T2g   

Answer: d) T2g 

 
84. In the point group (C2v), which of the following is a 2-

dimensional irreducible representation? 

a) A1   
b) B2   

c) B1   

d) E   
Answer: d) E 

 

85. The number of 1-dimensional irreducible representations in 

the (D4h) point group is: 

a) 2   

b) 3   
c) 4   

d) 5   

Answer: c) 4 



 

  

 
86. The point group (C3v) has which type of irreducible 

representations? 

a) A1, A2, E   
b) A1g, A2g, Eg   

c) A1g, A2g, T1u   

d) Ag, Bg, Eg   
Answer: a) A1, A2, E 

 

87. For the point group (D4h), which representation is known for 
having the character '1' for all symmetry operations? 

a) A1g   

b) B1g   
c) Eg   

d) T2g   

Answer: a) A1g 
 

88. The point group (D2h) includes which irreducible 

representation? 
a) A1g, A2g, B1g, B2g   

b) A1g, A2g, Eg   

c) A1, A2, B1, B2   
d) A1, A2, E   

Answer: a) A1g, A2g, B1g, B2g 

 
89. The number of irreducible representations for the (C4v) point 

group is: 
a) 3   

b) 4   

c) 5   
d) 6   

Answer: b) 4 

 
90. In the point group (C3v), the irreducible representation (A2) is 

characterized by: 

a) Being symmetric with respect to all mirror planes   
b) Changing sign under a C3 rotation   

c) Being antisymmetric with respect to all mirror 

planes   
d) Having no change under C3 rotation   

Answer: b) Changing sign under a C3 rotation 

 
91. The character table for the (D5h) point group includes how 

many 3-dimensional irreducible representations? 

a) 1   
b) 2   

c) 3   

d) 4   
Answer: a) 1 

 

92. In the point group (C2v), which representation is a 2-
dimensional representation? 

a) A1   

b) B1   
c) B2   

d) E   

Answer: d) E 
 

93. For the (D4d) point group, which irreducible representation 

has the character '0' for all symmetry operations? 
a) A1   

b) E   

c) B1   
d) B2   

Answer: b) E 

 
94. The point group (Cnh) has how many 2-dimensional 

irreducible representations? 

a) 1   

b) 2   

c) 3   

d) 4   
Answer: b) 2 

 

95. In the point group (D6h), which irreducible representation 
corresponds to a 2-dimensional matrix representation? 

a) Eg   

b) T1g   
c) T2g   

d) A1g   

Answer: a) Eg 
 

96. The character table for the (D4h) point group includes which 

of the following irreducible representations? 
a) A1g, A2g, Eg, T1g, T2g   

b) A1, A2, B1, B2, E   

c) Ag, Bg, Eg, T1u   
d) A1g, A2g, B1g, B2g   

Answer: d) A1g, A2g, B1g, B2g 

 
97. The number of 1-dimensional irreducible representations in 

the (D3h) point group is: 

a) 1   
b) 2   

c) 3   

d) 4   
Answer: b) 2 

 

98. The point group (C2v) includes how many 1-dimensional 
irreducible representations? 

a) 1   
b) 2   

c) 3   

d) 4   
Answer: b) 2 

 

99. In the (D2h) point group, which of the following is a 2-
dimensional irreducible representation? 

a) B1g   

b) B2g   
c) Eg   

d) A1g   

Answer: c) Eg 
 

100. For the (D6h) point group, which representation is 3-

dimensional? 
a) A1g   

b) T1g   

c) Eg   
d) B2g   

Answer: b) T1g 

 
101. The character of a representation is defined as: 

a) The trace of the matrix representing the symmetry 

operation   
b) The determinant of the matrix representing the 

symmetry operation   

c) The eigenvalue of the matrix representing the 
symmetry operation   

d) The norm of the matrix representing the symmetry 

operation   
Answer: a) The trace of the matrix representing the symmetry operation 

 

102. In the context of group theory, the character of a 
representation is used to: 

a) Determine the number of symmetry operations   

b) Identify the symmetry elements   
c) Classify the irreducible representations   

d) Compute the symmetry of a molecule   

Answer: c) Classify the irreducible representations 
 

103. The character of a representation of the identity element of a 

group is always: 

a) 0   

b) 1   

c) Equal to the dimension of the representation   
d) Negative   

Answer: c) Equal to the dimension of the representation 

 



 

  

104. The character of a representation for a symmetry operation 
that leaves the molecule unchanged is: 

a) 0   

b) Equal to the dimension of the representation   
c) 1   

d) -1   

Answer: b) Equal to the dimension of the representation 
 

105. For a 2-dimensional representation, the character of a rotation 

by 180° (C2) is: 
a) 2   

b) 0   

c) 1   
d) -2   

Answer: a) 2 

 
106. The character of a representation for an inversion operation (i) 

is: 

a) The trace of the matrix representing the inversion   
b) Equal to the dimension of the representation   

c) Always 0   

d) The eigenvalue of the matrix representing the 
inversion   

Answer: a) The trace of the matrix representing the inversion 

 
107. In the character table, the character for a C3 rotation in a 3-

dimensional representation is: 
a) 1   

b) 0   

c) 2   
d) -1   

Answer: a) 1 

 
108. The sum of the squares of the characters of a representation 

over all symmetry operations of a group is equal to: 

a) The number of symmetry operations   
b) The product of the number of irreducible 

representations   

c) The order of the group   
d) The dimension of the group   

Answer: c) The order of the group 

 
109. For a 1-dimensional representation, the character of any 

symmetry operation is: 

a) Always 0   
b) Always 1   

c) Equal to the dimension of the operation   

d) Varies with the operation   
Answer: b) Always 1 

 

110. In a character table, the character of a reflection operation in 
the xy-plane for a 2-dimensional representation is typically: 

a) 2   

b) 1   
c) 0   

d) -1   

Answer: c) 0 
 

111. The character of a representation for a C4 rotation in a 4-

dimensional representation is: 
a) 4   

b) 0   

c) 1   
d) -1   

Answer: a) 4 

 
112. The character of a reflection in the xz-plane in a 3-

dimensional representation is: 

a) 1   

b) 0   

c) -1   

d) 2   
Answer: b) 0 

 

113. The character of a representation for a symmetry operation is 
used to determine: 

a) The bond angles   

b) The molecular orbitals   
c) The symmetry of the molecule   

d) The vibrational frequencies   

Answer: c) The symmetry of the molecule 
 

114. For a 3-dimensional representation, the character of a C2 

rotation is: 
a) 0   

b) 1   

c) 2   
d) 3   

Answer: a) 0 

 
115. The character of a representation for an operation that does 

not change the molecule's symmetry is: 

a) The trace of the matrix representing the operation   
b) The determinant of the matrix representing the 

operation   

c) Always 0   
d) The eigenvalue of the matrix representing the 

operation   

Answer: a) The trace of the matrix representing the operation 
 

116. The character of a representation for a C6 rotation in a 6-
dimensional representation is: 

a) 1   

b) 0   
c) 6   

d) -1   

Answer: a) 1 
 

117. The character of the identity element of a group in any 

representation is equal to: 
a) The dimension of the representation   

b) 0   

c) 1   
d) The number of irreducible representations   

Answer: a) The dimension of the representation 

 
118. The character of a representation for a reflection operation in 

the yz-plane is: 

a) 1   
b) 0   

c) -1   

d) 2   
Answer: b) 0 

 

119. For a 4-dimensional representation, the character of a C4 
rotation is: 

a) 1   

b) 0   
c) 4   

d) 2   

Answer: c) 4 
 

120. The character of a representation for a mirror plane operation 

in a 2-dimensional representation is: 
a) 0   

b) 1   

c) 2   
d) -1   

Answer: a) 0 

 
121. In the character table for (D2h), the character of a C2 rotation 

is: 

a) Always 0   

b) Always 1   

c) Varies with the representation   

d) Always -1   
Answer: c) Varies with the representation 

 



 

  

122. The character of a reflection operation in the xy-plane for a 1-
dimensional representation is: 

a) 1   

b) 0   
c) -1   

d) 2   

Answer: c) -1 
 

123. In the character table for (C3v), the character for a C3 rotation 

is: 
a) 1   

b) 0   

c) 2   
d) -1   

Answer: a) 1 

 
124. For a 2-dimensional representation, the character of a C3 

rotation is: 

a) 0   
b) 1   

c) 2   

d) -1   
Answer: a) 0 

 

125. The character of a representation for a C2 rotation in a 1-
dimensional representation is: 

a) Always 1   
b) Always 0   

c) Varies with the operation   

d) Always -1   
Answer: a) Always 1 

 

126. The character of a reflection operation in a 3-dimensional 
representation typically has: 

a) The same value for all reflections   

b) The value 0   
c) The value 1   

d) The value -1   

Answer: b) The value 0 
 

127. The character of a C2 rotation in the (D4h) point group is: 

a) 0   
b) 2   

c) 4   

d) -2   
Answer: b) 2 

 

128. The sum of the characters for each symmetry operation in a 
given representation is: 

a) Always 0   

b) The order of the group   
c) The dimension of the representation   

d) The trace of the matrix   

Answer: b) The order of the group 
 

129. The character of the identity element in a 2-dimensional 

representation is: 
a) 0   

b) 1   

c) 2   
d) -1   

Answer: c) 2 

 
130. The character of a C4 rotation in a 3-dimensional 

representation is: 

a) 0   
b) 1   

c) 2   

d) -1   

Answer: a) 0 

 

 
 

 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 

 

 

 
 

 

 



 

  

UNIT - 3 

 

1. A representation that cannot be decomposed into smaller 

representations is called: 
a) Reducible   

b) Irreducible   

c) Trivial   
d) Symmetric   

Answer: b) Irreducible 

 
2. A representation that can be expressed as a direct sum of 

smaller representations is: 

a) Irreducible   
b) Reducible   

c) Trivial   

d) Regular   
Answer: b) Reducible 

 

3. The process of finding the irreducible components of a 
reducible representation is known as: 

a) Characterization   

b) Reduction   
c) Diagonalization   

d) Symmetrization   

Answer: b) Reduction 
 

4. In group theory, the character of a reducible representation is: 
a) Always zero   

b) The sum of the characters of its irreducible 

components   
c) The same as the character of its largest component   

d) Not well-defined   

Answer: b) The sum of the characters of its irreducible components 
 

5. A matrix representation is said to be reducible if: 

a) It has only one non-zero eigenvalue   
b) It can be brought to block diagonal form by a 

similarity transformation   

c) It is diagonalizable   
d) It has all distinct eigenvalues   

Answer: b) It can be brought to block diagonal form by a similarity 

transformation 
 

6. The dimension of an irreducible representation is always: 

a) 1   
b) Equal to or less than the dimension of the 

reducible representation   

c) Greater than the dimension of the reducible 
representation   

d) A multiple of the dimension of the reducible 

representation   
Answer: b) Equal to or less than the dimension of the reducible 

representation 

 
7. The process of determining whether a representation is 

irreducible or not involves: 

a) Calculating the eigenvalues   
b) Finding the character table   

c) Performing similarity transformations   

d) Applying group theory operations   
Answer: c) Performing similarity transformations 

 

8. If a representation of a group has only one irreducible 
component, it is: 

a) Trivial   

b) Reducible   
c) Irreducible   

d) Non-decomposable   

Answer: c) Irreducible 

 

9. The character of a reducible representation is the sum of: 

a) The eigenvalues   
b) The characters of its irreducible components   

c) The dimensions of the irreducible components   

d) The diagonal elements of the matrix   

Answer: b) The characters of its irreducible components 
 

10. The reduction of a reducible representation is useful for: 

a) Simplifying matrix calculations   
b) Identifying the symmetry of a molecule   

c) Determining the molecular orbitals   

d) Finding the irreducible components   
Answer: d) Finding the irreducible components 

 

11. In the context of group theory, the term "reduction" refers to: 
a) Increasing the size of a representation   

b) Decomposing a reducible representation into 

irreducible components   
c) Simplifying the group structure   

d) Transforming a representation to a higher 

dimension   
Answer: b) Decomposing a reducible representation into irreducible 

components 

 
12. The irreducible representations of a group can be: 

a) Determined directly from the reducible 

representation   
b) Found using the character table   

c) Equal to the number of symmetry operations   

d) Found by trial and error   
Answer: b) Found using the character table 

 
13. The dimension of a reducible representation is: 

a) Always greater than that of any of its irreducible 

components   
b) Equal to the sum of the dimensions of its 

irreducible components   

c) Always less than the dimension of its largest 
irreducible component   

d) Unrelated to the dimensions of its irreducible 

components   
Answer: b) Equal to the sum of the dimensions of its irreducible 

components 

 
14. If a reducible representation is decomposed into irreducible 

components, the resulting irreducible representations are: 

a) Always the same size   
b) Only 1-dimensional   

c) Unique to the group   

d) May vary in size and dimension   
Answer: d) May vary in size and dimension 

 

15. To find the number of times an irreducible representation 
appears in a reducible representation, one can use: 

a) The determinant method   

b) The trace method   
c) The orthogonality theorem   

d) The eigenvalue method   

Answer: c) The orthogonality theorem 
 

16. The orthogonality theorem states that: 

a) The characters of different irreducible 
representations are orthogonal   

b) The characters of the same irreducible 

representation are orthogonal   
c) The eigenvectors of different matrices are 

orthogonal   

d) The dimensions of different irreducible 
representations are orthogonal   

Answer: a) The characters of different irreducible representations are 

orthogonal 
 

17. For a reducible representation, the trace of the matrix for a 

symmetry operation is: 

a) The sum of the traces of its irreducible components   

b) The product of the traces of its irreducible 

components   
c) Always zero   

d) Not directly related to the irreducible components   

Answer: a) The sum of the traces of its irreducible components 



 

  

 
18. In a character table, the number of irreducible representations 

is equal to: 

a) The number of symmetry elements in the group   
b) The order of the group   

c) The number of conjugacy classes in the group   

d) The dimension of the reducible representation   
Answer: c) The number of conjugacy classes in the group 

 

19. The dimensions of the irreducible representations of a group 
always sum up to: 

a) The number of symmetry operations   

b) The order of the group   
c) The number of irreducible representations   

d) The dimension of the reducible representation   

Answer: b) The order of the group 
 

20. A matrix representation is said to be irreducible if: 

a) It cannot be diagonalized   
b) It cannot be decomposed into smaller 

representations   

c) It has only one eigenvalue   
d) It has all zero entries   

Answer: b) It cannot be decomposed into smaller representations 

 
21. The number of times an irreducible representation appears in 

a reducible representation is known as: 
a) The multiplicity   

b) The dimension   

c) The trace   
d) The eigenvalue   

Answer: a) The multiplicity 

 
22. In the process of reducing a reducible representation, one 

uses: 

a) The symmetry operations only   
b) The character table and orthogonality relations   

c) The eigenvalues of the matrices   

d) The molecular orbitals   
Answer: b) The character table and orthogonality relations 

 

23. A 1-dimensional representation is always: 
a) Irreducible   

b) Reducible   

c) Symmetric   
d) Orthogonal   

Answer: a) Irreducible 

 
24. The number of irreducible representations of a point group is 

equal to: 

a) The number of symmetry operations in the group   
b) The dimension of the largest representation   

c) The number of conjugacy classes in the group   

d) The sum of the dimensions of the representations   
Answer: c) The number of conjugacy classes in the group 

 

25. The character of a reducible representation for an operation is 
equal to: 

a) The product of the characters of its irreducible 

components   
b) The average of the characters of its irreducible 

components   

c) The sum of the characters of its irreducible 
components   

d) The difference of the characters of its irreducible 

components   
Answer: c) The sum of the characters of its irreducible components 

 

26. The process of reducing a representation involves: 

a) Determining the eigenvalues of the representation   

b) Finding the character table of the group   

c) Decomposing the representation into a sum of 
irreducible representations   

d) Calculating the symmetry operations   

Answer: c) Decomposing the representation into a sum of irreducible 
representations 

 

27. A representation with a character table having all non-zero 
entries is likely: 

a) Irreducible   

b) Reducible   
c) Trivial   

d) Singular   

Answer: b) Reducible 
 

28. The irreducible components of a reducible representation are: 

a) Unique to each group   
b) Always the same size   

c) The smallest possible representations   

d) Larger than the reducible representation   
Answer: c) The smallest possible representations 

 

29. In a reducible representation, the trace of the matrix for each 
symmetry operation: 

a) Is always zero   

b) Is the same for all operations   
c) Varies depending on the operation and 

representation   

d) Is equal to the dimension of the operation   
Answer: c) Varies depending on the operation and representation 

 
30. The orthogonality of irreducible representations is used to: 

a) Calculate the dimensions of the representations   

b) Identify the symmetry elements   
c) Determine the multiplicities of the irreducible 

components   

d) Reduce the representation to its components   
Answer: d) Reduce the representation to its components 

 

31. In group theory, the term "decomposition" refers to: 
a) Simplifying a matrix   

b) Identifying the irreducible components of a 

representation   
c) Increasing the size of a representation   

d) Calculating the character of a representation   

Answer: b) Identifying the irreducible components of a representation 
 

32. The character of the identity operation in any representation is 

equal to: 
a) The trace of the matrix   

b) The dimension of the representation   

c) Zero   
d) The number of symmetry operations   

Answer: b) The dimension of the representation 

 
33. In the context of irreducible representations, "degeneracy" 

refers to: 

a) The number of symmetry operations   
b) The number of identical irreducible representations   

c) The size of the representation   

d) The number of distinct eigenvalues   
Answer: b) The number of identical irreducible representations 

 

34. The number of distinct irreducible representations in a 
character table is equal to: 

a) The number of conjugacy classes   

b) The number of symmetry elements   
c) The number of dimensions of the reducible 

representation   

d) The number of operations in the group   
Answer: a) The number of conjugacy classes 

 

35. The process of finding a matrix representation of a group 

involves: 

a) Calculating the eigenvalues   

b) Decomposing the matrix into irreducible 
components   

c) Performing similarity transformations   

d) Identifying symmetry operations   



 

  

Answer: d) Identifying symmetry operations 
 

36. In a 2-dimensional representation, if the character for a 

particular symmetry operation is 0, the representation is: 
a) Always reducible   

b) Always irreducible   

c) Not necessarily irreducible   
d) Not well-defined   

Answer: c) Not necessarily irreducible 

 
37. The character table of a group helps in determining: 

a) The eigenvalues of matrices   

b) The multiplicities of irreducible representations   
c) The size of the group   

d) The symmetry of the molecule   

Answer: b) The multiplicities of irreducible representations 
 

38. The trace of a matrix in a reducible representation can be 

computed as: 
a) The sum of the eigenvalues   

b) The sum of the traces of the irreducible 

components   
c) The product of the dimensions of irreducible 

components   

d) The average of the eigenvalues   
Answer: b) The sum of the traces of the irreducible components 

 
39. The number of irreducible representations in a point group is 

equal to: 

a) The number of symmetry elements   
b) The number of irreducible components   

c) The number of conjugacy classes   

d) The number of dimensions   
Answer: c) The number of conjugacy classes 

 

40. To determine if a representation is reducible, one typically 
looks at: 

a) The eigenvalues   

b) The trace of the representation   
c) Whether it can be decomposed into smaller 

representations   

d) The size of the matrix   
Answer: c) Whether it can be decomposed into smaller representations 

 

41. The Great Orthogonality Theorem is a fundamental result in: 
a) Algebra   

b) Group Theory   

c) Number Theory   
d) Calculus   

Answer: b) Group Theory 

 
42. The Great Orthogonality Theorem provides conditions for: 

a) Diagonalization of matrices   

b) Decomposing a group into subgroups   
c) Orthogonality of irreducible representations   

d) Solving differential equations   

Answer: c) Orthogonality of irreducible representations 
 

43. According to the Great Orthogonality Theorem, irreducible 

representations of a group are: 
a) Always reducible   

b) Always orthogonal   

c) Not orthogonal   
d) Symmetric   

Answer: b) Always orthogonal 

 
44. The Great Orthogonality Theorem applies to: 

a) All representations of a group   

b) Only finite groups   

c) Only infinite groups   

d) Abelian groups only   

Answer: b) Only finite groups 
 

45. The Great Orthogonality Theorem helps in determining: 

a) The eigenvalues of matrices   

b) The dimensions of irreducible representations   
c) The symmetry of molecules   

d) The conjugacy classes of a group   

Answer: b) The dimensions of irreducible representations 
 

46. The orthogonality relations in the Great Orthogonality 

Theorem are used to: 
a) Simplify matrix operations   

b) Find irreducible components of representations   

c) Determine the symmetry of molecules   
d) Calculate vibrational frequencies   

Answer: b) Find irreducible components of representations 

 
47. In the context of the Great Orthogonality Theorem, the inner 

product of two distinct irreducible representations is: 

a) Always zero   
b) Equal to one   

c) Equal to the dimension of the group   

d) A function of the trace   
Answer: a) Always zero 

 

48. The Great Orthogonality Theorem is important for: 
a) Computing eigenvectors   

b) Analyzing molecular orbitals   

c) Classifying and analyzing group representations   
d) Solving linear equations   

Answer: c) Classifying and analyzing group representations 
 

49. According to the Great Orthogonality Theorem, the inner 

product of an irreducible representation with itself is: 
a) Equal to the order of the group   

b) The dimension of the group   

c) Equal to 1   
d) The number of conjugacy classes   

Answer: d) The number of conjugacy classes 

 
50. The Great Orthogonality Theorem asserts that the characters 

of irreducible representations are orthogonal with respect to: 

a) Symmetry operations   
b) Conjugacy classes   

c) Each other   

d) Molecular orbitals   
Answer: c) Each other 

 

51. The Great Orthogonality Theorem provides a method to: 
a) Determine the symmetry of a molecule   

b) Find the number of irreducible representations   

c) Calculate vibrational frequencies   
d) Solve polynomial equations   

Answer: b) Find the number of irreducible representations 

 
52. The orthogonality of irreducible representations is crucial for: 

a) Constructing molecular orbitals   

b) Performing group analysis   
c) Solving eigenvalue problems   

d) Determining the number of symmetry elements   

Answer: b) Performing group analysis 
 

53. The character of an irreducible representation of a group is: 

a) A matrix element   
b) The trace of the representation matrix   

c) The eigenvalue of the representation matrix   

d) The determinant of the representation matrix   
Answer: b) The trace of the representation matrix 

 

54. The orthogonality relations for irreducible representations 
involve: 

a) The order of the group   

b) The size of the matrices   

c) The dimensions of the representations   

d) The symmetry elements of the group   

Answer: c) The dimensions of the representations 
 

55. The Great Orthogonality Theorem implies that the matrix 

elements of distinct irreducible representations are: 



 

  

a) Always equal   
b) Orthogonal   

c) Symmetric   

d) Conjugate   
Answer: b) Orthogonal 

 

56. According to the Great Orthogonality Theorem, the product of 
two different irreducible representations’ characters is: 

a) Always zero   

b) Equal to the trace of their product   
c) Equal to the dimension of the group   

d) Non-zero   

Answer: a) Always zero 
 

57. The Great Orthogonality Theorem aids in: 

a) Solving differential equations   
b) Finding molecular geometries   

c) Understanding the structure of the group   

d) Computing wavefunctions   
Answer: c) Understanding the structure of the group 

 

58. The Great Orthogonality Theorem is used to: 
a) Determine the number of symmetry elements   

b) Calculate the group order   

c) Verify the orthogonality of irreducible 
representations   

d) Identify the molecular orbitals   
Answer: c) Verify the orthogonality of irreducible representations 

 

59. The theorem provides a way to: 
a) Find eigenvalues   

b) Decompose complex matrices   

c) Check the orthogonality of representation matrices   
d) Compute vibrational modes   

Answer: c) Check the orthogonality of representation matrices 

 
60. The orthogonality relations in the Great Orthogonality 

Theorem are crucial for: 

a) Group classification   
b) Group decomposition   

c) Molecular modeling   

d) Solving algebraic equations   
Answer: b) Group decomposition 

 

61. The Great Orthogonality Theorem contributes to our 
understanding of: 

a) The dimensions of irreducible representations   

b) The vibrational modes of molecules   
c) The number of symmetry operations   

d) The order of the group   

Answer: a) The dimensions of irreducible representations 
 

62. The orthogonality of characters in the Great Orthogonality 

Theorem helps to: 
a) Calculate the eigenvalues of matrices   

b) Determine the dimensions of the group   

c) Identify and separate irreducible representations   
d) Find the molecular symmetry   

Answer: c) Identify and separate irreducible representations 

 
63. The orthogonality relations can be used to: 

a) Simplify the structure of molecular orbitals   

b) Calculate the bond angles in a molecule   
c) Compute the number of irreducible representations   

d) Find the trace of a matrix   

Answer: c) Compute the number of irreducible representations 
 

64. According to the Great Orthogonality Theorem, if two 

representations are orthogonal, their: 

a) Characters are equal   

b) Dimensions are the same   

c) Inner product is zero   
d) Eigenvalues are conjugate   

Answer: c) Inner product is zero 

 

65. The importance of the Great Orthogonality Theorem in 
spectroscopy is that it helps: 

a) Identify the number of energy levels   

b) Determine the symmetry of spectral transitions   
c) Compute molecular geometries   

d) Predict vibrational frequencies   

Answer: b) Determine the symmetry of spectral transitions 
 

66. The Great Orthogonality Theorem helps in: 

a) Group theoretical calculations   
b) Experimental observations   

c) Theoretical predictions   

d) Calculating eigenvalues   
Answer: a) Group theoretical calculations 

 

67. The theorem is essential for: 
a) Analyzing vibrational spectra   

b) Understanding molecular symmetry   

c) Computing bond energies   
d) Determining nuclear spin states   

Answer: b) Understanding molecular symmetry 

 
68. The orthogonality of representations means that: 

a) The characters are equal   

b) The product of the characters of two different 
irreducible representations is zero   

c) The dimensions are equal   
d) The matrix elements are symmetric   

Answer: b) The product of the characters of two different irreducible 

representations is zero 
 

69. In the Great Orthogonality Theorem, the number of 

irreducible representations of a group is equal to: 
a) The number of elements in the group   

b) The number of conjugacy classes in the group   

c) The order of the group   
d) The number of symmetry operations   

Answer: b) The number of conjugacy classes in the group 

 
70. The Great Orthogonality Theorem ensures that: 

a) All representations of a group are orthogonal   

b) Irreducible representations can be orthogonally 
decomposed   

c) Only reducible representations are orthogonal   

d) All symmetry operations are orthogonal   
Answer: b) Irreducible representations can be orthogonally decomposed 

 

71. The orthogonality of representation matrices allows for: 
a) Simplifying calculations in quantum mechanics   

b) Determining the number of symmetry operations   

c) Computing molecular geometries   
d) Classifying and analyzing group representations   

Answer: d) Classifying and analyzing group representations 

 
72. The Great Orthogonality Theorem is used to: 

a) Determine the frequency of vibrations in a 

molecule   
b) Decompose complex symmetry operations   

c) Identify and analyze group characters   

d) Calculate the bond lengths in a molecule   
Answer: c) Identify and analyze group characters 

 

73. The orthogonality of characters ensures that: 
a) All representations are reducible   

b) The product of characters from different 

irreducible representations is zero   
c) All matrices in a representation are diagonal   

d) The dimensions of representations are equal   

Answer: b) The product of characters from different irreducible 

representations is zero 

 

74. The Great Orthogonality Theorem helps in: 
a) Solving complex algebraic equations   

b) Determining the symmetry of complex molecules   

c) Computing the energy levels of a system   



 

  

d) Identifying the vibrational modes   
Answer: b) Determining the symmetry of complex molecules 

 

75. The orthogonality relations are essential for: 
a) Simplifying experimental data   

b) Group theoretical analysis   

c) Solving for energy levels   
d) Predicting molecular interactions   

Answer: b) Group theoretical analysis 

 
76. In the Great Orthogonality Theorem, the inner product of the 

characters of the same irreducible representation is: 

a) Zero   
b) The number of conjugacy classes   

c) The dimension of the group   

d) Equal to one   
Answer: b) The number of conjugacy classes 

 

77. The theorem is a key tool for: 
a) Identifying the symmetry elements in a molecule   

b) Calculating the eigenvalues of matrices   

c) Analyzing and classifying the group 
representations   

d) Solving differential equations   

Answer: c) Analyzing and classifying the group representations 
 

78. The Great Orthogonality Theorem confirms that: 
a) All matrix elements of irreducible representations 

are equal   

b) The dimensions of irreducible representations are 
orthogonal   

c) The matrix elements of distinct irreducible 

representations are orthogonal   
d) All characters of a representation are identical   

Answer: c) The matrix elements of distinct irreducible representations are 

orthogonal 
 

79. According to the Great Orthogonality Theorem, the inner 

product of the characters of different irreducible 
representations is: 

a) Zero   

b) Equal to the order of the group   
c) The dimension of the irreducible representation   

d) Non-zero   

Answer: a) Zero 
 

80. The Great Orthogonality Theorem is crucial for: 

a) Finding the eigenvectors of a matrix   
b) Calculating the number of symmetry operations   

c) Identifying and analyzing irreducible 

representations   
d) Determining the molecular geometry   

Answer: c) Identifying and analyzing irreducible representations 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 

 

 

 
 

 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 

 

 

 
 

 

 



 

  

UNIT – 4 

 

1. A character table provides information about: 

a) The symmetry of a molecule   
b) The group’s elements   

c) The irreducible representations of a group   

d) The vibrational modes of a molecule   
Answer: c) The irreducible representations of a group 

 

2. In a character table, the rows typically represent: 
a) The symmetry operations   

b) The irreducible representations   

c) The molecular geometries   
d) The eigenvalues   

Answer: b) The irreducible representations 

 
3. The columns of a character table represent: 

a) The group’s order   

b) The symmetry elements   
c) The conjugacy classes   

d) The molecular orbitals   

Answer: c) The conjugacy classes 
 

4. The diagonal elements in a character table for an irreducible 

representation correspond to: 
a) The group order   

b) The characters of the identity operation   
c) The number of symmetry elements   

d) The molecular vibration frequencies   

Answer: b) The characters of the identity operation 
 

5. The sum of the squares of the dimensions of the irreducible 

representations is equal to: 
a) The number of symmetry operations   

b) The number of elements in the group   

c) The number of molecular orbitals   
d) The number of conjugacy classes   

Answer: b) The number of elements in the group 

 
6. In a character table, the characters for a symmetry operation 

are: 

a) Always positive   
b) Always negative   

c) Complex numbers   

d) Real numbers   
Answer: d) Real numbers 

 

7. The characters of an irreducible representation for the identity 
operation are equal to: 

a) The order of the group   

b) The dimension of the representation   
c) Zero   

d) The number of symmetry operations   

Answer: b) The dimension of the representation 
 

8. Character tables are used to: 

a) Predict molecular vibrations   
b) Determine the symmetry properties of molecular 

orbitals   

c) Identify the symmetry of a molecule   
d) Calculate bond angles   

Answer: c) Identify the symmetry of a molecule 

 
9. The character of a representation for a symmetry operation is: 

a) The trace of the representation matrix   

b) The determinant of the representation matrix   
c) The eigenvalue of the representation matrix   

d) The sum of the eigenvalues   

Answer: a) The trace of the representation matrix 

 

10. The product of the characters for two irreducible 

representations is: 
a) Always zero   

b) Always positive   

c) Zero if the representations are different   

d) The same as the number of symmetry operations   
Answer: c) Zero if the representations are different 

 

11. To decompose a reducible representation into irreducible 
representations, one uses: 

a) The Great Orthogonality Theorem   

b) The Cauchy Integral Formula   
c) The Schur's Lemma   

d) The Jordan Canonical Form   

Answer: a) The Great Orthogonality Theorem 
 

12. The number of irreducible representations in a character table 

is equal to: 
a) The number of symmetry operations   

b) The number of conjugacy classes   

c) The number of symmetry elements   
d) The order of the group   

Answer: b) The number of conjugacy classes 

 
13. The character table can be used to: 

a) Calculate vibrational frequencies   

b) Predict electronic transitions   
c) Determine the symmetry labels of molecular 

orbitals   

d) Measure bond strengths   
Answer: c) Determine the symmetry labels of molecular orbitals 

 
14. The character of an irreducible representation for a symmetry 

operation reflects: 

a) The eigenvalue of the symmetry operation   
b) The dimension of the matrix representation   

c) The symmetry of the operation   

d) The trace of the matrix representation   
Answer: d) The trace of the matrix representation 

 

15. The number of characters in a character table row is equal to: 
a) The number of elements in the group   

b) The number of symmetry operations   

c) The number of conjugacy classes   
d) The number of irreducible representations   

Answer: c) The number of conjugacy classes 

 
16. In a character table, each entry represents: 

a) A matrix element   

b) The trace of a matrix   
c) The number of symmetry operations   

d) The number of irreducible components   

Answer: b) The trace of a matrix 
 

17. The character table for a given point group helps in: 

a) Calculating bond lengths   
b) Analyzing vibrational spectra   

c) Identifying molecular geometries   

d) Predicting the number of molecular orbitals   
Answer: b) Analyzing vibrational spectra 

 

18. The characters for different irreducible representations are 
orthogonal with respect to: 

a) The group’s order   

b) The number of symmetry operations   
c) The number of conjugacy classes   

d) The number of dimensions   

Answer: c) The number of conjugacy classes 
 

19. In a character table, the representation with the character 1 for 

all operations is: 
a) The totally symmetric representation   

b) The totally antisymmetric representation   

c) The irreducible representation with the highest 

dimension   

d) The trivial representation   

Answer: d) The trivial representation 
 

20. The process of using a character table to analyze a molecule's 

symmetry involves: 



 

  

a) Assigning symmetry labels to molecular orbitals   
b) Determining the vibrational frequencies   

c) Calculating bond strengths   

d) Measuring bond angles   
Answer: a) Assigning symmetry labels to molecular orbitals 

 

21. The number of different irreducible representations of a group 
corresponds to: 

a) The number of symmetry operations   

b) The number of conjugacy classes   
c) The number of elements in the group   

d) The number of molecular orbitals   

Answer: b) The number of conjugacy classes 
 

22. The trace of a representation matrix for a symmetry operation 

is called: 
a) The character of the representation   

b) The eigenvalue of the matrix   

c) The dimension of the matrix   
d) The determinant of the matrix   

Answer: a) The character of the representation 

 
23. Character tables can be used to determine: 

a) The molecular weight   

b) The electronic configurations   
c) The symmetry properties of vibrational modes   

d) The bond lengths   
Answer: c) The symmetry properties of vibrational modes 

 

24. The symmetry of a molecule's vibrational modes can be 
determined using: 

a) The Great Orthogonality Theorem   

b) Character tables   
c) The Cauchy Integral Formula   

d) Schur’s Lemma   

Answer: b) Character tables 
 

25. To find the symmetry species of vibrational modes, one must: 

a) Analyze the character table of the molecule’s point 
group   

b) Calculate the bond angles   

c) Measure the infrared spectra   
d) Determine the molecular weight   

Answer: a) Analyze the character table of the molecule’s point group 

 
26. In character tables, the sum of the characters in each column 

is: 

a) Always zero   
b) Equal to the group order   

c) Equal to the number of symmetry operations   

d) Equal to the dimension of the representation   
Answer: b) Equal to the group order 

 

27. The number of entries in each row of a character table equals: 
a) The number of elements in the group   

b) The number of conjugacy classes   

c) The number of irreducible representations   
d) The number of symmetry operations   

Answer: b) The number of conjugacy classes 

 
28. Character tables are essential for: 

a) Determining bond lengths   

b) Analyzing electronic spectra   
c) Calculating vibrational spectra   

d) Determining the symmetry properties of molecular 

orbitals   
Answer: d) Determining the symmetry properties of molecular orbitals 

 

29. When using a character table, the symmetry of a molecule can 

be used to: 

a) Predict the reactivity   

b) Assign symmetry labels to molecular orbitals   
c) Calculate bond strengths   

d) Determine the vibrational frequencies   

Answer: b) Assign symmetry labels to molecular orbitals 

 
30. To find the irreducible representations of a group, one must: 

a) Analyze its character table   

b) Measure bond angles   
c) Calculate vibrational frequencies   

d) Determine the molecular weight   

Answer: a) Analyze its character table 
 

31. The character table helps in identifying: 

a) The number of electrons in a molecule   
b) The symmetry elements of a molecule   

c) The types of molecular bonds   

d) The shape of the molecule   
Answer: b) The symmetry elements of a molecule 

 

32. In a character table, the character for a symmetry operation is 
the trace of the: 

a) Identity matrix   

b) Symmetry operation matrix   
c) Bonding matrix   

d) Molecular orbital matrix   

Answer: b) Symmetry operation matrix 
 

33. To find the symmetry labels of molecular orbitals, you need 

to: 
a) Use the character table of the molecule’s point 

group   
b) Measure the bond angles   

c) Calculate the bond strengths   

d) Determine the molecular weight   
Answer: a) Use the character table of the molecule’s point group 

 

34. The dimension of a representation in a character table is: 
a) The number of symmetry elements   

b) The number of conjugacy classes   

c) The number of characters in the row   
d) The order of the group   

Answer: c) The number of characters in the row 

 
35. The character of a representation for a particular symmetry 

operation is obtained by: 

a) Adding the eigenvalues   
b) Taking the trace of the representation matrix   

c) Calculating the determinant of the matrix   

d) Measuring the bond strengths   
Answer: b) Taking the trace of the representation matrix 

 

36.  In a character table, the irreducible representations are: 
a) Always the same size   

b) Always orthogonal   

c) Always reducible   
d) Different for each molecule   

Answer: b) Always orthogonal 

 
37. The number of irreducible representations can be found by: 

a) Counting the rows in the character table   

b) Measuring the vibrational frequencies   
c) Analyzing the bond angles   

d) Determining the molecular geometry   

Answer: a) Counting the rows in the character table 
 

38. Character tables are used in: 

a) Molecular orbital theory   
b) Quantum chemistry   

c) Spectroscopy   

d) All of the above   
Answer: d) All of the above 

 

39. The number of irreducible representations corresponds to the 

number of: 

a) Symmetry operations   

b) Symmetry elements   
c) Conjugacy classes   

d) Molecular orbitals   

Answer: c) Conjugacy classes 



 

  

 
40. In a character table, the number of characters for each 

irreducible representation is: 

a) Equal to the group order   
b) Equal to the number of symmetry operations   

c) Equal to the number of conjugacy classes   

d) Equal to the number of molecular orbitals   
Answer: c) Equal to the number of conjugacy classes 

 

41. The character of a reducible representation can be used to: 
a) Determine the dimensions of the irreducible 

representations   

b) Calculate the molecular weights   
c) Predict bond angles   

d) Measure vibrational frequencies   

Answer: a) Determine the dimensions of the irreducible representations 
 

42. The character of the irreducible representations helps to: 

a) Predict reaction mechanisms   
b) Analyze electronic transitions   

c) Decompose complex representations   

d) Measure bond strengths   
Answer: c) Decompose complex representations 

 

43. The total number of irreducible representations of a group can 
be found by: 

a) Summing the squares of the dimensions of each 
irreducible representation   

b) Counting the number of rows in the character table   

c) Measuring the bond angles   
d) Determining the molecular weight   

Answer: a) Summing the squares of the dimensions of each irreducible 

representation 
 

44. Character tables are particularly useful in: 

a) Predicting molecular shapes   
b) Determining the number of valence electrons   

c) Assigning symmetry labels to vibrations   

d) Measuring bond angles   
Answer: c) Assigning symmetry labels to vibrations 

 

45. The entries in a character table for a specific symmetry 
operation are: 

a) The same for all irreducible representations   

b) Always zero   
c) Specific to each irreducible representation   

d) Dependent on the molecular weight   

Answer: c) Specific to each irreducible representation 
 

46. Character tables can help to: 

a) Determine the bond lengths   
b) Calculate the symmetry of vibrational modes   

c) Measure the bond strengths   

d) Predict electronic spectra   
Answer: b) Calculate the symmetry of vibrational modes 

 

47. The character of a representation for a specific symmetry 
element is: 

a) Equal to the eigenvalue of that element   

b) Equal to the trace of the matrix representing that 
element   

c) The number of symmetry elements   

d) The dimension of the representation   
Answer: b) Equal to the trace of the matrix representing that element 

 

48. The character table is important for: 
a) Determining the symmetry properties of molecular 

orbitals   

b) Measuring bond angles   

c) Predicting the vibrational frequencies   

d) Calculating the molecular weights   

Answer: a) Determining the symmetry properties of molecular orbitals 
 

49. Each character table row represents: 

a) A specific symmetry element   

b) A specific molecular vibration   
c) An irreducible representation   

d) A specific symmetry operation   

Answer: c) An irreducible representation 
 

50. The character table helps to find: 

a) The number of bonding orbitals   
b) The number of non-bonding orbitals   

c) The symmetry properties of molecular vibrations   

d) The energy levels of electronic transitions   
Answer: c) The symmetry properties of molecular vibrations 

 

51. Symmetry and point group theory are primarily used in 
spectroscopy to: 

a) Determine molecular geometries   

b) Predict vibrational spectra   
c) Calculate molecular weights   

d) Measure bond strengths   

Answer: b) Predict vibrational spectra 
 

52. The point group of a molecule helps in: 

a) Determining its electronic configuration   
b) Predicting its vibrational frequencies   

c) Calculating bond angles   

d) Identifying its symmetry elements   
Answer: d) Identifying its symmetry elements 

 
53. Which of the following spectroscopy techniques uses 

symmetry to analyze vibrational modes? 

a) NMR spectroscopy   
b) UV-Vis spectroscopy   

c) Infrared (IR) spectroscopy   

d) Mass spectrometry   
Answer: c) Infrared (IR) spectroscopy 

 

54. The selection rules for vibrational spectroscopy are 
determined by: 

a) The molecule's mass   

b) The symmetry properties of the molecule   
c) The bond strengths   

d) The molecular weight   

Answer: b) The symmetry properties of the molecule 
 

55. In the context of spectroscopy, the symmetry of a molecule 

affects: 
a) The color of the molecule   

b) The intensity of spectral lines   

c) The energy levels of molecular orbitals   
d) The molecular geometry   

Answer: b) The intensity of spectral lines 

 
56. Point group theory is used in spectroscopy to: 

a) Predict the number of peaks in a spectrum   

b) Determine the symmetry of electronic transitions   
c) Calculate the chemical shift in NMR   

d) Measure the bond strengths   

Answer: b) Determine the symmetry of electronic transitions 
 

57. The character of a vibration in IR spectroscopy can be 

predicted using: 
a) The molecule’s point group   

b) The bond length   

c) The mass of the atoms   
d) The molecular weight   

Answer: a) The molecule’s point group 

 
58. Symmetry considerations in Raman spectroscopy help to: 

a) Predict the presence of bonding orbitals   

b) Determine the vibrational modes that are active   

c) Measure bond angles   

d) Identify molecular weights   

Answer: b) Determine the vibrational modes that are active 
 

59. The point group of a molecule influences its: 

a) Electronegativity   



 

  

b) Rotational spectra   
c) Spectral intensity   

d) Bond lengths   

Answer: c) Spectral intensity 
 

60. The selection rules for Raman spectroscopy are based on: 

a) The symmetry of the molecule   
b) The bond strengths   

c) The molecular weight   

d) The electronic configuration   
Answer: a) The symmetry of the molecule 

 

61. In vibrational spectroscopy, the number of active vibrations 
can be predicted by: 

a) The number of symmetry operations   

b) The point group of the molecule   
c) The molecular weight   

d) The bond lengths   

Answer: b) The point group of the molecule 
 

62. Symmetry elements in a molecule influence: 

a) The energy levels of electrons   
b) The shape of the IR spectrum   

c) The vibrational frequencies   

d) The bond strengths   
Answer: c) The vibrational frequencies 

 
63. In IR spectroscopy, vibrations that lead to a change in the 

dipole moment are: 

a) Symmetry-forbidden   
b) Not observed   

c) Active   

d) Invisible   
Answer: c) Active 

 

64. Raman spectroscopy is sensitive to: 
a) Changes in bond strengths   

b) Changes in polarizability   

c) Changes in molecular mass   
d) Changes in molecular weight   

Answer: b) Changes in polarizability 

 
65. Which spectroscopy technique relies on changes in 

polarizability? 

a) NMR spectroscopy   
b) UV-Vis spectroscopy   

c) Raman spectroscopy   

d) Mass spectrometry   
Answer: c) Raman spectroscopy 

 

66. The point group of a molecule can be used to: 
a) Predict the number of peaks in an NMR spectrum   

b) Assign vibrational modes to spectral peaks   

c) Calculate the bond angles   
d) Determine the molecular weight   

Answer: b) Assign vibrational modes to spectral peaks 

 
67. Symmetry considerations in electronic spectroscopy help to: 

a) Predict the intensity of spectral lines   

b) Determine the number of vibrational modes   
c) Calculate the chemical shifts   

d) Measure bond strengths   

Answer: a) Predict the intensity of spectral lines 
 

68. The number of vibrational modes in a molecule can be 

determined by: 
a) The symmetry of the molecule   

b) The point group of the molecule   

c) The mass of the atoms   

d) The bond lengths   

Answer: b) The point group of the molecule 

 
69. Point group theory helps in determining which vibrational 

modes are: 

a) Symmetry-forbidden   

b) Visible in UV-Vis spectra   
c) Active in IR or Raman spectra   

d) Detected by mass spectrometry   

Answer: c) Active in IR or Raman spectra 
 

70. The intensity of spectral lines in IR spectroscopy is related to: 

a) The mass of the atoms   
b) The molecular weight   

c) The change in dipole moment   

d) The bond lengths   
Answer: c) The change in dipole moment 

 

71. For a vibrational mode to be Raman active, it must: 
a) Change the dipole moment   

b) Change the polarizability   

c) Change the bond strength   
d) Change the molecular mass   

Answer: b) Change the polarizability 

 
72. The symmetry of a molecule can affect the: 

a) Color of the molecule   

b) Spectral lines' positions and intensities   
c) Bond lengths   

d) Chemical reactivity   

Answer: b) Spectral lines' positions and intensities 
 

73. To predict IR active vibrations, one should: 
a) Analyze the molecule's point group   

b) Measure bond strengths   

c) Calculate vibrational frequencies   
d) Determine the molecular weight   

Answer: a) Analyze the molecule's point group 

 
74. The point group of a molecule influences: 

a) Its IR and Raman activity   

b) The number of electrons   
c) The bond lengths   

d) The electronic configuration   

Answer: a) Its IR and Raman activity 
 

75. In which spectroscopy technique is symmetry used to 

determine selection rules for transitions? 
a) NMR spectroscopy   

b) UV-Vis spectroscopy   

c) Mass spectrometry   
d) X-ray diffraction   

Answer: b) UV-Vis spectroscopy 

 
76. Symmetry considerations are crucial for understanding: 

a) Nuclear magnetic resonance   

b) Electronic transitions   
c) Mass-to-charge ratios   

d) Bond dissociation energies   

Answer: b) Electronic transitions 
 

77. The symmetry of a molecule can be used to: 

a) Predict the number of peaks in an IR spectrum   
b) Assign symmetry labels to electronic transitions   

c) Measure bond angles   

d) Determine the molecular weight   
Answer: b) Assign symmetry labels to electronic transitions 

 

78. In IR spectroscopy, the vibrational modes that are active are 
determined by: 

a) The molecule’s polarizability   

b) The molecule’s symmetry elements   
c) The molecular weight   

d) The bond strengths   

Answer: b) The molecule’s symmetry elements 

 

79. The symmetry of molecular vibrations affects: 

a) The molecule’s color   
b) The number of IR peaks   

c) The number of Raman peaks   

d) The vibrational frequencies   



 

  

Answer: d) The vibrational frequencies 
 

80. Symmetry considerations are used in spectroscopy to: 

a) Predict the bond lengths   
b) Determine the molecule’s symmetry labels   

c) Measure the molecular weights   

d) Calculate the vibrational frequencies   
Answer: b) Determine the molecule’s symmetry labels 

 

81. In Raman spectroscopy, which of the following vibrational 
modes is active? 

a) Modes that change the dipole moment   

b) Modes that change the polarizability   
c) Modes that affect bond strengths   

d) Modes that alter the molecular weight   

Answer: b) Modes that change the polarizability 
 

82. The point group symmetry helps in: 

a) Assigning peaks in a UV-Vis spectrum   
b) Determining which vibrations are Raman or IR 

active   

c) Measuring bond dissociation energies   
d) Calculating chemical shifts in NMR   

Answer: b) Determining which vibrations are Raman or IR active 

 
83. In UV-Vis spectroscopy, symmetry considerations are used to: 

a) Predict bond angles   
b) Assign electronic transitions   

c) Measure bond strengths   

d) Determine molecular weights   
Answer: b) Assign electronic transitions 

 

84. Which spectroscopy technique involves symmetry to 
determine vibrational modes that can be observed? 

a) NMR spectroscopy   

b) Mass spectrometry   
c) Raman spectroscopy   

d) X-ray crystallography   

Answer: c) Raman spectroscopy 
 

85. The intensity of IR spectral lines is influenced by: 

a) The symmetry of the molecule   
b) The vibrational frequency   

c) The change in dipole moment   

d) The bond lengths   
Answer: c) The change in dipole moment 

 

86. In character tables, the irreducible representations help to: 
a) Predict the number of peaks in a UV-Vis spectrum   

b) Determine which vibrational modes are IR or 

Raman active   
c) Calculate the bond strengths   

d) Measure the molecular weight   

Answer: b) Determine which vibrational modes are IR or Raman active 
 

87. The point group of a molecule provides information on: 

a) The number of symmetry elements   
b) The number of vibrational modes   

c) The selection rules for vibrational and electronic 

transitions   
d) The bond strengths   

Answer: c) The selection rules for vibrational and electronic transitions 

 
88. The symmetry of molecular vibrations determines: 

a) The number of electronic transitions   

b) The intensity of the peaks in IR and Raman spectra   
c) The molecular geometry   

d) The bond angles   

Answer: b) The intensity of the peaks in IR and Raman spectra 

 

89. To determine the IR activity of vibrational modes, one must: 

a) Analyze the molecule’s symmetry   
b) Measure bond strengths   

c) Calculate the vibrational frequencies   

d) Determine the molecular weight   

Answer: a) Analyze the molecule’s symmetry 
 

90. Symmetry considerations are essential in spectroscopy to: 

a) Calculate the molecular weight   
b) Assign the correct peaks in a spectrum   

c) Measure bond lengths   

d) Determine chemical reactivity   
Answer: b) Assign the correct peaks in a spectrum 

 

91. The use of symmetry in spectroscopy allows for: 
a) Calculation of vibrational frequencies   

b) Prediction of the symmetry of molecular orbitals   

c) Determination of which vibrations are observable   
d) Measurement of bond strengths   

Answer: c) Determination of which vibrations are observable 

 
92. In Raman spectroscopy, the symmetry of a molecule 

influences: 

a) The color of the molecule   
b) The number of observable vibrational modes   

c) The molecular weight   

d) The bond dissociation energies   
Answer: b) The number of observable vibrational modes 

 

93. The point group of a molecule is used to: 
a) Calculate the intensity of spectral lines   

b) Predict which vibrational modes are active in IR 
and Raman spectroscopy   

c) Measure bond strengths   

d) Determine the molecular geometry   
Answer: b) Predict which vibrational modes are active in IR and Raman 

spectroscopy 

 
94. In IR spectroscopy, modes that lead to a change in the dipole 

moment are: 

a) Raman active   
b) Invisible   

c) IR active   

d) Not observed   
Answer: c) IR active 

 

95. The Great Orthogonality Theorem is used to: 
a) Predict spectral lines in IR and Raman spectra   

b) Determine the irreducible representations in a 

point group   
c) Measure bond angles   

d) Calculate vibrational frequencies   

Answer: b) Determine the irreducible representations in a point group 
 

96. The symmetry of electronic transitions can be predicted using: 

a) Character tables   
b) Vibrational frequencies   

c) Bond strengths   

d) Molecular weights   
Answer: a) Character tables 

 

97. In IR spectroscopy, vibrational modes that are inactive are 
typically those: 

a) That lead to a change in the dipole moment   

b) That do not affect the polarizability   
c) That affect bond lengths   

d) That alter the molecular weight   

Answer: b) That do not affect the polarizability 
 

98. The point group analysis helps to: 

a) Measure the bond strengths   
b) Predict the presence of spectral peaks   

c) Assign vibrational modes to spectral features   

d) Determine the molecular mass   

Answer: c) Assign vibrational modes to spectral features 
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