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What is the symmetry operation that
leaves a molecule unchanged ?

(A) Identity

(B) Reflection

(©) Rotation

(D) Inversion

What is the order of the point group
Csy ?

(A) 12

(B) 6

€ 3

(D) 2

Which point group does the molecule
H,0 belong to ?

(A) Dz

(B) Ca

C) Tq

(D) Cu

Which of the following is an example
of a symmetry element ?

(A) Inversion centre

(B) Mirror plane

(C) Rotation axis

(D) All of the above

What is the term for the number of
symmetry operations in a point group ?
(A) Dimension

(B) Rank

(C) Order

(D) Class

B020805T

10.

What is the symmetry operation
represented by o, ?

(A) Rotation

(B) Inversion

(C) Vertical reflection
(D) Horizontal reflection

Which of the following point groups is
Abelian ?
(A) T4
(B) Cs
(C) Da
(D) Cu

What is the order of point group Oy, ?
(A) 48
(B) 24
© 12
(D) 60

Which molecule belongs to the Dy
point group ?

(A) CHs

(B) SF4

(C) XeFy

(D) BFs

Which of the following Schoenflies
symbols represents a molecule with a
tetrahedral symmetry ?

(A) Dan

(B) Cuw

(C) On

(D) Tq
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11.

12.

13.

14.

The orthogonality theorem helps to :
(A) Determine the number of normal

modes of vibration

(B) Calculate bond lengths in a
molecule

(C) Compute dipole moments

(D) Verify whether two irreducible

representations are orthogonal

Which Schoenflies symbol represents
a molecule with an inversion centre ?
(A) Dz

(B) GCs

(C) GCi

(D) Ca

Which of the following statements is
true about the orthogonality theorem ?
(A) It

symmetry of molecular orbitals.

is used to determine the

(B) It applies only to irreducible
representations .

(C) It applies only to reducible
representations.

(D) Both (A) and (B)

Which symmetry element is present in
a linear molecule ?

(A) icentre

(B) c, axis

(C) o plane

(D) All of the above

B020805T

(4)

15.

16.

17.

18.

What is the term for a symmetry
aperation that combines rotation and
reflection ?

(A) Reflection

(B) Proper Rotation
(C) Improper Rotation
(D) Inversion

What does the top-left entry in a
character table represent ?

(A) The order of the group

(B) The identity operation

(C) The number of symmetry
operations

(D) The dimension of  the

representation

What is the primary use of character
table in spectroscopy ?

(A) To predict allowed transition
(B) To predict molecular geometry
(C) To determine bond lengths

(D) To calculate

vibrations

molecular

What is the significance of the direct
product of irreducible representations
in spectroscopy ?

(A) It determines the symmetry of
molecular orbitals.

(B) It calculates the intensity of
spectral lines.

(C) It predicts the number of
IR-active vibrations.

(D) It determines the allowed
transitions.
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19.

20.

21.

22.

What is the role of character tables in

Raman Spectroscopy ?

(A) To determine the frequency of
Raman bands

(B) To calculate the intensity of
Raman bands

(C) To determine the symmetry of
molecular orbitals

(D) To predict the

Raman-active vibrations

number of

Which point group does the molecule
NH; belong to ?

(A) Cu

(B) Dan

C) Cs

(D) Tq

What is the name of the subgroup that
contains only the identity element ?
(A) Trivial subgroup

(B) Improper subgroup

(C) Normal subgroup

(D) Proper subgroup

Which of the following is NOT a
property of a group ?

(A) Closure

(B) Existence of inverse

(C) Associativity

(D) Commutativity

B020805T

23.

24,

25.

26.

What is the order of the group

Gz[e, a, az,aSJ where a* =¢e ?

(A) 5
(B) 4
€ 3
(D) 2
What is the minimum number of
elements required to form a group ?
(A) 2

(B) 4
€ 3
D) 1
What is the
representation of the point group Cs,

character of the

for the operation o, ?

(A) 1
(B) 0
€ 2
O) -1

What is the representation of the group

C, =[E, C,] using 2 x 2 matrices ?

(A) E=I[(10) (0 1]
C.=[(-1,0),(0,-1)]

(B) E=I[(10) (0 1]
C,=[(1,0),(0,-1)]

(€ E=I[10) (0 1]
C,=[(-1,0).(0,1)]

(D) E=I[(10) (0 1]
C2=[(1,0), (0, 1)]
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217.

28.

29.

30.

Which of the following is a property of
matrix representations of groups ?

(A)
(B)
©)

The matrices must be unitary.
The matrices must be orthogonal.
The matrices must satisfy the
group multiplication table.

(D) All of the above

What is the character of the matrix
representation of the identify operation
E in any point group ?

(A) Depends on the point group

(B) 0

© 1

(D) -1

What is the purpose of using matrix

representations in group theory ?

(A) To simplify calculations

(B) To
operations

visualize symmetry

(©)
(D)

Which of the following is an example

To predict molecular properties
All of the above

of an irreducible representations ?
(A) A 4 x 4 matrix representation of
of Ty4

A 2 x 2 matrix representation of
of Con

A 1 x 1 matrix representation of
of C;

A 3 x 3 matrix representation of

Of C3V

(B)

(©)

(D)

B020805T

(6)

31.

32.

33.

34.

35.

In the point group Cs,, what is the
conjugacy class of the operation C3 ?

(A) [Csi0y]
(8) |Cs C3E]
©) [C4]

(D) [Cs 3]

In the point group Dgn, how many
conjugacy classes are there ?

(A) 10

(B) 14

€ 8

(D) 5

What is the point symmetry group of a
molecule with a trigonal planar shape ?
(A) Co

(B) Dsan

(C) Cu

(D) Tq

Which of the following molecules
belong to the point group C_,, ?

(A)
(B)
(©)
(D)

Which of the following point groups
has a centre of inversion ?

(A) Tq

(B) Cy

(C) Do

(D) Ca

NH3
CH,4
CO,
H.O
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36.

37.

38.

39.

40.

Which point group has a 4-fold
rotation axis ?

(A) Cu

(B) C4

(C) Dy

(D) All of the above

What is the name of the theorem that
states the number of irreducible
representations equals the number of
classes ?

(A)
(B)
(©)
(D)

What is the symmetry element
associated with a reflection operation ?
(A)
(B)
©
(D)

How many symmetry operations are
associated with a Cs axis ?

(A) 4

(B) 3
€ 2
(D) 1

What is the symbol for a vertical
mirror plane ?

Lagrange’s Theorem

Great Orthogonality Theorem
Cauchy’s Theorem

None of the above

Identity element
Inversion centre
Mirror plane
Rotation axis

(A) C
(B) oy
C) oy
(D) oy

B020805T

(7)

41.

42.

43.

What
associated with an S, axis ?

IS the symmetry operation

(A) Rotation by 180° followed by
inversion

(B) Rotation by 180° followed by
reflection

(C) Rotation by 90° followed by
inversion

(D) Rotation by 90° followed by

reflection

What is the symbol for the totally
symmetric representations ?

A A

(B) Bi

€ A

(D) E

What does the Mulliken symbol “A”

represent in a character table ?

A A triply degenerated
representation

B) A doubly degenerated
representation

< A singly degenerated

representation symmetric about
the principal axis
(D) A singly

representation

degenerated
antisymmetric

about the principal axis
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44,

45.

How is character table used to predict
IR activity ?
(A) By checking if the vibration has

the same symmetry as Xy, Xz or

yz.

(B) By checking if the vibration is
totally symmetric.

(C) By checking if the vibration has
the same symmetry as X, y or z.

(D) By checking if the vibration is

antisymmetric.

What is the significance of the first

row in a character table ?

(A) It determines the point group.
(B) It gives the characters for the
identity operation.
(C) It lists the symmetry operations.
(D) It represents the totally
symmetric representations.
46. What is the dimension of a
representation ?
(A) The size of the matrices in the
representation
(B) The order of the group
(C) The number of group elements
(D) The number of matrices in the
representation
B020805T

(8)

47.

48.

49.

50.

What is the Mulliken symbol for a
doubly degenerated representation ?
(A T

(B) E
(€ B
(D) A

What s

representation ?

the character of a

(A) The sum of the eigenvalues of

the representation matrix

(B) The product of the eigenvalues
of the representation matrix

(C) The determinant of the
representation matrix

(D) The trace of the representation
matrix

What is the symmetry element

associate with a Cs rotation ?
(A)
(B)
(©)
(D)

A mirror plane
A 3-fold rotation axis
An inversion centre

A 2-fold rotation axis

How many symmetry operations are
associated with a C, axis ?

(A) 1

(B) 2

€ 4

(D) 3
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51,

52.

53.

54,

B020805T

What is the point group of a molecule

with a C axis and a o, plane ?

(A) Dan
(B) Ca
€ G

(D) Cu

What is the symmetry operation

associated with an S, axis ?

(A) Rotation by 90° followed by
reflection

(B) Inversion (i)

(C) Identity (E)

(D) Rotation by 180° followed by

reflection

What is the result of applying a oy,
operation twice ?

(A) E (identity)

(B) i (inversion)

€ o

(D) C

What is the point group of a molecule
with a C; axis and three C, axis ?

(A) Ds

(B) D2

(C) Dad

(D) Cs

(9)

55.

56.

S7.

58.

How many classes are in the point
group Cyy ?

(A) 4
(B) 3
€ 5
(D) 2

What is the result of applying a C;
rotation followed by a o, reflection ?

A) S
(B) i (inversion)
€) oy

(D) E (identity)
What is the symbol “h” in the Great
Orthogonality Theorem ?

(A) The number of classes
(B) The order of group

(C) The dimension of  the
representation

(D) The number of symmetry
operations

What is the relation between the Great

Orthogonality Theorem and character

table ?

(A) Itisunrelated to character tables.

(B) It is a consequence of character
tables.

(C) It is a alternative to character
tables.

(D) 1t is used to construct character
tables.
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59.

60.

61.

Which s
development of

the
Great

with
the

credited

Orthogonality Theorem ?

(A) Herzberg

(B) Wigner

(©) Mulliken

(D) None of the above

What is a conjugacy relation in group
theory ?

(A) A relation where two elements
are conjugate if one is rotation of
the other.

(B) A relation where two elements A
and B are conjugate if there
exists an element X such that
A=XBX ™"

(C) A relation where two elements
are conjugate if they commute.
A relation where two elements

(D)

are conjugate if they are

identical.

What is the
number of conjugacy classes and

relation between the

irreducible representations ?

(A) The number of conjugacy classes
IS greater.
(B) They are equal.
(C) The number of irreducible
representations is greater.
(D) There is no relation.
B020805T

(10)

62.

63.

64.

65.

Which of the following is an example
of a conjugacy class ?

(A) The set of all elements in a

group

(B) The set of all rotations by 90° in
a group

(C) The set of all reflections in a
group

(D) The identity element alone

What is a conjugacy class ?

(A) A set of elements that are
conjugate to each other.

(B) A set of elements that are
inverses to each other.

(C) A set of elements that commute
with each other.

(D) A set of elements that are

identical.

What is the significance of conjugacy
class in spectroscopy ?

(A) They determine  molecular
geometry.

(B) They predict allowed transitions.

(C) They calculate molecular
energies.

(D) They help to construct character

tables used in spectroscopy.

What is the number of conjugacy class
in the point group Cy, ?

(A) 5

(B) 3
€ 2
(D) 4
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66.

67.

68.

69.

70.

71.

Which of the following groups has
conjugacy classes [E], [C], [o, , &',] ?

(A) Cy
(B) D

(C) Ca
(D) Don

In a group, if A and B are conjugate,
what can be said about their orders ?

(A) They have the same order.
(B) They have different orders.
(C) A hasahigher order than B.
(D) B has a higher order than A.

Which of the following is used to
determine conjugacy classes ?

(A) Symmetry operations

(B) Molecular geometry

(C) Multiplication table of the group
(D) Character table

How many conjugacy classes are in
the point group Tq4 ?

(A) 5

(B) 3

€ 4

(D) 2

In the point group D4, which
operations are typically in the same
conjugacy class ?

(A) Cpand Cy

(B) EandC;

(C) Csand C3
(D) o, and o4

What is the conjugacy class of the

B020805T

72.

73.

74.

75.

identity element E in any group ?

(A) Depends on the group
B) (B

(C) The whole group

(D) Empty set

Which point group does a planer
molecule like BF3 belong to ?

(A) Dan

(B) Cu

€) Tq

(D) Cs

Which of the following point groups is
centrosymmetric ?

(A) G
(B) Do
(C) Ca

(D) All of the above

What is the point group of an
octahedral molecule like SFg ?

(A) Tq

(B) Ca

(C) On

(D) Duan

A molecule belongs to the C,, point

group. What does this imply ?

(A) It has an inversion centre

(B) It has nC, axis perpendicular
to Cy

(C) It has a C, axis and horizontal
mirror plane

(D) It has a C, axis and n vertical
mirror planes
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76.

77.

78.

79.

What is the point group of HCI ?
(A) G

(B)
€ Cu

(D)

Dooh

None of the above

Which of the following is a chiral
point group ?

A) C

(B) D2

€ C

(D) All of the above

Which point group does a trigonal
bipyramidal molecule like PCls belong
to ?

(A) On

B) Tq

(C) Ca

(D) Dan

A molecule has a C, axis and a oy,
plane. What is its point group ?

(A)
(B)
(©)
(D)

C4v

B020805T

(12)

80.

81.

82.

83.

Which point group does an ethane
(C2H.4) molecule belong to ?

(A) Cy

(B) Dz

(C) Ca

(D) Doz

A molecule has no symmetry elements
except E. What is its point group ?

(A) Cs

(B) Ci

€ C.

(D) C

A molecule belongs to the Dpg point
group. What does this imply ?

(A) IthasaC,axisand no, planes.

(B) Ithasa C,axis, nC, axis, a o,
plane.

(C) Ithasa C, axis, nC, axis and
noy planes.

(D) It has an inversion centre and

noy planes.

How are Mulliken’s symbols used in
character tables ?

(A)
(B)
©)

To indicate molecular orbitals
To label symmetry operations
To label irreducible representa-
tions

To show vibrational modes

(D)
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84.

85.

86.

87.

What is the significance of the

character X (R) in a representation ?

(A) It indicates the symmetry of a
molecular orbital.

(B) It is trace of the
representation operation R.

matrix

(C) It gives the number of atoms
moving under operation R.
(D) All of the above

What does it mean if a vibration has a
character of “0” under a symmetry
operation ?

(A) The vibration is unaffected.

(B) The vibration is symmetric.

(C) The vibration is forbidden.

(D) The vibration is antisymmetric.

What is the significance of the

orthogonality relations of characters ?

(A) They determine point groups.

(B) They predict molecular geometry.

(C) They help to reduce representa-
tions.

(D) They calculate energies.

What is the relation between the
characters of an operation and its
inverse ?

(A) They are complex conjugate.

(B) They are reciprocals.

(C) No relation.

(D) They are equal.

B020805T

88.

89.

90.

91.

What does a character of -1 for a
symmetry operation indicate ?

(A) The function is antisymmetric.
(B) The function is unchanged.

(C) The function is degenerate.

(D) The function is symmetric.

What does it mean if a representation

is reducible ?

(A) Itis one dimensional.

(B) Itisirreducible.

(C) It has no symmetry.

(D) It can be broken into simple
representations.

In a character table, what do the
rightmost columns often list ?

(A) Basis functions

(B) Symmetry operations
(C) Mulliken symbols
(D) Vibrational modes

In C4 point group, which irreducible
representation has the following

representation metrices ?
E=[1], Co=[1], C2= [1],
G4 :[—1]

A A

B) A

€ B

(D) B:

o, =[1].
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92.

93.

94.

95.

If G is a group of order P (prime),
what can be said about G ?

(A) Gis abelian.

(B) G has no subgroups.

(C) Giscyclic.

(D) Both (A) and (C)

What is the order of the alternating
group A4 ?

(A) 24

(B) 12

(C) 8

(D) 6

In a finite group, what is true about the
order of a conjugacy class ?

(A)
(B)
©
(D)

It is equal to [G].
It divides [G].
It is greater than [G].

No relation

In the symmetric group Sz, how many
conjugacy classes are there ?

(A) 3

(B)
©
(D)

N O

B020805T

(14)

96.

97.

98.

99.

100.

In a molecule with a centre of
inversion (i) what happens to a point

xy.2?
(A) ltgoesto (—x,—y,—2).

(B) ltgoesto (X,VY,2).
(C) Itgoesto (y,z, x).
(D) It stays the same

What is the result of applying two
symmetry operations successively ?

(A)
(B)
©
(D)

What is the proper rotation (C,) in
symmetry operations ?

(A) Rotation by 180°

(B) Rotation by 360°/n

(C) Reflection through a plane

(D) Inversion through a point

What is the symmetry operation that
combines rotation and a reflection ?

Always the identity operation
Never a symmetry operation

Another symmetry operation

Depends on the operation

(A) Proper rotation (Cy)
(B) Improper relation (Sp)
(C) Identity (E)

(D) Inversion (i)

What is the point group of benzene
(CeHp) ?
(A) Dan
(B) Cev
(C) Den
(D) Cen
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10.

11.

12.

Impt.

Four alternative answers are mentioned for
each question as—A, B, C & D in the
booklet. The candidate has to choose the
correct answer and mark the same in the
OMR Answer-Sheet as per the direction :

Example :

Question :

Q1 ® @ © ®
Q2 & ® @ ©
23 ® @ © ©

lllegible answers with cutting and
over-writing or half filled circle will be
cancelled.

Each question carries equal marks. Marks
will be awarded according to the number of
correct answers you have.

All answers are to be given on OMR
Answer Sheet only. Answers given
anywhere other than the place specified in
the answer sheet will not be considered
valid.

Before writing anything on the OMR
Answer Sheet, all the instructions given in it
should be read carefully.

After the completion of the examination
candidates should leave the examination hall
only after providing their OMR Answer
Sheet to the invigilator. Candidate can carry
their Question Booklet.

There will be no negative marking.

Rough work, if any, should be done on the
blank pages provided for the purpose in the
bookilet.

To bring and use of log-book, calculator,
pager and cellular phone in examination hall
is prohibited.

In case of any difference found in English
and Hindi version of the question, the
English version of the question will be held
authentic.

> On opening the question booklet, first check that all
the pages of the question booklet are printed properly.
If there is any discrepancy in the question Booklet,
then after showing it to the invigilator, get another
question Booklet of the same series.

10.

11.

12.

TR § Y W % IR RTed
IW—A, B, C wd@ D g1 wdanef &1 51 =R
famedi 0 O HEl W BT €1 W H OMR
AR-IME § grafed gvd & | 79 7R
‘HT—IT%:

3GTEUT ¢

‘g‘s‘:“o

D @ © O

T2 ® ® ©

w3 D @ © ©®

S IW A1 T W = H1eT A1 agel T
T, AT H ST e g T, 3% i
e s

Jh U9 & 37 UM | 3T Fa W T&l
B, S & STTUR 37k YgH fohd S |

[ SW FHad . T TR, TWTHF (OMR
Answer Sheet) W & fad 1 81 W0 #
fauifta T & eretmen e wdl W fea T
W G &l |

3. TH. R IW-T% (OMR Answer Sheet)
R %o ot forem & 7d sud 3 73 |eft sreen
I FEYHEs qg foran S|

THE IR & SUN qenel et fiersd i
319t OMR Answer Sheet 3ucisdl i & &1
2 UeT wel ¥ TR i | qdemedt o7 @iy
-GG o ST Tohd & |

fitfea aferm =1 81

FE ot T &, T-YRast & 1< H, Th-+E &
forq few w@rett It W 2 foman s =nfew

Tden-we H T, oo, TSR adl
Y T o ST TN IHehT ITART HTAT afsid
7l

31 & o<t wa Sfist TR # fa=rar @9 &
TN H T T SIS TG0 & 7T 81 |

HEEYUT : TR @ie W YUHd: St R 3@ o R

YeA-gfEdR & |l g3 wyefidifa ®Y gu g1 oAl
GYTYfeRT # 1E wHT B, A weRie H e
3 S T g TeA-gfdent o R o |



