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Note: There are three sections (A, B and C) and

Candidate has to attempt questions from all

section. Marks are indicated against each section.

Section-A
L. Answer all questions : §%3=15
(a)  Determine the point group in planar zxys,,
where x is central atom.
(b)  Explain normal modes of vibration by
taking example of your choice.
(c)  Define group multiplication table with the
help of one example.
(d) What are the selection rules for IR
Spectroscopy.
(e) Prove that :
o™ = o when n is odd.
o™ = E whenn is even.
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Section-B

Note: Answer all the questions of the following : 4x5=2¢

2. (a)  Explain matrix representations of all the
symmetry elements present in  water
molecule.

Or
(b) Define irreducible representation and
mention its properties.

3 (a)  Considering the tetrahedral geometry, prove
that Cs4 axis and a mirror plane
perpendicular to it do not exist
independently where as S4 exists.

Or
(b)  Give the mathematical expression of ‘“the
great orthogonality theorem”. Explain the
meaning of each term.

4. (a)  Derive the matrix representation for rotation
operation by angle n/ 2 (anti-clockwise)

and assuming z-axis as axis of rotation.

Or
(b)  State ‘rearrangement theorem’ with the help

of a multiplication table of your choice.
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5. (a)  Considering the character table of Ciy point
group : given below, prove the following :
(i) Al X A2 = A,
(i) A1 xE=E
(iii)) Az xE=E
Cav | E2C330v
Ay 111 Z x* + vy, 2
A, | 11-1 R,
E | 2-10 | (x,Y)R,R) | &* -V xy)(xz, yz)
Or
(b) Derive the symmetry types of the normal
"~ modes of water molecule by Cartesian
coordinate method and discuss their IR and
Raman activities. The relevant character
table is given below;
Cw | E Cozy oxz 0yz |
A |11 1 1| z |[xX4y,7
Az |1 1 -1 -1 R: Xy
B |1 -1 1 -1 | x, Ry XZ
B, (1 -1 -1 1 |y, Rg yz
Section-C
Note: Answer any two questions of the following : 2x20=40
6. Define the term ‘Point group’. Identify the point
groups of the following and deduce the symmetry
operations :
1 CO3
(i) HC=CH
(ili) Hz Oz (trans planar)
(iv)  Cs He (staggered)
(V) NH: Cl
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7. A reducible representation of Td point group is
given below, decompose it into irreducible ones :
Ta [E[8C.[3C: [ 654 ] 6o
|red) 6 0| 2 “T)T]
Find out the values of the follo»wi'n'g. The character
table for Td is given below;
(1) A1 xExE
(i)  AxTxT
(i) ExT) x T,
Ta | E | 8C5|3C,|6S4 | 604
Ar | 1] 1 1 1 1
A | 1] 1 1 -1 | -1
E|[2] -1 2 0 0
T [3] 0 | -1 -1
T3] 0 -1 | -1 1
8. Explain the following giving a suitable example in
each case :
(a)  Dihedral plane of symmetry.
(b)  Rotation reflection axis.
(¢)  Order of the group.
(d)  Threefold axis of rotation.
o, Write short notes on any two
(a)  Cyclic group
(b)  Cubic group
(¢)  Similarity transformations
9000
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