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1. Answer any one of the following questions :

(a) Group multiplication table for an
arbitrary group of order 6 is given
below. Find the subgroups and the

classes in this group. 3
G| E A B ¢ D F

E E A B C D F

A |A E D F B C

B B F E D C A

Cc |C D F E A B

D D C A B F E

F |F B C A E D

Contd.



(b) Show that there can be only one group
of order ‘W, where h is a prime number,
3

(c) Define class and subgroup of a

mathematical group. 3

2. Answer any one of the following questions :

(a) Define symmetry elements. Identify the
point group of allene. Mention the
symmetry elements present in a
tetrahedral molecule. 2+1+2=5

(b) Write out all the operations generated
by ferrocene molecule in its staggered
configuration. Why do we not have S,
point groups with n being odd ?

3+2=5

(c) Find out the resultant point group on
addition of oy, to the point group C,.
What is the point group of the crown-
shaped Sg molecule ? 3+2=5
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3. Answer any two of the following questions:

(@)

5x2=10

The molecule Dodeka (ethylene)
octamine, as shown in the figure below
belongs to the symmetry point
group O. For the group O, show that
the sets of function (x, y, z) and
(xy, xz, y2z) correspond to the irreducible

representation T; and T, respectively.
S

O| E 8C; 3C(=C) 6C, 6C,
A |1 1 1 1 1
A |1 1 1 -1 -1

E|2 -1 2 0 0

|3 O -1 1 -1
T, 3 0 =1 1
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(b)

(c)
(d)

State great orthogonality theorem and
prove that the sum of the charact_ers
in any irreducible representation
equals' order of the group, h, which is

ZR P2 (R)]2 =h. S

Derive the complete matrices for all the
representations of the group Czy. S

Fill in the blanks: S
(i) The result of the product of Cy(x)

and C,(y) is
(i) The product o™¥.S,(2) is

(i) The product of reflection and
inversion is

(iv) When there is a rotation axis C,
and a plane containing it, there
must be n such planes separated
by angles of

(v) The inversion and or rotation

always commute.

Answer any two of the following questions :

(a)

5x2=10
Considering the eigenfunctions for 2p,
and 2py , S
p, =¥, sinfcos¢
py =¥, sinfsing
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(b)

show that these two eigenfunctions
indeed form the basis for E irreducible

representation in Dy point group.

Dy | E 2C; 3G,
A |1 1 1
Ay |1 1 -1

E|2 -1 0

For spectroscopic techniques like
circular dichorism and magnetic
circular dichorism it is necessary to
know what electronic transitions are
magnetic dipole allowed. The operators
for this have the symmetry properties
of Ry, Ry and R,. For a tetrahedral
molecule of Td symmetry, check
whether the transitions A; to T, E to
T, and E to E are magnetic dipole
allowed transitions. (Hint: Transition

moment integral Ju/ipy/jdr may be
used) S

8C, 3G, 60y

T
A
Ay

E
I
T
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() Identify the irreducible representations
to which the normal modes of vibration
of water molecule belong. Comment on
the IR and Raman activity of the normal

modes. S
. E G ob2) o) |
A1 1 1 1|z |y, 2
A, 101 -1 10 R | xy
B 1 -1 1 -1 xR, | xz
B, 1 -1 -1 LIy R | yz

({d) For a hypothetical octahedral molecule
given below, find the reducible
representation considering the six
o-bonding atomic orbitals of the
H atoms as basis and show that
Ajg, E; and T, are the irreducible
components of the said reducible
representation. Identify the metal
orbitals taking part in the sigma
bonding. Show that the SALCs

1V2(0, - 03), 1W2 (03 - 0,) and
142(0s -0¢) form the basis for the

T, irreducible representation. S

l
[

HpMy—H —y
Al
o

v

I
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Character tables are provided.

o |E & &, 6, XKG(C) [ 85 A5 o 4 L _—
Al 1 11 1 [ 1 1 e

A |1 -1 1 1 [N l 1

E, 2 -1 0o 0 2 2 0 -1 2 0 [P |
Ty |3 O 1 1 1 3 1 0 1 1 lr, R, R

T |3 0 1 - 1 3 -1 0 -1 =y, )
Agf1r 11 1 B e A B |

A |11 1o-l 1 -1 [ N

E, |2 -1 0 0O 2 -2 0 1 -3 0

T |3 O -1 1 1 -3 -1 0 1 1 (x,y.2)

i3 0 1 1 1 BT A L

O|E 8C, 3G(=C) 6Cy 6C, | —
Al 1 1 1 1 sy +z”
M1 11— - faz? - @ - 2. 2 - 1)
E|2 -1 2 0 0

|3 o -1 1 -1 (R R R 2y, 2)

T, |3 0 -1 -1 1]

(xy, =z, yz)

(e) State the symmetry based selection

rules for electronic, IR and Raman

spectroscopy. S

5. Answer any two of the following questions :
3x2=6

(@) Given below is the incomplete
correlation diagram for d?
configuration. Identify the spin
multiplicities for the terms in it and

draw the connecting lines. 3
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(b) One of the SALC for sigma bonding in
square planer complex is

¥ =1/2(O'1 -0y +0'3 "'0'4).

Identify the irreducible representation

for the SALC. 3
D, | E 2¢, C 2C 2C i 25, o, 20, 20,
Ay | 1 1 1 1 11 1 1 1 1 Ptz
Ay 1 1 1 -1 -1 1 1 1 -1 -1 | R,
By |1 -1 1 1 -1 1 -1 1 1 -1 -y
By|l1 -1 1 -1 1 1 -1 1 -1 1 xy
E,l2 o -2 0o 0 2 0 -2 0 0|R.R)| ()
Ajl1 11 1 1 -1 -1 -1 -1 -l
A1 11 a1 -1 -1 -1 -1 1 1z
Bu|1 -1 1 1 -1 -1 1 -1 -1 -1
Bp |1 -1 1 -1 1 -1 1 -1 1 -1
E,J]2 0 -2 0 0 -2 0 2 0 0](xy
() For an MX, molecule having a
flattened tetrahedral structure of
D,, symmetry, identity the splittin
2d SY ry P g
pattern of p and d orbitals. 3
D2d E 234 C2 2c,2 20'd
Al 1 1 1 1 x?+y? 27
All 1 1 -1 -1|R,
B|1 -1 1 -1 x? -y
B | 1 -1 -1 1| =z xy
El2 0 -2 0 O0f(xys | xzyz
(Rxl Ry)
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LC for the 7 orbital in g (b) Name the crystal system with crystal

SA
(d) Write the lex matching the parameters a=bz+c, a=fl =y =90°.

square planer comp

d.. orbital of central metal atom. 5

w Y d. How many point and space groups one
Jow may be use 3 (c) Ho yPp 1d space groups

Diagram belo can find for two-dimensional lattice ?

2

(d) Mention the essential symmetry
elements for cubic crystal systems.
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2
(e) Define space groups. 2
() What are the symmetry elements for
point symmetry in crystals ? 2
6. Answer any three of the following queshons
(a) Show the possible unit cells for the i
following lattice : 2 i
|
A A A ‘
A A A
A A A
A A A
AsAat,
A A A
A A A A A A
A A A
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