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CHEMISTRY
( Core )

Paper : CHMC4D
( Symmetry and Quantum Chemistry )

Full Marks : 45

Time : 2 hours

The figures in the margin indicate full marks
for the questions

1. W% Teqeol i Sfepear - 1x6=6

Choose the correct answer :

(@) ZErERe Sfeore e care

Heisenberg uncertainty principle is

(il Ax Ap= iy
4m
(i) AxAp, >
41
(i) Ay Ap, = -
4n
fiv) Ax AE > 1
4n
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(2)

(b) oS fAl (RFCH S A% 25 Dy, 2
_.:Which_ ‘df the following molecules has
D3y, point group?

(i) CH;Cl
(i) NH,
(iii) BF,
(iv) H,O
(c) (FHRIGH TEARETTS 22U SRTFATD 277

The wave function which is acceptable
in quantum mechanics is

(i) v=x
(ii) = x?
(iii) v =sin x

(iv) vy =tan x

(d) W@WW%EIW 951 SRgeH
Fele 27
Which of the following functions is an

eigenfunction of the operator -i?

() g-ax*
(i) sin ax
(iii) e~ox
(iv) x3
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( Continued )

& (G r%\\ (3)
‘5‘1' ( ESTp| %ﬁ?\f}
o (e) Cs, 3% e 2l fraly SeiEmPRz 279
Pm-,aﬁ‘“ The symmetry operations in Cj, point
group are
fil. B ChaCrior

(u) E: Cléx C3: C3: U* 0;: 0-:;”

1 e
(Ill) E: C3’ C3: Gu: G GU”

v’
(iv) E, C,, 30,
() T @D FF AR (T WR?

Which of the following molecules has
centre of inversion?

(i) BFj3
(i) H,O
(i) HCl
(iv) HyCy

o 2epigEd i G fefe Tl i 4x3=12
Answer any three of the following questions :

(@) “F© fEl qEFER RS ol fAefy 91 1x4=4

Determine the point group of the
following molecules :

() [PtCl,]™
(i) C,H,
(iii) CO,

(iv) NH,
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() W G B (R o )

(4)

Write short notes on (any two) :
(i) 996= SRS &= (C,)

(c)

(@
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Proper axis of rotation (C,,)

(i) T e (o)

Mirror plane (o)

(iii) 2TERRA T (i)

Centre of inversion (i)

Cy, *B% R I (FCITA SRR 97 317 |

4
Construct the character table for Cyp,
point group.
i) x y 9% z3 fofe RBory & fafife
WM 3x3 ey Temrem  fo
(R reT o) - 1x2=2
Write down the 3x3 matrix
representation of the following
operations taking x, y and z as
bases (any fwo) :
(1) 0.y
(2) E
(B) Cay
(i) e Al R 3R o xyCa(o) T
Tfere | 2
Evaluate o xC2(z) Using matrix
algebra.

{ Continued )

(S)

3. & Py R e fofbm Tee fran 9x3=27
Answer any three of the following questions :
(@ (i) x=-a 9F x=+a Sire FEAPHR 07O
fran @ wigen faan C=em
Fy (4 = Ny(a® - x?)
Fy(x) = Nyx(a® - x?)
—a<x<a SEe ACERERd K
N, 1% N,3 9 f3efq 41 | 6

The functions given below are
defined in the interval x =-a and
x = +a as follows :

Fy(¥) = Ny(@® - x?)
Fy(x) = Nyx(a? - x?)

Calculate the value of normalization
constant N; and N, in the
range —a< x <da.

(i) CTYSd @ 8RS TEY F9 Fy(n) A
Fy (%) ST | 3
Show that the function Fj(x) and

F,(x) in the above problem are
orthogonal.
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(@)

(i)

(iv)

(i

(6)

2
Calculate the value of E— X
ax?’ |

ST I MMES a1 oty 7o
Tfere | 1%x2=3
Evaluate the operators corresponding

to momentum and kinetic energy.

SRAFE BT BN B[EAE T2
GEIl 2

Write down the conditions of
acceptability of wave function.

T T @ 9o = et
T-feCeTTeab SRR @5 SR
TS ] o | 2
Prove that non-degenerate eigen-

functions of a Hermitian operator
are orthogonal to each other.

41 TR T I/ e o
RAR ISR T T SRS T

T | SRFFRFDIE W % Riefy <4 |

" 4+1+1=6

fSolve Schrf)d1nger’s wave equation

or a particle moving freely in a
three;cllmensiona_l cubic box. Find

the eigenfunctions and energy.

( Continued )

(@)
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(ii)

(i)

(i)

(&)

10"8011:1511%72‘?@%@%@@
95 EAFT A n, =ny =n; =1
wqgE Al ne=n, =1L n;=2 il
AT AR AT M T F40 1

Determine the energy required for
a transition from n, =n,=n, =1
to n, =ny, =1, n, =2 state for an
electron in a cubic hole of a crystal

with 108 cm edge length.

faeRe q[E ARE AR [ v A
2 @A S . T R Seea L S
ool INE [ 7, (903 NI T/ @

L2
sifedfs, T =
2ur2

The distance between the atoms of
a diatomic molecule is r and its
reduced mass is u. If the angular
momentum is L and moment of
inertia is I, then prove that

L2
2ur2

kinetic energy, T =

e gl FRIGE SRYE @ 9O 1-D
b M i relll o ol B e B DR s I
Fd AE Y12 AT S
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(8)

Draw the graph of w2 for a systexh

behaving as a 1-D simple harmonic
oscillator with quantum number :

(1) v=0
2) v=1
(3) v=2
(i) Li *REE A HG0RE S0 51l
faram | 2

Write down the Schrédinger
equation for Li atom.

(e) (i) CSRTT= S@cH! B S 2 < | 4

State and prove the variation
theorem.

(i) yea @ [L?, L,]=0.

Show that [L?, L,]=0.

* ok ok
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