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CHEMISTRY
( Major )

Paper : 5.1

( Quantum chemistry )
Full Marks : 60
Time : 3 hours

The figures in the margin indj
cati
for the questions € Jull marks

Symbols signify their usyq) mean;
ngs

1. Answer any seven of the fonowing e
tief'

1x7=7

(a) Write the postulate
mechanics regarding tp
value of a physical quant;

of quantum
€ expectation
ty Of a SYStem_

(b) Find the expression for the H
operator for a particle of b
potential ~€energy V.
x-dimension.

amiltonian

o, 388 n with
OHSider Only
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()

(d)

()

(9)

(h)

)
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(2)

The state fﬁnction W takes on only real
Values- State Tr‘ue or FaISS.

The normalization Condiﬁon is J‘wgd{,‘ =1.

State what this condition actually
means,

Write the spin orpital for ground state
H-atom_

State Why the molecular orbitals of a
hEterC'nuCIea—r diatomic molecule cannot

e .
clasmﬁed as g or u.

Write thq term symbol for the ground
State hYdrogen molecule.

s ®hergy of 4 free axis rigid rotator 18

. 2 .
X i %—_ State how many foldsithis

€
n_ergy IEVel will degenerate.

Giv 2 inst x
€ the schematic plot of y* again
of one_g: ator,

; ic oscill

if ¢ dlI"“el‘lsmnall harmonic :

he Valye antum number is
Zerg. of the qu

( Continued )

(3)

2. Answer the following questionsg - 2%x4=8

(@ A function must be quadratically
integrable in order to be well-behaved.
State when a function is said to be

quadratically integrable. Write why the

function has to be quadratically
integrable.

kx . -
(b) Show thate" is an €igenfunction of the
momentum Operator’ Dy

: ; X
(c) Normalize the function COS—a— over the
interval 0 <x s a

Or

e ST
Out of —- BRGRRENE, square oo W)

; i is li
explam. which Inear Operator ang
which is not.

(d) Write the expressions for this,
and the 2z-component of
momentum. Find the Magnityq

agnitude
angular

e
orhital angular_ momentum O?f the
electron in d-orbital. an
20A/279
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(4 )

Or

Fmd the magnltl.lde of the Spin angular
momentum of an electron. Write how

(S

Or

Use the LCAO method to form the MO
wave function of H3. Using this wave

ANy orientations of the spin angular

m ) .
f omentum wil| e pbserved in presence
0

function, deduce the energy expressions

for the bonding and the antibonding

4 Magnetic field applied in 2 MOs. 1+4=5
Particular direction.

4. Answer either (@), (b)and (c) or (d), (e) and f:
3' {a) Wl‘lte the a

and ¢ PProximate spatial function (@) Fo;_ = parti;ie Hoving, on, 4 ring of
of th X SPIn functions for the electrons ra 11-131_:;‘1) ; Wave  function is
Pauli’e gound gtate He-atom. State Vislesn iEno T ythat, the possible
enc: rantisymmetry principle afﬁ values of m are 0, £1, +2, ., 3
Wave fy, lnc} the acceptable Comp152+3:5 rile ] :
fiction of He-atom. (b) 'For a particle in a one-dimensional box
i of length a, Whe}ie pot-ential energy is
»;-.n;_ng Hicke method, find the n-bond i .SOlve \ ¢ time-independent
&Y of thene Henc,e explain how the Schrodinger eql-latmn to get the value of
Ormation 0 t}-; e tlos orbital the wave function and energy. 4
il . 3+2=5
molecule. (c) The ground-state translation ) energy of
(c) Writ \ 2 a particle in & one-dimeng;jqy,
SN Indicate the ki state translational energy of tne game
termg . TS and the potential ener& pasticle, @ I 45 MOVINg i o) wibe of
equatipres‘:jnt in the Hamiltonian of thi length 100 pm. .
4Pprg 8 Using Born-Oppenhel?® lanck’s radiati
Schr‘.xfma\tion explain how the (d) Deduce Planc 4 'ation law in terms
OdlngEr f | H: can be of wavelength 1n Case gof blackb d
Sepay etion 12N 3=5 radiation. Oy
i iI‘lto two equations. i 4
20A/27g 20A/279
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(6)

(€) For a particle ip one-dimensional box, (@)
where potential energy is zero, show
that the average value of momentum is

Zero, 8
(e
(f1  Assume bsip X to be the wave
; a
function S parficle i ooty [ﬂ

dimensjong) box of length a, where
V‘xol Verify whether it satisfies the
€igenvalye equation, Hy = Ev, of not.

Answer etther (a), (b) and (c) or (d), (e) and (f):

% e the quantum numbers on 5
i radial function and the

aDlll;gu lar function of H-atom depend.

fro:luss What informatiOﬂ can be dfaWIC‘;
the plots of the radial function an

the square of the radial function against
the radig distance %5

(b)  Write

i the Russell-
Sal.lllde brlt‘.f ik

o T U b
Dment mbol or
1 Um 24+1=3 {b)

coupling
. Write the term SY

(¢} Show th -obability of

2047279 ( Continued ) 2R

( 77)

Write a short note on Stern-Gerlach
experiment.

Deduce an expression for the radial
distribution function for nop_g state

Calculate the average valye of the radial
distance of the electron from R0

nucleus of the H-atom in ground st tthe
a

€.

6. Answer either (a) and (b) or (¢) and (d) :

Heitler and London yge v, :
wave function for the bOndiIfgf?:O:mg
2 -
v=Glsalliss@+c, 1s,2) 1s,0)
: B
Explain why this waye o
preferred to the .MO Wave funoti,
H,. Write how this waye S on
improvement over the Mg Wave funlcs'r.
of H2 5 u |

is
of
an
on

Using the energy fXPI"ESSion of the
bonding MO of Hy, .

( Turn Over )
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(8 )

() Using the energy expressions, find the
normalized MQ waye functions of Ha-

Give the schematic plots of the square o
€ wave functions against internuclear

distance. State what information can be
dI‘aWn f 4"5'2:6
fom these plots.

(@ s Chergies of the n-MOs of benzen®

aCCOrding to Huckel method, are O +2{31

o *P @=p ang o _op. Here cach of ¢

energy Ievels a+B and o-p 18 d

OW the f, . calized ™
- tion of 4o g

the molecule.

* ok K

|
Sta_n 2 —ax = -—-’r‘l"—’
darq integral : J: e dx a" +1
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