3 (Sem-5) CHM M 1
2014

CHEMISTRY
( Major )

Paper ;5.1

Full Marks : 60
Time : 3 hours

The figures in the margin indicate full marks
for the questions

1. Answer any five questions : S5x5=25

(aj Deduce Planck’s formula in connection
with blackbody radiation experiment. 5

(b) For a particle moving in a 3-D box of
lengths a, b and ¢, where potential
energy . s, zero,.find . the “eiergy
expression and wave function. >

(c) For a particle in 1-D box, show that the
average value of momentum along
x-axis is zero. Find the wavelength of a
radiation emitted when a particle of
mass 9-0x1073! kg in a one-

dimensional box of length 3A
undergoes transition from n =3 level to
the ground level. 2%+2Y%
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(2)

(d) The thresholc_l wavelength for hot
electric eémission in tungsten is 250(()) ?_
Calculate wavelength of radiation th:t;
II:us"c be us.ed to eject electron with

aximum kinetic e

: Hergy of 1:5 ey
State how Einstein explained the results.

a2

the interva] O0<x<a wh

Particle with mass 9.0x10-31 kg

enclosed in a three-dim

ension
lengths 1-0x10°15 g

m, 2.0x10°15 .,

and 3.0 x10-15 i
M assuming Potentig]

energy to be zero.
248

) Treating the T-electrons in

p:lrtlcles in one-dimensiong] box
C )
‘ culate the  lowest absorption
T

€quency of the absorbed radiation

given that the length of the butadie
molecule to be 0-56 nm i

butadiene as
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Continued )

{ 3)

{g) Answer the following questions in brief :

2. Answer any four questions :

(@)
(b)
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() Which of the following sets of
quantum numbers gives rise to real
hydrogen like wave function?

(1) n=2,1=1m; =-1
2) n=2,l=,, m=+1
B) n=2,1=1,m; =0
State reason.

(ii) State how many folds a particular
energy level of free axis rigid rotator
will be degenerated.

(iii) Consider an atom with an excited
state where it spends 1078 s and

then comes back to the ground
state. Calculate the uncertainty in
the energy of excitation.

(iv) Define linear operator.

Calculate the average value of potential
energy of electron of H-atom in 1s state.

State the Hund’s set of rules for
deciding the relative energies of state in
a system containing equivalent
electrons. Determine the term symbols

for—

2
1

5x4=20

5
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()

(d)

(e)
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¢ 4%)

Find the operators for x-, y- and
z-components of angular momentum.
Which physical quantity is represented
by Hamiltonian operator? Find operator
for kinetic energy in x-dimension. 3+1+1

The Hamiltonian for hydrogen atom and
the 1s wave function in atomic units are

fra s L 4
2 r
L e

Wls =T:e

respectively. Calculate the ground-state
energy of hydrogen atom in SI units.
Express your result also in electron
volts. 41

For a chemist, y? (probability density) is

of more interest than . Variation of y2

with r for various states (of 1s and 2s) of
H-atom is shown below :

1-2-
9 .8
\V]\ 0-8 1s
2s
b 2s 1s
— } } +
1 2 3 4
7 ——
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(S)

However, Bohr’s theory predicts that the
electron in 1s state of H-atom is to be
found at r = q; (Bohr radius). Solve this
confusion and also draw actual radial
probability at different values of r for

H-atom. 5
(/) () A hydrogen-like wave function is
given below with r in atomic units :
V2 3/2
y=———2Z (6—-Zr) Zrexp (- Zr /3) cos 8
81Vn :
Determine the quantum numbers
i, L and’'m; Y pust fromy - this
expression. 1'%
(ij) State Pauli’s principle of anti-
symmetric wave functions. 1
(i) What do you mean by complete
wave function? Write the complete
wave function for ground state of
He-atom. 1'%+1
3. Answer any three questions : 5x3=15
(a) Use LCAO-MO theory to solve the
Schrodinger equation for the electron of
H) to find the normalized wave
functions and corresponding energy
expressions. 5]
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leve] diagram oft go, €xplain
whether the molecuyle is
Paramagnetjc or not,
(i) Show that [ Dyl=in
(¢) - Use Hiicke] method tq €xplain the
Stability of benzene molecule,
d) Calculate the rotationga] €neray wof Co
gy

... a homonuclear diatomjc molec

has the ground state molecular
orbita] configuration

(1) What is the net number of

(2)

(3)

Al5—1 100/242

bonding electrong?

1%

{ Continueq i)

(7)

ili eH
1 dict the stability of Hlalr
e Prel cule on the basis of molecu
mole

orbital theory.

z re polar than
in why HCl is mo 1
% i;piilrll:he basis of energy of atomic

orbitals.

12
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