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N.B. ¢ (1) All questions are compulsory.

(2). Figures to the right indicate full marks.

3) . Use of logarithmic table/non programmable calculator is allowed.
Physical constants:

N =6.022x10"23
k=138x10"2 jg-!
F =96500" Coulombs
R =8314 K "mor!
h=6.626x107345

- 0.0592 at 298K
Massof electron = 9.109x107 kg
| amu =931MeV =1.66x10"kg

=181 42

C =12 amu
H=1 amu
O =16 amu
Br=80 amu

1. Attempt any three of the following:-

(A) Derive an expression for wave number of P-branch and R-branch lines in a vibrational =~ 5
rotational spectrum of a diatomic molecule.

(B) The equilibrium internuclear distance in the molecule of HBr is 142.0 pm. Calculate 5
the frequency separation between successive lines in pure rotational spectrum in
m-l_ f :

(C) Calculate the number of modes of vibration in the molecule of CO, using appropriate S
expression, draw them. Giving reason, predict which modes are IR active and which
one/s are Raman active. -

(D) The vibrational frequency of CO molecule is 2.51x1 0" s'. Assuming vibrations 5
to be harmonic, Calculate (i) vibrational frequency for the molecule in m™, (ii)
the force constant of the bond. _

(E) Derive the expression for moment of inertia of a diatomic molecule with masses ¢

m, and m, separated by internuclear distance T'.

(F) Answer the following:-
(a) Define dipole moment. ' 1
(b)  Why some molecules have zero dipole moment where as others possess 2
dipole moment?
(c)  Explain the geometry of BF, and NH, on basis of dipole moment. )
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(D) Answer the following:-
(p)  State Heisenb

(E) Differentiate between matter wav S
Thé'Vélb’aijty"ofmvlectmn*inmq 0
(i)  The kinetic energy of elec
(i) The wavelength of the:
in nm. ] :
(F) State the expression for time independent sc
of mass 'm' moving in three dimcnsiq:ya‘n&‘
3. Answer anv three of the following:-
(A) Describe with the help of neat labelled d
study fast reactions. Give two examples 0
(B) Explain the method of electrolysis of water
(C) Bxplain the low resolution NMR spectrum of mef
(D) (a)  State the expression for collision frequen
: and identify the terms involved. 4 ¢
(b)  Give any three drawbacks of collision theors ;
(E) Explain the principle, construction and working o
(F) Answer the following with respect to NMR spectrosco
(a)  State the reasons for using tetramcthyls}ila’ﬂe

(b) ~ What is meant by spin-lattice relaxation?

2

4. Answer any three of the following:- i
i A) What are tracers? Explain the use of tracer in studymg rea

" the help of a suitable example.
(B) What is meant by nuclear transmutation an

between the two. e ,
(C) Explain the use of moderator, coolant, reflector, fuel and contro

power reactor.

d artificial radioactivity
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(D) Explain the yge
. of phosph, 7
counter used tq detcctpa:cfsmand b Working of photomultiplier tube in scintillation
() The half.life of sy 3, o . o2We radioactivity 5 ‘g

7. . .
Find the i:;{l'oa ycarf and its daughter element is 2*' Thwith half -
e and thr ©1ght of ®'Th in equilibrium with one gram of ?*U. 5
) eshold energy of the following reaction
Th +*He 2357, I
Given ,
;32m :232-1103 — . .
He  =4.0038 amy
) U =2351170 amu
Il = 1.0086 amu

232

5. (A) State True / False for the following statements. 1
- (2) Rule of mutual exclusion is applicable to linear molecule with centre of symmetry.
(b) The energy difference between any two successive vibrational energy levels is constant.
(c) Dipole moment is a scalar quantity. . ;
(d) In-plane bending vibrations are classified as rocking and wagging.

OR . 4

(A) Choose the correct answer:- R e

(p). For stokes line in Raman spectra (i) A, > A, () A =2, (i) A <X

(@) For pure rotational spectra :

. . .. _h R S
@ I=—> @ B @ av=B
(r)"The vibrationél degree of freedom for non-linear molecule of H;O is
i 2 i. 3 (iii) 4 : :
(s) Rotational spectra is observed for - -
| G CH, (@) CHCl (iii) CH, i e
. vl _ £ A

(B) State true or false for the following statements. : NI

(2) The phenomenon like Black body radiation is explained by taking into account

the wave nature of light. | : i
(b) The mathematical expression of Tafel's equationis n=a-b logI
(c) The de Broglie relation shows that the wavelength is directly proportional to the
momentum of a particle. b -
(d) Electroplating reduces corrosion of metal.
- OR
- [ TURN OVER
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(B)  Choose the correct answex- i
iltoni ] Py
(p) Hamiltonian operator 1 i
@) kinetic energy operator :( ) |
(iii)  total energy operator bt
a2 |
(q) If the operator —Ex—Z‘ operates o1l

e R eE R
.9 . G @y 2 G
(r) The deposition potential is given by ‘ S ey T B o
(i) (Reversible potential) + (ovcrvoltagc): S iy g | ﬁ

(ii) (Reversible potential) - (overvoltage) N

.+ (iii) (Overvoltage) -(Reversible potential) = -

(s) Hydrogen overvoltage is also called as
(i) acid overvoltage (i) i :
(iii) bubble overvoltage L b 4

alkali oﬁeﬂbltagé s

. (C) State true of false for the following statements.
(a) According to collision theory of reaction rates,
to the total number of collisions per cm? per second.
(b) A fuel cell is a device that combines hydrogen and carbon-
electricity and water. ' | i R i
(c) In NMR spectroscopy, resonance refers to equal magnitude of 'abso\rb@d\ and ‘
precessional frequency. | S AR B

the rate of reaction is proportional
gi-oxide to produce |

(d) FeS, is used as a cathode in lithium - ion cell. /" ‘ : SR e )
e R TR o e g
(C) Choose the correct answer. ' ‘ . _/ . o e
(p) The most likely alternative to fossil fuel for clean energy in future is =~ b
(i) butane (i) hydrogen (iii)  pfopane It
(q@) The nuclear spin of lgc o ‘ A i il
. (i) zero (i) integral /(i) halfintegral e
(r) At low pressure many gaseous reactions are A RO S G
(i) first order (i) second order (iii) third order i
(s) A semiconductor with excess holes is called - % | i
) ppe (D) wipe Gif) pajumction o -
(D) State true or false for the following statements. e
(a) Threshold energy for nuclear reactions is calculated for exoergic reactions.
(b) Energised projectiles are used to induce artificial radioactivity. AR
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" (©)®Uisa fgrtile fnaterial |

(D) Choose the correct ansyyey- OR
(1) = 18sile materjq) j iv
() One cugig g -, () my BV
6)) e3tt]cnlv 1%y 1s defineq as (i) =y
Jdx 010 d e :
T i . ps (11) 8. 1
9 Reoncive s, 7105 ) 37010
(@}% Irreversib]e
1) affected b '
(i) reached in very e 204 pressuce
| ry Shf)rt time as compared to chemical equilibrium.
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