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SECTION - I

Q1) Attempt the following : [10]

a) Enlist the factors governing the intensity of spectral lines.

b) Define :

i) Hot bands.

ii) Fermi resonance.

c) Explain the principle of ESR.

d) State the rule of mutual exclusion.

e) Classify the following molecules on the basis of moment of inertia, CH
3
F,

C
2
H

2
, OSO

4
, CH

2
 = CHCl.

Q2) Attempt any two of the following : [10]

a) Discuss the pure rotational Raman spectra of Linear molecules.

b) What do you mean by non-rigid rotator? Discuss its spectrum.

c) Write a note on energy of a vibrating diatomic molecule. Give the
expressions of oscillation frequency and vibrational energies in cm–1.
Define zero point energy.

d) State Franck-Condon principle and explain the intensity of vibrational
electronic spectra.

Q3) Attempt any one of the following : [5]

a) The first rotational line of 12C 16O is observed at 3.84235 cm–1, and that
of 13C 16O is observed at 3.6737 cm–1. Calculate the exact atomic weight
of 13C assuming that of oxygen to be 15.9949.

b) Calculate the population of first excited level of the ground state has
1000 molecules at 298K. Given E = 4.005×10–23 J molecule–1.
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SECTION - II

Q4) Attempt the following : [10]

a) What is dead time of G.M. counter?

b) Sketch the plane (111) in simple cubic cell.

c) State Fick's laws of diffusion.

d) What is the wavefunction of H
2
 molecule in valence bond theory?

e) Give preparation of 22Na and 35S.

Q5) Attempt any two of the following : [10]

a) What is radiotracer technique? How it is used to determine surface area
of precipitate?

b) Explain the Huckel theory of Cyclobutadiene.

c) Derive Bragg's equation for the interplaner distance in a crystal face.
How is it used for the determination of a crystal structure?

d) Discuss zone diffusion technique to calculate diffusion coefficient.

Q6) Solve any one of the following : [5]

a) The element chromium exists as body centered cubic lattice. The unit

cell edge is 2.88 
o
A . The density of chromium is 7.2 gm cm–3. How

many atoms does 52 gram of chromium contain?

b) The half life period of 226Ra is 1600 years. How many gram of it will be
left undisintigrated from 1.0 gram of the isotope after 4750 years?


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SECTION - I

Q1) Answer any three of the following : [15]

a) Explain the hyperfine structure of ESR spectra.

b) Write a note on NMR spectroscopy principle.

c) Explain the advantages of FTIRS.

d) Write a note on Fortrat parabola.

e) Write an account of the quantum theory of Raman effect.

Q2) Answer any three of the following : [15]

a) Explain the factors governing intensity of spectral lines.

b) What are overtones, fundamental lines and hot bands?

c) Deduce the relation I - r2 for a rigid molecule.

d) Explain the effect of nuclear spin or spectral spacings.

e) State and explain the Franck-Condon principle.

Q3) Solve any two of the following : [10]

a) 1H – 35Cl is irradiated with 436 nm line. Estimate the wave number of the
first two anti Stokes lines.

b) Evaluate the spectral width for a line representing a transition to an excited
state having a lifetime of 100 ps.

c) If B for a molecule is 0.36 cm–1, find J
max

 at 200ºC.

SECTION - II

Q4) Attempt any three of the following : [15]

a) Explain the terms G-value, electron absorption coefficient, spur and dead
time.

b) Discuss the working of a scintillation counter. What is the role of pulse
height analyzer in it?
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c) What is hydrated electron? Give the different methods to obtain the
hydrated electron.

d) Explain isotope separation method for plutonium.

e) What are the various modes of interaction of -rays with matter? Discuss
any one of them in detail.

Q5) Attempt any three of the following : [15]

a) Explain in detail critical size of thermal reactor.

b) What is the breeder reactor? Explain with an example the principle of
breeding.

c) Describe the use of radioisotope in the measurement of the thickness of
a moving sheet.

d) Explain how the concentration of an element in a sample is determined
by NAA? What are disadvantages of this technique?

e) Draw and explain a radiometric titration curve where in the reagent is
labelled.

Q6) Solve any two of the following : [10]

a) The activity of a radioisotope fall to 
th1

12  of its initial value in 12 hours.

Find its half-life and average life.

b) Find the thickness of lead required to reduce the level of radiation from
10,000 cpm to 2,000 cpm. Given 

pb
 = 0.57 cm–1.

c) A 0.1 g gun metal alloy containing 90% Cu was irradiated for one day in
a neutron flux 109 ncm–2S–1. Calculate the activity after a cooling period
of 6 hrs.

[Given : At. weight of Cu = 63, 1
2

t  for 64Cu = 12.7 hrs, = 4.5 barn and

r = 69.17%]
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Physico - Chemical Constants

1. Avogadra Number N = 6.022 × 1023 mol–1

2. Boltzmann Constant k = 1.38 × 10–16 erg K–1 molecule–1

= 1.38 × 10–23 J K–1 molecule–1

3. Planck Constant h = 6.626 × 10–27 erg s
= 6.626 × 10–34 J s

4. Electronic Charge e = 4.803 × 10–10 esu
= 1.602 × 10–19 C

5. l eV = 23.06 k cal mol–1

= 1.602 × 10–12 erg
= 1.602 × 10–19 J
= 8065.5 cm–1

6. Gas Constant R = 8.314 × 107 erg K–1 Mol–1

= 8.314 J K–1 Mol–1

= 1.987 cal K–1 Mol–1

7. Fraday Constant F = 96487 C equiv–1

8. Speed of light c = 2.997 × 1010 cm s–1

= 2.997 × 108 m s–1

9. 1 cal = 4.184 × 107 erg
= 4.184 J

10. l amu = 1.673 × 10–27 kg
11. Bohr magneton 

c
= – 9.274 × 10–24 J T–1

12. Nuclear magneton 
n

= 5.051 × 10–27 J T–1

13. Mass of an electron m
c

= 9.11 × 10–31 kg
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SECTION - I

Q1) Attempt the following: [10]

a) Write and explain the expression for the width of a spectral line.

b) Classify the following molecules based on moment of inertia.

i) Vinyl chloride

ii) C
6
H

6

iii) H
2
O

iv) BF
3

c) State the conditions for Raman activity.

d) State Born-oppenheimer approximation. Under what conditions it breaks
down.

e) Write the expression for resolving power of FT-IR spectrophotometer.

Q2) Attempt any two of the following: [10]

a) Explain the rule of mutual exclusion and its converse.

b) Explain UPES with the help of a spectrum for CO molecule.

c) How many fundamental modes of vibrations are their for water molecule?
Sketch and explain each vibrational mode.

d) Explain the applications of ESR spectroscopy.

Q3) Solve any one of the following: [5]

a) Calculate the fundamental frequency of DCI if the fundamental vibrational
frequency of HCl is 2990 cm–1 assuming force constant to be the same.

b) The fundamental and first overtone transition of the NO molecule are at
1877.05 cm–1 and 3725.0 cm–1 respectively. Evaluate the equilibrium
vibration frequency and the force constant of the molecule.
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SECTION - II

Q4) Attempt the following : [10]

a) Explain the different types of radioactive decay process.

b) State Ficks laws of diffusion.

c) Define the terms radiation track, spurs, -ray and stopping power.

d) Give the preparation of 14C and 3H isotopes.

e) Define elementary separation factor. Write Fermis four factor formula.
Give the meaning of each terms involved in it.

Q5) Attempt any two of the following : [10]

a) What are the modes of interaction of -rays with matter? Explain the
photoelectric effect in detail.

b) What is diffusion phenomenon? Discuss zone-diffusion technique to
determine diffusion coefficient.

c) Explain the principle and working of a breeder reactor.

d) Describe the principle, construction and working of G.M. counter.

Q6) Solve any one of the following : [5]

a) The half life period of 226Ra is 1600 years. How many gram of it will be
left undisintigrated from 1.0 gram of the isotope after 4750 years.

b) Calculate the thickness of Pb (Z = 82, A = 207.2) plate required to
reduce the level of radiation from 0.1 Gy/min to 3.1 m Gy/hour.

[Given e = 0.211 b/electron, Density of pb = 11.35 g cm-3]
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SECTION - I

Q1) Attempt  any three of the following: [15]

a) Explain the factors affecting intensity of spectral lines.

b) Discuss the breakdown of Born-Oppenhiemer approximation.

c) Explain Raman Scattering on the basis of molecular polarizability.

d) Write a note on Pre-dissociation.

e) Give the classification of molecules on the basis of moment of inertia
with suitable examples.

Q2) Attempt any three of the following: [15]

a) Give the principle of photo electron spectroscopy and discuss the UPES
spectrum of carbon monoxide.

b) What is the criteria for a vibration on a molecule to be Raman active?
Discuss Raman activity of CO

2
 molecule.

c) Discuss the influence of rotation on the spectra of polyatomic linear
molecules showing perpendicular vibrations.

d) What do you mean by non-rigid rotator? write the energy expression in
cm–1 for the same and using equations of ‘B’ and ‘D’. Show that D=4B3/

2w  compare the spectra of rigid and non rigid rotor..

e) What is Stark effect? Discuss its applications.

Q3) Solve any two of the following [10]

a) The spectrum of HCl shows a fundamental absorption at 2886 cm–1 and
first overtone at 5668 cm–1. Evaluate equilibrium vibrational frequency,
the anharmonicity, zero point energy and force canstant.

b) The average spacing between successive rotational lines CO molecule is
3.6862cm–1. Determine the trasitions which given the most intense spectral
line at 308 K.

c) The first stokesline in the rotational Raman spectrum of 14N15N is
observed at 11.5416 cm–1. Calculate its ‘B’ value and bondlength.
Comment on the intensity of spectrum.
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SECTION - II

Q4) Attempt Any three of the following: [15]

a) How does the gamma rays interact with matter? Give an account of
Photo-electric effect.

b) What is ‘G’ value? Explain radiolysis of Fricke solution.

c) Describe the application of radioisotopes in determining surface area of
the precipitate.

d) Distinguish between secular and transient equilibria.

e) Explain the principle of a breeder reactor.

Q5) Attempt any three of the following: [15]

a) Describe isotope dilution and reverse isotope dilution analysis.

b) Explain the terms

i) tracks ii) Spurs

iii) -tracks and iv) Stopping power

c) How is 14C obtained naturally and artificially?

d) Write a note on nuclear waste management.

e) Describe the working of a G.M. counter.

Q6) Solve any two of the following [10]

a) The half life period of a radio-isotope is 3.8 days. How much of it will
remain after 28 days if 5 g of it is present initially?

b) A 0.1 g of a catalyst sample containing 65% Cu was irradiated for 24 h in
a neutron flux of 109 ncm–2s–1. Calculate the activity due to 64Cu after a
cooling period of 6 hrs.

[Given : At. weight of Cu=63, t
1/2

 of 64Cu=12.7hrs, cu  4.5 b and
isotopic abandance = 69.2%]

c) Determine linear absorption coefficient of ethanol using following data.

[e  =0.211 b/e–, = 0.713 g. cm–3, Z of C=6, H=1, 0=8 and A of C=12,
H=1 and O=16]


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