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1)   alcoholic KOH
2)   B H  / ether, CrO
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PHYSICAL CHEMISTRY
CH - 410 : Molecular Structure and Spectroscopy
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Instructions to the candidates:

1) Answers to the two sections should be written in separate answer books.
2) All questions are compulsory.
3) Figures to the right indicate full marks.
4) Use of logarithmic tables/calculator is allowed.
5) Neat diagrams must be drawn wherever necessary.
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Physico - Chemical Constants

1. Avogadro 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. 1 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. Faraday 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. 1 amu = 1.673 × 10–27 kg
11. Bohr magneton βe = –9.274 × 10–24 J T–1

12. Nuclear magneton βn = 5.051 × 10–27 J T–1

13. Mass of an electron me = 9.11 × 10–31 kg
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SECTION  - I

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

a) Discuss in brief the classical mechanical approach of NMR Spectroscopy
theory.

b) Define the terms : Saturation, Nuclear spin, chemical shift and nuclear
resonance in NMR.

c) Distinguish between ESR and NMR spectroscopy.

d) Describe the essential components of NMR instrument with a suitable
block diagram.

e) What is NQR group frequencies? Explain their use in molecular structure
determination.

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

a) Why is ESR spectrum recorded in the first derivative mode?

b) What is Mc Connell relationship? Explain the terms involved their in
Discuss its applications.

c) What is g-value? Discuss the factors affecting g-value.

d) Discuss the applications of ESR spectroscopy.

e) Explain the basic principle of PAS.

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

a) Predict the nature of ESR spectra of 14NH3 and 15NH3.

Given : 14N, I = 1, A = 20 G (for 14N-H)
15N, I = ½, A = 6 G (for 15N-H)
1H I = ½.

b) Calculate the NMR frequency of 35Cl in magnetic field of intensity 1.89T.

[Given : I = 3
2 , μ = 1.06 in units of βn]

c) A free electron resonates at 9.5 GHz at a magnetic field strength 0.33 T.
At what frequency will resonance occur if the magnetic field is 1.6 T.
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SECTION  - II

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

a) Draw a neat labelled diagram of an X-ray Powder camera. Show that for
a powder camera of radius 57.296 mm, 1° is equal to 1 mm.

b) How is the fourier synthesis used to determine a Unit cell?

c) Give a brief account of Braggs method used in the elucidation of crystal
structure.

d) Write an account of diffraction of electrons by gases with reference to
Wierl equation.

e) State the essential characteristics of the instrumentation for X-ray
diffraction.

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

a) Derive the Van-vleck formula for magnetic susceptibility.

b) Distinguish between diamagnetism and paramagnetism.

c) What are the advantages and disadvantages of Faraday method over
Govy method?

d) Describe the experimental setup of neutron difraction technique with a
suitable diagram.

e) Define the terms : magnetic yield, pole strength, intensity of magnetization
and susceptibility.

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

a) Calculate the glancing angle.

Given : d = 400 Pm, λ = 154 Pm, h = 1

b) Calculate the radius of an atom having FCC structure. The mass and
density of an atom are 63.5 and 8.94 9 cm-3 respectively

c) Calculate the volume and mass susceptibilities of complex salt with five
unpaired electron at 25°C

[Given : density = 1.85 9 cm-3, molar mass = 228 9 mol-1.]
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