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INSTRUCTIONS: Answer Question ONE and any other TWO questions.

QUESTION ONE (30 MARKYS)

a) The Explain how hyperfine structure is produced (4 Marks)

b) For thesodium D line (7681.94 x 10~8cm) the Doppler broadening is 770MHz. calcul ate the

temperature of the potassium vapour (4 Marks)
c) ldentify the properties of substances that can be analysed using Electron Spin Resonance
(3 Marks)

d) The splitting between two linesin afree radical is 75.0 MHz and g=2.005 give this terms of

militesla and wave number (5 Marks)

€) Calculatethe frequency required to satisfy the resonance conditions for N*4in amagnetic field

of 2.3487T; gy = 0.4036 (4 Marks)

f) The relative velocity between the source and absorber is 100m/s for Fe-57. The energy

difference between the ground and the excited state is 14400eV. Find the frequency shift
(5 Marks)

MUST is IS0 9001:2015 and

ISO/IEC 27001:2013 CERTIFIED

1



g) Find the value of the rotational constant for the molecule Br”® F ° if the highest intensity
spectral lineis J=17 to J=18 at 300K. (5 Marks)

QUESTION TWO (20 MARKS)

a) TheJ = 0toJ = 1rotational absorption line occurs at 1.153 x 10 ** Hz in C*2 0% and 1.102 x
10! Hz for 0¥0'° . Find the mass number of the unknown carbon atom (11 Marks)
b) A Hg? CI* molecule emits 4.4cm photon when it undergoes rotational transition from J = [

toJ = 0. Find the interatomic distance in the molecule (9 Marks)

QUESTION THREE (20 MARKYS)

a) Thelifetimeof Fe*’ excited stateis 1.5 x 10 ’s. The excited stateis 14.4 Kev above the ground
state. Determine the linewidth tand 7 /E. (8 Marks)

b) The chemical shift of the CH3 proton in acetaldehyde is 2.2 and that of CHO proton is 9.8.
what is the difference in local magnetic field between the two regions of the molecule when
an external field of 7.0T is applied (12 Marks)

QUESTION FOUR (20 MARKS)

a) Determinethe relative intensities of the five fine structures of Fe3+ in single crystal.

The effective spinis 5/2 (10 Marks)
b) Show aschematic diagram of the hyperfine structure of the n=I to n=2 Of hydrogen
(1=1/2) for hydrogen (10 Marks)
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