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INSTRUCTIONS: Answer question one and any other two questions

The following constants may be useful
Bohr magnetong,) = 927x10 JT ™
Plank’s constant (k) 6626x10**JS
Nuclear Magneto(3,) = 505x10 JT ™

QUESTION ONE (30 MARKYS)

a) Explain the hyperfine structure clearly showingsiteirces (5 marks)
b) Explain isotopes shift clearly identifying its cass (5 marks)
c) ldentify the 4 specifies of substances that caentifled using ESR (4 marks)

d) An ESR spectrometer operating at a magnetic fiel@4T is used to analyse alkyl
radical of g-factor of 2.002. Find the operatinggfuency of the spectrometer

(4 marks)
e) Clearly explain the meaning of chemical shift ngarks)

f) For an unshielded proton determine the resonaecgéncy if the magnetic field

given that

gproton = 585, 3, = 5.05082107%" JT ™ (4 marks)
N
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9)

Calculate the g-factor for methyl if the methyl i shows a single line at 0.242T in
and ESR spectrometer operating at 6.88GHz (&spar

QUESTION TWO (20 MARKS)

a)

b)

For the nucleus of nitrogen 14 placed in a magrigtid of 5.4T and=1,and
gNitrogen = 0.48, Find:

i. All the nuclear spin states (4 marks)
il The energy of the highest spin state (3 marks)
iii. The energy of the lowest spin state (3 marks)

The isotope CI-35 has its nucleus in a magnetid 4T and has a nuclear spin of

3/2. Given thatg, = 0. 5400

i Determine all the nuclear states (5 marks)

il Find the energy for all the states (5 marks)

QUESTION THREE (20 MARKY)

a) Nitrogen is atomic number 8. Use this information t

b)

i. Draw the energy level diagram for oxygen molecdmag molecular orbital

theory (8 marks)
il Calculate the bond order for oxygen (2 marks)
iii. State the type of bond that Nitrogen forms and why (2 marks)

The hypefine structure of the transitiéR,,,to “G,,,, shows 7 well defined transitions
0, 111.0, 208.0, 291.6, 361.3, 459.2mk above tives$d frequency component. Find
the value of the nuclear spin assuming that thefiye split of ‘G, is negligibly

small (8 marks)

QUESTION FOUR (20 MARKS)
a) For the statess,,,and °P,, for the atom sodium atom (Na=23,1=3/2) find the

components of the hypefine structure of the hymesimucture and show all the

possible transitions in an energy level diagram (12 marks)
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b) For the statesS,,,and °P,,, of sodium 23 show all the possible transitions¥gks)
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