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QUESTION 1
1. (a) Discuss briefly the principles of Infra-red spectroscopy. (6 marks)

(b) State two (2) factors that can determine the intensity and energy level of absorption in
Infra red (IR) spectroscopy. (3 marks)

(c) Arrange the following bonds in increasing order of intensity of absorption in IR
spectroscopy. Explain your answers.

(i) C-H, O-H and N-H (i)  C-C-OH, C-CI, C-C-H, C-O (6 marks)
(d) Proton NMR spectroscopy can be used to distinguish between the following isomers:

HOCH,CH,OCHjs HOCH,;OCH,CHj3 CH3OCH,0CH3
A B C

For each of these isomers, describe the appearance of the high-resolution proton NMR.
spectrum of each in terms of peak, intensity, splitting pattern and coupling. Assume that
the OH protons are not coupled to any other protons.
(10 marks)
(e) List five (5) factors governing the absorption of radiation in the UV/Visible region.
(5 marks)

QUESTION 2

2. (a) Draw a diagram showing the components of a continuous Wave Infra Red (IR)
Instrument. (12 marks)



(b)

Q R S T
CH3(CH;),CHO  (CH3);CHCHO CH;COC;Hs  CHsCOOC,Hs

The proton NMR spectra of four compounds Q, R, S and T above can be used to
distinguish between some of the structures the numbers of peaks and the ratios of the
areas under them are considered. The following table shows some results of a *H
NMR investigation into Q, R, S and T. Each of the four spectra is referred to by a
number.

Spectrum Number of peaks Ratio of areas under the
peaks

1 3 6:1:1

2 4 3:2:2:1

3 3 3:2:3

4 3 3:2:3

(i) Which compound (Q, R, S or T) corresponds to spectrum 1? Give a reason for your
choice.
(ii) Which compound (Q, R, S or T) corresponds to spectrum 2? Give a reason for your
choice.
(i) Explain why spectrum 3 and spectrum 4 have the same number of peaks and the same
ratio of areas under them. (8 marks)
QUESTION 3

3. (a) Compound A has the molecular formula C4H;CIO and does not produce misty fumes
when added to water.

The mass spectrum of A contains two molecular ion peaks at m/z = 106 and m/z =
108. It also has a major peak at m/z = 43. Suggest why there are two molecular ion
peaks.

ii. A fragment ion produced from A has m/z = 43 and contains atoms of three different

elements. Identify this fragment ion and write an equation showing its formation

from the molecular ion of A. (7
marks)
(b) List five (5) main components of a typical NMR spectrometer. (5 marks)

(c) Give one important application of Gas Chromatography-Mass Spectrometry (GC-MS)

in pharmaceutical industry. (2 marks)



(d) List the three main types of ionisation techniques used in Gas Chromatography-Mass
Spectrometry (GC-MS). (6 marks)

QUESTION 4

4. (a) Why is jet separator very important in Gas Chromatography-Mass Spectrometry?

(2 marks)
(b) What do you understand by field sweep and frequency sweep? (8 marks)
(c) Define resonance in NMR spectroscopy and explain how it occurs. (7 marks)

(d) Give two (2) common solvents used in proton NMR spectroscopy. Explain why
solvents are generally used. (5
marks)

QUESTION 5

5. (a) Explain why most of the carbon atoms in a molecule will be incapable of spin-spin
coupling in Carbon-13 NMR spectroscopy.

(2 marks)
(b) Give three (3) applications of the Nuclear Magnetic resonance. (6 marks)
(c) Define (i) coupling constant (J) (ii) spin-spin coupling (4 marks)

(d) How many double bond equivalent (DBE) is present in compound with the formula
(I) C1oH7/NO,? (II) C11H12C|2N205? (8 marks)



