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1. This examination has six (6) questions and one (1) data sheet. The total number of pages is five (5),
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2. Answer any four (4) questions fully; diagrams should be clear, large and properly labeled. Marks
will be deducted for improper units and lack of procedural steps in calculations.
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QUESTION 1 [25]

a)  State Beer’s Law as applied to spectroscopy, and explain all terms appearing in it. [2]

b) i) What is meant by “stray light” in spectroscopy? [1]
ii) Use equations to explain why stray light leads to negative deviations from Beer’s Law [3]
iit) How is stray light eliminated in spectroscopy? [1]

¢) Draw a schematic diagram of a Ge(Li) detector, and use diagrams to show how the voltage measured is directly related
to intensity of uv-visible radiation in a spectrometer. [4]

d) Draw and label a vacuum phototube and explain how it works. [3]
¢) A typical GC instrument has several standard components and accessories.

(i) What is the role of the nitrogen gas cylinder normally associated with a gas chromatograph? [2]
(ii1)What is the role of the filter cartridge normally associated with a gas chromatograph? [3]
(u1)Use a diagram to show how a soap bubble flow meter works. 3]

(iv) Explain why columns are installed in an oven in GC but not in LC [3]

QUESTION 2 [25]
a) Use diagrams to explain why atomic spectra appear as lines, whereas molecular spectra appear as bands [4]

b) Draw and label the “PMT”, explain how it works, and explain its advantage over other detectors used in uv-visible
spectrometers. [4]

c) The mobile phase is a critical component in chromatography.
1) List and discuss any two (2) desirable properties of a mobile phase in gas chromatography. [2]
i) Use equations to explain how silanol groups are deactivated in chromatography [4]

d) 1) Use equations to explain what is meant by Reverse Phase Bonded Phase Chromatography [4]
ii) Discuss the main advantage that bonded phase chromatography has over non-bonded phase chromatography [2]
1ii) Use diagrams to show how a flow through uv-detector works for HPLC [5]

Question 3 [25]
a) Nebulization in atomic spectroscopy is considered inefficient.
i) What is meant by nebulization? [1]
i) Use diagrams to explain how a cross flow nebulizer works. [3]
iii) Why is nebulization using the nebulizer in a (ii) above inefficient? [2]

b) A major breakthrough in atomic absorption spectrophotometry since the invention of the hollow cathode lamp was
graphite furnace AA.

(1) What is the major structural difference between flame AA and graphite furnace AA? Use diagrams to support your
answer [3]
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(1) Identify the physical stages involved in a furnace program and describe the processes that occur during each
stage. At what stage is the signal sampled, and why? [4]

(iii) Outline three (3) advantages of graphite furnace AA over flame AA [3]
¢) The solid support is an important component of an HPLC instrument.

i) What is the function of the solid support in HPLC? [2]
1) Describe the solid support Chromosorb P -AW in HPLC [3]
iii) List and describe two desirable properties of a solid support in HPLC [4]

Question 4 [25]

a) Prisms are used as monochromators in spectroscopy.

1) Draw the prism [1]
i1) Use equations to explain how the prism works [3]
1i1) Draw and label the Bunsen arrangement of optical components in a spectrometer [3]

b) Gratings have a very good resolving power in spectroscopy.

1) Physically how does a grating look like [2]
i) Use equations to explain how a grating works [3]
iii) Calculate the second order resolving power of a grating which is Scm long with 1180 lines per mm [3]

¢) Chromatography is a very useful technique for the determination of alcohols in a sample.

1) Explain how ethanol and methanol interact with OV-17 stationary phase in GC to effect to their separation [3]

i) Use equations to explain how benzoic acid can be detected in an electron capture detector (ECD) after
derivatization [3]

ii1) Use diagrams to explain how an ECD works [4]

Question 5 [25]

a) Inductively Coupled Plasma (ICP) Optical Emission Spectroscopy is the most widely used atomic spectroscopy today.
1) What is the operational definition of the inductively coupled plasma [2]
ii) Draw the ICP torch and label its components [4]

iii) Use a diagram to explain why it is possible to measure up to 35 elements simultaneously using ICP [3]

b) 1) In liquid chromatography, two solvent reservoirs are usually used. Explain the reason for this. [2]
1) In gas chromatography, dual columns are often used simultaneously. Explain the reason for this. [2]

c) One of the applications of GC is the separation of benzene from its mixture with cyclohexane, followed by quantification
of the benzene.

(1) In GC, what is meant by lateral diffusion? [3]



(i1) State the equation that relates resistance to mass transfer in the mobile phase to linear velocity [3]
iv) In GC, what is meant by resistance to mass transfer in the stationary phase? [3]
(iv) State the equation that relates resistance to mass flow in the stationary phase to linear velocity [3]

Question 6 [25]

a)  Of the many applications of UV-visible spectroscopy, the determination of mixtures is of considerable interest. Use
equations to explain how is this achieved [4]

b)  The Nernst Glower is a useful source of radiation in infrared spectroscopy.

1) Describe the Nernst Glower as used in IR spectroscopy. [1]
V it) Which of the molecules oxygen and hydrogen chloride is IR active and why? [2]
111) Why is it not possible to carry out quantitative analyses on dispersive IR? [2]

¢} Nebulization is a very wasteful approach to atomization.
1} What does the term “nebulization” mean? [1]

1) Use diagrams to explain how nebulization is carried out in atomic spectroscopy. [3]
1i1) Use your answer in (a) ii above to explain why nebulization is considered inefficient. [2]

d) Bandbroadening is important for peak resolution in HPLC.

1) Use a drawing to explain the importance of linear velocity on HETP [3]
i) On this drawing, indicate the optimum linear velocity [2]

i) Use diagrams to explain the phenomenon of “race track effect”, how it affects bandbroadening, and how it is
eliminated. [5]
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AECr0,  Ixioas|caR® dxioa|m g%{ 40, X 1013 Ca*? 99 07 140 I” 216 | Cs 744 630 613 585

Ag[Ag(CN),]4 X 10-12{CaC,0, 2 X 10-° Mg(OH)z 1x10-11 10. HALF LIVES :

Agl 1x 10-18|Cds 1 X 10-28| MnS 1x10-13} H3 123 years K40 128 X 10% 1131 81 days

Agsz PO, 1x10-19% | Cu(OH), 2 X 10-20 PhCrO, 2X10-141'F20 114 secs Cat® 165 days Cs137 30 years
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