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QUESTION 1

a. 1) Explain the role of a solid support in liquid chromatography. 1]
i) List and discuss any two (2) desirable properties of a solid support in

liquid chromatography. [3]

iii) Describe the nature of the solid support “Chromosorb W-AW”. (31
b. What is meant by a “silanol group” in chromatography? (1
¢. How do silanol groups affect chromatographic separations? 2]

d. Use equations to explain how the effect of silanol groups is eliminated in
chromatography. [3]

e. i) Explain the role of stationary phase in LC. (11
ii) Write down the formula of sqalene used as stationary phase in LC. 1]

ii1) Explain why Carbowax 20M would be more efficient for separating a
mixture of CH3;0OH/CHj3; CH; OH as compared with a mixture of CHy and

CH; CH;, 2]
f. 1) What is the reason for performing LC on bonded phases? [2]
ii) Use equations to explain how bonded phases are fabricated. (3]

iii)  Explain the difference between NPBP and RPBP in bonded phase L.C. [3]

QUESTION 2
a. State the range of the uv-visible portion of the electromagnetic spectrum in
nanometers. 2]
b. In the spectrophometric analysis of trace iron using the bipyridine method,
i) Write the full stoichiometric reaction. , (3]
ii) State why 1,10-phenanthroline is sometimes referred to as “batho-

phenanthroline™. 2]

iii) Name the reagent used to convert Fe (III) species to Fe (II) species,
and explain why this is necessary.

[2]



iv) Explain why sodium acetate and sulphuric acid are added prior to
addition of bipyridine. [2]

c. In an experiment to determine the concentration of trace iron in a sample, a 5
ppm Fe solution was prepared by addition of bipyridine and 3M H; SO4/10%
sodium acetate into a solution of FeSO4(NHy),. 6H,0. Optical parameters
were measured in a Bausch and Lomb Spectronic 20 uv-visible
spectrophotometer with the following results:

Wavelength (nm) | 480 500 520 540 560 580
Transmittance (%) | 51.2 40.9 32.5 41.8 50.3 52.1
1) Plot the spectrum of the iron-bipyridine complex. [3]
ii) On the spectrum, indicate the Amax.
[1]
iii) Calculate the molar absorptivity of the complex if measurements were taken in a
1.11-cm cell. [4]
d. Two isomers, ortho-and para-, are simultaneously determined in a solution by

uv-visible spectroscopy. At 410nm, the measured =bsorbance was 0.353,
whereas at 560nm, the absorbance was 0.251 in a 1.00cm cell. Calculate the

concentrations of the two isomers (molar absorptivities at 410nm are: 6000 for
ortho-, 500 for para-;

QUESTION 3

(a) Explain fully the meaning of the expression “chromatography is a semi-batch,
differential migration, phase distribution technique”. [3]

(b) Write the equation for Gaussian peaks in chromatography, and explain the
analytical significance of its integral. [3]
(c) Describe each of the two ways of performing elution in Gas Chromatography,

and explain why one would prefer elution in each case. [2]

(d) Describe each of the two ways of performing elution in Liquid
Chromatography, and explain why one would prefer elution in each case. [3]

(e) Use equations to describe “capacity factor” in chromatography, and explain its
significance in analytical separations. (3]




® Gas chromatography is used to separate cyclohexane and bencene in a
mixture. Cyclohexane elutes after 15 sec with a peak width of 1.5 cm,
whereas air and benzene elute after 8 sec and 30 sec respectively. The peak
width of benzene is 1.2 cm. The chart speed used is Scm/min, and the column

is 2m long.
i) Why is it not possible to separate benzene from cyclohexane by
distillation? [2]
ii) Why do the three components elute in the order observed? 2]
iii) What is the capacity factor of benzene? (2]
iv) Calculate the HETP using the cyclohexane peak. 3]
V) Are the two peaks properly resolved? (2]
QUESTION 4
a. i) State the range of the mid IR portion of the electromagnetic
spectrum in wave numbers. [2]

i1) Of the two molecules HCI and CI,, which one is IR-active and
which one is not? Give an explanation for each of your answers. [3]

iii) State and explain the differences in sample placement between IR

and UV-visible spectroscopy. (31
b. State Bragg’s Law and explain all terms appearing in it. 2]
c. Draw a prism, and use equations to explain how it works as a

monochromator. 3]
d. Use equations to explain how stray light leads to deviations in Beer’s Law.
e. The following results obtained in an experiment involving the o)

standardization of iron.

Concentration pg/mL 1.16 3.48 4.65
Absorbance 0.125 0.372 0.502

An unknown solid, weighing 0.5062g, was digested to a volume of 50mL, from
which an aliquot of 10mL was pipeted into a 100mL volumetric flask prior to
addition of reagents and dilution to volume. Absorbance readings obtained for




the sample are on average 0.337.

i) Plot the calibration curve. [3]
ii) Calculate the concentration of iron in the sample in parts-per-million.
[7]
QUESTION 5
a. Write brief notes on the following used in gas chromatography:
i) Carrier gas. [2]
ii) Purifier catridge [2]
iii)  Soap bubble. [2]
Use diagrams to explain the following as relates to “race track” effect
i) its cause [1]
ii) its effect on peak width [2]
iii)  how it is eliminated in GC 2]
c. Use diagrams to describe the “Flame Ionization Detector”, and list any three
compounds that cannot be detected by this method. [4]
d. i) Use a diagram to explain the concept of “laminar flow” in
chromatography. [2]
ii) Use a diagram to explain the phenomenon of “longitudinal diffusion” in
chromatography. [2]
iii) State the HETP equation for longitudinal diffusion in an open tube, and
explain how it is different from a packed tube. [2]
iv) Explain the effect of linear velocity of mobile phase on band broading due
to longitudinal diffusion. 2]
V) How and why does longitudinal diffusion effect hand broading in liquid
chromatography? 2]
QUESTION 6
a. i) Describe the role of each of the reagents used in the analytical dissolution
of sugar-cane soils by open vessel digestion in the determination of trace zinc. 31



ii) Draw the cross-flow nebulizer and explain how it works. 31

b. Discuss the path followed by ZnC1, as it is aspirated from solution up until it
reaches the flame in atomic absorption spectroscopy. [3]

c. Draw the hollow cathode lamp, explain how it works, and explain why it was not
possible to perform atomic spectroscopic measurements prior to its invention in 1955?

[4]

d. For each of the following interferences in flame atomic absorption spectroscopy,
describe the interference and explain how it is eliminated.

i) ionization [2]
ii) chemical (3]

e. “Nebulization in atomic spectroscopy is inefficient”. Explain the meaning of this
statement. [2]

f. Describe the three stages involved in a furnace program in graphite furnace AAS, and
explain why or why not the signal is sampled at each stage. (31

g. List and describe two (2) advantages of graphite furnace atomic absorption
spectroscopy over flame methods. [2]
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