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Instructions:

1. This examination has six {6) questions and one (1) data sheet. The total number of pages is five (5)
including this page.

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.

3. Each question is worth 25 marks.

Special Requirements

1. Data sheet,
2. Graph Paper.

YOU ARE NOT SUPPOSED TO OPEN THIS PAPER UNTIL PERMISSION TO DO SO HAS BEEN GIVEN
BY THE CHIEF INVIGILATOR.



QUESTION 1 [25]

a. The stationary phase is a critical component in chromatography.

i) Explain the role of the stationary phase in gas chromatography. [1]
i) List and discuss any two (2) desirable properties of a stationary phase in gas chromatography. [2]

iii) Explain how OV-17 as stationary phase is able to separate methanol from a mixture with its homolog ethanol
in gas chromatography [3]

State Beer’s Law as applied to spectroscopy, and explain all terms appearing in it. [2}
i) What is meant by “stray light” in spectroscopy? [1]
1i) Use equations to explain why stray light teads to negative deviations from Beer’s Law [3]
iti) How is stray light eliminated in spectroscopy? 1]

Draw a schematic diagram of a Ge(Li) detector, connect it to an electrical circuit, and show how the voltage
measured is directly related to intensity of UV-Visible radiation in a spectrometer. [4]

Draw and [abel a vacuum phototube and explain how it works. [3)

Draw and label the “PMT”, explain how it works, and explain its advantage over other detectors used in uv-
visible spectrometers. [5]

QUESTION 2 [25]

a.

i) State Snell’s Law and explain all terms appearing in it. [2]

ii) Draw and label the “Bunsen” arrangement of optical components in a spectrometer. [2]

iii) Use equations to explain how the prism is able to act as a monochromator in spectroscopy. [2]

i) Draw and label the Czerny-Turner arrangement of optical components in an infra-red spectremeter. [3]
i1} Explain why a sample of Cl; does not show IR bands yet HCI does in infra-red spectroscopy [2]

iii) Give two (2) reasons why sample placement relative to the monochromator in infra-red spectroscopy is
different from UV-visible spectroscopy. [4]

iv) Use the black body radiation theory to explain how silt width affects resolution in infra-red spectroscopy. [2]

i) In gas chromatography, the injector temperature is always kept independent of column temperature. Explain
why. [2]

ii) Explain the role and importance of an internal standard in gas chromatography. [2]

iii) Use diagrams to explain the concept of longitudinal diffusion in chromatography, and use equations to explain
why it is so much pronounced in GC as opposed to LC. {4}



QUESTION 3 {25]

(a) Spectroscopy is based on the interaction of electromagnetic radiation with atoms and molecules, and spectroscopic
techniques are classified according to the spectral range involved. In the table below:

Spectral Region | Energy Type of Wavelength Frequency | Wavenumber Energy
) Transition (km) (Hz) (em™) (eV)
Acoustic F A 15
Radio frequency B 1 G
uv-visible C
infra-red 4,000 H
). State A, B, C (3]

ii. Calculate F, G, H  [3]

b. For the molecule CO, carbon monoxide, its UV and UV-visible spectra are attributed to “outer eiectron”
transitions its molecular orbitals. In regard to this,

i). Draw the molecular energy level diagram showing these orbitals [2]

il). Show how a

6 —» O transition takes place when the molecule absorbs radiation. [1]

iii). Show how an n __, 7  transition takes place when the molecule absorbs radiation. [1]

iv). Of the transitions in iii and iv above, Amax is observed at 350nm and 780nm. Assign these wavelengths to
each of the two transitions. [2]

v). Use diagrams to explain how the 6 ___,. ¢ transition would result in an absorption band rather than a

single line. [3]

c. i}. In liquid chromatography, two solvent reservoirs are usually found. Explain the reason for this. {2]

ii). In gas chromatography, dual columns are often used simultaneously. Explain the reason for this. [2]

d. i). Use a diagram to explain the concept of eddy diffusion in chromatography. [ 3 ]

ii). State the HETP equation for eddy diffusion in chromatography. [ 3 ]

QUESTION 4 [25])

(a) The colour observed when samples absorb electromagnetic radiation in the uv-visible range depends on the colour
observed. In the iable below:

hmax (RM) Colour absorbed Colour observed
380-420 Violet K
500-520 L Purple
580-620 Orange M




state K, LM [3]

c. The following calibration data was obtained in an experiment to measure trace iron in water using spectroscopy
following complexation with bipyridine.

Concentration {ppm) [ ] L 2.05 3.99 l 6.01 I 7.98
Absorbance f 0 | 0.125 | 0.250 | 0.374 T 0.499
i) A 50ml of tap water diluted to 150ml gave an absorbance reading of 0.283. Calculate the concentration in

ug/mL of iron in the tap water. [4]

it) Calculate the molar absorptivity of the complex given that the cell was 1.11cm thick. [2]

d. i) Draw the Van Deempter plot for gas chromatography, and on it indicate the optimum linear velocity [4]

i1). Explain the difference between the Van Deempter plot for GC from that of LC [1]

e. i) Use diagrams to explain how the thermal conductivity detector works in GC [4]
ii). Use diagrams to explain how the flame ionization detector works in GC. [4]

iii). The thermal conductivity detector is recognized as a universal detector in GC as compared to the flame
ionization detector. Use chemical equations to support this statement. [ 3]

QUESTION 5 [25]

a. Explain the phenomenon of “atmospheric absorptions™ in infra-red spectroscopy, how it causes spectral
mterference, and how it is eliminated. [3]

b. Draw and label a “bolometer” used for detecting radiation intensity in infra-red spectroscopy. Explain how it
works. [5]

¢. Infra-red spectroscopy is not normally used for quantitative analyses, yet it does detect organic compounds, which
can be successfully measured by chromatographic techniques.

i). What is meant by gradient elution in chromatography, and under what circumstances is it preferred over
isocratic elution? [3]

if). State the HETP equation for resistance to mass transfer in the mobile phase in gas chromatography [3]

iti) Describe the experimental parameters that can be practically controlled to reduce bandbroadening due to
resistance to mass transfer in the mobile phase in gas chromatography. [3]

d. Use diagrams to describe the electron capture detector, and explain how it works in gas chromatography. [4]

e. Use chemical equations to explain how benzoic acid, which can not be detected by the electron capture method, can
be detected after derivatization in gas chromatography. [4]



QUESTION 6 [25]

a. State the Maxwell Boltzman equation, and explain how it is used to determine whether atomic emission or atomic
absorption can be used in a measurement during trace elemental analysis. [3]

Use diagrams to explain why broadband sources cannot be used in atomic absorption instruments. [3]

¢. i). Draw a cross section of an air-acetylene flame. [3]
ii). Explain how a tear drop-shaped plasma is formed in ICP-OES, and explain why it is not analytically useful.
13
d.

With respect to the doughnut-shaped plasma in ICP-OES, give an estimate of the following operational
parameters; Temperature, Frequency, and Power. (3)

e. Explain how ICP is superior to flame or electrothermal atomization in atomic spectroscopy in terms of linear
dynamic range. [2]

f.

in a mixture.

No matter what GFAAS or ICP can offer to elemental analysis in terms of extraordinary detection limits,
chromatography still remains the supreme technique for separation and subsequent detection of organic analytes

i). State the equation describing efficiency of a separation column in chromatography as a function of retention
time and bandbroadening as solutes elute through a column. [2]

ii). State the equation describing resolution of two adjacent peaks as a function of retention time and
bandbroadening as solutes elute through a column. [2]

iti). Use diagrams to explain how the detection of para- and ortho- anilines in ink is possible in HPLC using a
flow through cell {4].



