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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),
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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.

3. Each question is worth 25 marks.
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1. Datasheet.

2. Graph paper.
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QUESTION 1 [25]

d.

The noise associated with signals generated by analytical instruments is a limiting factor in detection limits. With
regards to noise

i) Define detection limit of an instrument. [2]

ii) Explain why for metals in general, the detection limits improve when moving from flame atomic absorption
spectroscopy to graphite furnace atomic apsorption spectroscopy, to inductively coupled plasma optical
emission. [3]

i) Explain how the silt width affects resolution in dispersive infra-red spectroscopy. [1]

ii) Use a diagram to illustrate Rayleigh’s criterion for resolution of peaks in spectroscopy. [2]

i) -Gratings are one of the widely used monochromators in analytical instrumentation today. Given a grating
that is 4.6 cm wide with 1000 lines/mm, calculate the first order resolving power of the grating, and the
resolution at 750 nm. [3]

if) Prisms are one of the widely used monochromators in analytical instrumentation today. Given a prism length
of 5 cm and a dispersion of 2708 cm™, calculate the resolving power of the prism, and the resolution at 5268
angstroms. [3]

Explain why single beam instruments are not used in infra-red spectroscopy. [2]

Explain how scattering affects measurement of solid sampling in dispersive infra-red spectroscopy, and how
they are eliminated. [3]

Describe the Christiansen Effect and how it makes it difficult to use solid suspensions for quantitative IR. [3]

Describe the principle of Attenuated Total Reflectance (ATR) and how it forms the basis of sensitive IR sampling
technique. [3] -

QUESTION 2 [25]

a.

b.

Use a drawing to explain how the Michaelson interferometer works in FTIR spectrometry [3]
State the Fourier Transform intergral pair that describes the output of a Michaelson interferometer [2]

Describe the following with regards to FTIR

i) The Jacquinot Advantage [2]
if) The Multiplex Advantage [2]
iili) The Connes Advantage [2]

Consider an FTIR instrument, inside of which a mirror is moving at 1.25 cm.secl.

i) What would be the frequency (in sec?) of the interferogram of infra-red radiation of 7.5 um. [3]

i) What length of mirror drive is required to produce a resolution sufficient to separate an infra-red
doublet at 7.498 and 7.502 um. [3]

For each of the following frequency spectra, draw the input signals and their corresponding interferogram
output from a Michelson interferometer:

i) Twa line frequencies v, and v, of equal intensities [2]

ii)) Two line frequencies v; and v, of different intensities [2]

iiii) A range of frequencies forming a square peak. [2]

iv) A range of frequencies forming a Gaussian peak. [2]



UESTION 3 [25

a. i) State Snell’s Law, and the equation that relates resolution in a prism to the refractive index. {2]
i) State Bragg’s Law, and the equation that relates angle of diffraction to the rotation of the grating [2]

b. Draw the hollow cathode lamp, explain how it works, and explain how the hollow cathode lamp revolutionalized
atomic spectroscopic methods. [4] ‘

c. Atomic spectroscopic techniques have many applications in agriculture, especially in the area of mineral
nutrition. Explain, with the aid of suitable diagrams and appropriate equations:

i) the “Doppler Shift” and its effect on atomic spectra. [3]
ii) Natural line broadening [3]
d. Describe the path of a Ca atom (starting as off Ca Cl, solution) as soon as it enters the spray chamber in an AA
instrument, up until it emits in flame emission spectrometry. [4]

e. Atomic spectroscopy is a powerful tool available to the analyst today.

i) Two elements, X and Y are to be analyzed by flame AA and emission. The transition for X is

designated 2S;;, —® 2P, and has a wavelength of 852.1 nm. For Y, it is 'S, >l at 228 nm.
What is the ratio of excited to state atoms for each element, if the flame is operated at 2250 °c [5]

il) Which of the two elements would be best analyzed by absorption, and why? [2]

QUESTION 4 [25]

a. Describe the “dissolution problem” in analytical chemistry in so far as it relates to productivity in atomic
absorption spectrometry. [2]

b. In a classical dissolution of soils for the determination of lead, a 500-mg sample is first treated with 15 mL nitric
acid and 5 mL of sulphuric acid at 100 °C for 2 hours, followed by addition of 5 mL of perchloric acid and heating
on a sand bath for 9 hours. A white residue remains after this treatment, which dissolves after addition of HF and
fuming to near dryness. In this method of digesting a sample, explain the role of:

i) Nitric acid. [1]
ii)  Sulphuric acid. [1]
iti)  Perchloric acid. [1]

iv)  Hydrofluoric acid. [1]

c. Explain why perchloric acid is not added at the beginning of the digestion. .[2]
d. What operational precautions must be taken when using perchloric acid? [2]

e. Describe the mechanism of dissolution in classical techniques, and explain why this method of digesting samples
is time consuming. [2]

f. In 1990, a new method of preparing samples for the determination of total zinc and copper in soil was
developed. The method was called “microwave dissolution”.

i) What frequency (in MHz) is used in analytical microwave digestions? [1]

it) Describe the vessels used in microwave digestions. [2]



iii)  Describe the mechanism of dissolution in microwave techniques, and explain why this method of
digesting samples is faster than classical methods. [2]

iv)  Describe one operational disadvantage of using this technique for biological materials. [1]
g. In 1995, two analytical chemists at the University of Alberta in Edmonton, Canada, reported on a novel

“ultrasonic digestion” method for preparation of biological samples prior to measurement with an ICP
instrument.

’

i) What frequency is used in ultrasonic digestions? [1]
if) Describe the process of “cavitation” in ultrasonic dissolution. [2]

iii)  Describe the mechanism of dissolution in ultrasonic methods, and explain why this method is faster than
classical methods. [4]

QUESTION 5 [25]

a. i) Whatis meant by “chromophore” in uv-visible spectroscopy? [1]
ii) State the difference between a “bathochromic” and “hypsochromic” shift in uv-visible spectroscopy. [2]

b. Using appropriate equations, explain why measurements in spectroscopy are best carried out at the “peak”
rather than at the “shoulders” of molecular spectra. [4]

c. The following calibration data was obtained in an experiment to measure trace iron in water using UV-visible
spectroscopy. In order to do this, to all solutions was added, in the following order: 10 % hydroxylamine, 0.1 %
bipyridine, 10 % sodium acetate.

Concentration (ppm) | 0 | 2.05 | 3.99 | 6.01 | 7.98
Absorbance I 0 | 0125 ° 0.250 I 0.374 | 0.499
i) Explain the role of 0.1 % bipyridine. [1]
i) Explain the role of 10 % sodium acetate. [2]

iii) Explain the role of hydroxylamine hydrochloride [1]

iv) A 50 ml of tap water diluted to 150 mL gave an absorbance reading of 0.283. Calculate the concentration
in pg/mt of iron in the tap water. [3]

V) Calculate the molar absorptivity of the complex given that the cell was 1.11 cm thick. [1]

vi) Using the example of the bipyridines, use chemical equations to explain how chromophores can be

modified to produce highly sensitive methods of UV-visible measurement of Fe in water. [3]

d. i) What is meant by “matrix effects”? [2]
i) How are matrix effects eliminated in atomic absorption spectroscopy? [3]

e. Explain why the flame atomic absorption technique suffers low detection limits for mercury (Hg), and describe an
alternative atomic absorption method that improves these detection limits. [3]



QUESTION 6 [25]

a. Explain how the following techniques are useful in the elimination of “spectral interference” in atomic
absorption spectroscopy
i) Deuterium Correction [2]

ii) Zeeman Effect [2]

’

b. With regards to the Massman atomizer in electrothermal vapourization atomic absorption technigue,

i) What material is it composed of and why this choice of material? [2]
i) What are the dual roles of the hole on top of it? [1]
iii)  Explain the role of argon [1]

‘iv)  Explain the role of a water jacket associated with it. [1]

¢. The ICP is the most widely used emission system today.
i) Give the functional definition of a plasma. [2]
i) How is a plasma formed in “ICP-OES"? [2]
iii)  Draw the ICP torch and label all its components. [4]
iv)  State the Saha Equation, and explain how it is used to estimate temperature inside an inductively

coupled plasma. [3]

d. Explain why an inductively coupled plasma has fewer chemical interferences as compared to a flame in atomic
spectroscopy [2]

e. “ICP is unrivaled in its capacity for wide linear dynamic ranges in spectroscopy”, explain the meaning and
significance of this phrase. [3]



