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JULY 2013 SUPPLEMENTARY EXAMINATION

Time Allowed: Three (3) Hours

Instructions:

1. This examination has six (6) questions and one (1) data sheet. The total number of pages is
four (4), 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) For a spectroscopic band occurring at 589 nm,

(i) convert to energy in joules [1]
(i) state in which region of the electromagnetic spectrum the band falls [1]
(iii) state the kind of transition expected in this region {1}

b)  Explain the difference in sample placement between IR and uv-visible spectroscopy [4]
¢) In regards to the Czerny-Tumner arrangement of optical components in a spectrometer:

(i) Explain by means of a diagram, what is meant by this arrangement. [3]
(ii) Explain how this arrangement enables light from the source to be split into individual wavelengths. [3]

d) A typical GC instrument has several standard components and accessories, each of which is listed below. Give a brief,
but informative description of its functions.

(i) Nitrogen Gas Cylinder [2]

(ii) Filter Cartridge [2]

(iii) Soap Bubble Flow Meter [3]
(iv) Syringe [2]

(v) Oven [3]

QUESTION 2 [25]

a) The mobile phase is a critical compenent in chromatography.

i) Explain the role of the mobile phase in gas chromatography. [1]
i) List and discuss any two (2) desirable properties of a mobile phase in gas chromatography. [2]
iii) Explain how silanol groups are deactivated in chromatography [3]

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

¢) 1) 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]
iiiy How is stray light eliminated in spectroscopy? [1]

d) 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 label a vacuum phototube and explain how it works. [3]

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



Question 3 _[25]

a) Analytical chemists agree that the technique of atomic absorption came of age with the invention of the hollow cat]
lamp by Sir Walsh in 1955.

(i) Draw and label the hollow cathode lamp [2]
(ii) Explain how the hollow cathode lamp works [2]

b) There are several unique techniques employed by the agronomy laboratory at the Simunye Sugar Estate when usin;
Varian Spectr-AA-10 spectrophotometer. Explain:

)] Why in the analysis of Sr, 100 ppm La is added to all solutions [2]
(ii) Why in the analysis of Cu, the instrument is operated under “standard additions” mode [2]

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

(i) What is the major structural difference between flame AA and graphite furnace AA? Use diagrams to support
answer [3]

(ii) Identify the physical stages involved in a furnace program and describe the processes that occur during
stage. At what stage is the signal sampled, and why? [5]

(iii) Outline three (3) advantages of graphite furnace AA over flame AA [3]
d) In 2001, the Swaziland Water Services Corporation acquired a new atomic spectrometer called Liberty 110 ICP.
(i) What does ICP stand for? [1]
(ii) With the aid of a diagram briefly describe the ICP torch, how the ICP is initiated, and how it is maintained

stabilized. [3]
(iii) Discuss two major advantages of ICP over flame or graphite furnace atomic absorption. [2]

nestion 4 |25
a) The cheapest (affordable) uv-visible instruments rely on the use of filters as monochromators.

(i) By means of a diagram, explain what is meant by a cut-in filter. [3]
(ii) By means of a diagram, explain what is meant by a band-reject filter. [3]

b) In the Jasco instrument used by researchers at the University of Swaziland for functional group identificatic
molluscicidal compounds in traditional herbs, a bolometer is used for detection. With the aid of a diagram, explain
this component works. [4]
c) Physically, how does a grating look like, and use equations to explain how it works as a monochromator? [5]
d) With the aid of a diagram, briefly but informatively explain the function of one of the following detectors
i) Electron Capture Detector for GC[5]

i} uv-visble flow through detector for LC [35]



Question 5 [25]

a) For the molecule CH,0, formaldehyde, its UV and UV-visible spectra are attributed to “outer electron” transitions
molecular orbitals. In regard to this,

i). Draw the molecular energy level diagram showing these orbitals [2]
ii). Showhowa o —p o transition takes place when the molecule absorbs radiation. [1]
iii). Show how an n — =" transition takes place when the molecule absorbs radiation. [1]

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

v). Use diagrams to explain how the 6—» o transition would result in an absorption band rather tha
single line. [3]

b)  i). In liquid chromatography, two solvent reservoirs are usually used. Explain the reason for this. [2]

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

¢) One of the applications of GC is the separation of benzene from its mixture with cyclohexane, followed by quantificat
of the benzene.
(i) In GC, what is meant by lateral diffusion? [3]
(ii) State the equation that relates resistance to mass transfer in the mobile phase to linear velocity [3]
(iii) In GC, what is meant by resistance to mass transfer in the stationery phase? [3]
(iv) State the equation that relates resistance to mass flow in the stationery 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. {
equations to explain how is this achieved [4]

b)  The Nernst Glower is a useful source of radiation in infrared spectroscopy.
i) Describe the Nernst Glower as used in IR spectroscopy. [1]
ii) Which of the molecules oxygen and hydrogen chloride is IR active and why? [2]
iii) Why is it not possible to carry out quantitative analyses on dispersive IR? [2]

¢) Nebulization is a very wasteful approach to atomization.

i) What does the term “nebulization” mean? [1]
ii) Use diagrams to explain how nebulization is carried out in atomic spectroscopy. [3]
iii)Use your answer in (a) ii above to explain why nebulization is considered inefficient. [2]

d) Bandbroadening is important for peak resolution in HPLC.

i) Use a drawing to explain the importance of linear velocity on HETP [3]

ii) On this drawing, indicate the optimum linear velocity [2]

iii)Use diagrams to explain the phenomenon of “race track effect”, how it affects bandbroadening, and how i
eliminated. [5]
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