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DECEMBER 2013 FINAL 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 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.

1
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) A spectroscopy source emits 1500cm™ radiation.
1)  What type of transition would it induce in a sample? [1]
i1) Whatis its wavelength in pm? [1]
1i) Whatis its energy in J? [1]
iv) What is its frequency in Hz? [1]
v) Whatisits energy in eV? [1]
b) Explain the difference in sample placement between IR and uv-visible spectroscopy [4]
¢) Gratings have a very good resolving power in spectroscopy.
1)  Physically, how does a grating look like (2)
ii) Use equations to explain how a grating works (3)
ii1) Calculate the second order resolving power of a grating which is 5¢m long with 1180 lines per mm (3)

d) 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, use diagrams to explain what is meant by longitudinal diffusion [2]

(i) State the equation that relates longitudinal diffusion in a packed chromatographic bed, to linear velocity [2]
(11) In GC, use diagrams to explain what is meant by Eddy diffusion [2]

(iv) State the equation that relates bandbroadening due to Eddy Diffusion, to linear velocity [2]

QUESTION 2 [25] 1
a) State Beer’s Law as applied to spectroscopy, and explain all terms appearing in it [3]
b) Stray light is problematic in spectroscopy

1)  What is meant by “stray light” in spectroscopy? [1]
1) Use equations to explain why stray light leads to negative deviations from Beer’s Law [3]
1i1)) How is stray light eliminated in spectroscopy? [1]

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

d) The mobile phase is a critical component in chromatography.
1)  Explain the role of the mobile phase in gas chromatography [1]
1) List and discuss any two (2) desirable properties of a mobile phase in gas chromatography [4]
iii) Explain how silanol groups are deactivated in chromatography [4]

e) Use diagrams to explain how UV-visible detection of ink isomers is carried out after separation in an HPLC
mstrument. [5] '



Question 3 [25]

a) Use diagrams to explain why it was not possible to perform atomic absorption spectroscopy using traditional broadband
sources prior to the invention of the hollow cathode lamp [4]

b) Explain why in atomic absorption spectroscopy

(1) 1000 ppm La is added to all solutions in the analysis of Pb [2]
(i1) Excess EDTA is added to all solutions in the analysis of Ca [2]

¢) Explain the role of background correction in flame atomic absorption spectroscopy, and explain using diagrams how this
is achieved [4]

d) Chromatography is semi-batch differential migration, phase distribution technique. Explain the meaning of this phrase.
Bl

¢) Draw the Van Deempter Plot for gas chromatography and explain how it is used to optimize linear velocity of the carrier
gas. [3]

f) What is the major difference between a typical Gc Van Deempter Plot and a typical LC one ? [2]
g) Use diagrams to explain

() Why N, is preferred over He as carrier gas in chromatography [2]
(1) The effect liquid loading of stationary phase on bandbroadening [3]

Question 4 [25]
a) With the aid of a diagram briefly describe the IPC torch [3]

b) Describe the path taken by a Ca atom in a sample containing CaCl, solution from aspiration stage to atomization, stage in -
ICP [4]

¢) Discuss two major advantages of ICP over flame or graphite furnace atomic absorption. [2]
d) The ICP has many excitation lines which must be resolved using a grating.

1) Physically, how does a grating look like? [1]
1i) Use equations to explain how it works as a monochromator [3]

¢) With the aid of a diagram, briefly but informatively explain the function of each of the following detectors
1) Electron Capture Detector [4]
ii) Flame Ionization Detector. [4]
iii) Thermal Conductivity Detector [4]

Question 5 _[25]

a) State Beer’s Law and explain all terms appearing in it [3]

b) Explain how an unstable power supply gives rise to deviation in Beer’s Law, and use a diagram to explain how this
deviation is eliminated [3]

¢). Use diagrams to explain how UV-visible spectroscopy is used to determine stoichiometry by the Job’s Method [3]



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

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

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

(it) State the equation that relates resistance to mass transfer in the mobile phase to bandbroadening [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 transfer in the stationery phase to bandbroadening [3]

Question 6 [25]
a) Pnsms are used as monochromatours for spectroscopy

1) Draw the prism (1)
i))Use equations to explain how the prism works (3)
11)Draw and label the Bunsen arrangement of optical components in a spectrometer(3)

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

1) Describe the Nemst Glower as used in IR spectroscopy. [1]
i1) Which of the molecules oxygen and hydrogen chloride is IR active and why? [2]
ii1) Why is it not possible to carry out quantitative analyses on dispersive IR? [3]

¢) Nebulization is a very wasteful approach to atomization.

i) What does the term “nebulization” mean? [1]
11) Use diagrams to explain how nebulization is carried out in atomic spectroscopy [3]
ii1) Use your answer in (c) 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 [2]

if) On this drawing, indicate the optimum linear velocity [1]

iii) Use diagrams to explain the phenomenon of “race track effect”, how it affects bandbroadening, and how it is
eliminated. [3]
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11. ACID-BASE INDICATORS AT 25°C

. Indicator pH range pKin
Thymol blue 12—-28 18
Methyl yellow 29—-40 3.3
Methyl orange 3.1—-44 42
Bromocresol green 38 —54 4.7
Methyl red 42862 50
Chlorophenol red 48—-64 6.0
Bromothymol blue 60—7.6 171
Phenol red 64—8.0 174
Cresol purple 74—9.0 83
Thymol blue 80—96 B89
Phenolphthalein 80-—-98 97

9.3-105 99

Thymolphthalein

19. t TABLE
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red yellow | 3 094 6 056 9 044 Y TR )
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