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DEPARTMENT OF CHEMISTRY
UNIVERSITY OF SWAZILAND

C 304 Instrumental Analysis

May 2005 Final Examination

Time Allowed: Three (3) Hours

Instructions:

1. This examination has six (6) questions, one (1) graph sheet, and one data sheet. The total
number of pages is seven (7) excluding this page.

2. Answer any four (4) questions fully; diagrams should be clear, large and properly labeled.
Marks will be deduced for improper units and lack of procedural steps in calculations.

3. Each question is worth 25 marks.

Special Requirements:
1. Graph Sheet

2. Data Sheet

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

Some Useful Physical Constants:

h=6.626X10*Js

¢=2.998 X 10° m sec™

N = 6.02X 10> mol

k=1.381 X102 JK*

1eV=1.602X10"J

R = 8.314 JK* mol!

Atomic weights: Fe = 55.85; S = 32.06; O =16.00; H=1.008; N=14.01; C=12.01
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QUESTION 1 [25]

{a) Hemin, C,y Hyy N4Fe is a oxygen carrying porphyrin component of the haemoglobin molecule. Being highly
conjugated, hemin shows distinct absorption bands in the UV-visible portion of the electromagnetic spectrum.

i) List the upper and lower limit of the UV-visible region in wavenumbers (cm™) [1]

ii) What type of transition is likely to be taking place when molecules of hemin interact with photons in the
subregion mentioned in (i) above? [1]

iii} What does the spectroscopic term “bathochromic shift” mean? [1]

{b) Crystals of hemin were dissolved in concentrated nitric acid and the resultant solution diluted to 10¢ mL to form
a 2 ppm solution. A UV-visible spectrum of the resulting solution as taken, whereby in a 11.7 mm cell, it
showed a strong absorption at Ay, = 520 nm of 0.528 absorbance units.

i) Sketch the spectrum of this compound [1]

il) What is the transmittance in % of the sample at &.., 7 [2]

iii} Calculate the molar absorptivity of this compound at A, [2]

(c) The “monochromator” in a spectrometer is a critical component.
i) What role does a “monochromator” play in a spectrometer? [1]
ii) Describe, using diagrax‘ns, the following filters acting as monochromators in a spectrometer:
(ii-1) a band pass filter [3]
(ii-2) a cut-off filter [3]
(d) i) Use equations to explain why the source and sample in a spect:‘ometer are kept in a darkened compartment [4]

ii) Use equations to explain why measurements in a spectrometer are taken at the “peak™ rather than at the
“shoulder” 6]

QUESTION 2 [25]

(a) In the analysis of Fe in natural waters, several reagents are added prior to complexation with 1,10 phenanthroline.
Explain the role of the following in this analysis:

i} hydroxylamine hydrochloride [1]
ii} sodium acetate/acetic acid buffer [1]
iti) a blank [1]

(b) A solution of two isomers, ortho- and para- , are simultaneously determined by uv-visible spectroscopy. At 410
nm, the measured absorbance was 0.353, whereas at 560 nm, the absorbance was 0.251 in a 1.00 c¢m cell.
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Calculate the concentration of the two isomers (molar absorptivities at 410 nm are: 6000 for ortho-, 500 for
para-; at 560 nm they are 2152 for ortho-, 5260 for para-) {[5]

(c) Use diagrams to explain how the “Molar Ratio Method” can be used to determine stoichiometry [3]

(d) Draw the expected Job’s plot for a complex ML, where n=x=1 at low ligand concentration, and n=1,x=3 at high
ligand concentration [3]

(e) Two elements, X and Y, are to be analyzed by flame AA and flame emission. The transition for element X is
designated 28— 2p,, and has a wavelength of 852.1 nm. For Y it is IS—» IS, and has a wavelength of 228
nm. What is the ratio of excited to ground state atoms if the flame is operated at 2250 °C for each element? [6]

(f) Use the ratios obtained in (d) above to decide which element is best analyzed by which method. State a reason
for your choice in each case [2]

(g) Name three elements that are determined by flame photometry in clinical analysis [3]

QUESTION 3 [25]

(a) The most widely used region in the electromagnetic spectrum for organic functional group identification is the
infra-red (IR) region.

i) What are the borders of IR in electron volts? [2]

ii) Using the CO, molecule as an example, describe two (2) common modes of molecular vibrations that
give rise to IR radiation [2]

(b) In dispersive IR, double beam instruments are used, whereby two beams pass through the sampling area before
reaching the monochromator and detector.

i) Explain why the beam is split into twe before reaching the sampling area [2]

ii) Explain why the beams pass through the sampling area before reaching the monochromator and not after
it [2]

iii) Explain why the exact opposite of the arrangement in (ii) above is done in U/V-visible instrumentation [2)

(c) Analytical instruments configured in the Czerny-Turner arrangement of optical components use a “grating” as a
monochromator,

i) In physical appearance, what does the grating look iike? [1]
ii) State the Bragg equation for the grating, and explain all the terms that appear in it [3]

iii) If the grating is 5 cm wide with 11, 800 lines/mm, calculate its first order resolving power [3]

(d) Although it is primarily a functional group identification tool, IR spectroscopy may sometimes be successfully
used for quantitative analysis of organic compounds. One such case is the quantitative analysis of Thio-
Mickler’s Ketone (TMK), where the carbony! functional group of TMK appearing at 1785 cm™ is used.
Supposing a 5.2031-g tablet containing TMK is dissolved in 100 mL, and that this solution, together with TMK
standards, yielded the following results:



Sample 1 To Absorbance .

0 ppm standard A 5638 0.000
2 ppm standard 4351 B 0.103
4 ppm standard 3526 5641 C
Unknown 4025 5636

i) Calculate A [1]

ii} Calculate B [1]

iii} Calculate C [1]

iv) Draw the calibration curve of TMK [2]
v) What was the concentration (in pg/g) of TMK in the unknown sample [3]

QUESTION 4 [25]

(a) Analytical chemists agree that the technique of atomic absorption “came of age” with the invention of the hollow
cathode 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 procedures commonly employed by analysts when using a flame atomic absorption spectrophotometer.
Explain

i) Why in the analysis of Ca in soils, EDTA is added to all solutions [1]
ii) Why in the analysis of Sr in foodstuffs, 1000 ppm La is added to all solutions [1]

iii) Why in the analysis of Cu in a plant sample, the instrument is operated under “standard additions” mode
(1}

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

i) What is the major structural difference between flame AA and graphite furnace AA? [2]

ii) Identify the physical stages involved in a furnace program, and describe the processes that occur during
each stage [3]

iii) Describe two (2) advantages of graphite furnace AA over flame AA [2]

(d) In 2001, the Swaziland Water Services Corporation acquired a new atomic spectrometer called the Liberty 110
ICP.

i) What does the acronym ICP stand for? [1]
ii) Explain how a “doughnut” shaped ICP is formed, and why it is preferred over a “tear-drop™ shaped ICP.

[3]
iii) What are the normal operating values of the ICP in terms of®
Power in KW [1] Temperature in K 1

iv) In the ICP, direct reading of several lines at once is possible. With the aid of a diagram, explain how this
is possible [3]

v) List two (2) advantages of ICP compared to FAAS or GFAAS [2]




QUESTION 5 [25]

Gas Chromatographic techniques have many applications in analytical chemistry, especially in the area of pesticide
and drug analysis.

(a) In GC, explain what is meant by
i) Temperature prograrnming [1]
ii) the “race-track™ effect [1]

{b) The power of separation, technically the “resolution” in GC, depends on the plate number, or alternatively the
HETP, which has its theoretical origins embodied by the Van Deempter principle. With regards to HETP for a
GC packed column,

i) explain the origin of “Eddy Diffusion™[1]
ii) write down the equation that relates HETP to Eddy Diffusion, and explain all terms that appear in it [2]
iii) explain the origin of “Longitudinal Diffusion™[1]

iv) write down the equation that relates HETP to Longitudinal Diffusion, and explain all terms that appear in
it [2]

(c) Draw the Van Deempter Plot for packed column GC, and identify the point in the plot that is used to determine
the optimum velocity of carrier gas [3]

(d) A GC instrument equipped with a 3-m steel column packed with Chromosorb W-AW on PEGS stationery phase
and a Flame Ionization Detector, was used to quantify two alcohols, methanol and ethanol. 2-butanol was used as

an internal standard. In the chromatogram, an unretained air peak appeared at 30 sec, while peaks for the two
alcohols of interest appeared at 3 and 3.5 min respectively.

i) What is meant by the prefix “AW?” in Chomosorb W-AW? [1]
ii) State the order in which the three alcohols will elute out of the analytical column [1]
iii) Describe the role of 100%v/v 2-butanol in the analysis [1]
iv) Draw and label a diagram of an FID, and explain how it works [4]
v) Calculate the capacity factor of ethanol [2]
vi) If the column had 320 theoretical plates, what is the width of the methanol peak? [2]
vii) Are these two peaks properly resolved? Explain why or why not [3]
QUESTION 6 [25]

Liquid Chromatographic techniques have many applications in analytical chemistry, especially in the area of food
and drug analysis.

(a) In LC, explain what is meant by
i) Solvent programming [1]

ii} Isocratic elution [1)
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(b) The power of separation, technically the “resolution” in LC, depends on the plate number, or alternatively the
HETP, which has its theoretical origins embodied by the Van Deempter principle. With regards to HETP for an
LC packed column,

i) explain the origins of “Resistance to Mass Transfer in the Stationary Phase™([2]

ii) write down the equation that relates HETP to Resistance to Mass Transfer in the Stationary Phase, and
explain all terms that appear in it [3]

iii) explain the origin of “Resistance to Mass Transfer in the Stagnent Mobile Phase”[2]

iv) write down the equation that relates HETP to “Resistance to Mass Transfer in the Stagnent Mobile
Phase”, and explain all terms that appear in it [3]

(c) Draw the Van Deempter Plot for packed column LC, and identify areas in the plot which are different from those
of gas chromatography [3]

(d) HPLC is widely used for Vitamin A analyses. In a typical analysis, after pre-treatment and priming, both sample
and standards are injected into an HPLC instrument fitted with a 20-em 0.5-in. glass column in a reverse-phase
bonded phase mode. Eluents are detected by means of a uv detector at 254 nm.

i) What does the acronym “HPLC” stand for? [1]
ii} Describe the process of “priming”in HPLC [1]
iii) What is the reason for the use of bonded phases in HPLC? [1]

iv) Use chemical equations to describe how bonded phases are synthesized in the laboratory {3]
(e) In a lot of instances, column materials are “silinized” in chromatography.

i) What is the role of “silinization” in chromatography [1]

ii) Use chemical equations to describe how silinization is achieved in the laboratory [3]
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