DEPARTMENT OF CHEMISTRY
UNIVERSITY OF SWAZILAND

C304 INSTRUMENTAL ANALYSIS

JULY 2006 SUPPLEMENTARY EXAMINATION

Time Allowed: : Three (3) Hours

Instructions:

1. This examination has six (6) questions and one data sheet. The total number of pages is eight (8)
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. '

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

Answer any two (2) questions from this section i

Question 1 [25]

a) For a spectroscopic band occurring at 1685 cm™,

(i) =~ convert to energy in joules [1]
(ii) state in which region of the electromagnetic spectrum the band falls {1]
(iii) state the kind of transition taking place [1]

b) Explain using diagrams, why atomic spectra appear as lines, whereas molecular spectra appear as
bands [4]

¢) The cheapest (affordable) uv-visible instruments (typically the Bosch and Laumb Spectronic 20
series) rely on the use of a “Bunsen” arrangement of the optical components.

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

d) The cheapest (affordable) infrared instruments rely on the use of a “Czerny-Turner” arran_gement of
the optical components.

: J

(0 By means of a diagram, explain what is meant by this arrangement. [3]

(i) Explain how this arrangement enables light from the source to be split into individual
wavelengths. [3]

e) In the Jasco instrument used by researchers at the University of Swaziland for functional group
identification of molluscicidal compounds in traditional herbs, a bolometer is used for detection.
With the aid of a diagram, explain how this component works. [4]

f) State two (2) reasons why in the Jasco instrument the sample is placed before the monochromator,
whereas in the Spectronic 20 instrument the sample is placed after it. [2]

Question 2 [25]

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

6) Two elements, X and Y are to be analyzed by flame AA and emission. The transition
for element X is designated 28,9 ?P;;, and has a wavelength of 852.1 nm. For Y,
it is 'Sy =¥ 'S, at 228 nm. What is the ratio of excited to ground state atoms for each
element, if the flame is operated at 2250° C? [5]

(ii) Which of the two elements would be best analyzed by absorption, and why? [2]
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b) 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:

@) the “Doppler Shift” and its effect pn atomic spectra [4]
(ii) why in the determination of Zn and K in soils, emission is favored for K, whereas
absorption is favored for Zn [3]

c) 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 [6]

d) With respect to Ca, explain chemical interference in flame atomic absorption spectrometry and
explain how it is eliminated [5]

Question 3 [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. B

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

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

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

[2]

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? Use
diagrams to support your answer [3]
(i)  Identify the physical stages involved in a furnace program and describe the processes that
occur during each 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.

6] What does ICP stands for? [ - —
(i) With the aid of a diagram briefly describe the ICP torch, how the ICP is lmtlated, and
how it is maintained and stabilized. [3]
(iii) What are the normal operating values of the ICP in terms of:
Power in kW Temperature in K. [2]




"SECTION B “Chromatographic Techniques
Answer any two questions from this section. 2 .

 Qitestion 4 [25] ’

Ia) A typical GC instrument has several standard components, each of which is listed below. In each case
give a brief description of the component, followed by its function. .

(i)  Nitrogen Gas Cylinder [2]
(i)  Filter Cartridge [2]

(iti) Soap Bubble Flow Meter [2]
(iv) Syringe [2]

(v) Oven|[2]

b) One of the applications of GC is the separation ‘of benzene from its mixture with cyclohexane,
followecl by quantification of the benzene. A typical output from the instrument is shown below:

—_— - : . BENZENE
i
BENZENE . i
TOLUENE CYCLOHEXANE
\1 TOLUENE
1
. {
INJECT . INJECT ‘ \
AIR AIR i [
| H
i L ; 1A J J \ _J \\‘
0 30 60 90 120 150 180 o 36 §0 90 120 150 180
o TIME (sec) : TIME {see) _

Figure IX-1. Gas chromatograms of injections of a standard mixture of benzene and toluene (left), and a
sample containing cyclohexane and benzene with the internal standard toluene added (right).

@) In the experiment, explain the role of toluene ( explain how it serves this role) [3]
(ii) Calculate the capacity factor of cyclohexane [3] '
(iii) Are the cyclohexane and benzene peaks properly resolved [3]
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(iv) Use the benzene peak in the sample chromatogram to calculate N; show how this value was
' obtained. [4]
™) Given that the column used was 10 m, calculate HETP in mm. [2]
’ /
Question S [25]
a) Use diagrams to describe the process of “elution” in chromatography [3]
b) Describe each of the two ways by which elution is performed in GC [2]
c) Sketch the Van Deempter plot for GC and indicate the region where mobile phase velocity is
optimum for analysis [2] :
d) Q) What is meant by resistance to mass transfer in the mobile phase in GC? [3]
(i)  State the HETP equation for resistance to mass transfer in the mobile phase in GC [3]
(iii) ~ What is meant by resistance by mass transfer in the stationery phase in GC [3]
- (iv)  State the HETP equation for resistance to mass transfer in stationery phase in GC [3]
e) The following results were obtained in a GC experiment whereby two standards were prepared

by weighing the pure compounds, followed by injection on to the GC. The sample (3.9786 g)
wal also injected following addition of toluene as indicated in the table. The peak areas were
taken directly from the integrator.

Wt. Of benzene (g)

Wt. Of toluene (g)

Peak area, benzene

Peak area, toluene

STANDARD # 1 0.5361 0.5023 35012 34754
STANDARD #2 -] 1.0026 0.5001 85600 36251
UNKNOWN #00S | ? 0.5015 53620 35621

Draw an appropriate calibration on the graph paper provided, and use it to calculate the %
benzene in unknown #005 [6]

Question 6 [25]

a)
b)
c)
d)

What is meant by the “race track” effect in chromatography, and how is it eliminated? [2]
Sketch the Van Deempter plot for LC and explain how it is different from that of GC. [2]

Use equations to describe the process of “silanization” in LC. [2]

A typical LC instrument has several standard components, each of which is listed below. In
each case give a brief description of the component, followed by its function.

) Column [3]

(i)

Sample loop and injector [3]




Describe each of the two ways by which elution is performed in LC [2]

(i) What is meant by longitudinal diffusion in chromatography? [3]

(ii) State the HETP equation for ]ongitudilgal diffusion in open tubes [2]
(iii) What is meant By’ Eddy Diffusion in chromatography? [3]

(iv) State the HETP equation for Eddy Diffusion in packed tubes [3]
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