DEPARTMENT OF CHEMISTRY
UNIVERSITY OF SWAZILAND

C304 ‘ INSTRUMENTAL ANALYSIS

DECEMBER 2006 FINAL EXAMINATION

Time Allowed: Three (3) Hours |

Instructions:

1. This examination has six (6) questions and one 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.

3. Each guestion 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.



QUESTION 1 [25]

a. In the following table:

Region Wave length (nm) | Frequency (sec™) Type of Interaction | Energy (J) | Energy(eV) |
Gamma ray 10* E C
X-Ray 10 F B

Ultraviolet G

Visible 750 A H

Microwave I

i) Calculate A, B, and C 3]

ii) Complete the table by stating E, F, G, H, I [5]
b. Use diagrams to explain what a “double beam” instrument is in IR, and explain its role in this technique [3]
c. i) What is meant by resistance to mass transfer in the mobile phase in GC? [2]

ii) State the HETP equation for resistance to mass transfer in the mobile phase in GC. [2]
d. i) What is meant by resistance to mass transfer in the stationery in GC? [2]

ii) State the HETP equation for resistance to mass transfer in stationery phase in GC. [2]

e. 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) Filter Cartridge [2]
ii) Soap Bubble Flow meter [2]
iii) Injector [2] :

QUESTION 2 [25]
a. i) State Beer’s Law and explain all terms appearing in it [2]

i1) Use equations to explain why spectroscopic measurements are taken at the peak of spectral bands
rather than at the shoulder [3]

b. i) Describe any one source of emr in uv-visible spectroscopy [3]
ii) Use a diagram to explain how a bandpass filter works [3]
c. Explain using diagrams, why atomic spectra appears as lines, whereas molecular spectra appear as bands [3]
d. Use diagrams to describe the process of “elution” in chromatography. [3]
e. Describe each of the two ways by which elution is performed in Gas Chromatography (GC). [2]

f. Sketch the Van Deempter plot for GC, and indicate the region where mobile phase velocity is optimum for analysis.
[3]

g. Use equations to describe the process of “silanization” in GC. [3]



QUESTION 3 [25]
a. Atomic Absorption Spectroscopy (AAS) is one of the most versatile analytical techniques available.

i) Draw a cross section of an air-acetylene flame and label the main regions that make up the flame. [ 2 ]
ii) What chemical processes occur in each region of the flame? [ 3 ]
iii) Indicate the region where atomization efficiency is at the maximum. [ 1]

b. One of the problems associated with AA analysis of several elements is the susceptibility to interferences. Not
forgetting to quote specific examples in each of the cases below,

i) Describe ionization interference, and explain how it is eliminated in AA. [ 2 ]

ii) Describe chemical interference, and explain how it is eliminated in AA. [2]

iii) Describe “matrix effects” and outline one procedure used to combat these effects in AA.[ 2 ]
c. What is meant by the “race track” effect in chromatography, and how is it eliminated? [2]
d. Sketch the Van Deempter plot for Liquid Chromatography (LC) and explain how it is different from that of GC. [3]
e. i) What is the reason for performing L.C in bonded phases? [2]

ii) Use equations to explain how bonded phases are fabricated. [3]

iii) Explain the difference between NPBP and RPBP in bonded phase LC. [3]

QUESTION 4 [25]

a. The “monochromator” in a spectrometer is a critical component.
i) What role does a “monochromator “ play in a spectrometer? [1]
ii) State Snell’s Law of refraction, and use it to explain how a prism acts as a monochromator. [3]

b. In spectroscopy, several types of detectors are used. Draw and label a vacuum phototube and explain how it works.
[4]

¢. The Molar Ratio method for the Cu-bathferon complex shows stoichiometric breaks at 0.25 and at 0.166. What is
the ratio of metal to ligand in this complex? [3]

d. One of the applications of GC is the separation of benzene from its mixture with cyclohexane, followed by
quantification of the benzene. Toluene is deliberately added to all samples and standards.

i) Explain the role of toluene (explain how it serves this role) in the analysis. [1]
ii) Explain why a dual column GC is preferred over a single column GC in this separation. [3]

iii) Describe the solid support Chomosorb P-AW-DMCS employed in the column. [2]



iv) Describe the stationary phase squalene émployed in the column. [2]

v) List and discuss three (3) desirable properties of squalene as a stationery phase in GC. [6]

QUESTION 5 [25]

b.

A

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

i) By means of a diagram, explain what is meant by this arrangement. {3]

ii) Explain how this arrangement enables light from the source to be split into individual wavelengths. [3]
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 detector works. [4]

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]

i) What is meant by Eddy Diffusion in GC? [2]

ii) State the HETP equation for Eddy Diffusion in a packed bed [3]

i) What is meant by Longitudinal Diffusion in GC? [2]

ii)State the HETP equation for Longitudinal Diffusion in a packed bed [2]

i) On a single Van Deempter plot, show the difference between He and N, when used as carrier gases. [2]

ii) On a single Van Deempter plot, show the differences between 1%, 2% and 3% diethylglyconate succinate
stationary phase loading. [3]

QUESTION 6 [25]

a. 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]

ii) Outline two (2) advantages of graphite furnace AA over flame AA. [2]

b. Perhaps the most sensitive technique in analytical atomic spectrometry in the 1990’s is the ICP.

i) In ICP-OES, solutions are normally introduced by the “Venturi Effect”. Describe this effect. [3]

ii) Optics in an ICP are mounted in a “Rowland Circle”. Draw this optical arrangement, and show how it
enhances the multi element capability of ICP. [3]



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

d. i) With the aid of a diagram, explain how a thermal conductivity detector works. [3]
ii) With the aid of a diagram, explain how a flame ionization detector works. [3]
iii) With the aid of a diagram, explain how an electron capture detector works. [3]

e. Use equations to explain the concept of derivatization in the analysis of benzoic acid in GC using an electron
capture detector. [3]
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Useful Relations

General Data

2.997 925x10% m!

(RT)208.15x=2.4789 kJ/mol speed of light c
(RT/F)98.15x=0.025 693 V charge of proton e 1,602 19x10™° C
T/K: 100.15 298.15 500.15 1000.15 Faraday constant F=Le 9.648 46x10* C mol
T/Cm:  69.61 207.22 347.62 695.13 Boltzmann constant : k 1.380 66x10 JK*
ImmHg=133.222 N m” Gas constant R=Lk 8.314 41 JK' mol
he/k=1.438 78x10° m K ) 8.205 75x107 din® atm K™ mol™!
latm 1 cal 1eV lecm™
1.01325x10° Nm?  4.184]  1.602 189x10"°J  0.124x10% eV ! Planck constant h 6.626 18x10°* Js
760tort 96.485 k/mol 1.9864x107] po b 1.054 59x10™ Js
8065.5 cm™ o
Avogadro constant LorN, 6.022 _N_x_Aow‘.Eo_._
Atomis mass unit u=10" 1.660 54x10™* kg
kg/(Lmol) :
N Electron mass m, 9.109 39x10™ kg
Sl-units: Proton mass m, 1.672 62x10* kg
1 cal (thermochemical) =4.184 ] Neutron mass m, 1.674 93x10%" kg
dipole moment: 1 Debye = 3.335 64x10™° C m Vacuum permittivity g = 'c”? 8.854 188x10 1" C* m’!
force: IN=lJ m™ = _wmam.wn_ou dyne  pressure: 1Pa=INm?2=1Jm" | Vacuum permeability | 1, 41tx107 1s2C?% !

power: [W=1Js"

potential: 1V =1JC"

Bohr magneton

9.274 02x1072 )T

magnetic flux: 1T=1 Vsm?=1JCsm?  current: 1A=1Cs" Nuclear magneton i, = o:k 5.05079x10%" JT!
m
............... —d cevane
Prefixes: . Gravitational constant : G or g 6.67259x 10" Nm’kg™
p n m m c d k M G Bohr radius a, 5.291 ﬂﬂx_o..._.._..,_.:
pico nano micro milli centi deci  kilo mega giga i
10-% 10" 10° 10?10?1000 10° 10° 100 i




