DEPARTMENT OF CHEMISTRY
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C304 ANALYTICAL CHEMISTRY 1

DECEMBER 2009 FINAL EXAMINATION

Time Allowed: Three (3) Hours

Instructions:

1. This examination has six (6) questions and one (1) data sheets. The fotal number of pages is four (4)
including this page.

2. Answer any four (4) guestions 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 sheets.

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.

i) What does the acronym “emr” stand for? (1)
ii) Draw the blackbody radiation plot showing temperatures at 600K and 10,000K {2)

iii) Calculate the wavelength of maximum emission, in cm™, of the blackbody in (i) above at the
two temperatures given the Wien’s Displacement constant of 2.9 X 10 mK. (4)

iv) Explain using examples what is meant by
a chromophore (2)
a bathochromic shift {2}

i} Chromotography is a “semi-batch, differential migration, thermodynamic technique”. Use
diagrams to explain what is meant by this statement. {3)

ii) Use diagrams and equations to explain the concept of “resistance to mass transfer in the
stationary phase”, and how it causes band broadening. (3)

i) Describe each of four {4) properties of the stationery phase in chromatography. (4}

ii) Use chemical equations to explain the concept of “reverse phase bonded phase” and “normal
phase bonded phase”. (4)

QUESTION 2 [25]

a.

i) Use a diagram to explain how a band reject filter works  {2)

ii} Gratings are one of the widely used monochromators in analytical instrumentation today. Given
a grating that is 4.6cm wide with 1000 lines/mm, calculate the first order resoiving power of the
grating, and the resolution at 750nm. (3)

iii} Prisms are one of the widely used monochromators in analytical instrumentation today. Given a
prism length of 5¢cm and a dispersion of 2.7X107, calculate the resolving power of the prism,
and the resolution at 5268 angstroms. (3)

i} What is meant by “efficiency” of a column in liquid chromatography? (2)

i) How does efficiency affect the height 'eq'u.ivalent to a theoretical plate in liguid
chromatography? (2)

i) Use diagrams to explain the effect of stationery liquid loading on resolution in gas
chromatography. {4)

ii) Use diagrams to explain the effect of choice of carrier gas between He and N; in gas
chromatography. {4)

iii) What are “silanol” groups in gas chromatography? Why are they not desired in gas
chromatography? How are they masked in gas chromatography? (5}



QUESTION 3 [251

a.

i} Use diagrams to explain how a photovoltaic cell and a PMT work. (7)

i) Explain why the PMT is the most sensitive of the two. (2}

ili} Expiain why:
There is a difference in sample placement between UV-Visible and IR spectroscopy (2)
IR bands are much broader than UV-Visible bands (2}

i} Explain why H; and O, do not show infrared bands, yet HCl and CO do. (2)
ii) Explain why dispersive infra-red spectroscopy has poor resolution. (2)
iii) What causes “atmospheric absorption bands” in infra-red spectroscopy? Why are they not

desired? How are they eliminated? (3)

Draw the bolometer used as a thermal detector in infra-red spectroscopy and explain how it
works. (5)

QUESTION 4 ({25]

a.

i) Use a diagram to illustrate how the stoichiometry of the compiex Fe (bipyridine)s®” is
determined by the Job’s Method of Continuous Variation  (3)

In the determination of trace iron in water by spectrophotometry,

i} Explain the role of bipyridine. (1)

i) Why is a pH=4.5 buffer added? (1)

iii) Why is hydroxylamine hydrochloride added? (1)

iv) Sketch the spectrum expected and indicate A,..x given that the € at Ay, is 520 nm. (2)

Draw the thermocouple used as a detector in infra-red spectroscopy and explain how it works.

(4}

What is meant by “resistance to mass transfer in the mobile phase” in chromatography? Write
down the equation relating HETP to resistance to mass transfer in the mobile phase in
chromatography. (3)

List and describe any of three (3) desirable properties of a solid support in chromatography. {3)
Describe each of the two ways of eluting compounds in liquid chromatography, and explain

why one would be preferred over the other. (3)

Use a drawing to explain how a thermal conductivity detector works in chromatography. (4)



QUESTION 5 [25]

a. i) Explain the difference between AA and AE spectroscopy. (1)

ii} “Nebulization is a very inefficient approach to atomization”. Explain the meaning and
significance of this phase. (2)

iv) Explain how nebulisation is bypassed altogether in GFAAS. (3)
v) Outline the three {3) major cycles that lead to atomization in GFAAS. (3)

vi) List and describe each of two (2) advantages that GFAAS has over flame methods of atomic
spectroscopy. {2)

b. What is meant by “Eddy Diffusion” in chromatography? Write down the “Eddy Diffusion” term
in the Van Deempter equation, and explain how it could experimentally be manipulated to
improve resolution. (4)

¢. List and describe any three (3) desirable properties of a stationery phase in gas
chromatography (3)

d. Describe each of the two ways of eluting compounds in gas chromatography, and explain why
one would be preferred over the other. (3)

e. Use a diagram to explain how a flame ionization detector works in gas chromatography. (4)

QUESTION 6 [25]

a. i) What is a plasma, as applied in ICP-OES? (1)

ii} Draw the cross flow nebulizer, explain its role in ICP OES, and how it works. {3)

b. i} Using CaCl; solution as an example, describe the steps involved in the formation of excited
state atoms, ions and molecular species in the flame in atomic absorption spectroscopy, and
explain how this is different in the case of ICP. (4}

iijList and describe each of three {3) advantages that ICP has over flame atomic absorption
spectroscopy. (3) o

¢. i} Use diagrams to illustrate the effect of slit width on resolution. {3)
ii} Physically what does a grating look like? (1)
iii)State Bragg's Law as applied to a grating (2)

d. What is meant by “Longitudinal Diffusion” in chromatography? Write down the “Longitudinal
Diffusion” term in the Van Deempter equation, and explain how it could experimentally be
manipulated to improve resolution. (4)

e. Draw the “flow through” cell used in HPLC, and explain how using this cell makes UV-Visible
detection of ortho-and para-nitroanilines possible in HPLC. {4}
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