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*  Boltzmann Constant (K) = 1.38 x 1023 m?kgSK"!
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SECTION A:COMPULSORY

QUESTION ONE (30 MARKYS)

a) Define the following terms
1. Lambda max (1 mark)
1i. Stokes shift (1 mark)
iii. Mass Spectroscopy (1 mark)

b)

d)

2)

h)

Distinguish between the following terms as used in various spectroscopic techniques

1. Rayleigh scattering and tyndall scattering (2 marks)
il. Fluorescence and phosphorescence (2 marks)
iii. Bending vibrations and stretching vibrations (2 marks)

With specific reference to the analysis of an aqueous MgCl» solution using Atomic

Absorption Spectrometry (AAS), and describe the processes that are likely to occur.

(5 marks)

H-CI absorbs a photon of energy 5.94x1072°7J.
1. Determine the spectral region (2 marks)
il. If the quantum number of the initial state of the transition is n = 1. Determine the
quantum number of the final state of the transition (3 marks)
Compare the UV absorption spectrum of 1-butene to that of 1,3-butadiene (2 marks)

Consider the analysis of Magnesium using a graphite furnace operated at 2600K.
Determine the fraction of Mg atoms in the excited state that has a AE corresponding to
light at 589 nm given that the degeneracies of the excited and ground states are 2 and 1
respectively (4 marks)
List three advantages of FT-IR spectrophotometers over conventional IR

spectrophotometers that uses a monochromator. (3 marks)

The mass spectrum shown is of a protein that has been produced by electrospray

ionization. Determine the relative molecular mass of this protein. (2 marks)
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SECTION B:
ATTEMPT ANY TWO QUESTIONS (20 MARKS EACH)
QUESTION TWO (20 MARKS)
a) Using a relevant example, briefly describe the theory of molecular fluorescence
spectroscopy (5 marks)
b) List the main advantage of fluorescence over UV-Vis spectroscopy (0.5 marks)
C) Discuss 5 factors that can affect quantitative accuracy in fluorescence spectroscopy
(7.5 marks)
d) Briefly explain why:
1. Fluorescence spectrometers often use "double- beam optics" (2 marks)
ii. The radiation source for fluorescence spectrometry should be more powerful than
for absorption spectroscopy (2 marks)
iii. Phosphorescence measurements are usually determined at a low temperature and
not room temperatures (2 marks)
e) Explain how photo-decomposition can be reduced in fluorescence spectroscopic

measurements (1 mark)

QUESTION THREE (20 MARKS)

a)

b)

c)

Describe the process by which a solution of a metal salt in a flask is converted into an
atomic vapor in a flame-based atomic spectrophotometer (5 marks)
Draw a block diagram showing the components of a typical single beam flame atomic
absorption spectrophotometer (4 marks)

Explain why a continuous source like Dy lamp or tungsten lamp can not be used in
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d)

atomic absorption spectroscopy (2 marks)
In higher-temperature sources, sodium atoms emit a doublet with an average wavelength
of 1139 nm. The transition responsible is from the 4s to 3p state. Calculate the ratio of the

number of excited atoms in the 4s to the number in the ground 3s state in

1. An acetylene-oxygen flame (3000 0C) (3 marks)
il. The hottest part of an ICP source ( 9000 OC) (3 marks)
Briefly provide a solution for the following types of flame atomic Absorbance interferences
1. Non-vaporization of high- melting compounds, such as phosphates and oxides
(1 mark)

1i. Formation of stable oxides in the flame (1 mark)
iii. Ionization of atomic species, producing ions which do not absorb at the same

wavelength as the atomic species (1 mark)

QUESTION FOUR (20 MARKS)

a)

Atomic Absorption Spectroscopy (AAS) can be used to determine elemental
concentrations. A student prepared standard arsenic solutions and the absorbance of each
solution was measured. A Garden soil sample was also prepared. 10 mL of this prepared
soil sample was placed in a 100 mL volumetric flask and enough water was added to
make it up to the mark. The absorbance of this diluted soil sample and the standard

solutions were recorded as shown below.

Sample Concentration (ppm) Absorbance

Blank 0.00 0.00

Standard 1 1.00 0.17

Standard 2 2.00 0.34

Standard 3 3.00 0.48

Standard 4 4.00 0.65

Standard 5 5.00 0.83

Sample ? 0.26
1. Explain the purpose of carrying out the blank analysis (1 mark)
1i. Calculate the concentration of arsenic (Ar) in the original (undiluted) soil sample.
Show your working (5 marks)
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b) High performance liquid chromatography is basically a highlyimproved version of

Column chromatography
i. Differentiate between normal phase HPLC and reversed phase HPLC (2 marks)
ii. Briefly describe how you can use HPLC to carry out both qualitative and
quantitative analysis of a given compound (4 marks)

c) Chromatograms of A and B shown below were obtained at the same flow rate with two
HPLC columns of equal length. State and explain the
A B
a[ " Column 1
g I
a :
3 :
& :
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1. Column with more theoretical plates (1 mark)
il. Column that gave a higher resolution and calculate the resolution in each case
(3 marks)
1ii. Column that gave a greater relative retention (1 mark)
iv. Compound that has a higher retention factor (1 mark)
d) Suggest two detectors that can be used with HPLC instrument (2 marks)
QUESTION FIVE (20 MARKS)
a) Briefly explain the principle of mass spectrometry (3 marks)
b) Shown below is the mass spectrum of a halo alkane A
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1. What is the m/z value for the base peak (1 mark)
il. Determine the fragments that are responsible for the peaks at m/z = 127 and m/z =
15 (2 marks)
1il. Using the information in the mass spectrum, determine the molecular formula of
compound A (2 marks)
Briefly explain
a) The principle of flame emission spectrometry (4 marks)
b) Four advantages of emission methods based on plasma excitation sources

(4 marks)

Sodium in tap water was analyzed by flame emission spectroscopy using a simple flame
photometer utilizing a butane/air flame. The following calibration graph was produced.
The insert is a zoomed in area of the low concentrations. The top line in each graph is

what a straight line would be.
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b)
c)

d)

Why does the graph slope down at high concentrations? (1 mark)
What can be done to get a straight line for the calibration? (1 mark)
The insert shows a zoom of the low concentrations. Why does this show a
negative deviation from a straight-line calibration? (1 mark)
What can be done to remedy, if anything, this part of the calibration graph?

(1 mark)
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