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INSTRUCTIONS 

 Answer question One (Compulsory) and any other Two questions. 

QUESTION ONE (30 MARKS) 

a) State the function of the following components of atomic absorption spectrophotometer (AAS).  

(i) Hollow Cathode lamp        (1 mark) 

(ii) Chopper         (1 mark) 

(iii) Atomizer         (1 mark) 

b) Describe the basic difference between atomic emission and atomic absorption spectroscopy. 

           (2 marks) 

c) A 1.0 ×10-4 M solution of an analyte is placed in a sample cell with a path length of 1.0 cm. When 

measured at a wavelength of 350nm, the solutions absorbance is 0.139. Determine the molar 

absorptivity at this wavelength.       (2 marks) 

d) The table below shows the absorption data for some organic compounds. 

Alkenes λmax ε 

Ethene 175 15,000 

1,3-butadiene 217 21,000 

1,3,5-hexatriene 258 35,000 

Ketones   

Acetone 189 

280 

900 

12 

3-buten-2-one 213 

320 

7,100 

27 
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(i) State feature(s) of the first three molecules (alkenes) that can be attributed to the trends in 

wavelength and intensity.       (2 marks) 

(ii) Each of the two ketones in the list have two transitions. Identify the type of transitions and 

justify your answers.        (4 marks) 

 

e) Briefly discuss the principle of gas chromatography (GC)    (3 marks) 

f) Describe the fundamental difference between ion-exchange and size-exclusion chromatography. 

           (2 marks) 

g) The morphine levels (%) of seven batches of seized heroin were determined with the following 

results:15.1, 21.2, 18.5, 25.3, 19.2, 16.0, 17.8. Calculate the 95% and 99% confidence limits for 

these measurements                                                             (5 marks) 

 

h) The wavelength of an electromagnetic radiation is 234nm. Determine;  

(i) The frequency of the photon       (1 mark) 

(ii) The energy of one photon in kJ       (2 marks) 

(iii) Energy in kJ of one mole of such photons      (2 mark) 

 

i) Differentiate between gradient and isocratic elution in HPLC.   (2 marks) 

 

QUESTION TWO (20 MARKS) 

a) (i)  Differentiate between reversed phase HPLC and normal phase HPLC.  (2 marks) 

(ii) A reverse phase high performance liquid chromatography (HPLC) separation was carried out 

using the following conditions:  Column: C18 (250 x 4.6 mm), ambient temperature (ca. 20oC). 

Mobile phase: water/methanol 80:20, flow rate 0.8 mL/min. The resulting chromatogram 

showed that the analytes were well-separated, but the total analysis time was too long. Suggest 

5 ways in which the analysis time may be reduced (assume resolution will be maintained).  

           (5 marks) 

b) Determine the retention/retardation factor (Rf) for compounds A and B spotted on the following 

thin layer chromatography (TLC) plate.      (2 marks) 
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c) Briefly explain how temperature programming improve separations in gas chromatography (GC).

           (3 marks) 

d) The following data give the recovery of bromide from spiked samples of vegetable matter, 

measured using a gas–liquid chromatographic method. The same amount of bromide was added 

to each specimen.         (8 marks) 

Tomato (µg g-1) 777 790 759 790 770 758 764 

Cucumber (µg g-1) 782 773 778 765 789 797 782 

(i) Test whether the recoveries from the two vegetables have variances which differ significantly. 

(ii) Test whether the mean recovery rates differ significantly. 

 

QUESTION THREE (20 MARKS) 

a) Discuss the following types of interferences in atomic spectroscopy and discuss the methods to 

compensate for each interference.  

(i) Matrix interference        (5 marks) 

(ii) Ionization interferences        (4 marks) 

b) Briefly discuss the principle of inductively coupled plasma atomic emission spectroscopy (ICP-

AES).           (1 marks) 

c) Briefly explain the properties of the ICP torch that have allowed it to become the dominant source 

for AES          (2 marks) 

d) Describe the various causes for deviations from Beer -Lambert’s law. Distinguish between real 

and apparent deviations.        (4 marks) 
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e) Radiation of wavelength 280 nm was passed through 1.0cm length cuvette that contained aqueous 

solution of the amino acid tryptophan at a concentration of 0.5×10⁻³molL-1. the light intensity is 

reduced to 54% of its initial value.         

(i) Calculate the absorbance and the molar absorption coefficient of tryptophan at 280nm.  

           (2½ marks) 

(ii) Determine the transmittance through a cell of thickness 2.0 cm.   (1½ marks) 

 

QUESTION FOUR (20 MARKS) 

a) The following data are for a liquid chromatographic column. 

Length of packing 24.7 cm 

Flow rate 0.313 mL/min 

Vm 1.37 mL 

Vs 0.164 mL 

A chromatogram of a mixture of species A, B, C, and D provided the following data: 

 Retention time, 

min 

Width of peak base 

(W), min 

Non retained 3.1 - 

A 5.4 0.41 

A 13.3 1.07 

C 14.1 1.16 

D 21.6 1.72 

Calculate; 

(i) The number of plates from each peak.      (21/2 marks) 

(ii) The mean for number of plates.       (1 mark) 

(iii) The plate height for the column.       (1 mark) 

(iv) The retention factor for species A, B, C, and D.     (21/2 marks) 

(v) Calculate for species B and C; 

I. the resolution.         (2 marks) 

II. the selectivity factor α.       (2 marks) 

b) The following results were obtained when each of a series of standard silver solutions was 

analyzed by flame atomic-absorption spectrometry.  

Concentration, ng ml-1 0 5 10 15 20 25 30 

Absorbance 0.003 0.127 0.251 0.390 0.498 0.625 0.763 

(i) Determine the slope and intercept of the calibration plot.    (5 marks) 

(ii) Determine the equation of the regression line for the above data.   (1 mark) 
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c) Describe hollow cathode lamp and explain its working principle.   (3 marks) 

 

 

STATISTICAL TABLES 
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