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INSTRUCTIONS: 

• The paper consists of two sections. 

• Section A is compulsory. 

• Answer any two questions from section B. 
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SECTION A (COMPULSORY) 

QUESTION ONE (30 MARKS) 

a) Define the following terms as used in analytical chemistry           

i) Mechanical entrapment                                     (1 mark) 

ii) Occlusion                 (1 mark) 

b) Explain the difference between the following terms:                                  

i) Random error and determinate error                        (2 marks) 

ii) Heterogeneous sample and homogenous sample          (2 marks) 

c) State four (4) properties of a good precipitate as obtained in the process of 

gravimetric analysis.                                 (2 marks) 

d) The results of many measurements of an experimental quantity follow a Gaussian 

distribution. 

i) List an example of one case that we studied for comparison of means and 

write equation used in this case                         (2 marks) 

ii) A trainee in a medical lab will be released to work on her own when her 

results agree with those of an experienced worker at the 95% confidence 

level. Results for a blood urea nitrogen analysis are shown below. 

Trainee: x = 14.57 mg/dL   s = 0.53 mg/dL       n = 6 samples 

Experienced worker: x = 13.95 mg/dL   s = 0.42 mg/dL    n = 5 samples 

Should the trainee be released to work alone?                               (5 marks)         

e) A Chemistry student prepared a solute labeled Y with a partition coefficient of 4.0 

between water and dichloromethane.  

i) If solute Y, was initially dissolved in 80.0 mL of water. It was then 

extracted six times with 10.0 mL portions of dichloromethane. Find the 

fraction of solute remaining in the aqueous phase                         (3 marks) 

ii) Calculate the concentration of Y in dichloromethane if the concentration 

of Y in aqueous solution [Yaq] is 0.04 M                         (1 mark) 

iii) State the advantage of carrying out multiple extractions                 (1 mark)        

f) A student was carrying out an experiment using trace amounts of a sample. 

Briefly explain three (3) problems that she may encounter during analysis of her 

sample                  (3 marks) 

 

 

 



 

g) Using the following chromatogram and assuming that methane (CH4) is un-

retained, calculate the: 

 
i)  Adjusted retention time for benzene and toluene                       (2.5 marks) 

ii) Capacity factor for toluene                                                          (2.5 marks) 

h) Sample X was postulated to contain both propane and propan-2-ol. A student  

carried out TLC separation on the sample X. Draw the likely outcome of the TLC 

plate after separation. Explain your diagram                                       (2 marks) 

 

SECTION B: ATTEMPT ANY TWO QUESTIONS 

 

QUESTION TWO (20 MARKS) 

a) Explain the following two (2) modes of extraction  

i) Single stage operation                                                                     (2 marks)                                             

ii) Counter current distribution                                                           (2 marks)                               

b) A research scientist isolates a compound (compound X) from a plant and conducts 

the tests using liquid – liquid extraction to optimize its extraction. Using water 

and 1-octanol, the following distribution coefficients, KD (= [X]octanol/[X]water) 

are calculated as a function of pH (with water being the extractant phase): pH 2, 

4, 6, 8 and 10: KD 0.008, 0.8, 39, 76 and 75 respectively   

i) Does compound X appear to have acidic functional groups, basic 

functional groups or both types of groups? Explain your answer  (3 marks) 

ii) If 50 mL of an aqueous plant extract buffered to a pH of 8.0 is extracted 

with octanol, calculate the volume of octanol needed to extract 98.0% of 

compound X to the octanol phase                                               (4 marks) 

 

 

 



               

iii) Consider an amine B with a partition coefficient K = 3 with the acid 

dissociation constant of BH+, Ka = 1x10-9. If 50 mL of 0.01 M aqueous 

amine is extracted with 100 mL of solvent, calculate the formal 

concentration remaining in the aqueous phase at  

I. pH 10                           (3 marks) 

II. pH 8                (2 marks) 

III. Comment on the results that you have obtained in question 2 part 

b(iii)I and b(iii)II above.                                                   (1 mark) 

 

c) A solute with a partition coefficient of 4.0 is extracted from 10 mL of phase X 

into phase Y. What volume of phase Y is needed to extract 99% of the solute in 

one extraction                            (3 marks)                     

 

QUESTION THREE (20 MAKRS) 

a) Describe the principles and operational features that distinguish each of the 

following chromatographic methods of separation.  

i) Thin layer chromatography             (3 marks) 

ii) Gas chromatography                                                                       (3 marks) 

b) On a gas chromatographic column L = 30 m compounds elute in 5 minutes with 

W1/2 = 5s, while on a liquid chromatographic column L = 25 cm, compounds elute 

in 5 minutes with W1/2 = 5s. For each column, calculate; 

i) The number of theoretical plates                                                    (2 marks) 

ii) The plate height                                                                              (3 marks) 

iii) Which of the two columns will give a better separation. Explain your 

answer                                                                                             (2 marks) 

c) Briefly explain how the column and flow rate affect the plate height       (4 marks) 

d) Chromatograms of compounds B and C were obtained at the same flow rate with 

two columns of equal length. Indicate the column, which: 

i) Has more theoretical plates.                                                             (1 mark) 

ii) Has larger plate heights                                                                    (1 mark) 

iii) Gives a greater relative retention                                                     (1 mark) 

 

 



 
 

QUESTION FOUR (20 MARKS) 

a) Differentiate between the following terms                                  

i) Titrimetric analysis and gravimetric analysis                                 (2 marks) 

ii) Molarity and normality                                                                   (2 marks) 

b) In determination of iron from a dietary supplement, using gravimetric analysis, it 

was determined that each tablet provided 15 mg of iron. Calculate the number of 

tablets that a student should analyze to obtain 0.25 g of Fe2O3 product    (4 marks) 

c) 0.7122 g sample of iron is dissolved in nitric acid (HNO3) to oxidize all iron 

present. The solution is filtered to remove solid matrix and made basic with 

addition of sodium hydroxide. The iron precipitates as the Fe(OH)3.xH2O gel. 

The precipitate is collected in a cistern crucible and ignited to produce Fe2O3. 

Calculate the percentage weight (wt%) of iron if the analysis produced 4.41X10-4 

Kg Fe2O3                                       (4 marks) 

d) A solution made from pure barium hydroxide contained 2.74 g in exactly 100 

cm3 of water. Using phenolphthalein indicator, titration of 20.0 cm3 of this 

solution required 18.7 cm3 of a hydrochloric acid solution for complete 

neutralization. [Atomic masses: Ba = 137, O = 16, H = 1) 

i) Write the equation for the titration reaction.                                    (1 mark) 

ii) Calculate the moles of barium hydroxide neutralized.                   (2 marks) 

iii) Calculate the molarity of the hydrochloric acid                          (2.5 marks) 

e) Calculate the molality of 40.0 wt% HCl, given that the density of the reagent is 

1.19 g/mL                                    (2.5 marks) 
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B 
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C 
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1 
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QUESTION FIVE (20 MARKS) 

a) An effective analytical process should go through various steps. Supposing you 

are requested by the Kenya Power and Lightening Company (KPLC), to analyze 

the amount of Arsenic in their chromated copper arsenate (CCA) wood treated 

timber, Explain in details, the analytical processes that will enable you 

successively achieve the objectives of KPLC                       (7 marks) 

b) A research analyst dissolved silver from a galvanized key ring and measured the 

mass lost by the key ring to tell how much of it was silver. Here are six (6) results 

in mass loss %; 10.2, 10.8, 11.6, 9.2, 7.9, 11.3. Which one of these values is an 

outlier? Should it be retained or discarded before averaging?                   (4 marks)                        

c) Six samples were analyzed using two methods, New and Standard. Determine 

whether these two methods differ significantly at 98% confidence level for the 

following individual samples from A to F as shown on the table below.  (5 marks)    

                              

Sample New  

Method 

Standard  

method 
A 10.2 10.5 

B 12.7 11.9 

C 8.6 8.7 

D 17.5 16.9 

E 11.2 10.9 

F 11.5 11.1 

d) A standard water sample is known to contain 89 wt% calcium. Using a new 

analytical method the following wt% of calcium were measured: 102, 97, 99, 98, 

101, and 106. At 95% confidence level, determine if the new method is valid.     

        (4 marks) 



 



 
 

 

 



 

CRITICAL VALUES OF G FOR REJECTION OF OUTLIER 

 

Number of 

observations 

G (95% 

Confidence) 

4 1.463 

5 1.672 

6 1.822 

7 1.938 

8 2.032 

9 2.11 

10 2.176 

11 2.234 

12 2.285 

15 2.409 

20 2.557 

 

 



 


