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INSTRUCTIONS: 

 The paper consists of TWO sections. 

 Section A is Compulsory. 

 Answer any two questions from section B. 

 Relevant Tables (Periodic table, t-test, and Q-test) and Statistical formula are  

 presented after the questions.
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SECTION A (COMPULSORY) 

QUESTION ONE (30 MARKS) 

a) Explain the difference between the following terms: 

i) Sample mean and Population mean  (2 marks) 

ii) Molarity and Molality    (2 marks) 

iii) Base line and Solvent front in chromatography  (2 marks) 

iv) Heterogeneous sample and homogenous sample  (2 marks) 

b) Describe the separation principle of each of the following mixture separation methods 

and state two applications for each method. 

i) Fractional distillation        (3 marks) 

ii) Centrifugation        (3 marks) 

c) An optimum assay shows that the paracetamol content of a pain-relieving tablet is 

117 μmol/dl. Assume you have developed a new assay that gave the following 

values for replicate analyses: 123, 125, 117, 121, 126 μmol/dl.    

(i) Using Q-test (95 % confidence level) determine whether the 117 μmol/dl is an 

outlier? N/B. Show your workings.                    (5 marks) 

(ii) Can you be 95 % confident that your result differs from the “known” m 

 value? N/B. Show your workings.                     (5 marks) 

d) Briefly explain how the column and flow-rate affect the plate height          (6 marks) 

SECTION B: ATTEMPT ANY TWO QUESTIONS 

 

QUESTION TWO (20 MARKS) 

 

a) State four (4) disadvantages of titrimetric analysis over gravimetric analysis. (4 marks) 

b) 9.7 g of a mixture of Potassium hydroxide and Potassium chloride was dissolved to 

make one litre solution. 20.0 cm3 of this solution required 25.0 cm3 of 0.12 M 

hydrochloric acid for completed neutralization.  
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i) Define neutralization titration?             (1 mark) 

ii) Explain the component of the mixture that does not react with the acid.     (2 marks) 

iii)  Calculate the percentage by mass of Potassium chloride in the mixture.    (6 marks) 

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

whether these two methods differ significantly at 90 % confidence level for the 

following individual samples from 1 to 6 as shown on the table below.        (7 marks) 
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Sample Standard 

Method 

New 

Method 

1 10.5 10.2 

2 11.9 12.7 

3 8.7 8.6 

4 16.9 17.5 

5 10.9 11.2 

 6 11.1 11.5 

 

QUESTION THREE (20 MARKS) 

 

a) Hydrocarbons in the cabin of an automobile were measured during trips at the Machakos 

bus terminus and trips along Nairobi - Thika highway. The total concentrations of the 

toluene hydrocarbon were: 

Machakos:  30.2 ± 30 μg/m3 (29 measurements) 

Nairobi-Thika:   45.4 ± 25 μg/m3 (27 measurements) 
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 Do these results differ significantly at 95 %? Show your workings clearly  
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(10 marks) 

  

b) Determine the molarity and molality of 45.0 wt% NaOH. (The density of a substance is 

the mass per unit volume). Given that the density of the NaOH is 2.13 g/mL.  (10 marks) 

 

QUESTION FOUR (20 MARKS) 

a) Define the following terms. 

(i) Plate Height               (1 mark) 

(ii) Retention time as used in chromatography                      (1 mark) 

(iii) Elution                    (1 mark) 

b) The five major considerations/steps followed in choosing a Gas chromatography as a 

method of sample analysis are: (i) The goal of the analysis, (ii) Sample preparation, (iii) 

Type of detector, (iv) Choice of Column, and (v) Injection method. Describe briefly the 

first three steps, (i to iii)             (9 marks) 

c) 10.0 g of hydrated potassium carbonate (IV) K2CO3.xH2O on heating leaves 7.93 g of 

the anhydrous salt. 

i)   How many moles of anhydrous salt are there in 10 g of the hydrate?       (2 marks) 

ii)   Calculate the mass of water of crystallization in the hydrated salt       (2 marks) 

iii)  Determine the number of moles of water present in the hydrated K2CO3? (2 marks) 

iv)  How many moles of water are present in the hydrate for every one mole of K2CO3         

that is the value of x.?              (2 marks) 
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QUESTION FIVE (20 MARKS) 

 

a) Describe the separation principle of each of the following analytical techniques and state 

two applications for each method. 

i) Ion Exchange chromatography        (3 marks) 

ii) Fractional Crystallization       (3 marks) 

iii) Ultra-filtration           (3 marks) 

iv) Reverse Osmosis         (3 marks) 

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

equation used in this case        (3 marks) 

c)  A factory uses 63.0 kg of 68 % pure nitric (V) acid per day to produce an ammonium 

fertilizer for an agricultural county. If the density of the acid is 1.42 gcm-3, calculate: 

 (i) the concentration of the acid used in moles per litre.         (3 marks) 

 (ii) the volume of ammonia gas at r.t.p used. (H = 1.0, N = 14.0, O = 16.0, one mole 

       of gas = 24 dm-3 at r.t.p)            (2 marks) 
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CRITICAL VALUES OF Q FOR REJECTION OF OUTLIER 

 
Numberof 
observations 

Q (95% Confidence) 

4 0.829 

5 0.710 

6 0.625 

7 0.568 

8 0.526 

9 0.493 

10 0.466 

11 0.444 

12 0.425 

15 0.384 

20 0.342 
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