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545/2 

S4 CHEMISTRY 

Exam 13 

PAPER 2  

 

DURATION: 2 HOUR 

 

Instructions to candidates  

 

Section A consists of 10 structured questions.  

Answers to these questions must be written in the spaces provided.  

Section B consists of 4 semi-structured questions. Answer any two questions from this section. 

Answers to the questions must be written in the answer booklet(s) provided. 

In both sections all working must be shown clearly  

 

For Examiners’ use only 
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SECTION A: (50 MARKS) 

 

1. The atomic numbers of elements Q, R and T are 2, 6 and 17 respectively. 

(a) State  

(i) The group in the periodic table to which Q belongs    ( ½ marks)  

 

………………………………………………………………………………………………………………………………….. 

(ii) The period in the periodic table to which T belongs.    ( ½ marks)  

 

………………………………………………………………………………………………………………………………….. 

 

(b) Q is generally unreactive. Give a reason.      (1 mark)  

…………………………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………………………. 

(c) State one general property of elements in the group to which T belongs in the periodic table.  

(½ mark)  

……………………………………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………………………………… 

(d) When R combines with T, the compound formed is a liquid at room temperature and is 

insoluble in water.  

(i) Write the formula of the compound.     (1 mark)  

……………………………………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………………………………… 

 

(ii) Suggest one reason why the compound is not soluble in water.  ( ½ mark)  

……………………………………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………………………………… 

 

2. (a) Diamond and graphite are some of the common allotropes of carbon. State what is meant by 

the term “allotrope”         (1 mark)  

………………………………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………………………… 

 

(b) (i) Graphite crystal is a soft substance whereas a diamond crystal is very hard. Give a reason.  
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           (1 mark)  

……………………………………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………………………………… 

 

 (ii) State one other difference between graphite and diamond.   (1 mark) 

……………………………………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………………………………… 

 

 

(c) Carbon – 12 and carbon – 14 are the two common atoms of carbon; and carbon – 14 is used 

extensively and determining ages of old objects. 

State  

(i) one word, which means the relationship between atoms like carbon – 12 and carbon – 14. 

           (1 mark)  

……………………………………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………………………………… 

(ii) the property of carbon-14 that is applied when it is used in determining the age of an old 

object          (1mark) 

……………………………………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………………………………… 

 

3. A clean piece of copper foil was dipped into a solution of silver nitrate. 

(a) (i) State what was observed.        (2marks) 

……………………………………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………………………………… 

 

(ii) Explain your answer in (a) (i) above.      ( 1 ½ marks)  

 

……………………………………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………………………………… 

 

(b) Write equation for the reaction that took place.     (1 ½ marks)  
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……………………………………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………………………………… 

4. A dilute solution of copper (II) sulphate was electrolyzed for some time using copper electrodes.  

(a) Identify the ions that migrated:  

(i) To the anode.        (1 mark) 

……………………………………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………………………………… 

(ii) To the cathode.        (1 mark) 

……………………………………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………………………………… 

(b) Write equation for the reaction at the anode.     (1 ½ marks)  

 

……………………………………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………………………………… 

(c) State; 

(i) What was observed at the cathode?      ( ½ mark)  

……………………………………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………………………………… 

 

(ii) How the resulting solution would affect litmus paper after some time.  (1 mark)  

……………………………………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………………………………… 

5. (a) (i) State what would be observed when a gas jar of ammonia was inverted over a gas jar 

containing hydrogen chloride.        (1 mark)  

 

……………………………………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………………………………… 

    (ii) Write equation for the reaction that would take place.   (1 ½ marks)  

 

……………………………………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………………………………… 

(b) Nitrogen reacts with hydrogen according to the following equation  

N2(g) + 3H2(g)                          2NH3(g)  
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Calculate the volume of ammonia produced at s.t.p when 44.8 dm3 of hydrogen is reacted 

completely with nitrogen. [1 mole of a gas at s.t.p occupies 22.4dm3]  

 

……………………………………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………………………………… 

……………………………………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………………………………… 

……………………………………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………………………………… 

 

6. Chlorine gas was bubbled through cold water until there was no further change. 

(a) State what was observed.        (1 mark)  

……………………………………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………………………………… 

 

(b) Few drops of litmus solution were added to a solution of chlorine in water. State what was 

observed.          (1 mark)  

……………………………………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………………………………… 

 

(c) Write equation for the reaction  

(i) Between aqueous chlorine and dilute potassium hydroxide solution  (1 ½ marks)  

……………………………………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………………………………… 

 

(ii) That takes place when aqueous chlorine is exposed to sunlight.   (1 ½ marks)  

……………………………………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………………………………… 

7. (a) An acid Q, with the formula HxCyOz.nH2O contains 26.7% carbon, 2.2% hydrogen and 71.1% 

oxygen by mass.  

(i) Calculate the empirical formula of anhydrous form of Q. 

(H=1, C=12, O = 16)        (2 marks)  
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……………………………………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………………………………… 

……………………………………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………………………………… 

……………………………………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………………………………… 

……………………………………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………………………………… 

……………………………………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………………………………… 

(ii) Determine the values of x, y and z in the formula of Q. 

(HxCyOz = 90)         ( ½ mark)  

 

……………………………………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………………………………… 

……………………………………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………………………………… 

……………………………………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………………………………… 

……………………………………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………………………………… 

 

(b) 20.0cm3 of a solution containing 6.3g of Q per litre required exactly 20.15 cm3 of a 0.1M 

sodium hydroxide solution for complete neutralization. 

(i) Calculate the concentration of Q in moles per dm3 of the solution.  (2 marks)  

 

……………………………………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………………………………… 

……………………………………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………………………………… 
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……………………………………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………………………………… 

……………………………………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………………………………… 

……………………………………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………………………………… 

 

(ii) Deduce the value of n.        (1 ½ marks)  

 

……………………………………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………………………………… 

……………………………………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………………………………… 

…………………………………………………………………………………………………………………………………………………………… 

  

8. (a) Define the term chromatography.        (1 mark)  

 

……………………………………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………………………………… 

…………………………………………………………………………………………………………………………………………………………… 

 

(b) Figure I shows the chromatogram of a mixture A of dyes and of pure dyes B, C and D. 

 

 

 
 
 
 
 
 
 
 
 

                 Starting line  

 

     ∙      ∙ 

     ∙     ∙ 

     ∙        ∙ 

      

     ∙                    

 

    ∙         ∙       

  

 A           B         C       D         

Chromatography paper  
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(i) Identify the dyes in mixture A      (2 marks)  

……………………………………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………………………………… 

(ii) Which one of the dyes in mixture A is most soluble in the solvent used?  

(½ mark)  

……………………………………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………………………………… 

 

(iii) Which one of the dyes in mixture A is the least soluble in the solvent used?  

(½ mark)  

……………………………………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………………………………… 

(c) Name one other mixture which can be separated by chromatography.  (1 mark)  

 

……………………………………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………………………………… 

 

9. (a) Write equation for the reaction between ethanol and sulphuric acid to form ethene.  

(1 mark)  

……………………………………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………………………………… 

 

(b) (i) Name one reagent that can be used to test for ethene.    (½ mark)  

 

…………………………………………………………………………………………………………………………………………………………… 

 

(ii) State what would be observed if the reagent you have named in (b) (i) was used to test for  

ethene.          (1 mark)  

……………………………………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………………………………… 

 

(c)       Under appropriate conditions, ethene molecules can react amongst a much larger 

molecular mass than ethene itself.  
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 (i) State one word, which means conversion of a compound with a low molecular mass to one 

with a relatively larger molecular mass.       (½ mark)  

……………………………………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………………………………… 

 

(ii) Name the compound with a much large molecular mass than ethene which is derived from 

ethene.           (½ mark) 

……………………………………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………………………….  

 (iii)  State one use of the compound that you have named in (b) (ii)  (½ mark)  

……………………………………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………………………………… 

 

10. (a) State what is meant by the term rate of reaction.     (1 mark)  

 

……………………………………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………………………………… 

 

(b) 50cm3 each of 1.0M solutions of acids X and Y were reacted with equal masses of magnesium 

ribbon at 40oC.The volume of hydrogen evolved was measured with time. The two curves 

below show the results of the experiment.  

 

 

 

Volume of  

Hydrogen (cm3)          For acid X  

        

 

       For acid Y  

 

 

 

 

(i) Write an ionic equation for the reaction between magnesium and aqueous solution of 

acid.          ( 1 ½ marks)  
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……………………………………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………………………………… 

 

(ii) Briefly explain what each of the curves indicates about the concentration of hydrogen 

ions in the acid solutions X and Y.      (2 ½ marks)  

……………………………………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………………………………… 

 

 

(iii) Sketch on the graph above, the curve you would obtain when an equal mass of 

magnesium powder was reacted with acid X under the same conditions.  

 

 

 

SECTION B: (30 MARKS) 

Answer any two questions only in this section. 

11. (a) The enthalpy of formation of ammonia from hydrogen and nitrogen as shown by the following 

equation is negative.  

 

N2(g) + 3H2(g)   2NH3(g)  ∆H =  –Ve  

Explain why maximum yield of ammonia is favored by  

(i) High pressure         (2 marks) 

(ii) Low temperature.        (2 marks)  

(b)  State one other factor that would favor high yield of ammonia other than temperature and  

pressure.           (½ mark)  

 

(c) Ammonia can be oxidized in the presence of a catalyst to nitric acid.  

(i) Name the catalyst and state its role during oxidation of ammonia to nitric acid.  

(1 ½ marks)  

(ii) Outline using equations only the reactions leading to the formation of nitric acid from 

ammonia.         (4 ½ marks)  

(d) Ammonium nitrate is widely used as a nitrogen fertilizer. The salt dissolves in water according 

to the following equation. 

NH4NO3(s)   +  H2O(l)   NH4OH(aq) + HNO3(aq)  

 

(i) State what is meant by the term fertilizer.     (1 mark) 
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(ii) Explain why the soil on which ammonium nitrate is often used as a fertilizer becomes 

acidic.          (3 ½ marks)  

 

 

12. (a) Explain briefly what is meant by the term enthalpy of neutralization.  (3 marks)  

 

(b) The table below shows the maximum temperature of the resultant solution formed when 

various volumes of 2M potassium hydroxide solution was added to 20cm3 portions of 2M 

nitric acid.  

Volume of KOH (cm3)  0 4 10 15 20 25 30 35 
 

Volume of HNO3+ KOHcm3  20 25 30 35 40 45 50 55  
 

Temperature oC.  22 25.6 29.2 32.8 35.6 31.8 27.8 23.8 
 

 

Plot a graph of temperature against volume of sodium hydroxide.    (4 marks)  

 

(c) Using the graph, determine: 

(i) The volume of potassium hydroxide required to completely neutralize 20.0cm3 of 2M 

nitric acid.          (1 mark)  

(ii) Temperature of the resultant solution at the neutralization point  

(d) Calculate the  

(i) Number of moles of nitric acid used.     (1 mark)  

(ii) Molar enthalpy of neutralization of nitric acid.  

(Specific heat capacity of resultant solution is 4.2Jg – 1 oC – 1, density of the resultant 

solution is 1gcm – 3)  

(e) State how the enthalpy of neutralization of ethanoic by potassium hydroxide would compare 

with that of nitric acid. Explain your answer.     (2 marks)  

 

13. (a) Copper (II) sulphate – 5 – water is a blue crystalline solid. Write the chemical formula of 

copper (II) sulphate – 5 – water.        (1 mark)  

(b) When exposed in dry air, copper (II) sulphate – 5 – water turns into a white powder.  

(i) Explain         (2 marks)  

(ii) Write equation to illustrate your explanation in (b) (i)   (1 ½ marks)  

(c) Anhydrous copper (II) sulphate decomposes on heating, giving off sulphur dioxide.  

Name: 

(i) the other substance that is produced together with sulphur dioxide.  (1 mark)  
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(ii) One laboratory reagent that can be used to identify sulphur dioxide, and state what 

would be observed if sulphur dioxide was treated with the reagent that you have 

named.          (2 marks)  

(d) Explain ;your observation in (b) (ii)       (1 ½ marks)  

(e) A moist blue colored flower lost its color when it was placed in a gas jar containing sulphur 

dioxide 

(i) Give a reason for the above observation.    (1 mark)  

 

(ii) State one industrial application of the property of sulphur dioxide shown in the above 

observation.         (1 mark)  

(f) To aqueous copper (II) sulphate solution was added dilute sodium hydroxide drop wise until 

in excess.  

(i) State what was observed and write ionic equation for the reaction that took place.  

(2 ½ marks)  

(ii) Aqueous ammonia was added to the product in (f)  

State and explain what was observed.     (1½ marks)  

 

14. (a) Carbon dioxide can be prepared in the laboratory using calcium carbonate and a substance T. 

(i) Identify T and write equation for the reaction leading to the formation of carbon dioxide  

(2 ½ marks)  

(ii) Draw a labeled diagram for the setup of apparatus that can be used to prepare a dry 

sample of carbon dioxide starting from calcium carbonate.   (3 marks)  

(iii) With the aid of the diagram that you have drawn in (a) (iii) explain the preparation of 

carbon dioxide.         (3 marks)  

(b) When bubbled through calcium hydroxide solution, carbon dioxide reacted to form a white 

precipitate of calcium carbonate according to the following equation.  

 

Ca(OH)2(aq) + CO2(g)   CaCO3(s) + H2O(l)  

 

Calculate the mass of dry calcium carbonate that would be obtained if 600.0cm3 of carbon 

dioxide, measured at room temperature was bubbled through calcium hydroxide solution  

(Ca = 40, C = 12, O =16; 1 mole of a gas occupies 24.0dm3 at room temperature)  (2 marks)  

(c) More carbon dioxide was bubbled through a mixture containing calcium carbonate as in (b)  

State what was observed and explain the reaction that took place  

(No equation is required)        (2 ½ marks)  

(d) Burning magnesium was lowered into a jar of carbon dioxide. Write equation for the reaction 

that took place.         (1 ½ marks)  

END 


