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Instructions to candidates;
· Answer all questions in Section A and six questions in Section B

· All questions must be answered in the spaces provided

· The periodic table, with relative atomic masses is attached at the end of the paper.

· Molar gas constant, R=8.314Jk-1mol-1

· Molar volume of a gas at stp is 22.4litres
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SECTION A (46 MARKS)
All questions are compulsory
1. The standard reduction potentials for some half cells reactionsare given below 

E/ V
RI2(aq) + 2e– 		2I –(aq)			+0.54

S NO3– (aq) 4H+(aq) + 3e–		NO(g)+ 2H2O(l)	+ 0.91 

(a) Write the 
(i) Cell notation of the cell formed when R and S are combined. 		(01 mark) 
…………………………………………………………………………………………………………………………………………………………………………………………………………
(ii) Overall cell reaction for the cell in (i) 					(1 ½ marks) 
…………………………………………………………………………………………………………………………………………………………………………………………………………………………
(b) Calculate the standard free energy of the cell. (Faradays constant = 96500C)  (2 marks) 
……………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………
(c) State whether the cell reaction is feasible or not. Give a reason for your answer.   (1 mark)
…………………………………………………………………………………………………………………………………………………………………………………………………………
2. State what is observed and write equation for the reaction that takes place when 
(a) Aqueous ammonia was added dropwise until in excess to nicked (II) nitrate solution 
(03 marks) ……………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………

(b) Dilute sulphuric acid was added to copper (l) oxide 				(2 ½ marks) 

……………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………
3. Polystyrene is an addition polymer with the structure 
 (
n
)[   CH2 – CH  ]


(a) (i) What is meant by the term addition polymer? 				(01 mark) 
…………………………………………………………………………………………………………………………………………………………………………………………………………
      (ii) Give the name and structure of the monomer used to produce polystyrene. (01 mark)
…………………………………………………………………………………………………………………………………………………………………………………………………………
(b) Write equation for the reaction leading to the formation of polystyrene 	(01 marks) 
…………………………………………………………………………………………………………………………………………………………………………………………………………
(c) The osmotic pressure of an aqueous solution containing 1.24% polystyrene was 
2.356 x 10–2 mmHg at 25oC.
Calculate the 
(i) Relative molecular mass of polystyrene 				(1 ½ marks) 
…………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………


(ii) Number of monomer units in polystyrene 				(1 mark) 
……………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………
(d) State one application of polystyrene 						( ½ mark) …………………………………………………………………………………………………………………………………………………………………………………………………………
4. Name the reagents that can be used to distinguish between members of the following pairs of compounds. In each case state what would be observed when each member of the pair(s) is separately treated with the reagent 

(a) HCOOH    and CH3COOH 							(3 marks) 
…………………………………………………………………………………………………………………………………………………………………………………………………………
…………………………………………………………………………………………………………………………………………………………………………………………………………

(b) CH3OH and CH3CH2OH 							(3 marks) 
……………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………
5. (a) State two factors that can affect lattice energy 				(1 mark)

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





(b) Standard enthalpy changes for some reactions are given below 		
H (Kjmol– 1 )

Ca(s)		Ca(g)		+193
½ F2(g)		F(g)		+79
F(g) + e–		F–(g)		 –348 
Ca(s) + F2(g)	      CaF2(s)	 – 1214 					
Ca(g) 	Ca+(g) + e–		+590
Ca+(g)	  Ca2+(g) + e–		+1150 

(i) Construct a Born Haber cycle relating the above enthalpy changes. 	( 3 marks) 
…………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………
(ii) Use the cycle you have constructed in (i) to calculate the lattice energy of calcium fluoride. 									(1 ½ marks) 
………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………





6. Complete the following equations and write mechanism for the reactions 

(a)  (
II
)						(3 marks) 
………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………

(b) 			CH3COBr/AlCl3					(3 marks) 


………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………
7. The melting points of chlorides of some of the elements in Period 3 are given in the table below 

	Formula of chloride 
	NaCl
	ACl3
	PCl5
	S2CL2

	Melting point (oC) 
	800
	180
	162
	 – 76 



(a) State the trend in melting points of the chlorides 				(01 mark) 

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


(b) Explain your answer in (a) 							(3 marks) 

…………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………
8. (a) Writeequations for conversion of ammonia to nitric acid 			(3 marks) 

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

(c) State one application of nitric acid 						( ½ mark) 
…………………………………………………………………………………………………………………………………………………………………………………………………………
9. Calculate the PHof a solution formed when 80cm3 of 0.02 ammonia solution was added to 60cm3 of 0.02 ammonium nitrate solution. (Kb for ammonia at 25oC is 1.75 x 10–5 moldm3)
(4 marks) 
………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………
……………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………

SECTION B: (54 MARKS)
Attempt only six questions from this section
10. Write equations to show how the following conversions can be effected. (include conditions and reagents for the reactions) 

(a) CH3CH2OH 	to HC  CH 							(2 ½ marks) 
…………………………………………………………………………………………………………………………………………………………………………………………………………
…………………………………………………………………………………………………………………………………………………………………………………………………………
…………………………………………………………………………………………………………………………………………………………………………………………………………
 (
             OCOCH
3
to
)
(b) 


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




 (
  COOH
)

(c) CaC2 to  									(4 marks) 


………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………
11. The PH values of solutions obtained during the titration of sodium hydroxide solution against 25cm3 of 0.1M ethanoic acid 

	Volume of NaOH (cm3) 
	O
	6.0
	10.0
	14.0
	15.0
	15.4
	16.0

	PH
	2.8
	4.2
	5.1
	5.5
	9.0
	10.5
	11.4 



(a) Plot a graph of PHagainst volume of sodium hydroxide 			(03 marks) 

(b) Use your graph to determine the 
(i) Volume of sodium hydroxide required to neutralize ethanoic acid.		( ½ mark) 
…………………………………………………………………………………………………………………………………………………………………………………………………………
(ii) PH at equivalence pint 							( ½ mark) 
…………………………………………………………………………………………………………………………………………………………………………………………………………
(c) Calculate 
(i) The molar concentration of sodium hydroxide 					(2 ½ marks) 
………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………
(ii) The ratio of [CH3COO– ] : [CH3COOH] when 5cm3 of sodium hydroxide solution has been added to 25cm3 of 0.1M ethanoic acid. (Ka of ethanoic acid at 25oC is 
1.8 x 10– 5 moldm– 3 )								(2 ½ marks) 
…………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………….
12. Describe the reactions of the following elements with nitric acid. 	
[Your answer should include relevant equations for the reactions that take place]

(a) Carbon 									(03 marks) 

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

(b) Sulphur									(03 marks) 

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

(c) Copper 									(03 marks) 
………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………
13. (a) State three characteristics of chemical equilibrium 				(1 ½ marks) 
………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………

(b) Hydrogen iodide decomposes on heating according to the equation 
	2HI(g)		I2(g) + H2(g)
	Write the expression for the equilibrium constant 	Kc			(01 mark)
………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………

(c) 3.24g of hydrogen iodide were heated at 450oc in a glass bulb of volume 800cm3 . When equilibrium was attained, the bulb was rapidly cooled to room temperature and then broken under a solution of potassium iodide. The iodine formed required 36.0cm3 of 0.2M sodium thiosulphatesolution in the presence of starch indicator for complete reaction. 
(i) Explain why the bulb was rapidly cooled and broken under potassium iodide solution 
……………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………




(ii) Calculate the equilibrium constant, Kc for the reaction at 450oC. 			(05 marks) 
………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………

14. (a) An organic compound Y contains 68.8%, carbon, 4.92% hydrogen and the rest being oxygen.
(i) Calculate the empirical formula of Y. 						(2 ½ marks) 
………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………
………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………

(ii) When 0.26g of Y was vaporized at 127oC and 750mmHg, it occupied a volume of 81.83cm3 . Calculate the molecular formula of Y					(2 marks) 
……………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………

(b) (i) Y burns with a sooty flame and reacts with sodium carbonate but does not react with   acidified potassium manganate (vii) solution
(i)IdentifyY 										( ½ mark) 
…………………………………………………………………………………………………………………………………………………………………………………………………………
(ii) When 0.3g of Y was dissolved in 20g of benzene, the freezing point of benzene was 
reduced by 0.32oC . Calculate the apparent relative molecular mass of Y in benzene. 
(Kffor benzene is 5.12oC Kg – 1 mol – 1 )						(02 marks) 
…………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………
………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………
(iii) Explain your answer in (ii)							(01 mark) 
…………………………………………………………………………………………………………………………………………………………………………………………………………
(c) Write equation(s) to show how Ycan be synthesized from methyl benzene. 	(1 ½ marks) 
………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………



15. (a) State the meaning of the term diagonal relationship.					(01 mark)
………………………………………………………………………………………………………………………………………………………………………………………………………………

(b) (i) Give three properties in which boron and silicon show diagonal relationship. 	(3 marks)
…………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………
	(ii) Why do the elements in (i) exhibit diagonal relationship. 			(2 marks) 
……………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………

(c) 	Write equation(s) for the reaction(s) between 
	(i) Beryllium oxide and concentrated sodium hydroxide solution 			(1 ½ marks) 
…………………………………………………………………………………………………………………………………………………………………………………………………………
	(ii) Silicon (IV) chloride and water 							(1 ½ marks) 

…………………………………………………………………………………………………………………………………………………………………………………………………………
16. Both chlorine and sodium hydroxide are manufactured from electrolysis of concentrated sodium chloride (brine) using a mercury cell.
(a) Name the electrodes used 
(i) Anode 										( ½ mark)
……………………………………………………………………………………………………
(ii) Cathode 										( ½ mark)

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

(b) Write equation(s) for the reactions leading to the formation of 
(i) Chlorine 										(01 mark)
…………………………………………………………………………………………………………………………………………………………………………………………………………

(ii) Sodium hydroxide 							(02 ½ marks) 

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

(c) State what would be observed and write equation(s) for the reaction(s) that take place when chlorine is bubbled through 
(i) Potassium bromide solution 							(1 ½ marks) 
………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………
(ii) Hot concentrated potassium hydroxide solution 				(02 marks) 

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

(d) Give a reason for your answer in c (i) 						(01 mark) 

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

17. (a) (i) State three properties of a primary standard 					(1 ½ marks) 

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

(ii) Explain why acidified potassium dichromate (VI) solution are preferred to acidified potassium manganate (VII) solution in titrations 					(01 mark) 
………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………

    (b) (i) Concentrated hydrochloric acid has a density of 1.36gcm – 3 and is 70% by weight 
(w.w) Calculate the molarity of concentrated hydrochloric acid. 			(02 marks) 
……………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………
……………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………
(ii) Why is hydrochloric acid not used to acidify potassium manganate (VII) solution during titration? 										(02 marks) 
………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………

(c)  State what would be observed and write equation for the reaction that takes place when dilute sodium hydroxide solution is added to aqueous potassium dichromate (VI) solution 	(2 ½ marks) 

Observation 

…………………………………………………………………………………………………………………………………………………………………………………………………………
Equation 
…………………………………………………………………………………………………………………………………………………………………………………………………………
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