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Section A [40 marks) 
Answer all questions in this section. 

(a) leon is a lnUlsition e leme nt. It has three main naturally occurring isotopes. 
(i) Defme is% pe. 

A sample of iron has the following isotopic composition by mass. 

Relative isoto ic mass 54 56 57 
% abundance 5.85 91.68 2.47 

(ii) Sketch the mass spectrum for the sample of iron. 

(iii) Calculate the re lative atomic mass of iron . 
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(b) A gaseous mixture containing xenon and carbon dioxide is placed in a 1.50 x 10-2 m3 

closed vessel at a pressure of 2.25 x lOs Pa and a temperature of 25°C. The partial pressure of 
xenon in the mixture is 1.50 x lOs Pa. Calculate 

(i) the partial pressure of carbon dioxide in the mixture, L1 mark] 

(ii) the mass of carbon dioxide in the mixture. [3 marks] 

(iii) Sketch a graph of ~ against p for 1.0 mol of carbon dioxide at 25 °C. {I mark] 
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2 (a) The ionic product of water at 25°C is 1.0 X 10014 mol2 dm-6. 
Calculate the pH of 1.0 x 10'8 mol dm') nitric acid [3 marks] 

(b) The pH of a saturated aqueous magnesium hydroxide solution is 10.5 at 25°C. 

(i) Calculate the concentration of the hydroxide ion in this solution. [1 mark] 

(ii) Calculate the solubility product of magnesium hydroxide. [3 marks] 

(iii) What happens to the solubility of magnesium hydrox ide if aqueous ammonia is 
added to the solution? Explain. [3 marks) 

96212 
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3 (a) Aluminium chloride. AhC4. is formed when aluminium reaclS with chlorine gas. 
(0 Write a balanced chemical equation for the above reaction. [1 mark] 

(ii) State one important use of aluminium chloride. [I mark) 

(iii) If 2.00g of aluminium was used in the reaction, 4.6Og of aluminium chloride 
would be produced. Calculate the percentage yield of the product. [3 marks] 

(b) Write the observation when sodium hydroxide solution is added to an aqueous solution 
of aluminium su lphate until in excess. [J mark] 

(c) Explain why 
(i) an aluminium pot should not be used to boil strongly alkaline soups. [I mark] 

(ii) aluminium is not as easily corroded as iron. [I mark] 

(d) Write chemical equations for the reaction of chlorine 

( i) with cold aqueous sodium hydroxide solution. [I mark) 

(ii) with hot aqueous sodium hydroxide solution. [I mark) 
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4. (a) Progesterone is a female sex hormone. The structural formula of progesterone is shown 
below. 

(i) Name two functional groups present in the progesterone molecule. [2 marks] 

(ii) Circle on !.he structure above, the func tional group thal reacts with sodium 
cyanide in hydrochloric acid [1 mark1 

(iii) How many moles of hydrogen gas is required for the complete hydrogenation of 
the progesterone molecule? [I mark] 

(b) Write the reaction schemes for the conversion of J -bromopropane, CH)CH2C H2Br to 
the following compounds. 

(i) CH,CH(OH)CH, [3 marks] 

(ii) [3 marks] 

96112 
*This question paper is CONFIDENTIAL until the examination is over: CONFmt?NTT" r· 



CONFIDENTIAL' 12 

Section B [60 marks) 

Answer any four questions in this section. 

5 (a) Hydrogen sulphide is a hydride of sulphur. The bonding in a hydrogen sulphide 
molecule is a result of the overlapping of orbitals of the sulphur and hydrogen atoms. 

0) Define orbital. [1 mark] 
(ii) Draw labelled diagrams to show the shapes of all the orbitals with quantum 

number n = 2 of a sulphur atom. [2 marks] 
(iii) Draw a labelled diagram showing the overlapping of orbita1s in the hydrogen 

sulphide molecule. [2 marks) 
(iv) State the shape of the hydrogen sulphide molecule. [I mark] 

(b) In acid solution. bromide ions are slowly oxidiscd to bromine by bromate (V) ions as 
represented in the following ionic equation. 

BrO)- + 6W + 5Br" - 38r2 + 3H20 
The following table shows the results of four experiments carried Qui at constant 

temperature. 

Experiment [BrO, V [BrV [W)/ l"ilial rate of reaction / 
mol dm-} moldm-; moldm"J mol dm-J s·J Number 

I 0.400 0.280 0.031 1.29 X 10" 
2 0.600 0.280 0.03 1 1.94 X 10" 
3 0.600 0.560 0.03 1 3.87 X 10" 
4 0.400 0.280 0 .062 5. 16 X 10" 

(i) Write the two hal f.-equations for the above reaction. [2 marks] 
(ii) Delennine the order of the reaction with respect to BrO)" • S f and J-I-t ions. 

[4 marks) 
(iii) Wri te the rate equation for the reaction. [I mark] 
(iv) Find the value of the rate constant in experiment number 4 . (2 marks] 

6 (a) The standard electrode potentials. Ee for a number of electrodes are given in the table 

below. 

Electrodes EON 

AI" (aq) + 3e = AI(s) - 1.66 

Br, (I) + 2e = 2Br"(aq) + 1.07 

Fc1+ (aq) + 3e- = Fe(s) - 0.04 

Cu" (aq) + 2e = Cu(s) +0.34 

Zn"(aq) + 2e = Zn(s) - 0.76 

(i) By using the above data. identify the strongest oxidi sing agen t and the strongest 
reducing agent. (2 marks] 

(ii) Describe what you would observe when zinc powder is added to aqueous 
bromine solution. [2 marks) 
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(iii) Calculate the emf of the following electrochemical cell at 25°C. 

(iv) 

AI(s) IAI"(aq , 0.8 mol dm") I! Cu" (aq, 0.4 mol dm") I Cu(s) [4 marks] 

What is the effect on the emf of the electrochemical cell in (a)(iii) when the 
concentration of Cu2

• ions in the copper half·cell increases? [I mark] 

(b) (i) 
(ii) 

Explain standard enthalpy change of Jonna/ion of Mn02. [2 marks] 
Using the data given below, calculate the enthalpy change for the following 
reaction. 

3 MnO,(s) + 4 AI(s) ~ 2 AI,O, (s) + 3 Mn(s) 

Enthalpy change of formation of A120 3 = • 1670 kJ mor l 

Enthalpy change of fannation of MnOz = - 520 kJ mor l [2 marks] 
(i ii) Explain why this reaction is used to extract manganese from its are, MnCh. 

[2 marks] 

7 (a) The oxides of the Period 3 elements include the following. 
AbO] ; SiOz ; P 406 

(i) The melting points of AlzOJ, Si<h and P406 are 2040°C, 16HfC and 24°C 
respectively. 
Explain the differences in their melting points in tenns of structure and bonding. 

[6 marks] 

(ii) Describe the solubilities of the oxides in water and write balanced equations for 
the reaction of the oxides (if any) with water. [4 marks] 

(b) Montmorillonite is a type of silicate clay which cracks during the dry season. 
(i) Draw the basic three dimensional structure of a silicate ion. [I mark] 
(ii) Draw a simple diagram to show the layered structure of montmorillonite. 

[2 marks] 
(iii) Explain how these cracks appear when the wet clay dries out. (2 marks] 

8 (a) 2000 cm3 of a gaseous oxide of nitrogen, NxOy, reacted with preheated copper powder. 
The reaction produced 1000 em3 of nitrogen gas and the mass of copper is found to have 
increased by 2.7 1 g. All volume of gases are measured at room temperature and pressure. 
[Molar gas volume = 24 400 cm3 J 

(i) Write a baJanced equation for the reaction. [I mark] 
(ii) Determine the fonnula of NxOy L3 marks] 
(iii) Name the dimer of this oxide of nitrogen. r I mark] 

(b) Arrange the acids He l. HBr and HI in increasing order of acid strength. 
Explain your answer. 

(c) [CrCh(C204hf-is a complex ion 
(i) Name this complex ion. 
(ii) Draw all the structural fonnu lae of the isomers of thi s complex ion. 
(iii) State the types of isomerism exhibited by the isomers. 
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9 (a) CH3CH=CHCN, when hydrolysed in acidic conditions. fonns compound A. A reacts 
with phosphorus trichloride to form B. B reacts with ethanol to form liquid C, which has a 
sweet, fruity smell . C reacts with lithium aluminium hydride, LiAlfu, followed by acidic 
hydrolysis to form compounds D and E. 

(i) Identify the structures of A. S, C, 0 and E. 
(ii) Gi ve a chemical test to differentiate between D and E. 

[5 marks] 
[3 marks] 

(b) Arrange the following organic compounds in increasing order of base strength. Explain 
your answer. 

@-NH2 H,C-@-NH2 O,N-@-NH2 

[7 marks] 

10 (a) A cyanohydrin Y, c.H,CH(OH)CN, can be prepared by the 
aldehyde U and NaCN in dilute Hel solution . 

reaction between an 

(i) Identify U, 
(ii) Write the mechanism for the formation ofV. 

[I mark] 
[3 marks] 

(b) Gcignard reagents can be used to prepare alcohols. The following scheme shows the 
conversion of a Grignard reagent W to alcohol Z. 

+ X 

1 Nalethanol 

c.H,CH(OH)CH, 

y z 
heat 

(i) Write the structural formulae ofX. Y and Z. [3 marks] 
(ii) Write an equation to show the conversion of Y to Z. [I mark] 
(iii) Suggest another Grignard reagent and another carbonyl compound that can be 

used to produce Z. [2 marks] 

(c) Natural rubber is an elastomer. Its monomer is 2-melhyl-I .3-butadiene. 
(i) Explain the tenn elastomer. [I mark] 
(ii) Write the structural fonnula of 2-methyl- I.3-butadiene and hence the structural 

formula of natural rubber. [2 marks] 
(iii) Vulcani sation is a process used to improve the physical properties of natural 

rubber. Draw the structure of vulcanised rubber. State one physical property of 
vulcanised rubber. [2 marks] 
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