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Section A 
Answer all the questions in this section in the spaces provided. 

The total mark for this section is 50. 
 

1 The chemical formulae of some reagents are shown below. Use them to answer the 
questions that follow. 
 

Na2CO3 KOH CuCl2 

Zn Ba(NO3)2 H2SO4 

(NH4)2SO4 PbCO3 Ag 

F2 NaCl Br2 

 
Each reagent can be used once, more than once, or not at all. 
 
Write the formulae of any two reagents which, when mixed together, 
 

 

 (a) would produce a green insoluble salt. 
 

[1] 

  _____________________________ and _______________________________  
    
 (b) would produce a white precipitate.  

 
[1] 

  _____________________________ and _______________________________  
    
 (c) would produce a gas which turns moist red litmus paper blue. 

 
[1] 

  _____________________________ and _______________________________  
    
 (d) would produce a gas which extinguishes a lighted splint with a ‘pop’ sound. 

 
[1] 

  _____________________________ and _______________________________  
    
 (e) would produce a gas which turns blue litmus paper red and bleaches it. 

 
[1] 

  _____________________________ and _______________________________  
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2 The structures of substances A, B and C are shown below. 
 

 

 

   

 

 A B C  
  

With reference to the structure and bonding of these substances, state and explain:  
 

 

 (a) which substance is able to conduct electricity in the solid state. [3] 
    
  ________________________________________________________________  
    
  ________________________________________________________________  
    
  ________________________________________________________________  
    
  ________________________________________________________________  
    
 (b) which substance can only conduct electricity in the molten state. [3] 
    
  ________________________________________________________________  
    
  ________________________________________________________________  
    
  ________________________________________________________________  
    
  ________________________________________________________________  
    
 (c) which substance has the lowest melting point. [3] 
    
  ________________________________________________________________  
    
  ________________________________________________________________  
    
  ________________________________________________________________  
    
  ________________________________________________________________  
    
 (d) Suggest possible identities for substances A and C [1] 
    
  A: ____________________________ C: _____________________________  
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 (e) Draw the dot-and-cross diagram to show the arrangement of electrons in 
substance C, based on your answer in (d). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

[2] 

    
3 The reaction to produce ammonia can be demonstrated in the science laboratory by the 

method shown in the diagram below: 
 

 

 
 

 The mixture of nitrogen and hydrogen is passed backwards and forwards over the hot 
iron wool until there is no further reaction. There must not be any air present in the 
reaction mixture in order for the reaction to take place. 

 

    
 (a) Write the balanced chemical equation, including state symbols, for the formation 

of ammonia from nitrogen and hydrogen. 
[2] 

    
  ________________________________________________________________  
    
    

    

    

    

    

15 cm3 of hydrogen 75 cm3 of nitrogen iron wool 

gas syringe gas syringe strong heating 
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 (b) Assuming only 15% of the nitrogen and hydrogen react to produce ammonia, 
calculate the volume of ammonia produced at room temperature and pressure. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

[3] 

    
 (c) In industries, ammonia is manufactured in the Haber Process. The table below 

shows the percentage yield of ammonia at different temperature and pressures. 
 

temperature (oC) 
percentage yield of ammonia at equilibrium (%) 

200 atm 300 atm 400 atm 

350 24 40 48 

450 20 23 30 

550 10 12 15 
 

 

    
  (i) Describe the effect of pressure on the yield of ammonia. [1] 
     
   ___________________________________________________________  
     
   ___________________________________________________________  
     
  (ii) Suggest one advantage and one disadvantage of using a working 

temperature of 550 °C rather than 350 °C during the industrial manufacturing 
of ammonia. 

[2] 

     
   advantage: __________________________________________________  
     
   ___________________________________________________________  
     
   disadvantage: ________________________________________________  
     
   ___________________________________________________________  
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4 Catalytic converters are used in cars to remove pollutants such as nitrogen oxides and 
carbon monoxide from the combustion engines. When the pollutants pass over a 
catalyst, they are converted to harmless products. The following chemical equation 
describes this process: 
 

2 NO (g)  +  2 CO (g)  à  N2 (g)  +  2 CO2 (g) 
 

 

 (a) Which substance is oxidised in the reaction? Explain your answer in terms of 
oxidation states of the element involved. 

[2] 

    

  ________________________________________________________________  
    
  ________________________________________________________________  
    

  ________________________________________________________________  
    
 (b) Which substance is reduced in the reaction? Explain your answer in terms of the 

gain or loss of oxygen. 
[2] 

    

  ________________________________________________________________  

    

  ________________________________________________________________  

    

  ________________________________________________________________  

    

 (c) Describe a chemical test to confirm the presence of the reducing agent. [2] 
    

  test: ____________________________________________________________  

    

  ________________________________________________________________  

    
  observation: ______________________________________________________  
    
  ________________________________________________________________  

    
 (d) Explain how pollutants such as nitrogen monoxide and carbon monoxide are 

produced in the combustion engine of cars. 
[2] 

    
  nitrogen monoxide: ________________________________________________  
    
  ________________________________________________________________  
    
  carbon monoxide: _________________________________________________  
    
  ________________________________________________________________  
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 (e) Describe a harmful effect of nitrogen monoxide. [1] 
    
  ________________________________________________________________  
    
  ________________________________________________________________  
    
 (f) Suggest why the harmless products that leave the catalytic converter could still 

cause problems for the environment. 
[1] 

    
  ________________________________________________________________  
    
  ________________________________________________________________  
    
    
5 An experiment to determine the rate of reaction between a piece of magnesium ribbon 

and excess dilute sulfuric acid was carried out using the following apparatus. 
 
 

 
The results of the experiment were then shown on the graph below: 
 

 

 

conical flask 

cotton wool 

magnesium reacting 
with dilute sulfuric acid 

electronic balance 
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 (a) Label the axes on the graph. [1] 
    
 (b) Sketch on the same graph to show the rate of reaction if the experiment was 

repeated: 
 
(i) at a higher temperature, with all other conditions remaining constant. Label 

this graph ‘A’. 
 
(ii) using half the mass of magnesium ribbon, with all other conditions remaining 

constant. Label this graph ‘B’ 

[2] 

    
 (c) Using ideas about collision theory, describe what happens to the rate of reaction 

when a higher concentration of dilute sulfuric acid is used. 
[2] 

    
  ________________________________________________________________  
    
  ________________________________________________________________  
    
  ________________________________________________________________  
    
  ________________________________________________________________  
    
  ________________________________________________________________  
    
 (d) Suggest another method to determine the speed of reaction for the reaction 

between magnesium and dilute sulfuric acid. 
[1] 

    
  ________________________________________________________________  
    
  ________________________________________________________________  
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6 Three methods of preparing salts are described below. 
 

no. method 

1 use a burette, pipette and an indicator 

2 mix two solutions and obtain the salt by precipitation 

3 add an excess of a base or a metal to a dilute acid and remove the 
excess insoluble reactant by filtration 

 
For each of the following salts, choose the correct number of the method of preparation 
from above and state the reagents required. Write the balanced chemical equation for 
the reaction as well. 
 

 

 (a) zinc sulfate [3] 
    
  method: _________________________________________________________  
    
  reagents: ________________________________________________________  
    
  balanced chemical equation: 

 
________________________________________________________________ 

 

    
    
 (b) potassium chloride [3] 
    
  method: _________________________________________________________  
    
  reagents: ________________________________________________________  
    
  balanced chemical equation: 

 
________________________________________________________________ 

 

    
    
 (c) lead(II) iodide [3] 
    
  method: _________________________________________________________  
    
  reagents: ________________________________________________________  
    
  balanced chemical equation: 

 
________________________________________________________________ 
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Section B 
Answer all the questions in this section in the spaces provided. 

The last question is in the form either/or and only one of the alternatives should be 
attempted. 

The total mark for this section is 30. 
 

7 A fuel cell is a chemical cell in which reactants are continuously supplied to produce electricity.  
 
Two such cells are the Alkaline Fuel Cell (AFC) and the Proton Exchange Membrane Fuel 
Cell (PEMFC). 
 

 Alkaline Fuel Cell (AFC) 
 
 
AFCs use an alkaline electrolyte such as 
potassium hydroxide in water and are 
generally fuelled with pure hydrogen. Typical 
operating temperatures are around 70 ºC.  
 
As a result of the low operating temperature, 
a variety of non-precious metals can be used 
as catalysts to speed up the reactions 
occurring at the anode and cathode.  
 
AFC cell type is easily poisoned by carbon 
dioxide (CO2). In fact, even the small amount 
of CO2 in the air can affect this cell's 
operation, making it necessary to purify both 
the hydrogen and oxygen used in the cell. 
This purification process is costly.  

Proton Exchange Membrane Fuel Cell  
(PEMFC) 
 
The PEMFC uses a water-based, acidic 
polymer membrane as its electrolyte, with 
platinum-based electrodes. PEMFC cells 
operate at relatively low temperatures (below 
100 oC).  
 
Due to the relatively low temperatures and the 
use of precious metal-based electrodes, 
these cells must operate on pure hydrogen.  
 
Hydrogen fuel is processed at the anode 
where electrons are separated from protons 
on the surface of a platinum-based catalyst. 
The protons pass through the membrane to 
the cathode side of the cell while the electrons 
travel in an external circuit, generating the 
electrical output of the cell.  
 
On the cathode side, another precious metal 
electrode combines the protons and electrons 
with oxygen to produce water, which is 
expelled as the only waste product. 
 

 
 
 
 
 
 
 
 
 
 
 
 
[Source: http://www.fuelcelltoday.com/about-fuel-cells/introduction] 
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 (a) Both the AFC and PEMFC are hydrogen fuel cells. Explain how hydrogen fuel 

cells generate electricity. 
[1] 

    
  ________________________________________________________________  
    
  ________________________________________________________________  
    
 (b) Why is the AFC is used to produce electricity and water aboard space shuttles, 

even though the purification process for both hydrogen and oxygen used in the 
cell is costly? 

[2] 

    
  ________________________________________________________________  
    
  ________________________________________________________________  
    

  ________________________________________________________________  

    

  ________________________________________________________________  

    

  ________________________________________________________________  

    
 (c) State one reason why the operation of AFC is more economical than that of 

PEMFC.  
[1] 

    
  ________________________________________________________________  
    
  ________________________________________________________________  
    
    
 (d) In the PEMFC, the ionic half equation at the anode is: 

 
2 H2 (g)  à  4 H+ (aq)  +  4 e− 

 
Write the ionic half equation, including state symbols, for the reaction occurring at 
the cathode. 

[2] 

    
  ________________________________________________________________  
    
 (e) Some people think that using hydrogen fuel cells eliminate the production of 

greenhouse gases. However, there are other people that argue that this is 
incorrect. Explain why. 

[1] 

    
  ________________________________________________________________  
    
  ________________________________________________________________  
    
  ________________________________________________________________  
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 (f) Most of the hydrogen produced today is made via steam-methane reforming. In 

this process, high temperature steam reacts with methane, in the presence of a 
catalyst to produce hydrogen and carbon monoxide. 

 

     
  (i) Write the balanced chemical equation for the reaction. [1] 
     

   _________________________________________________________________  

     
  (ii) Given that a certain source of natural gas constitutes 95% by volume of 

methane, calculate the minimum volume of natural gas required to produce 
1 kg of hydrogen.  

[3] 
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8 Small pieces of different metals were added to chloride solutions containing different 
metal ions. The results are summarised in the table below. 
 
‘ü’ represents that a reaction is observed while ‘x’ represents that no reaction took 
place. 
 

          metal 
 
chloride  
solution 

copper nickel iron scandium zinc 

copper(II)  ü ü ü ü 

nickel(II) x  ü ü ü 

iron(II) x x  ü ü 

scandium(III) x x x  x 

zinc x x x ü  
 

 

     
 (a) Place the five metals in decreasing order of reactivity. [1] 
     
  ________________________________________________________________  
    
 (b) Write the balanced chemical equation, including state symbols, for the reaction of 

zinc metal with copper(II) chloride solution. 
[2] 

    

  _______________________________________________________________________  

     
 (c) State two expected observations when excess zinc is added to iron(II) chloride 

solution. 
[2] 

     
  1. ______________________________________________________________  
     
  2. ______________________________________________________________  
    

 (d) Suggest a method that can be used to extract scandium from its ore. [1] 
    

  _______________________________________________________________________  

    

 (e) Iron is a metal in high demand because of its many important uses. It is extracted 
in the blast furnace from haematite. 
Write the essential balanced chemical equations for the extraction of iron in the 
blast furnace, excluding the equations involved in the removal of acidic impurities. 

[3] 

    
  ________________________________________________________________  
    
  ________________________________________________________________  
    
  ______________________________________________________________________  
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EITHER 
 

 

9 A student carried out a series of electrolysis experiments using aqueous copper(II) 
sulfate as shown in the diagram below. 

 
He used the same concentration of aqueous copper(II) sulfate each time, but changed 
the current that passed through the solution. He consistently performed each 
electrolysis for 10 minutes. The student weighed one of the selected electrodes before 
and after each experiment and thus worked out the mass of copper deposited. 
 
Table 1 shows the results of his experiments. 
 

experiment time (min) current (A) mass of copper deposited (g) 

A 10 1.0 0.21 

B 10 2.0 0.40 

C 10 3.0 0.58 

D 10 4.0 0.81 

E 10 6.0 1.22 
 

 

     
 Table 1  

     

     

     

     

     

     

     

     

     

     

     

     

     

     

     

ammeter 

copper electrode 

aqueous copper(II) sulfate  

copper electrode 
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 (a) Using Table 1, plot a graph of mass of copper deposited against current on the 

graph below. 
 

[2] 

    

    

 (b) Describe the relationship between the mass of the copper deposited and current 
as shown by your graph in (a). 

[1] 

    
  _______________________________________________________________  
    
  _______________________________________________________________  

     
 (c) The student carried out another experiment by passing a current of 5.0 A through 

the solution of copper(II) sulfate for 10 minutes. 
Using the graph from (a) and the information above, predict the mass of copper 
that would form in the experiment. 

[1] 

    

  _______________________________________________________________  

    

    

    

mass of copper 
deposited (g) 

 0.2 

0.4 

0.6 

0.8 

1.0 

1.2 

current (A) 0 1.0 2.0 3.0 4.0 5.0 6.0 
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 (d) Describe the observations seen in the electrolysis set-up after a period of time. [2] 
    
  _______________________________________________________________  
    

  _______________________________________________________________  

    

  _______________________________________________________________  

    

  _______________________________________________________________  

    
 (e) With reference to the above electrolysis, suggest the modifications that can be 

made to the copper electrodes in the industrial purification of impure copper. 
[2] 

    
  _______________________________________________________________  
    

  _______________________________________________________________  

     
 (f) The student carried out another electrolysis experiment using aqueous silver 

nitrate and silver electrodes. His results are shown in the table below. 
 

electrolye time (min) current (A) mass of silver 
deposited (g) 

aqueous silver nitrate 10 4.0 2.7 
 

 

     
  Write the ionic half equations, with state symbols, for the reactions that occur at 

the negative and positive electrodes. 
[2] 

     
  negative electrode: _______________________________________________  
     
  positive electrode: ________________________________________________  
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OR 
 

 

9 Astronauts carry lithium hydroxide canisters in their spacesuits in order to create 
breathable air during space flights. Air is pumped through a filter containing lithium 
hydroxide. Inside the filter, carbon dioxide is removed from the air when it reacts with 
lithium hydroxide to produce only lithium carbonate and water. 
 
Table 1 below shows information about lithium hydroxide. 
 

relative molecular 
mass of LiOH 

enthalpy change of 
reaction between lithium 

hydroxide and carbon 
dioxide (kJ/mol) 

price of lithium 
hydroxide 

per tonne ($) 

24 -89.0 5000 
 

 

   

 Table 1  

   

 (a) Draw an energy profile diagram for the reaction above on the axes provided.  
Indicate clearly, the 

• reactants and products, 
• labelling on both axes, 
• enthalpy change, ∆H , for the reaction and  
• activation energy, Ea 

 

 

[4] 
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 (b) After the flights, the lithium carbonate formed is reacted with dilute hydrochloric 

acid. 
 

    
  (i) Write the balanced chemical equation of the reaction between lithium 

carbonate and dilute hydrochloric acid. 
[2] 

     
   ____________________________________________________________  
     
  (ii) This resulting solution from (b)(i) can be electrolysed to regenerate lithium 

hydroxide solution. 
 
Complete the diagram for the electrolysis carried out to regenerate lithium 
hydroxide solution. You should label the : 

• cathode 
• anode 
• the materials used for both the electrodes  
• the substance used as the electrolyte. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

[2] 
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 (c) It has been suggested that sodium hydroxide is an alternative to lithium hydroxide 

in the removal of carbon dioxide. Table 2 below gives information about sodium 
hydroxide. 

 

relative molecular 
mass of NaOH 

enthalpy change of 
reaction between sodium 

hydroxide and carbon 
dioxide (kJ/mol) 

price of sodium 
hydroxide 

per tonne ($) 

40 -102.0 4000 
 

 

    

  Table 2  

    

  Comparing Table 1 and Table 2, suggest one advantage and one disadvantage 
of using sodium hydroxide on space flights, if the same mass of both sodium 
hydroxide and lithium hydroxide are used. 

[2] 

    
  advantage: _______________________________________________________  
    
  ________________________________________________________________  
    
  ________________________________________________________________  
    
  disadvantage: ____________________________________________________  
    
  ________________________________________________________________  
    
  ________________________________________________________________  
    
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

END OF PAPER 

944



21 
 
 

945


