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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. 
 
A1 A list of gases is given below. 

 
A CO 
B NO 
C CH4 
D SO2 
E NH3 
F CO2 

 

 

     
 Use the letters A, B, C, D, E and F to answer the following questions. Each letter 

may be used once, more than once or not at all. 
[ 5 ] 

     
 (a) Which gas can be formed by lightning activity in 

the atmosphere? ___________  

     
 (b) Which is the lightest gas? ___________  
     
 (c) Which gas is formed by the decay of organic 

matter? ___________  

     
 (d) Which gas is used to reduce iron(III) oxide in the 

blast furnace? ___________  

     
 (e) Which gas turns damp red litmus paper blue? ___________  
    
    

A2 A block of magnesium is burnt in oxygen to form magnesium oxide. Complete 
the diagrams below to show the arrangement of particles before and after the 
reaction. 
 
                                     
 
 
 
 
 
 
            magnesium                      magnesium oxide 
 

[ 2 ] 

    
    
    
    

 
 
 
 
 
    

 
 
 
 
 
 
 

key 
         oxygen 
         atom 
 
         magnesium 
         atom 
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A3 The triple point of a pure substance is the temperature at which the substance 

can exist as a solid, liquid and gas at the same time.  
 
The figure below shows the triple point of carbon dioxide. 
 

 

 

 (a) Mark the triple point of carbon dioxide on the figure with an ‘X’. [ 1 ] 
     
 (b) A student is given carbon dioxide gas at room conditions (25 oC and 1 atm). 

Suggest how liquid carbon dioxide can be obtained by changing one of the 
conditions. 

[ 1 ] 

     
  ___________________________________________________________  
     
 (c) Draw a ‘dot-and-cross’ diagram to show the electrons in a molecule of 

carbon dioxide. Show only the valence electrons in your diagram.  
 
 
 
 
 
 
 
 
 

[ 2 ] 

 (d) What type of oxide is carbon dioxide? State one property you would expect 
this oxide to have.  

[ 2 ] 

     
  ___________________________________________________________  
     
  ___________________________________________________________  
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A4 A sample of ink contains a mixture of red, blue and yellow dyes. To separate the 

dyes in the ink, the solvent used is a mixture of water and ethanol. The Rf values 
of the coloured dyes in solvents with different percentage of ethanol by volume 
in water are shown in the graph below. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Use the information above to answer the following questions.  
  

 

 (a) Explain why a pure solvent of either water or ethanol cannot be used to 
identify the dyes in the ink.                                                                                                                

[ 2 ] 

     
  ___________________________________________________________  
     
  ___________________________________________________________  
     
  ___________________________________________________________  
     
  ___________________________________________________________  
     
 (b) A mixture of water and ethanol was used to separate a sample of this ink. 

Only one spot was formed on the chromatogram.  
Explain why it cannot be concluded that the ink sample is a pure substance. 

[ 1 ] 

     
  ___________________________________________________________  
     
  ___________________________________________________________  
     
 (c) What is the Rf value of the blue, red and yellow dye when a solvent mixture 

containing 90 cm3 ethanol and 60 cm3 water is used in the chromatography? 
[ 2 ] 

     
  blue: ___________ red: ___________ yellow: ___________  

A5 Boron is in Group III of the Periodic Table and exhibits the properties of a non-
metal. It reacts with nitrogen to form boron nitride. One form of boron nitride is 

 

Percentage of ethanol in water 

Rf value 
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the hexagonal form which has a structure similar to graphite as shown in the 
figure below. 
 
Unlike graphite, hexagonal boron nitride does not conduct electricity. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

     
 (a) Explain why hexagonal boron nitride is unable to conduct electricity. [ 2 ] 
     
  ___________________________________________________________  
     
  ___________________________________________________________  
     
  ___________________________________________________________  
     
  ___________________________________________________________  
     
 (b) Hexagonal boron nitride is used in the making of lipsticks. Explain, in terms 

of the structure and bonding in hexagonal boron nitride, why it is suitable as 
the material for making lipsticks. 

[ 2 ] 

     
  ___________________________________________________________  
     
  ___________________________________________________________  
     
  ___________________________________________________________  
     
  ___________________________________________________________  
     
 (c) How would you expect the melting point of hexagonal boron nitride to be 

like? 
[ 1 ] 

     
  ___________________________________________________________  
     
     

A6 Copper can react with either chlorine or bromine to form copper(II) halide. 
 

 

Key: 

boron 

nitrogen 
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Cu + Cl2 → CuCl2 

 
Cu + Br2 → CuBr2 

     
 (a) Which statement(s) about the formation of copper(II) halide is/are true and 

which is/are false? 
 
Put a tick ( ) in one box in each row. 
 
 

 true false 

The formation of copper(II) chloride is faster 
than that of copper(II) bromide.   

The number of electron shells of the halide 
increase by one after copper(II) halide is 

formed. 
  

The reactions are redox in nature.   
 

[ 3 ] 

     
 (b) Describe how a pure and dry sample of copper can be separated from a 

solid mixture containing copper(II) halide and copper. 
[ 2 ] 

     
  ___________________________________________________________  
     
  ___________________________________________________________  
     
  ___________________________________________________________  
     
  ___________________________________________________________  
    
 (c) 96 g of copper metal reacted with an excess of chlorine gas. What is the 

mass of copper(II) chloride formed? 
 
 
 
 
 
 

[ 2 ] 

     
     
     
     
     
     

A7 The set-up below is used to determine the order of reactivity of five metals; 
copper, P, Q, R and S. 

 

wire 
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The results are summarised in the table below. 
 

metal strip direction of electron flow voltage / V 
P from P to copper 0.52 
Q from copper to Q 0.33 
R from R to copper 1.51 
S from S to copper 1.25 

 

     
 (a) Arrange the five metals in order of increasing reactivity. [ 1 ] 
     
  ___________________________________________________________  
     
 (b) Given that metal S is from Group II, give two observations that will be seen 

when a piece of metal S is dipped in a solution of copper(II) sulfate. 
[ 2 ] 

     
  1. _________________________________________________________  
     
  2. _________________________________________________________  
     
 (c) When a zinc strip is used with the copper strip, the voltage is 1.10 V.  

Using this information, suggest with reasons, how metal P is extracted from 
its oxide. 

[ 2 ] 

     
  ___________________________________________________________  
     
  ___________________________________________________________  
     
  ___________________________________________________________  
     
 (d) The metal wires in the circuit are able to conduct electricity.  

With reference to the structure and bonding in metal, explain why metals 
are good conductors of electricity. 

[ 1 ] 

    
  ___________________________________________________________  
     
  ___________________________________________________________  

A8 You are provided with bench reagents, Bunsen burner, test tubes and teat 
pipettes. 
 

 

voltmeter 
metal strip 

copper strip 

filter paper 
soaked in 
potassium 
chloride solution  
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Using these chemicals and apparatus only, describe how you would distinguish 
between each of the following pairs of substances in the table below.  
 
Include in your answers the expected observations for each substance in the 
given pair. 

     
  substances chemical test expected observations  
 

(a) 

aqueous sodium 
chloride and 

aqueous sodium 
sulfate 

 
 
 
 
 
 
 
 
 
 
 
 

 [ 2 ] 

 

(b) 

solid sodium 
carbonate and 

solid zinc 
carbonate 

 
 
 
 
 
 
 
 
 
 
 
 

 [ 3 ]  

     
     
     
     
     
     
     
     
     
     

A9 Hydrocarbons such as alkanes and alkenes can undergo many different types of 
reactions.  
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 (a) (i) What is the meaning of hydrocarbons? [ 1 ] 
     
   ______________________________________________________  
     
   ______________________________________________________  
     
  (ii) Write down the general formula of alkanes.           _________________ [ 1 ] 
     
 (b) Alkanes can undergo cracking. During cracking, a mixture of compounds 

are produced. Under different temperature and pressure, various types of 
products can be produced. 
 
An alkane, C20H42 undergoes cracking in the laboratory producing a gas and 
two alkenes, C12H24 and X. 

 

     
  (i) Write the chemical formula of X.                                  _________________ [ 1 ] 
     
  (ii) Write the balanced chemical equation to show the cracking of C20H42. [ 1 ] 
     
   ______________________________________________________  
     
  (iii) What are the reaction conditions needed for cracking? [ 1 ] 
     
   ______________________________________________________  
     
  (iv) Explain why cracking is an important industrial process. [ 1 ] 
     
   ______________________________________________________  
     
 (c) Propene, C3H6 is part of the alkene homologous series. 

it can react with aqueous bromine to form a colourless product. 
 

     
  (i) Give any one property of a homologous series. [ 1 ] 
     
   ______________________________________________________  
     
   ______________________________________________________  
     
  (ii) Name and draw the structural formula of the colourless product below. [ 2 ] 
     
     
     
     
     
     
     
     
     

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



10 
 

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. 
 
B10 Read the information about the elements in Group II of the Periodic Table.  

 

element 
number of 
electron 
shells in 

atom 

atomic 
radius/ pm 

ionic 
radius/ 

pm 

effect of 
adding 

metal to 
water 

magnesium 3 150 66 reacts very 
slowly 

calcium 4 180 99 
reacts 

quickly with 
water 

strontium 5 200 134 
reacts 

vigorously 
with water 

(1 000 000 000 000 pm = 1 meter) 
 
Thermal stability of Group II elements and its polarising power 
 
Polarisation is the distortion of the electron cloud of an anion by a positively 
charged particle. The ability of a cation to polarise an anion is called its 
polarising power. An approximate measure of the polarising power of a cation 
is its charge density. 
 
Charge density is proportional to !"#$%&	()	!#*+(,

+(,+!	$#-+./
. 

 
Group II hydroxides decompose on heating to form metal oxides and steam. 
The temperature at which the metal hydroxides decompose are shown in the 
table below.  
 

metal hydroxide decomposition temperature/ oC 
Mg(OH)2 332 
Ca(OH)2 520 – 580 
Sr(OH)2 500 – 850 

 

 

     
 (a) (i) What is the relationship between atomic radius and the reactivity of 

the metals in Group II? 
[ 1 ] 

     
   ______________________________________________________  
     
   ______________________________________________________  
     
     
  (ii) Explain the relationship in (a)(i). [ 2 ] 
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   ______________________________________________________  
     
   ______________________________________________________  
     
   ______________________________________________________  
     
   ______________________________________________________  
     
 (b) Suggest why the radius of magnesium atom changes when it forms a 

magnesium ion.  
[ 1 ] 

     
  ___________________________________________________________  
     
  ___________________________________________________________  
      
 (c) (i) Determine which ion, Mg2+, Ca2+ or Sr2+, has the highest polarising 

power. 
[ 1 ] 

     
   ______________________________________________________  
     
  (ii) A student proposes that the temperature at which Group II metal 

hydroxides decompose is directly proportional to the polarising power.  
Use the information given in the question and your answer in (c)(i) to 
determine if the statement proposed is true or false.   

[ 3 ] 

     
   ______________________________________________________  
     
   ______________________________________________________  
     
   ______________________________________________________  
     
   ______________________________________________________  
     
   ______________________________________________________  
     
   ______________________________________________________  
      
 (d) Strontium chloride is useful in reducing tooth sensitivity by forming a barrier 

over the teeth. A way to produce strontium chloride in the lab is to react 
strontium hydroxide with an acid.  

 

     
  (i) Name the acid that is added to react with strontium hydroxide.  [ 1 ] 
     
   ______________________________________________________  
     
  (ii) Write the balanced chemical equation for the reaction.   

 
[ 1 ] 

   ______________________________________________________  
     

B11  (a) The table below provides some information about four types of fuel; petrol, 
diesel, coal and hydrogen, that are currently used in the world today. A fuel 
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is a substance that is used to provide heat or power, usually by combustion. 
Combustion is a high-temperature exothermic chemical reaction between a 
fuel and atmospheric oxygen. 
 
Unlike petrol, diesel and coal, hydrogen is used in fuel cells to generate 
power using a chemical reaction rather than combustion. The hydrogen-fuel 
cell is a device that converts the chemical energy from the chemical reaction 
of oxygen and hydrogen into electricity. 
 

name of 
fuel 

 
cost in 
cents / 
100 g 

 

 
energy 
in kJ / 
100 g 

 
energy 
in kJ 
per 
cent 

product(s) formed during 
energy production 

carbon 
dioxide 

sulfur 
dioxide 

water 
vapour 

petrol 6.0 4800 800 Ö  Ö 
diesel 4.0 2000 500 Ö  Ö 
coal 3.5 1050 300 Ö Ö Ö 

hydrogen 18.0 14400 800   Ö 
 
A student was tasked to use the information above to compare these four 
types of fuel and rank them from the best to worst. He ranked them as 
follows:  
 

best fuel à worst fuel 
 

hydrogen à petrol à diesel à coal  
 
With reference to the information in the table above,            

     
  (i) Suggest a reason why the student placed coal as the worst fuel.   [ 1 ] 
     
   ______________________________________________________  
     
   ______________________________________________________  
     
     
  (ii) Suggest a reason why the student placed hydrogen-fuel cell as the 

best fuel. 
[ 1 ] 

     
   ______________________________________________________  
     
   ______________________________________________________  
     
     
     
     
 (b) In the future, hydrogen-fuel cell may be used to power cars.  In a hydrogen-

fuel cell, the overall reaction is represented by the chemical equation as 
shown. 
 

 



13 
 

2H2 (g) + O2 (g) ® 2H2O (l) 
 

The figure below shows the energy profile diagram for the overall reaction 
in a hydrogen-fuel cell. 

     
  

 
     
  (i) With reference to the figure above, is the reaction exothermic or 

endothermic? Explain your answer in terms of the energies involved 
in bond breaking and bond making. 

[ 2 ] 

     
   ______________________________________________________  
     
   ______________________________________________________  
     
   ______________________________________________________  
     
   ______________________________________________________  
     
   ______________________________________________________  
     
   ______________________________________________________  
     
   ______________________________________________________  
     
   ______________________________________________________  
     
  (ii) A catalyst is added to the hydrogen-fuel cell. Draw and label clearly a 

second curve, on the figure above, to show the energy profile for the 
catalysed reaction.  

[ 1 ] 

     
     
     
     
     
 (c) An example of a fuel cell is shown below. It is used to produce electricity 

from the controlled reaction between hydrogen and oxygen, in the presence 
of aqueous sodium hydroxide.  
 
 

 

V 
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The reaction taking place at electrode X can be represented by the equation 
below. 
 

O2 + 2H2O + 4e-  → 4OH- 
 

  (i) Draw arrows on the diagram to indicate the direction of electron flow 
in the external circuit. 

[ 1 ] 

     
  (ii) Write the equation for the reaction occurring at electrode Y. [ 1 ] 
     
   ______________________________________________________  
     
  (iii) Describe the function of aqueous sodium hydroxide in the fuel cell. [ 1 ] 
     
   ______________________________________________________  
     
   ______________________________________________________  
     
  (iv) State with a reason, whether oxidation or reduction has occurred at 

electrode X. 
[ 2 ] 

     
   ______________________________________________________  
     
   ______________________________________________________  
     
   ______________________________________________________  
     
   ______________________________________________________  
     
     
     
     

EITHER   
     

B12 Bismuth is a silvery-white metal added into other metals to lower their melting 
points. 
 

 

porous electrode X 

oxygen gas hydrogen gas 

water out 

aqueous sodium 
hydroxide 

porous electrode Y 
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Bismuth oxide is prepared by first reacting bismuth with hot dilute nitric acid to 
form bismuth nitrate, followed by the addition of excess aqueous sodium 
hydroxide to form bismuth hydroxide. 
 
Roasting bismuth hydroxide in air will produce bismuth oxide. Bismuth oxide is 
a yellow solid which has been used in fireworks. Some properties of bismuth 
oxide at room conditions are given below. 
 

properties  

electrical conductivity poor 

solubility in water insoluble 

solubility in dilute citric acid soluble 

solubility in aqueous potassium hydroxide soluble 
 
A book gave the structural formula of bismuth oxide shown below. 
 

 
 (a) (i) What is the empirical formula of bismuth oxide? [ 1 ] 
     
   ______________________________________________________  
     
  (ii) Describe how you would prepare pure and dry crystals of bismuth 

nitrate from bismuth. 
[ 3 ] 

     
   ______________________________________________________  
     
   ______________________________________________________  
     
   ______________________________________________________  
     
   ______________________________________________________  
     
   ______________________________________________________  
     
   ______________________________________________________  
     
   ______________________________________________________  
     
   ______________________________________________________  
  (iii) Write down the balanced chemical equation for the reaction of bismuth 

nitrate and aqueous sodium hydroxide. 
[ 2 ] 

     
   ______________________________________________________  
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  (iv) Explain why excess aqueous sodium hydroxide is used in the 

preparation of bismuth hydroxide. 
[ 1 ] 

     
   ______________________________________________________  
     
   ______________________________________________________  
     
  (v) Why does roasting bismuth hydroxide in air produce bismuth oxide? [ 1 ] 
     
   ______________________________________________________  
     
   ______________________________________________________  
     
     
 (b) (i) How does the structure of bismuth oxide explain that it has poor 

electrical conductivity? 
[ 1 ] 

     
   ______________________________________________________  
     
   ______________________________________________________  
     
  (ii) What type of oxide is bismuth oxide? 

Explain your answer using information from the table. 
[ 1 ] 

     
   ______________________________________________________  
     
   ______________________________________________________  
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
OR    

     
B13 Poly(propene) and nylon are both used to make waterproof ropes. 

Poly(propene) is an addition polymer and nylon is a condensation polymer. 
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 (a) (i) Give another example of addition polymer and condensation polymer. [ 2 ] 
     
   ______________________________________________________  
     
   ______________________________________________________  
     
  (ii) State two differences between addition polymers and condensation 

polymers. 
[ 2 ] 

     
   1. _____________________________________________________  
     
   ______________________________________________________  
     
   2. _____________________________________________________  
     
   ______________________________________________________  
     
 (b) There are many commercial types of nylon. The figure below shows a 

repeating unit of nylon-5,8. 
 

 
 : (CH2)5  : (CH2)8  

 
 

 

     
  (i) Draw the structural formulae of the two monomers that react to form 

 nylon-5,8. 
 
 
 
 
 
 
 
 
 
 

[ 2 ] 

     
     
     
     
  (ii) During the production process, the length of the chain of nylon polymer 

can be controlled with the processing temperature and time.  
Depending on the type of nylon produced, a nylon polymer can have 
12 000 to 20 000 repeating units. 
 

[ 2 ] 

N

H

n

N

H

C

O

C

O
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What is the relative molecular mass of nylon-5,8 with 20 000 repeating 
units? 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 (c) Similarly, there are also many types of addition polymers such as 
polystyrene, shown below. 

 

 

  (i) Draw the structural formula of the monomer that is used to produce 
polystyrene. 
 
 
 
 
 
 
 
 
 

[ 1 ] 

  (ii) Suggest a use of polystyrene in our daily life. [ 1 ] 
     
   ______________________________________________________  
     
   ______________________________________________________  

 
 
 
 

END OF PAPER 
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