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Section A (45 marks) 

Answer all the questions in the spaces provided. 
 
 
1 Choose from the following substances to answer the questions. 

 
nitrogen dioxide argon calcium hydroxide carbon monoxide 

oxygen lithium oxide sodium hydroxide zinc oxide 
 
Each substance may be used once, more than once or not at all.  
 
Identify the substance which  

  

 (a) contributes to acid rain  
   

……………………………………………………………………………………… [1] 
  

 (b) is used to control pH in soils  
   

……………………………………………………………………………………… [1] 
    
 (c) reacts with both acids and bases  
   

……………………………………………………………………………………… [1] 
    
 (d) is used to fill tungsten bulbs  
   

……………………………………………………………………………………… [1] 
 

[Total: 4] 
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2 24Mg, 25Mg and 26Mg are isotopes of magnesium. 
  

 (a) Define isotopes.  
   

……………………………………………………………………………………………. 
 
………………………………………………………………………………………… [1] 

  

 (b) Complete Table 2.1 to describe the structure of a magnesium atom and a 
magnesium ion. 
 

  Table 2.1 
 
 number of 

protons neutrons electrons 

a 24Mg atom 12   

a 25Mg ion   10 
 

[4] 
    
 (c) A student made the following claim: 

 
“The chemical formula for magnesium chloride is MgCl2, no matter which isotope 
is used.” 
 
With reference to the electronic configuration of magnesium, explain if you agree 
with the student. 

   
……………………………………………………………………………………………. 
 
……………………………………………………………………………………………. 
 
……………………………………………………………………………………………. 
 
…………………………………………………………………………………….…... [2] 

    
[Total: 7] 
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3 In the early 1800’s, Friedrich Wöhler, a German chemist, first isolated beryllium metal. 
The chemical equation for the reaction he used to isolate beryllium metal from 
beryllium chloride is: 
 

BeCl2 (s) + 2K (s) → 2KCl (s) + Be (s) 
 

  

 (a) Explain, in terms of oxidation states, whether this reaction is considered a redox 
reaction. 

   
……………………………………………………………………………………………. 
 
……………………………………………………………………………………………. 
 
…………………………………………………………………………………….….. [2] 

  

 (b) Wöhler had to ensure that the reaction vessel containing potassium was dry 
before reacting with beryllium chloride.  
 
Explain why the reaction vessel has to be kept dry.  

   
……………………………………………………………………………………………. 
 
………………………………………………………………………………………… [1] 

    
[Total: 3] 

 
 

 
4 Carbon monoxide is one of the common air pollutants in the atmosphere. 
  

 (a) Describe and explain the harmful effect of carbon monoxide on human.  
   

……………………………………………………………………………………………. 
 
……………………………………………………………………………………………. 
 
…………………………………………………………………………………….….. [2] 
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 (b) Carbon monoxide burns in oxygen to form carbon dioxide as shown: 
 

2CO (g)   +   O2 (g)   →    2CO2 (g) 
 
Calculate the volume of oxygen required to burn 0.14 g of carbon monoxide. 
 
[Relative atomic masses: Ar: C, 12; O, 16] 

 
 
 

   
 
 
 
 
 
 
 
 
 
 
 
 
 

volume of oxygen required = ………………………… 

 
 
 

[3] 
    
 (c) Draw a ‘dot and cross’ diagram to show the arrangement of the outer shell 

electrons in a molecule of carbon dioxide. 
 
[Proton numbers: C, 6; O, 8] 

   
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
[2] 

  
(d) 

 
Explain, with reference to the structure and bonding, why carbon dioxide has a 
low boiling point.  

   
……………………………………………………………………………………………. 
 
……………………………………………………………………………………………. 
 
…………………………………………………………………………………….….. [2] 

    
[Total: 9] 
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5 A group of students have written out instructions for the preparation of a pure, dry 
sample of copper(II) sulfate crystals.  
 
They have made several mistakes. 
 
Read their instructions and complete Table 5.1 with three of their mistakes and 
corrections of these mistakes. 
 
 

 
 
 
 
 
 
 

 
 
 
 
 

 
 

Table 5.1 
 

students’ mistake corrections to mistake 

  

  

  

[3] 
 

[Total: 3] 
  

Student-written instructions to prepare 
pure, dry copper(II) sulfate crystals. 

 
1. Wear safety goggles and gloves. 
2. Warm copper powder with dilute sulfuric acid to form 

a solution of copper(II) sulfate, CuSO4. 
3. Filter the mixture to remove any unreacted solids. 
4. Heat the filtrate until most of the solvent has 

evaporated. Leave to cool.  
5. Separate the crystals by filtering. 
6. Rinse the crystals with large amounts of cold water. 
7. Press dry the crystals with filter paper. 



7 
 

6 A student did an experiment to investigate the factors that affect the rate of the following 
reaction.  
 

2HCl (aq) + Mg (s)  →  MgCl2 (aq) + H2 (g) 
 
Dilute hydrochloric acid at room temperature was placed in a flask on a weighing 
balance. Excess powdered magnesium was added to the acid.  
 
The total mass of the flask and its contents was recorded at fixed time intervals. The 
results of his experiment is shown in Fig. 6.1. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Fig. 6.1 
  

 (a) The student repeated the above experiment using the same mass of magnesium 
strip instead of powder.  
 
Add to Fig. 6.1 the graph you would expect. Label as graph (a).                       [2]                  

    
 (b) Use your knowledge of reacting particles to explain the effect of increasing the 

temperature of the reaction mixture on the rate of the reaction. 
   

……………………………………………………………………………………………. 
 
……………………………………………………………………………………………. 
 
……………………………………………………………………………………………. 
 
…………………………………………………………………………………….….. [3] 

  

 

 

 

 

 

 time  

total mass of flask 
and contents 
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 (c) Describe a chemical test and observation for the gas given off during this chemical 
reaction.  

   
test: ….…………………………………………………………………….……………… 
 
observation: ….………………………………………………………………………..… 
 
……………………………………………………………………………………….... [2] 

    
 (d) Another student conducted a similar experiment. Instead of using magnesium 

powder, the student replaced it with zinc powder to react with the same volume 
and concentration of dilute hydrochloric acid at room temperature. 
 
Describe the difference in the rate of reaction, if any. 

   
……………………………………………………………………….……………...… [1] 

    
[Total: 8] 
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7 Fig. 7.1 describes some of the substances that result from the chemical reactions of 
an aqueous solution of salt K.  
 

 
 

Fig. 7.1 
 
 

 (a) Identify each of K, L, M and N. 
 
K ……………………………………….. 
 
L ………………………………………. 
 
M ……………………………………….. 
 
N ……………………………………….. 
 
 

 
 
 
 
 
 
 
 
[4] 
 

 (b) Write a balanced chemical equation for any one of the reactions in Fig. 7.1. 
 
……………………………………………………………………………………….. [2] 

    
[Total: 6] 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

add acidified, 
aqueous  

barium nitrate 
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8 (a) Organic compounds are placed in an homologous series.  
Give two general properties of an homologous series. 
 
…………………………………………………………………………………………… 
 
…………………………………………………………………………………………… 
 
…………………………………………………………………………………….….. [2] 

   
 (b) The structure of an organic compound, X, is shown below. 

 
In a molecule of X, there are two different functional groups. 
 
Circle and label the functional group that would react with aqueous sodium 
hydroxide.                                                                                                            [1] 

    
 (c) (i) Draw the structure of the product formed when X is reacted with hydrogen 

gas in the presence of a suitable catalyst. 
    

 
 
 
 
 
 
 
 
 
 

[1] 
 

  (ii) Suggest a suitable catalyst for the reaction in (c)(i).  
    

………………………………………………………………….…………........ [1] 
    

[Total: 5] 
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Section B (20 marks) 

Answer any two questions in this section. 

Write your answers in the spaces provided. 

9 (a) Chlorine, bromine and iodine are placed in Group VII of the Periodic Table. 
 

 

  (i) Describe a trend in the physical property in Group VII.  
    

……………………………………………………………………………………… 
 
……………………………………………………………………………….….. [1] 

    
  (ii) Astatine is below iodine in Group VII.  

 
Describe the observations when astatine is added to aqueous potassium 
iodide. Explain your answer.  

    
……………………………………………………………………………………… 
 
……………………………………………………………………………...…… [2] 

  

 (b) Calcium reacts with chlorine to form calcium chloride, CaCl2.  
  

  (i) Draw a ‘dot and cross’ diagram to show the arrangement of electrons in 
CaCl2. Show only the outermost shell of electrons. 

   
 
 
 
 
 
 
 
 
 
 
 
 

 [2] 
    
  (ii) State whether calcium chloride is able to conduct electricity at room 

temperature. Explain your answer in terms of the bonding in calcium 
chloride. 

    
……………………………………………………………………………………… 
 
……………………………………………………………………………………… 
 
……………………………………………………………………………...…… [2] 
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(c) Silver chloride is another compound that contains chlorine.  
 
Describe how a pure sample of silver chloride can be prepared from silver nitrate 
solution.  

   
……………………………………………………………………..……………………… 
 
…………………………………………………………………………..………………… 
 
…………………………………………………………………………..………………… 
 
…………………………………………………………………………..………………… 
 
…………………………………………………………………………..………………… 
 
.…………………………………………………………………………………….….. [3] 

    
[Total: 10] 
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10 (a) Iron(III) oxide, Fe2O3, occurs naturally in rocks as haematite.   
 

 

  (i) Name the main impurity found in haematite.   
    

………………………………………………………………………………… [1] 
     
  (ii) Iron is extracted from haematite in a blast furnace.  

 
 

   Name two raw materials, other than haematite, that are added to the blast 
furnace.  

    
………………………………………………………………………………… 

 
[2] 

     
  (iii) Describe the two reactions used to remove the impurity mentioned in (a)(i) 

in the blast furnace.  
 
You may support your answer with relevant chemical equations. 
 

   ……………………………………………………………………………………… 

……………………………………………………………………………………… 

……………………………………………………………………………………… 

……………………………………………………………………………………… 

……………………………………………………………………………………… 

……………………………………………………………………………..…… [2] 
    
 (b) Iron(III) oxide is used to prepare potassium ferrate(VI), K2FeO4, as shown in the 

reaction. 
 

Fe2O3  +  3Cl2  +  10KOH    →   2K2FeO4  +  6KCl   +  5H2O 
   
  (i) A 2.00 g sample of iron(III) oxide is added to 20.0 cm3 of 4.00 mol/dm3 

potassium hydroxide. 
 
Calculate the number of moles of iron(III) oxide used. 
 
[Relative atomic masses: Ar: Fe, 56; O, 16] 

    
 
 
 
 
 
 
 
 
 
 

number of moles = ………………………… [1] 
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  (ii) Calculate the number of moles of potassium hydroxide used. 
 
[Relative atomic masses: Ar: K, 39; O, 16; H, 1]  

   
 
 
 
 
 
 
 
 
 

number of moles = ………………………… [1] 
  

  (iii) Using your answers in (b)(i) and (ii), deduce which reagent, iron(III) oxide 
or potassium hydroxide, is the limiting reagent. 

   
 
 
 
 
 
 
 
 
 

 
limiting reagent is ………………………… [1] 

    
  (iv) Hence, calculate the mass of potassium ferrate(VI) formed in this reaction. 

   
 
 
 
 
 
 
 
 
 

mass of potassium ferrate(VI) = ………………………… [2] 
    

[Total: 10] 
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11 In industries, cracking is done on long-chain alkanes to convert them to shorter-chain 
alkanes and alkenes. 
 
Cracking was carried out on hydrocarbon, C17H36, to produce ethene, pentene and 
hydrocarbon, X. 
 

C17H36 → 2C2H4 + 2C5H10 + X 
 

 (a) (i) State the conditions required for cracking.  
    

………………………………………………………………………………… [1] 
    
  (ii) Deduce the molecular formula of hydrocarbon X.  
    

………………………………………………………………………………… 
 
[1] 

     
  (iii) Describe a laboratory test to distinguish between ethene and X. 

 
test …………………………………….……………………………………………. 
 
observation ……………………….…………...……………………….………..… 
 
……………………………..……………….………………………………........ [2] 

     
 (b) Ethene, in the presence of small amount of acid, can undergo addition reaction 

with water to form ethanol.  
 
Draw the full structural formula of ethanol. Show all the bonds in your answer. 

   
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
[1] 
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 (c) Ethanol can also be made from glucose, C6H12O6, by fermentation. A student tried 
to make ethanol using the set-up in Fig. 11.1.  
 
 
 
 
 
 
 
 
 

 
 

  Fig. 11.1 
 

 

  (i) Explain why the temperature of the fermentation mixture should not exceed  
37 oC.  

    
……………………………………………………….……………………………… 
 
…………………………………………………………………………………… [1] 

     
  (ii) After 5 days, the student tested the fermentation mixture with blue and red 

litmus paper. 
 
Describe and explain his observations.  

    
……………………………………………………….………………………….…… 
 
……………………………………………………….………………………….…… 
 
………………………………………………………………………….………… [2] 

     
 (d) Ethanol can be used as a fuel when burnt in excess air. 

 
Write a balanced chemical equation for the reaction. 

 

   
…………………………………………………………………………….…………… [2] 

    
[Total: 10] 

 

 

 
 
 

END OF PAPER 
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DATA SHEET 

Colours of Some Common Metal Hydroxides 

calcium hydroxide white 

copper(II) hydroxide light blue 

iron(II) hydroxide green 

iron(III) hydroxide red-brown 

lead(II) hydroxide white 

zinc hydroxide white 
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