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Section A (50 marks) 
Answer all the questions in the spaces provided. 

 
1 Deuterium is an isotope of hydrogen.  

 
The diagram shows the structure of an ion of deuterium. 
 
 
 
 
 
 
      
  

 
 

 

 (a) Complete the following table to show the names and charges of the particles in this 
deuterium ion.  

 

   

symbol name charge 

 neutron  

  +1 

  −1 

[1] 

 

    
 (b) Using the symbol D to represent deuterium, give the chemical formula of   
    
  (i)  the ion shown above;  .…......... [1]  
    
  (ii)  the compound formed between deuterium and sodium.

  .…......... [1] 
 

    
 (c) Would you expect the oxide of deuterium to be a solid, a liquid or a gas at room 

temperature and pressure? Explain your reasoning. 
 

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

 

    
  [Total: 5]  
   

 
 
 
 
 
 
 
 
 
 
 
 
 

 

- 

- 

+ 

+ 

- 
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2 Two samples of rocks, X and Y, were tested to find out if they originated from the same region.  
 
The rock samples were crushed and a suitable acid was added to dissolve impurities in the rock 
samples. The resulting solutions from the mixtures were chromatographed, together with five 
known metal ions.  

 
The diagram shows the chromatograms after spraying with a locating agent. 
 

 

 
 

 

 (a) State why a locating agent was used.     
   

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

 

    
 (b) Deduce if the two samples of rock were from the same region. Give a reason for your 

answer.  
 

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

 

   
 
 

 

metal ion solutions rock X  rock Y 

solvent front 

start line 
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 (c) Calculate the Rf value for Pb2+ ions.  
   

 
 
 
 
 
 
 
 

[1] 

 

    
 (d) Draw on the diagram, the spot for Zn2+ ions given that the Rf value for these ions is 0.75. 

[1] 
 

    
  [Total: 5]  
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3 Substance Z is a mixture of a compound and an element. The compound is soluble in water but 
the element is not soluble in water.  
 
The diagram shows the results of a series of qualitative analysis tests on substance Z. 

 
 
 
 
 

 
 

 
 

 
 
 

 

 
 
 
 
 
 
 
 
 

 
 
 
 
 

 
 

 

 (a) Name the following substances.  
    
   (i) yellow precipitate, P  ………………………………………......... [1]  
    
   (ii) white precipitate, Q  ………………………………………......... [1]  
    
   (iii) white precipitate, S  ………………………………………......... [1]  
    
   (iv) colourless gas, T  ………………………………………......... [1]  
    
 (b) Identify the cation present in the colourless solution R.   
    

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

    
 (c) Construct a balanced chemical equation for the reaction of the grey residue from the 

filtration with warm hydrochloric acid.  
 

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

 

    
  [Total: 6]  

  

warm HCl 

aqueous NH3 

white precipitate S; 
soluble in excess 

aqueous ammonia 

colourless 
solution R 

colourless gas 
T; burns with a 

‘pop’ sound 

dilute NaOH 

white precipitate 
Q; insoluble in 
excess sodium 

hydroxide solution 

dilute HNO3 and  
aqueous AgNO3 

yellow 
precipitate P 

filtrate:      
colourless solution 

grey residue 

shake with excess water; 
filter 

substance Z 
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4 A student performed an experiment using the apparatus shown below.  
 
 

 
 
 
 
 

 
 

 Syringe 1 contains 90 cm3 of air. The air is forced over heated magnesium into syringe 2. The 
air is then forced back over the heated magnesium into syringe 1.  
 
 The process is repeated several times until the volume of gas forced back into syringe 1 is 
constant. The apparatus is allowed to cool to room temperature.  
 
 The diagram below shows the volume of gas in syringe 1 at the end of the experiment. 
  

 
 
 
 

 

    
    
 (a) Construct a balanced chemical equation, including state symbols, for the above reaction.   
    

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

    
 (b) Name the major component of the gas remaining in syringe 1.   
    

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

    
 (c) The magnesium used for the above reaction was in excess. Calculate the mass of 

magnesium that has reacted.  
 

   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 mass of magnesium = ……………….. g [3]   

 

    
  [Total: 5]  

heat 
1 2 

1 

magnesium 
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5 
 
 
 
 
 
 
 
 
 
 

Element X exists as a diatomic molecule at room temperature and pressure.  
 
An atom of element X has 7 electrons in its second electron shell, which is also its valence shell.  
 
Element X undergoes reactions with carbon and calcium to form CX4 and CaX2 respectively. In 
both of the reactions, X2 has been reduced.  
 
A schematic diagram of the reactions is shown below. 
 

  Reaction with C  Reaction with Ca  
       CX4  X2    CaX2 
     

 

 

 (a) Explain, in terms of oxidation states, why X2 is reduced in both reactions.    
   

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

 

    
 (b) (i) Identify the type of bonding structure present in CX4 and CaX2.  
   

      CX4 : ……….….………………………………….…………….…………………….……..[1] 
  
      CaX2 : ……….…...……………………………….………………….……...……….……..[1] 

 

    
  (ii) Draw a ‘dot-and-cross’ diagram to show the arrangement of valence electrons in CaX2.  
   

 

 
       [2] 

 

    
 (c) Deduce which product, CX4 or CaX2, has a higher melting and boiling point. Explain your 

answer in terms of structure and bonding. 
 

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

 

    
  [Total: 7]  
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6 When iron is heated with steam in a sealed container, an equilibrium mixture is obtained.  
 

3Fe (s) + 4H2O (g) ⇋ 4H2 (g) + Fe3O4 (s)                DH = +35 kJ/mol 
 

The forward reaction is endothermic. 
 

 

 (a) Define the term endothermic.   
   

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

 

    
 (b) State and explain what happens to the rate of the forward reaction when the temperature 

is increased and pressure remains constant.  
 

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

 

    
 (c) When the pressure of a reversible reaction is increased, the direction of reaction that 

produces a lower number of moles of gas is favoured. 
 
State and explain if there is any effect on the equilibrium when the pressure of the reaction 
mixture is increased and temperature remains constant. 

 

   
…………….…………….……………………..…………….……………………………………… 
 
…………….…………….……………………..…………….……………………………………… 
 
…………….…………….……………………..…………….……………………………………… 
  
…………...…………………………………..………….………………………………………..[2] 
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 (d) The Maxwell Boltzmann distribution curves, as shown below, are used to show the 
proportion of particles that have a particular amount of energy at temperatures T1 and T2. 
The total area underneath each curve shows the total number of particles.  
 

 
 
 
 
 
 
 
 
 

 
 
 
 
 

 

  (i) Deduce which temperature, T1 or T2, is higher.   
    

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

    
  (ii) On the distribution curve above, draw a vertical line to indicate the activation energy 

when a catalyst is added and label it as Ea’.                                                                 [1] 
 

    
 (e) Calculate the mass of Fe3O4 formed when 5.6 g of iron completely reacts with excess 

steam. Assume that the forward reaction is complete. 
 

   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

mass of Fe3O4 = ……………….. g [3]   

 

    
  [Total: 10]  
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10 

YHSS/Prelims/2022    Secondary Four Express Chemistry (Paper 2) 

7 A scientist carried out the electrolysis of aqueous sodium nitrate solution. Initially, the burettes 
above the electrodes were completely filled with solution.  
 
The diagram shows the volume of gases collected above the two electrodes after a period of 
time. 

 

 

 

 

 

 
 
 
 
 

 

    
 (a) Write a half-equation to show the production of the gas which is collected above the 

cathode.  
 

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

 

    
 (b) The gas collected above the anode was found to be a mixture of oxygen, carbon dioxide 

and carbon monoxide.  
 

    
  (i) Explain why these gases are found at the anode.  
   

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

 

    
  (ii) Write a balanced chemical equation, with state symbols, for any one of the gases formed 

at the anode. 
 

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

 

    
 (c) If the scientist had used an aqueous potassium sulfate solution instead of an aqueous 

sodium nitrate solution, will there be any difference in the products formed? Explain your 
reasoning. 

 

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

 

    
 [Total: 6]  

 
 

  36.0 cm3 

graphite electrode graphite electrode 

aqueous sodium 
nitrate solution 

             22.5 cm3           

to battery 
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8 Alkanes are a homologous series of hydrocarbons. Butane and decane are 4-carbon and           
10-carbon members of alkanes respectively. 

   
 (a) Butane is used as a fuel.  

 
Construct a balanced chemical equation, including state symbols, for the complete 
combustion of butane. 

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

   
 (b) Butane reacts with chlorine in the presence of ultraviolet radiation. Construct a balanced 

chemical equation for this reaction. State symbols are not required. 
    

…………...…………………………………..………….……………………………….………..[1] 
   
 (c) Decane is heated strongly in the presence of a catalyst.  

 
Two products are formed, an alkane X and an alkene Y. 

   
  (i) Name this type of reaction.  
    

…………...…………………………………..………….……………………………….………..[1] 
   
  (ii) Alkane X contains 84.2 % carbon by mass. It has a molecular mass of 114 g/mol.  

 
Determine the molecular formula for X. 
 

   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

molecular formula for X = ……………….. [2]   
   
  (iii) State the molecular formula for Y.  
    

…………...…………………………………..………….……………………………….………..[1] 
   
  [Total: 6] 
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Section B (30 marks) 
Answer all three questions in the spaces provided.  

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

9 The Atmosphere and Environment 
 

 

 (a) Since the industrial revolution 150 years ago, the levels of carbon dioxide have increased 
drastically.  
 
Fig. 9.1 shows the trends in atmospheric concentrations of carbon dioxide and 
anthropogenic emissions of carbon dioxide. 
 
Anthropogenic emissions are emissions due to human activities. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 9.1 

 

    
  (i) State one possible human activity that could explain the sudden increase in 

atmospheric concentration of carbon dioxide after 1850.  
 

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

 

    
  (ii) State one environmental effect caused by increasing carbon dioxide concentration.    
   

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

 

    
  (iii) Based on the information in Fig. 9.1, predict the volume composition (in percentage) 

of the atmospheric concentration of carbon dioxide in air in the year 2025.  
 

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

 

   
 
 

 

atmospheric 
concentration

s  

anthropogenic 
emissions 

C
O

2 
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m

e 
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m
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n 
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) 

0.026 

0.028 

0.030 

0.032 

0.034 

0.036 

0.038 

1750 1800 1850 1900 1950 2000 0 

source: Oak Ridge National Laboratory, carbon dioxide information analysis centre 

year 
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 (b) The percentage composition of carbon dioxide in the atmosphere is naturally regulated 
through the carbon cycle. 
 
The table shows the major carbon dioxide inputs and outputs in the global carbon cycle, 
measured in billion tons of carbon dioxide per year. 
 

areas 
source of  

carbon dioxide input 
source of  

carbon dioxide output 

industries and 
motor vehicles - burning fossil fuels 

(6 billion tons) 

plants 
photosynthesis 

(120 billion tons) 
plant respiration 
(60 billion tons) 

ocean 
ocean uptake 

(92 billion tons) 
ocean loss 

(90 billion tons) 

volcanoes - 
volcanic eruptions 
(0.1 billion tons) 

biological 
remains - 

decay of plants and  
animal remains  
(60 billion tons) 

 

 

    
  (i) “Carbon sinks” are areas that take in more carbon dioxide than they release into the 

atmosphere. State one example of “carbon sinks”. 
 

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

 

    
  (ii) Describe how ocean uptake regulates the amount of carbon dioxide in the atmosphere.  
   

 ………….…………….………………………………….……………………………………….. 
  
     ………….…………………………………………….…………………………..……………………..[1] 
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 (c) In 1987, the Antarctic Airborne Ozone Expedition flew a research aircraft equipped with 
measuring instruments through the Antarctic ozone hole. They measured the composition 
of ozone and chlorine monoxide present in the atmosphere at different latitudes in the 
area, as shown in Fig. 9.2.  
 
Latitude is an angle which ranges from 0° at the Equator to 90° (North or South) at the 
poles. This research was widely accepted by scientists as proof that the presence of 
chlorofluorocarbons (CFCs) in the atmosphere is the main cause of ozone depletion. 

 

 
 

*mixing ratio of a gas is defined as the number of moles of the gas per one mole of air 

 

   
Fig. 9.2 

 

 

  (i) CFCs are known to react with ozone to form chlorine monoxide. From the information 
provided, deduce how scientists concluded that the presence of CFCs in the 
atmosphere result in ozone depletion. 

 

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

 

    
  (ii) Explain why the depletion of the ozone layer is harmful to human health.   
   

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

 

    
  [Total: 10]  
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10 A student investigated the reactivity of four metals, copper, chromium, iron and manganese.     
 
He carried out two different sets of experiments. 
 
The diagram shows the first set of experimental set-up. 
 

 
 

The table shows the results obtained in the first set of experiments. 
 

 experiment 1 experiment 2 experiment 3 

changes to metal 
strip 

reddish-brown metal 
remains unchanged 

 grey metal     
remains unchanged 

changes to solution green solution 
remains unchanged 

 colourless solution 
remains unchanged 

 

 

    
 (a) (i)  Complete the above table to show the observations made in experiment 2.                       [2]   
    
  (ii) Explain your answer for (a)(i).   
   

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

 

    
 (b) In the second set of experiments, the student made use of dilute hydrochloric acid and 

samples of the metals. 
 
He found out that chromium is the second most reactive metal.  

 

    
  (i)  State two observations made when chromium reacts with dilute hydrochloric acid.   
   

    ………….…………….………………………………….……………………………………….  
 
 ………….…………….………………………………….……………………………………….. 
  
    ………….…………………………………………….………………………………………..[2] 
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  (ii) The student measures the volume of gas produced for a fixed duration of reaction. 
Explain how the data shows that chromium is the second most reactive metal and 
suggest a reason why the loss in mass for a fixed duration of reaction is not 
recommended.  

 

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

 

    
  (iii) Assuming all the experimental conditions remain the same, describe how will the 

measurements collected in (b)(ii) change if dilute ethanoic acid is used instead of 
dilute hydrochloric acid. Explain your answer. 

 

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

 

    
 (c) Give one reason why recycling of metal is important.  
    

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

 

    
  [Total: 10]  
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EITHER  
   
11 (a) X and Y are organic compounds. Both are soluble in water, forming colourless solutions. 

 
X has a molecular formula of C5H12O and forms a neutral solution in water.  
Y has a molecular formula of C3H6O2 and forms an acidic solution in water. 

 

    
  (i) Suggest the chemical names of X and Y.  
   

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

 

    
  (ii) Describe a chemical test to distinguish between X and Y.  
   

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

 

    
  (iii) Draw the full structural formula of the product formed between X and Y.  
   

 

[1] 
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 (b) Kevlar is a synthetic polymer that is lightweight, has high tensile strength and is resistant 
to heat. It is used in many applications such as bulletproof vests and bicycle tyres.  
 
The diagram shows their structures of the two monomers that makes Kevlar.  
 

 

 

    
  (i) Identify the type of polymerisation present in Kevlar. Explain your answer.  
   

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

 

    
  (ii) Draw the structural formula of Kevlar.  
   

 

[2] 

 

    
  (iii) Suggest one disadvantage of the widespread use of Kevlar in bulletproof vests and 

bicycle tyres. 
 

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

 

    
   [Total: 10]  
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OR  
   
11 Pheromones are organic compounds emitted by insects and other animals to send messages 

to individuals of the same species.  
 
Researchers have identified and isolated pheromones from beetles, silkworm moths and leaf 
miner moths. The diagram shows their structures. 
 

 
 

pheromone released by silkworm moths 
 

 
 

pheromone released by leaf miner moths 
 

 
 

pheromone released by beetles 

 

    
 (a) Identify the functional group(s) found in pheromones released by silkworm moths.   
    

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

 

    
 (b) State two types of reactions that the pheromone released by silkworm moths can possibly 

undergo. 
 

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

 

    
 (c) From the structure provided, suggest and explain how one physical property of the 

pheromone released by leaf miner moths would differ from that of butane. 
 

    
  ………….…………….…………………………………….……………………………………….. 

  
………….…………….…………………………………….……………………………………….. 
  
………….……………………………………………….………………………………………..[2] 
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 (d) Describe a chemical test to distinguish between the pheromones of silkworm moths and 
leaf miner moths.  
 

 

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

 

    
 (e) Draw the full structural formulae of two possible compounds that can be reacted with each 

other to synthesize the pheromones released by beetles.  
 

 

  [2] 
 

 

   [Total: 10]  
 

END OF PAPER 

compound 1 compound 2 
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