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Section A 
 

Answer all questions. 
 

1 Use the list of substances to answer the questions.  
Each option may be used once, more than once or not at all.  
 

ammonium chloride 
barium sulfate 

lead (II) fluoride 
potassium carbonate 

potassium iodide 
potassium manganate(VII) 

sodium chloride 

 
 (a) Which substance reacts with methanoic acid to produce a gas? 

 
  …………………………………………………………………………………………….. [1] 
    
 (b) Which substance is used to test for an oxidising agent? 

  
  …………………………………………………………………………………………….. [1] 
   
 (c) Which substance, when warmed with aqueous sodium hydroxide, produces a gas that 

turns moist red litmus blue?  
 

  …………………………………………………………………………………………….. [1] 
    
 (d) Which substance reacts with aqueous chlorine to form a brown solution? 

 
  …………………………………………………………………………………………….. [1] 
   
 (e) Which substance produces a pale yellow vapour when electricity is passed through its 

molten state? 
 

  …………………………………………………………………………………………….. [1] 
    
 (f) Which two salts cannot be prepared by titration method? 

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

 [Total: 6] 
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2 Crystals of a salt produced was found to have the following composition by mass: 31.5% K, 
25.6% Cu and Cl.  
 

 (a) Deduce the empirical formula of the salt crystal formed.  

Show your working.  
   

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Empirical formula: ……………………………….. [3] 
    
 (b) (i) The ion of an isotope of copper has the formula	 𝐶𝑢!"!#

$$ . 
 
Complete the table with information about this ion.  
 

subatomic particles number of subatomic particles 

protons  

neutrons  

electrons  
[1] 

    
  (ii) Describe a chemical reaction that can be carried out to identify	 𝐶𝑢!"!#

$$ . 

Include relevant observations in your answer. 
    

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

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

……………………………………………………………………………………… [2] 
    
  [Total: 6] 
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Calcium carbide, CaC2, is an ionic compound. This compound is commonly used in industries 
for the manufacture of fertilisers and in steelmaking. 
  
Calcium carbide and carbon monoxide is produced when quicklime, CaO, reacts with carbon 
at high temperature. 

   
 (a) Explain, in terms of structure and bonding, why there is a need to carry out this 

reaction at a high temperature.  
  

  …………………………………………………………………………………………………… 
 

  …………………………………………………………………………………………………… 
   

…………………………………………………………………………………………………… 
   

…………………………………………………………………………………………………… 
   

…………………………………………………………………………………………….. [3] 
    
 (b) Write a balanced chemical equation, with state symbols, for this reaction.   
    
  …………………………………………………………………………………………….. [2] 
    
 (c) Calculate the percentage purity of a sample of quicklime when 8 g of quicklime is 

reacted with carbon to produce 2400 cm3 of carbon monoxide at room temperature and 
pressure. 

    
 
 
 
 
 
 
 
 
 
 
 
 

    
  percentage purity: ………………………………….% [3] 
    
  [Total:8] 
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Barium hydroxide is placed in a beaker. Ammonium chloride is then added into the beaker 
and the mixture is stirred.  
 
The equation below shows the reaction between barium hydroxide and ammonium chloride.  
 

Ba(OH)2∙8H2O(s)  +  2NH4Cl(s) à BaCl2∙2H2O(s) +  2NH3(g) +  8H2O(l)  
 
Fig. 4.1 shows what happens when the beaker is placed on a wooden block with a small 
pool of water.  
 
 

 
 
 

 
 

 
                                at the start                                       after a few minutes 

Fig. 4.1 
 

 (a) Suggest an explanation for the observations seen after the beaker was placed on the 
wooden block for a few minutes.  

   
…………………………………………………………………………………………………… 

   
…………………………………………………………………………………………………… 

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

    
 (b) Draw an energy profile diagram for the reaction.  

Your diagram should include:  
 

• the reactants and products of the reaction 
• the energy profile and activation energy, EA, for the reaction 
• the enthalpy change of reaction, ΔH .  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

[3] 
  

[Total: 5] 
 
 
 

 
 

energy/ kJ 

progress of reaction 

ice water 

wooden block 

mixture of barium hydroxide 
and ammonium chloride 
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Magnesium chloride can be produced by reacting 1.0 g of magnesium oxide with dilute 
hydrochloric acid.  
 

MgO (s) + 2 HCl (aq) à MgCl2 (aq) + H2O (l) 
 
A pH probe data logger is used to measure the pH changes when magnesium oxide is slowly 
added to 25 cm3 of 0.1 mol/dm3 of dilute hydrochloric acid. 

Fig. 5.1 shows the results of the changes in pH.  
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 5.1 

 (a) Calculate the maximum mass of magnesium chloride that can be obtained from this 
experiment. Give your answer to three significant figures.  
 
 
 
 
 
 
 
 
 
 
 
 

  maximum mass: ………………………………….g [3] 

 
 

(b) Explain the shape of the different regions of the graph as magnesium oxide is slowly 
added till it is in excess. 

   
region A………………………………………………………………………………………… 

  
…………………………………………………………………………………………………… 

   
region B………………………………………………………………………………………… 

   
…………………………………………………………………………………………………… 

   
region C………………………………………………………………………………………… 

   
…………………………………………………………………………………………….. [4] 

   
[Total: 7] 

pH 

mass of magnesium oxide added 

A 

B 

C 
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Cars have catalytic converters fitted to reduce problems caused by some of the exhaust 
gases.  
 
The diagram shows some of the gases that enter and leave a catalytic converter. 
 

 
    
 (a) (i) Describe how nitrogen monoxide and carbon monoxide are formed in the engine 

of a car. 
 

   …………………………………………………………………………………………… 
 

   …………………………………………………………………………………………… 
 

   ……………………………………………………………………………………… [2] 
    
  (ii) Identify a health problem caused by nitrogen monoxide and carbon monoxide 

respectively. 
    
   nitrogen monoxide..……………………………………………………………………. 

 
   …………………………………………………………………………………………… 

 
carbon monoxide..……………………………………………………………………… 
 

   ……………………………………………………………………………………… [2] 
   
 (b) When catalytic converters were first available, some advertisements claimed they 

‘solved all car environmental problems’.  
 
Explain why this is not true. 
 

  …………………………………………………………………………………………………… 
 

  …………………………………………………………………………………………………… 
 

  …………………………………………………………………………………………….. [2] 
    
  [Total: 6] 
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7 Citric acid is a weak acid that is commonly used as a natural food flavouring and in cleaning 
metal parts.  
 
Fig. 7.1 shows the structure of citric acid. 
 

 
 

Fig. 7.1 
 

 (a) State the number of carboxylic acid functional groups in a citric acid molecule. 
 

 

  ……………………………………………………………………………………………... [1] 
    
 (b) Citric acid is effective in removing rust, hydrated iron(III) oxide, from steel parts 

and is often used in cleaning metal objects. 
  

  (i) It was suggested that since citric acid is effective in removing rust, steel parts 
should be soaked in citric acid to reduce the hassle of cleaning regularly. 
 
Do you agree with the above suggestion? Why?  

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

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

 
[1] 

     
  (ii) The student says that citric acid removes rust faster than sulfuric acid.  

 
Do you agree with the above statement? Why? 

 

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

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

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

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

 
[2] 
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 (c) It is thought that as calcium citrate is insoluble in water, it can be prepared by reacting 

citric acid with calcium carbonate.  
 
The mixture is then filtered, and calcium citrate is obtained as the residue.  
 
Comment whether this experimental technique is appropriate to be used to obtain 
calcium citrate. 
 
Explain your answer. 

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

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

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

    
  [Total: 6] 

 
8 2.00 g samples of different metal carbonates are heated strongly using a bunsen burner until 

there is no further change in mass.  

Table 8.1 shows the mass of solid remaining after heating.   

Table 8.1 

carbonate mass after heating/ g 

copper(II) carbonate 1.29 

magnesium carbonate 0.95 

potassium carbonate  

zinc carbonate 1.30 
 

   
 (a) Although the initial mass of each carbonate is the same, the mass of solid remaining 

after heating is different.  

Explain the difference in the loss in mass. 
 

  …………………………………………………………………………………………………… 
   

…………………………………………………………………………………………………… 
   

…………………………………………………………………………………………………… 
   

…………………………………………………………………………………………….. [2] 
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 (b) Predict the mass of the solid obtained after heating potassium carbonate.  

Explain your reasoning.  
   

mass of solid after heating: ……………………………………..g 
   

…………………………………………………………………………………………………… 
 
 

  
…………………………………………………………………………………………………… 

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

    
 (c) A pure metal can be extracted by further heating one of the solids remaining at the end 

of the reaction in Table 8.1 with dry hydrogen gas. 
 
State the metal that can be extracted. 
 

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

[Total: 6] 
 

  



11 
 

2024 / S4 / CHEM / PRELIM / P2 
 

9 The Baghdad battery was first discovered in 1799. 
 
It is a simple cell made of a clay case consisting of an iron rod and a copper cylinder within. It 
is said to be able to generate electricity when an aqueous electrolyte such as vinegar (ethanoic 
acid solution) is poured into the case before sealing it. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 (a) State the formulae of all the ions present in aqueous ethanoic acid. 
 

  …………………………………………………………………………………………….. [2] 
   
   
 (b) A model of the battery was made and tested in the laboratory. The voltage was measured 

to be 0.78 V. 
 

  (i) Write the half-equation for the reaction at the positive terminal of the battery.  
 

   ……………………………………………………………………………………… [1] 
     
  (ii) Suggest one change that can be made to the battery to increase the voltage 

produced. 
 

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

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

 
 
 
 
 
 
 
 
 
 

  

positive terminal negative terminal 

seal 

electrolyte 

copper end 

iron rod 

copper cylinder 

clay case 
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 (c) Scientists concluded that the battery might be used for electroplating of silver onto metal 
objects. 
 

  (i) 
 
 
 
 
 
 

Draw a labelled diagram to show the set-up for electroplating silver onto a metal 
object with aqueous silver nitrate electrolyte. The battery, wires and container have 
been drawn for you. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

   [1] 
  (ii) Describe what happens to each electrode and the electrolyte after the setup 

has been running for some time.  
 

 

   Positive electrode (anode): ……………………………………………………………. 

   Negative electrode (cathode): …………………………………………………………. 

   Electrolyte: …………………………………………………………………………. [2] 

     
  (iii) Explain your answer in (c)(ii).  
     
   ……………..………………………………………………………………………………. 

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

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

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

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

  [Total: 10] 
  

battery 

container 
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10 Azo compounds are compounds that contain the −N=N− functional group. In the pure form 
at room temperature and pressure, it is an extremely explosive yellow gas.  

Azo compounds are also commonly used as dyes because they have vivid colours like red, 
yellow and orange. Some of these compounds can also be used as indicators in acid-base 
titrations.  

The simplest azo compound is diazomethane, with the structural formula H3C−N=N−CH3. 

   
 (a) (i) Draw the ‘dot-and-cross’ diagram to show the bonding in diazomethane. 

Show the outer shell electrons only.  
   

 
 
 
 
 

    
 
 

   

    
    [2] 
   
   
  (ii) Using ideas on bonding and structure, explain the electrical conductivity of 

diazomethane. 
 

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

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

    
……………………………………………………………………………………. [2] 
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 (b) The rate equation and order of reaction 

 
The rate equation for a chemical reaction is a mathematical equation that links the rate 
of forward reaction with the concentrations or pressures of the reactants and constant 
parameters.  
 
For many reactions, the rate of reaction is given by Rate = k[A]x ,where k is the rate 
constant and x is the order of reaction with respect to reactant A and [A] refers to 
concentration of A. 
 
The order of reaction, x, with respect to a reactant can be determined graphically. 
 

0th order reaction 
 
 
 
 
 
 
 
 
 

• Rate of reaction is unaffected by concentration of reactants. 
• Gradient of concentration against time graph is constant. 

 
     1st order reaction 
 
 
 
 
 
 
 
 
 
 
 
 

• Rate of reaction decreases as concentration of reactants decreases. 
• Gradient of concentration against time graph decreases with time with a 

constant half-life, t1/2. 
 
Half-life (t1/2) is defined to be the time taken for the concentration of the 
reactant to fall to half of its initial concentration. 
 

 

!
!"#A%!&'(%)(*%

&+,%

,+-%%

./0'%#12%3#−4%
!

,+(-%%
!&'(%)&*%

concentration of A 
 / mol/dm3 

time / min 

concentration of A 
 / mol/dm3 

time / min 
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For example, if the half life is 30s, the reactant will take 30 seconds to go from 
1 mol/dm3 to 0.5 mol/dm3. 

2nd order reaction 
 
 
 

 

 

 

 

 

  • Rate of reaction decreases sharply as concentration of reactants 
decreases. 

• Gradient of concentration against time graph decreases sharply with 
time. 

• Half-life increases significantly as the reaction proceeds. 

 

The rate of decomposition of diazomethane was investigated by monitoring the 
concentration of diazomethane at various times and the following results were 
obtained at a fixed temperature is shown in Table 10.1. 

Table 10.1 
t/s partial pressure of diazomethane/ Pa 
0 10.8 

1000 7.4 

2000 5.0 

3000 3.4 

4000 2.4 

5000 1.8 

6000 1.4 

 
 
 
 
 
 
 
 
 
 
 
 
 
  

concentration of A 
 / mol/dm3 

time / min 
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 (i) Using the data in Table 10.1, plot on the grid below, the partial pressure of 
diazomethane against time. 
 
 

 [2] 
   

  
 (ii) Determine the order of the reaction for diazomethane and explain your answer using 

information from the graph.  

  ……………………………………………………………………………………………………

…………………………………………………………………………………………………… 

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

 
 (iii) Using ideas about collision between particles, explain how the rate of reaction will be 

affected for the decomposition of diazomethane when initial pressure is increased. 

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

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

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

  [Total: 10] 

partial pressure of diazomethane/ Pa  

time /s  
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Section B 
 

Answer one question from this section. 
 

11 
 

Kevlar is a type of synthetic fibre. It can be used to make bulletproof vests, army helmets and 
‘puncture-proof’ tyres.  

The structural formula of the polymer is shown below.  

     

 

 
   
 (a) (i) Draw the structures of the two monomers that react to form Kevlar. 
    

monomer 1 
 
 
 
 
 
 
 
 
monomer 2 

 
 
 
 
 
 

 
 

    [2] 
   
  (ii) During the manufacturing process, the chain length of Kevlar is controlled so that 

the Kevlar polymer molecules have an average relative molecular mass in the 
range of 12000 to 20000. 

    
What is the range of the average number of repeating units in the Kevlar 
molecules?  
 
Show your working.  

    
 
 

 
 

 
 [2] 
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range between ………………………. and ……………………  

 (b) Nylon is another type of synthetic fibre. It is commonly used to make fishing nets instead 
of natural fibre such as cotton. 
 
Suggest one advantage and one disadvantage of using synthetic fibre rather than 
natural fibre to make fishing nets. 

   
  advantage…………………………………………………………………………………...….. 
   

…………………………………………………………………………………………………… 
   

disadvantage………………………………………………………………………………….... 
   

…………………………………………………………………………………………….. [2] 
    
 (c) The diagram shows the partial structure of another polymer M. 

 

 
 

  (i) Name the monomer used to form polymer M. 
    

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

    
  (ii) Identify three differences in the formation of polymer M from that of the 

formation of Kevlar. 
    

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

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

[Total: 10] 
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(a) Bioethanol is a form of renewable energy made from common crops such as corn, 
sugarcane and potato. It is considered as a fuel which do not increase the amount of 
carbon dioxide in the atmosphere. 
 

  (i) Why is bioethanol considered a form of renewable energy? 
 

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

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

     
  (ii) Explain why bioethanol is considered as a fuel which does not increase the 

amount of carbon dioxide in the atmosphere. 
 

 

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

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

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

   
  

 (b) Organic compound Y was heated under reflux with acidified potassium 
manganate(VII) solution to form compound Z. The reaction is shown below.  

  
  (i) Name the reaction above. 

  
   ………………………………………………………………………………………. [1] 
     
  (ii) Draw the full structural formula of compound Y.   
    

 
 
 
 
 
 
 
 
 
 [1] 

 
 
 

   

 

compound Y 
KMnO4 / H+ 

heat under 
reflux 

compound Z 
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  (iii) A few drops of liquid bromine were added to compound Z. 
 
Describe and explain the observation seen. 
  

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

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

   ………………………………………………………………………………………. [2] 
     
  (iv)  On warming compound Z with ethanol and a few drops of concentrated sulfuric 

acid, a sweet-smelling substance was formed.  
 
Draw the full structural formula of the compound formed. 

Circle the functional group that gave the compound the sweet smell.  
    

 
 
 
 
 
 
 
 
 
 
 [2] 

     
  (v) Under suitable conditions, compound Z undergoes addition polymerisation.  
   

Draw the structural formula of the polymer formed, showing three repeating 
units.  

   
 
 
 
 
 
 
 
 
 
 [1] 

     
[Total: 10] 
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