
  
 

Name: _____________________________ (         )                               Class: _____ 

This question paper consists of 20 printed pages. 

           [Turn Over 

 

CHIJ KATONG CONVENT 

PRELIMINARY EXAMINATIONS 2022 

Secondary Four Express 

              
 
CHEMISTRY  6092/02 

Duration: 1 hour 45 minutes 
 
Class: 405, 406 
 
Candidates answer on the Question Paper. 
 
READ THESE INSTRUCTIONS FIRST 
 
Write your name, registration number and class on all the work you hand in. 
Write in dark blue or black pen. 
You may use a soft pencil for any diagrams or graphs. 
Do not use staples, paper clips, highlighters, glue or correction fluid/ tape. 
 
Section A 
Answer all questions in the spaces provided. 
 
Section B 
Answer all three questions, the last question is in the form either/ or. 
Answer all questions in the spaces provided. 
 
You are advised to spend no longer than one hour on Section A and no longer than 45 minutes 
on Section B. 
 
At the end of the examination fasten all your work securely together. 
The number of marks is given in brackets [  ] at the end of each question or part question. 
A copy of the Periodic Table is printed on page 20. 
 
The use of an approved scientific calculator is expected, where appropriate. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

FOR EXAMINER'S USE 

Paper 1  /  40 

Section A  /  50 

Section B  /  30 

TOTAL  /  120 



CHIJ Katong Convent Prelim Exams 2022 Chemistry 6092/02 Sec 4E 
     

 

   

 
 2  [Turn Over 

Section A 
 

Answer all questions in this section in the spaces provided. 
The total mark for this section is 50. 

 

A1 Choose from the following oxides to answer the questions. 
 

calcium oxide 
iron(III) oxide 
lithium oxide 

magnesium oxide 
nitrogen dioxide 
silicon dioxide 

 
Each oxide may be used once, more than once or not at all. 
 
State which oxide 

   
 (a) has a simple molecular structure, 

 
  …..……………………………………………………………………………………..…………...… [1] 
   
 (b) is a coloured solid, 

 
  …..……………………………………………………………………………………..…………...… [1] 
   
 (c) contains ions with a +1 charge, 

 
  …..……………………………………………………………………………………..…………...… [1] 
   
 (d) is a product of the thermal decomposition of limestone, 

 
  …..……………………………………………………………………………………..…………...… [1] 
   
 (e) is used in the cracking of long-chain hydrocarbons. 

 
  …..……………………………………………………………………………………..…………...… [1] 
   
    [Total: 5] 
   

 
 
 
 
 
 
 
 
 
 
 
 
 
 



CHIJ Katong Convent Prelim Exams 2022 Chemistry 6092/02 Sec 4E 
     

 

   

 
 3  [Turn Over 

A2 Table 2.1 shows a list of elements and their atomic and mass numbers. 
 

 Table 2.1 
 

element A B C D E F G H 

atomic 
number 

8 11 15 17 18 28 30 35 

mass 
number 

16 23 31 37 40 59 65 80 

 
A to H are not the atomic symbols of the elements. 
Using the letters, A to H, choose an element which 
 

 (a) forms coloured compounds, 
 
…..……………………………………………………………………………………..…………...… [1] 
 

 (b) forms an anion with a charge of -2 most readily, 
 
…..……………………………………………………………………………………..…………...… [1] 

   
 (c) has lower density than potassium and reacts vigorously with water,  

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

   
 (d) forms a diatomic molecule which displaces bromine from sodium bromide solution. 

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

   
    [Total: 4] 
   
A3 Fig. 3.1 shows a part of the metal reactivity series. 

 

magnesium  
more reactive 

 
 
 
 
 

less reactive 

aluminium 

zinc 

chromium 

iron 

 
Fig. 3.1 

 
 (a) When chromium reacts with dilute hydrochloric acid, its oxidation state increases from 0 to +2. 

 
Give the chemical formulae of the products formed when chromium reacts with dilute 
hydrochloric acid.    
 

  …..……………………………………………………………………………………..…………...… [1] 
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A3 (b) Aluminium is a reactive metal. However, when an aluminium wire is immersed in dilute 
hydrochloric acid, no visible reaction was observed.  
 
Explain why this is so. 
 

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

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

  …..………………………………………………………………….…………………..…………...… [2] 
   
 (c) Pure zinc metal is soft and has limited uses as it corrodes easily. 

 
A brass alloy consists of 11% copper and 89% zinc. 
 
However it is widely used to make musical instruments and statues because of its corrosion 
resistance and aesthetic appearance.  
 
Draw a labelled diagram to show the arrangement of the atoms in this brass alloy in the box 
provided. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

[2] 
   
   [Total: 5]  
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A4 This question is about the reactions of aqueous potassium hydroxide. 
  

 (a) Aqueous potassium hydroxide reacts with dilute sulfuric acid as shown. 
 

2KOH + H2SO4 → K2SO4 + 2H2O 
 
In an experiment, 0.78 g of aqueous potassium hydroxide was added to 45 cm3 of 0.20 mol / 
dm3 sulfuric acid. 
 
Show by calculation that sulfuric acid is in excess. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

[3] 
   
 (b) Aqueous potassium hydroxide is warmed with aqueous ammonium carbonate. 

 
State the name of the gaseous product formed in this reaction. 
 

  …..……………………………………………………………………………………..…………...… [1] 
   
  [Total: 4] 
   
A5 Hydrogen reacts with chlorine to produce hydrogen chloride. The reaction is represented by the 

equation. 
 

H2(g) + Cl2(g) → 2HCl(g)  H = – 184 kJ / mol 
   
 (a) Apart from temperature, state and explain, in terms of collisions between reacting particles, 

another factor that increases the rate of this chemical reaction. 
 
…..……………………………………………………………………………………..…………...……. 
 
…..……………………………………………………………………………………..…………...……. 
 
…..……………………………………………………………………………………..…………...……. 
 
…..……………………………………………………………………………………..…………...… [2] 
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A5 (b) (i) Calculate the energy released when excess hydrogen reacts with 2 moles of chlorine. 
You may assume that no other side reaction occurs. 
 
 
 
 
 
 
 
 
 

energy released = ……………. kJ [1] 
    
  (ii) Explain why the reaction is exothermic, in terms of the energy changes that take place 

during bond breaking and bond making. 
 
…..……………………………………………………………………………………..…………. 
 
…..……………………………………………………………………………………..………… 
 
…..……………………………………………………………………………………..……… [2] 
 

 [Total: 5] 
   

A6 (a) Ammonia is manufactured by the Haber Process as shown in the equation. 
 

N2 + 3H2 ⇌  2NH3 H = – 92.4 kJ / mol 
 
Table 6.1 shows how the percentage yield of ammonia at equilibrium varies with both 
temperature and pressure.  
 

Table 6.1 
 

pressure / atm 
percentage yield of ammonia at equilibrium 

200 °C 300 °C 400 °C 500 °C 

40 72 34 13 5 

100 81 51 25 10 

200 86 63 36 18 

300 88 69 40 24 
 

    
  (i) Describe how the percentage yield of ammonia at equilibrium changes with 

temperature. 
 
…………………………………………………………………………………………..………... 
 
………………………………………………………………………………..………..……… [1] 
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A6 (a) (ii) Describe how the percentage yield of ammonia at equilibrium changes with pressure. 
 
…………………………………………………………………………………………..………... 
 
………………………………………………………………………………..………..……… [1] 

    
  (iii) Finely divided iron acts as a catalyst in the Haber Process.  

 
Explain how using a catalyst has an economic advantage. 
 
……………………………………………………………………………………..……………... 
 
…………………………………………………………………………………………..………... 
 
……………………………………………………………………………..………..………… [2] 

   
 (b) The ammonia produced in the Haber Process is used to manufacture nitric acid by a two-stage 

process. 
 
Stage 1            Ammonia is converted to nitrogen monoxide.                                                              

4NH3(g) + 5O2(g) → 4NO(g) + 6H2O(g) 

Stage 2            Nitrogen monoxide is converted to nitric acid.  

                         4NO(g) + 2H2O(g) + 3O2(g) → 4HNO3(aq) 
   
  Use the equations in the two stages to construct an overall chemical equation for the 

conversion of ammonia to nitric acid. 
 
…………….…………………………………………………………………………...………..….… [1] 
 

  [Total: 5] 
   
A7 This question is about alkanes and alkenes. 

 
 (a) The boiling point, melting point and density of alkanes increase as the number of carbon atoms 

increases. 
 
State another physical property of alkanes which increases as the number of carbon atoms 
increases. 
 

  …..……………………………………………………………………………………..…………...… [1] 
    
 (b) Two typical reactions of alkanes are combustion and cracking. 

 
  (i) State the name of another typical chemical reaction of alkanes. 

 
   ………………………………………………………………………………..………..……… [1] 
    
  (ii) State the chemical name of the reactant for the reaction in (b)(i). 

 
   ………………………………………………………………………………..………..……… [1] 
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A7 (c) Alkenes are produced by cracking alkanes. Tridecane, C13H28, can be cracked to produce an 
alkene with four carbon atoms and one other hydrocarbon only. 
 
Construct a chemical equation for this reaction. 
 

  …..……………………………………………………………………………………..…………...… [1] 
   
 (d) A hydrocarbon contains 88.9% carbon by mass. 

 
Calculate the empirical formula of this compound. 
 
 
 
 
 
 
 
 
 
 
 
 

[2] 
   
  [Total: 6] 
   
A8 The structure of an organic compound, T, is shown in Fig. 8.1. 

 
 
 
 
 
 

Fig. 8.1 
 

 (a) Compound T can be oxidised to a carboxylic acid. 
 
Suggest a suitable oxidising agent for this reaction. 
 

  …..……………………………………………………………………………………..…………...… [1] 
   
 (b) Compound T reacts with methanoic acid, HCOOH, to form an ester. 

 
Complete the structure of this ester to show all the atoms and all the covalent bonds. 
 
 
 
 
 
 
 
 

  [1] 
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A8 (c) Dilute methanoic acid is a weak acid. Dilute nitric acid is a strong acid. 
 
Give the formula of the ion that is present in both acids. 
 

  …..……………………………………………………………………………………..…………...… [1] 
   
 (d) Write a chemical equation for the reaction of methanoic acid with zinc. 

 
  …..……………………………………………………………………………………..…………...… [2] 
   
  [Total: 5] 
   
A9 Fig 9.1 shows the structure of some polymers A, B, C and D. 

 
A 

 
  
B 

 
  
C 

 
  
D 

 
Fig. 9.1 

  
 (a) A sample of polymer C contains molecules with a relative molecular mass of 14 000. 

 
Determine the number of carbon atoms present in a molecule of the polymer. 
 
 
 
 
 
 
 

[2] 

(CH2)2 O 

O 

O O C C 

O 

n 

n 

O O 

C C N N 

H H 

CH3 

CH3 

C CH2 

n 

CH3 

CH3 

H2C C 

C O O 

n 
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A9 (b) Predict if each statement is true or false. 
 

Put a tick () in one box in each row. 
 

 true false 

Polymer D is a polyester. 
 
 

 

Water is formed as a by-product when monomers react to form 
polymers A and B. 

  

The empirical formula of polymer C is the same as its monomer. 
 
 

 

One of the monomers that reacts to form polymer B is an alcohol. 
 
 

 

 
[2] 

    
 (c) Draw the structural formulae of the two monomers that react to form polymer A. 

 
 
 
 
 
 
 
 
 
 
 
 
 

[2] 
 

 (d) (i) Draw the structural formula of the monomer that reacts to form polymer D. 
    

 
 
 
 
 
 
 
 
 
 

[1] 
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A9 (d) (ii) The monomer in (d)(i) can be formed by reacting an acid and an alcohol under suitable 
conditions. 
 
Draw the structural formulae of the acid and alcohol. 
 
 
 
 
 
 
 
 
 
 

[2] 
    
 (e) Polymers A, B, C and D are non-biodegradable.  

 
State why being non-biodegradable is both an advantage and a disadvantage. 
 
……..……………………………………………………………………...…………….……..…...….... 
 
……..……………………………………………………………………...…………….……..…...….... 
 
……..……………………………………………………………………...…………….……..…...….... 
 
…..……………………………………………………………………………………..…………...… [2] 

   
  [Total: 11] 
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Name: _____________________________ (    ) Class: _________ 
 

Section B 
 

Answer all three questions in this section. 
The last question is in the form of an either/ or and only one of the alternatives should be attempted. 

  
B10 This question is about copper and its compounds. 
  
 (a) Anhydrous copper(II) sulfate is used to test for the presence of water. When this test is positive, 

hydrated copper(II) sulfate is formed. 
 

  (i) State the colour change observed during this test. 
 

   ……………………………………………………………………………………………….… [1] 
    
  (ii) State how hydrated copper(II) sulfate can be changed back into anhydrous copper(II) 

sulfate. 
 

   ……………………………………………………………………………………………….… [1] 
    
  (iii) Describe a test to determine if a sample of water is pure. 

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

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

    
 (b) When 4.7 g of copper(II) nitrate is heated strongly, it decomposes to produce copper(II) oxide, 

nitrogen dioxide and oxygen as shown by the chemical equation. 
  

2Cu(NO3)2 → 2CuO + 4NO2 + O2 
 
Calculate 
 

  (i) the volume of nitrogen dioxide formed at room temperature and pressure,  
 
 
 
 
 
 
 
 
 

[2] 
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B10 (b) (ii) the mass of oxygen formed.  
 
 
 
 
 
 
 
 

[2] 
    
 (c) Copper(II) oxide powder can be reduced to copper by reacting with hydrogen gas. 

  
Write the chemical equation for this reaction with state symbols included. 
 

  ……………………………………………………………………………………………………...….[2] 
   
  [Total: 10] 
  
B11 Figure 11.1 shows an experimental set-up of two cells, Cell 1 and Cell 2 connected together. Both 

electrodes X and Y are made of graphite.  
 
 
 
 
 
 
 
 
 
 

 

 
 
 
 

 
 
 

Fig. 11.1 
 

 When the switch is closed, reactions occur in both cells. 
 

 (a) Deduce which cell is a simple cell. 
 
State a reason for your answer. 
 
………………………………………….…………………….……………...…………………………... 
 
………………………….……………..…………………………...................................................[2] 

   

zinc 

switch 

Cell 1 Cell 2 

copper 

aqueous copper(II) nitrate 

concentrated 
aqueous 

potassium 
chloride 

electrode Y electrode X 
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B11 (b) Name all the ions present in aqueous copper(II) nitrate in Cell 1. 
 
……………………….……………...………………………….…................................................. [1] 

   
 (c) Write ionic equations for the reactions at the electrodes in Cell 1. 

 
zinc electrode: …………………………..……………………………………………………………… 
 
copper electrode: ………………………………………….…………………………………………… 

[2] 
    
 (d) A gas is produced at each of the electrodes in Cell 2.  

 
  (i) Identify the gas produced at electrode Y. 

 
Explain your answer using ideas of selective discharge. 
 
……..……………………………………………………………………………………………... 
 
……..……………………………………………………………………………………………... 
 
……..……..………………..………………………………..…………………….....……….. [2] 

    
  (ii) A student draws Fig. 11.2 for Cell 2 after the switch is closed for a period of time to show 

the volume of the gas collected at each electrode.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 11.2 

 
Do you agree with the student’s drawing?  
 
Give a reason for your answer. 
 
……..……………………………………………………………………………………………... 
 
……..……..………………..………………………………..…………………….....……….. [1] 

    

electrode Y electrode X 
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B11 (d) (iii) After the electrolysis has been running for some time in Cell 2, a new product is formed 
at electrode Y.  
 
Explain the reason for this observation. 
 
……..……………………………………………………………………………………………... 
 
……..……..………………..………………………………..…………………….....……….. [2] 
 

   [Total: 10] 
EITHER 
  
B12 Table 12.1 shows some data about the composition of the mixtures of exhaust gases from a car. 

 
Table 12.1 

 

substances in exhaust gases 
percentage by volume 

without catalytic converter with catalytic converter 

nitrogen 67.60 67.75 

carbon dioxide 12.00 12.60 

water vapour 11.00 11.45 

oxygen 9.00 8.20 

carbon monoxide 0.20 0 

nitrogen oxides 0.15 0 

unburnt hydrocarbons (C8H18) 0.05 0 
 

   
 (a) Explain why the exhaust gases from the car contain a large amount of nitrogen.  

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

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

   
 (b) One of the exhaust gases may contribute to global warming. 

 
State the name of this gas and describe a possible consequence of global warming. 

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

   
   

 
 



CHIJ Katong Convent Prelim Exams 2022 Chemistry 6092/02 Sec 4E 
     

 

   

 
 16  [Turn Over 

B12 (c) (i) Fig. 12.1 shows the structure of a catalytic converter. 
 

 
 
 
 
 
 
 
 
 
 
 

 
Fig. 12.1 

 
Using the information from Fig. 12.1, state and explain two factors other than a catalyst, 
why the reactions in the catalytic converters are fast.  
 
………………………………………………………………………..…….……..…….………... 
 
…………………………………………………………………………..…….……..…….……...
                                     
…………………………………………………………………………..…….……..…….……... 
 
…………………………………………………………………………..….……..…………... [2] 

    
  (ii) Using the information in the Table 12.1, suggest with explanations, two substances in 

the exhaust gases that are removed by the catalytic converter.  
 
Write a balanced chemical equation to support your answer.     
                        
…………………………………………………………………………..…………..…….……....  
 
……..……………………………………………………………………………………………... 
 
…………………………………………………………………………..…………..…….……....  
 
………………………………………………………………………..…...………..……..…... [3] 
 

    
  (iii) Using the information in the Table 12.1, explain why the percentage of nitrogen increases 

while the percentage of oxygen decreases when using a catalytic converter. 
 
……..……………………………………………………………………………………………... 
 
…………………………………………………………………………..…………..…….……....  
 
………………………………………………………………………..…………..………….... [2] 

    
  [Total: 10] 
   

 
 

narrow tubes coated with 
powdered catalyst 

hot gases from 
car engine 

exhaust 
gases 

ceramic support for tubes 
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OR  
  
B12 Alcohols can be partially oxidised to form aldehydes. 

 
Aldehydes are a homologous series of organic compounds. 
 
Partial oxidation is achieved by reacting an alcohol with the oxidising agent in a distillation apparatus 
as shown in Fig. 12.1. 
 
In an experiment carried out in the laboratory, ethanol was partially oxidised to form ethanal which 
is an aldehyde. 
 
The boiling points of ethanol and ethanal are given in the Table 12.1. 
 

Table 12.1 
 

 ethanol ethanal 

boiling point / C 78.0 20.0 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 12.1 
 

 (a) Suggest why only a small amount of distillate was collected using this set-up. 
 

  …..……………………………………………………………………………………..…………...… [1] 
   
 (b) Table 12.2 shows some information about aldehydes. 

 
Table 12.2 

 

name ……………… ethanal propanal butanal 

molecular 
formula 

CH2O C2H4O C3H6O 

………………. 
 

   
  (i) Complete the missing information in Table 12.2. [1] 
    

thermometer 

distillate 

round-bottomed 
flask 

heat 

condenser 
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B12 (b) (ii) Deduce the general formula of aldehydes. 
 

   ………………………………………………….……………………………………………… [1] 
    
 (c) The full structural formula of ethanal is shown in Fig. 12.2. 

 
 
 
 
 
 

Fig. 12.2 
 
The C=O group in aldehydes is located at the end of the carbon chain.  
 
The C=O group is responsible for the characteristic reactions of aldehydes. 
 

  (i) State the name given to the C=O group in aldehydes. 
 

   ………………………………………………….……………………………………………… [1] 
    
  (ii) With reference to Fig. 12.2, draw the dot-and-cross diagram to show the electron 

arrangement in a molecule of ethanal. Only the valence shells need to be drawn. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

[3] 
    
 (d) Propanone belongs to another homologous series called ketones.  

 
Ketones have the same C=O group as aldehydes but the C=O group is not at the end of the 
carbon chain.  
 
Propanone has the same molecular formula as propanal, C3H6O. 
 

  (i) State the term used to describe molecules with different structural formula but with the 
same molecular formula. 
 

   ………………………………………………….……………………………………………… [1] 
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B12 (d) (ii) Draw the full structural formula of propanone, C3H6O. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

[2] 
    
  [Total: 10] 
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