
    

 

         COMPASSVALE SECONDARY SCHOOL 
                    Secondary Four Express 
                Preliminary Examination 2024 
 

 
NAME  

 

 

CENTRE 
NUMBER S             CLASS                    INDEX            

        NUMBER 
  

___________________________________________________________________________ 

CHEMISTRY                                                                                               6092/02 

Paper 2                                                                                                                             23 August 2024 

                                                                                                                                1 hour 45 minutes 

Candidates answer on the Question Paper. 

No Additional Materials are required. 

  
 READ THESE INSTRUCTIONS FIRST 

 Write your Centre number, class, index number and name on all the work you hand in. 

 Write in dark blue or black pen.  

 You may use an HB pencil for any diagrams or graphs. 

 Do not use staples, paper clips, glue or correction fluid. 

 

Section A 
Answer all questions. 
Write your answers in the spaces provided. 
 
Section B 
Answer one question. 
Write your answers in the spaces provided. 
 

 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 21. 
 
 The use of an approved scientific calculator is expected, where appropriate.  

 
 

__________________________________________________________________________ 

This document consists of 21 printed pages and 1 blank page. 

 

Set by: Ms Tay SW  

                                                                                                                                               [Turn over 



 

   

2 

Section A 
 

Answer all questions. 
 
1 (a) A list of symbols and formulae is shown. 

 
Al3+ 
Ar 

CH4 
CO2 

Cl2 
Fe3+ 
H2 
O2 
O2‒ 
NO 
NO2 
Zn2+ 

 
Answer the following questions about these symbols and formulae. 
 
Each symbol or formula may be used once, more than once or not at all. 
 
Which symbol or formula represents: 

   

  (i) a compound which contributes to global warming, 
 
……………………………………………………………………………………………........ [1] 

    

  (ii) a compound which is taken in by plants during photosynthesis, 
 
……………………………………………………………………………………………........ [1] 

    

  (iii) a gas which comprises 0.93% of clean dry air, 
 
………………………………………………………………….………………….………...... [1] 

    

  (iv) a gas which bleaches damp litmus paper, 
 
………………………………………………………………….………………….………...... [1]  

    

  (v) an ion which forms a white precipitate that is insoluble in excess aqueous ammonia, 
 
………………………………………………………………….……………………….…...... [1] 

    

  (vi) an ion formed when an atom gains electrons? 
 
………………………………………………………………….…………………………....... [1] 
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 (b) Oxides of non-metals can be classified as acidic or neutral. 
  
Give an example of each and explain its classification.  
 
acidic oxide …………………………………………………………………………………….............. 
 
…………………………………………………………………………………………………............... 
 
neutral oxide ………………………………………………………………………………................... 
 
………………………………………………………………………………………………….......... [2] 

  

  [Total: 8] 
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2 The experiment in Fig. 2.1 was set up to investigate the movement of gaseous ammonia and 
gaseous hydrogen chloride. 
 

 
Fig. 2.1 

  

 (a) The white powder forms on the tube due to the reaction between gaseous ammonia and 
gaseous hydrogen chloride. The white powder can be decomposed to form ammonia and 
hydrogen chloride.  
 
Write an equation for this reaction. 
 
……………………………………………………………………………………………….............. [1] 

   

 (b) The tube contains two pieces of Universal Indicator paper. 
 
Complete Table 2.1 to show the colours of each piece of Universal Indicator paper and the pH 
values at the end of the experiment. 
 

Table 2.1 
 

Universal Indicator paper colour pH 

1   

2   

                                                                                                                                                [2] 
   

 (c) Explain why the white powder does not form in the centre of the tube. 
 
………………………………………………………………………………………………….............. 
 
………………………………………………………………………………………………….............. 
 
………………………………………………………………………………………………….............. 
 
………………………………………………………………………………………………............. [3] 

   

  [Total: 6] 

 
 
 

 

white powder forms 
on the tube here 

cotton wool soaked    
in concentrated 
hydrochloric acid 

cotton wool soaked    
in concentrated 

ammonia 

damp Universal Indicator 
paper 1 

damp Universal Indicator 
paper 2 
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3 Niobium is a transition element while sodium is an element in Group 1 of the Periodic Table. 

   

 (a) Give one similarity and one difference between the physical properties of niobium and sodium. 
 
similarity …………….…………………………………………………………………………............. 
 
……………………………………………………………………………………………………........... 
 
difference …………….…….………………………………………………………………….............. 
 
………………………………………………………………………………………...………............... 

  [2] 
   

 (b) Fig. 3.1 shows the structure of a molecule of niobium(V) chloride. 
 

 
 

Fig. 3.1 
   

  (i) What is unusual about the structure of niobium(V) chloride? 
 
………………………………………………………………….…………………………........... 
 
……………………………………………………………………………………………........ [1] 

    

  (ii) State the formula of niobium(V) chloride. 
 
………………………………………………………………….…………………………....... [1] 

    

 (c) Sodium chloride has a much higher boiling point than niobium(V) chloride. 
 
Use ideas about structure and bonding to explain this difference in boiling points. 
 
………………………………………………………………………………………………….............. 
 
………………………………………………………………………………………………….............. 
 
………………………………………………………………………………………………….............. 
 
………………………………………………………………………………………………….............. 
 
………………………………………………………………………………………………............. [3] 

  

  [Total: 7] 
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4 This question is about halogens. 

   

 (a) Table 4.1 shows some information about three halogens, chlorine, bromine and iodine. 
 

Table 4.1 
 

halogen 
melting point / 

°C 
boiling point / 

°C 
density /  

gcm‒3 

chlorine ‒101 ‒35 0.03 

bromine ‒7 59 3.12 

iodine 114 184 4.93 
 

   

  (i) Describe the arrangement and movement of chlorine molecules at ‒10 °C. 
 
………....……………………………………………………….…………………………........... 
 
………....……………………………………………………….…………………………........... 
 
……………………………………………………………………………………………........ [2] 

    

  (ii) A student makes a comment about the densities of chlorine and bromine. 
 
‘The difference in molecular mass of chlorine and bromine is not enough to account for 
the difference in densities.’ 
 
Explain why the student is correct. 
 
………....……………………………………………………….…………………………........... 
 
………....……………………………………………………….…………………………........... 
 
……………………………………………………………………………………………........ [2] 

    

 (b) Seawater contains potassium bromide. Bromine can be produced from seawater by 
displacement. 

    

  (i) Which element can displace bromine? Explain your answer.  
 
Include any observations and an ionic equation in your explanation. 
 
………....……………………………………………………….…………………………........... 
 
………....……………………………………………………….…………………………........... 
 
………....……………………………………………………….…………………………........... 
 
………....……………………………………………………….…………………………........... 
 
………....……………………………………………………….…………………………........... 
 
……………………………………………………………………………………………........ [4] 
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  (ii) Seawater also contains iodide ions.  
 
Describe a test, other than displacement, that can be used to show that seawater 
contains iodide ions. 
 
test …………….………………………………………………...………………………............. 
 
…………………………………………………………………….………………………........... 
 
result ……….….…….………………………………………………………………….............. 
 
………………..………………………………………………………………...………............... 

[2] 
  

  [Total: 10] 
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5 A sample of black ink contains a mixture of blue, red and yellow dyes. The solvent used to separate 

the dyes in black ink is usually a mixture of ethanol and water. The coloured dyes have different     

Rf values in solvents with different compositions of ethanol as shown in Fig. 5.1.  
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 5.1 

   

 (a) What property must all the dyes in the black ink have in order for separation to occur? 
 
……………………………………………………………………...………………………………….[1] 

   

 (b) Use Fig. 5.1 to explain why the solvent used to separate the dyes in black ink is usually a 
mixture of ethanol and water.  
 
……………………………………………………………………………………………………………. 
 
……………………………………………………………………………………………………………. 
 
……………………………………………………………………………………………………………. 
 
……………………………………………………………………………………………………………. 
 
………………………………………………………………...……………………………………….[3] 

   
 
 
 
 
 
 
 
 

0 
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1.0 
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 (c) What is the Rf value of the blue dye dissolved in a mixture of 32 cm3 of ethanol in 200 cm3 of 
solvent? 
 
Show your working. 
 
 
 
 
 
 
 
 
 
 
 
 

                                                                                                                                                  
Rf = ………………........... [2] 

   

 (d) A student carried out paper chromatography on the black dye using a mixture of ethanol and 
water as solvent.  

   

  (i) The student observed only one spot on the resulting chromatogram.  
 
Can the student conclude that the black dye is a pure substance?  
 
Explain your reasoning using information from the graph above. 
 
…………………………………………………………………………………………………….. 
 
…………………………………………………………………………………………………….. 
 
…………………………………………………………………………………………………….. 
 
………………………………………………...………………………………………………..[2] 

    

  (ii) State two precautions that the student needs to take during the paper chromatography. 
 
…………………………………………………………………………………………………….. 
 
…………………………………………………………………………………………………….. 
 
…………………………………………………………………………………………………….. 
 
……………………………………………………………………………………………….…[2] 

  

  [Total: 10] 
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6 A series of experiments were carried out to investigate the effect of concentration on the rate of 
reaction. 
 

BrO3
‒(aq) + 5Br ‒(aq) + 6H+(aq) → 3Br2(aq) + 3H2O(l) 

 
Table 6.1 shows the rates of reaction when the concentration of the reactants was varied. 
 

Table 6.1 
 

experiment 
concentration of 
BrO3

‒ in mol/dm3 
concentration of 
Br ‒ in mol/dm3 

concentration of 
H+ in mol/dm3 

initial rate in 
moldm‒3/s 

1 1.00 1.00 1.00 0.008 

2 2.00 1.00 1.00 0.016 

3 1.00 2.00 1.00 0.032 

4 2.00 1.00 2.00 0.032 
 

   

 (a) Use the information in Table 6.1 to describe how the concentration of Br ‒ and H+ affect the 
initial rate of reaction. 
 
…………………………………………………………………………………………………............... 
 
…………………………………………………………………………………………………............... 
 
…………………………………………………………………………………………………............... 
 
…………………………………………………………………………………………………............... 
 
……………………………………………………………………………………………….............. [2] 

   

 (b) Use ideas about collisions between particles to explain how concentration affects the initial 
rate of reaction. 
 
…………………………………………………………………………………………………............... 
 
…………………………………………………………………………………………………............... 
 
…………………………………………………………………………………………………............... 
 
…………………………………………………………………………………………………............... 
 
……………………………………………………………………………………………….............. [2] 
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 (c) The reaction that occurred is a disproportionation reaction. 
 
A disproportionation reaction is when one element is simultaneously reduced and oxidised in 
a single reaction. 

   

  (i) Complete Table 6.2 by giving the oxidation state of bromine in each of the following 
species. 
 

Table 6.2 
 

species BrO3
‒ Br ‒ Br2 

oxidation state    

[2] 
    

  (ii) With reference to your answer in (c)(i), explain why this reaction is a disproportionation 
reaction. 
 
………....……………………………………………………….…………………………........... 
 
………....……………………………………………………….…………………………........... 
 
……………………………………………………………………………………………........ [2] 

  

  [Total: 8] 
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7 (a) A student investigated the electrolysis of aqueous copper(II) sulfate using the apparatus shown 
in Fig. 7.1. 
 

 
 

Fig. 7.1 
 
The student carried out three experiments and the results obtained is shown in Table 7.1. 
 

Table 7.1 
 

experiment 
current used 

/ A 
time taken 

/ s 

mass of cathode 

before electrolysis / g after electrolysis / g 

1 2.0 180 1.24 1.36 

2 4.0 180 1.20 1.44 

3 2.0 360 1.34 1.58 
 

   

  (i) In experiment 2, the student measured the mass of the anode before and after 
electrolysis. The mass of the anode at the start was 1.45 g. 
 
Determine the mass of the anode after electrolysis. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

mass of anode = ………………........... g [2] 
    

copper 
electrodes 

aqueous 
copper(II) sulfate 
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  (ii) The student carries out a fourth experiment, using a current of 8.0 A for 90 seconds. The 
mass of the cathode at the start was 1.51 g. 
 
Deduce the mass of the cathode after electrolysis. 
 
 
 
 
 
 
 
 
 
 
 

mass of cathode = ………………........... g [1] 
    

  (iii) The student carried out a fifth experiment. 
 
Carbon electrodes are now used instead of copper electrodes, with all other conditions 
kept the same as experiment 1. 
 
Predict and explain the expected observations at the end of the fifth experiment. 
 
………....……………………………………………………….…………………………........... 
 
………....……………………………………………………….…………………………........... 
 
………....……………………………………………………….…………………………........... 
 
………....……………………………………………………….…………………………........... 
 
……………………………………………………………………………………………........ [3] 
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 (b) Fig. 7.2 shows a simple cell which is used to determine the reactivity of five metals. 
 
 
 

 
Fig. 7.2 

 
Table 7.2 shows the voltages of the cell when the following metals were used as electrode 1. 
 

Table 7.2 
 

electrode 1 voltage / V 

A 0.25 

B 1.70 

C 2.50 

D ‒0.40 
 

    

  (i) Use the information in Table 7.2 to deduce the order of reactivity of copper, A, B, C and 
D. 
 
most reactive          ………………...........  
 
                               ………………........... 
 
                               ………………........... 
 
                               ………………........... 
 
least reactive          ………………...........                                                                       [1] 

    

  (ii) Explain your answer in (b)(i). 
 
………....……………………………………………………….…………………………........... 
 
……………………………………………………………………………………………........ [2] 

  

  [Total: 9] 

voltmeter 

electrode 1 
copper 

electrode 

dilute sulfuric acid 
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8 The precipitation of salts 
 
A precipitation reaction occurs when two aqueous solutions are mixed together to form an insoluble 
salt.  
 
Experiments were carried out to study the precipitation of an insoluble salt using dilute sulfuric acid 
and aqueous barium hydroxide. 
 
Table 8.1 shows the results of the study conducted. 
 

Table 8.1 
 

experiment 1 2 3 4 5 6 

volume of aqueous barium 
hydroxide used / cm3 

5.0 5.0 5.0 5.0 5.0 5.0 

volume of 1.0 mol/dm3 diluted 
sulfuric acid used / cm3 

1.0 1.5 2.0 2.5 3.0 3.5 

height of precipitate / cm 2.5 3.0 3.5 4.0 4.0 4.0 

 
The electrical conductivity of each experiment was also measured to monitor the progress of the 
reaction. 
 
Fig. 8.1 shows how the electrical conductivity of aqueous barium hydroxide changes as dilute 
sulfuric acid is added in experiment 6. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 8.1 

   

 (a) Construct an equation, with state symbols, for this reaction. 
 
…………………………………………..……………………………………………………………. [2] 

   

 
 
 
 

[Turn over 

electrical 
conductivity 

volume of dilute sulfuric acid / cm3 

1.5 2.0 2.5 3.0 3.5 1.0 

W 

X 

Y 
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 (b) Explain why the height of the precipitate does not increase after a certain volume of dilute 
sulfuric acid was added. 
 
……………………………………….….………………………….…………………………………..... 
 
..………………………………………………………………………………………………………. [1] 

   

 (c) Use information from Table 8.1 to calculate the concentration of aqueous barium hydroxide 
used in the experiments. 
 
 
 
 
 
 
 
 
 
 

concentration = …………………………… mol/dm3 [3] 
   

 (d) Describe and explain the changes in electrical conductivity in Fig. 8.1. 
 
………….………………………….….………………………………………………………………..... 
 
…………………………………….….………………………….……………………………………..... 
 
..……………….…………………………………………………………………...…………………….. 
 
…………………………………….….…………………………………………………….…………..... 
 
..…………………………………………………………………………………...…….……………. [3] 

   

 (e) Suggest another way to monitor the progress of the reaction. 
 
..……………………………………………………………………………...………………………..[1] 

   

 (f) Two students discuss about alternative methods of preparation for this insoluble salt. 
 
Student 1: ‘I think the same insoluble salt can be formed if barium carbonate was used 

instead.’ 
 
Student 2: ‘I think the same insoluble salt can be formed if barium nitrate was used instead.’ 
 
Which student is correct?  
 
Explain your reasoning. 
 
…………………………………….….………………………………………………………………..... 
 
………………………………………….……………………………………………….……………..... 
 
……………………………………………………………………………..……………………..….. [2] 

  

  [Total: 12] 
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Section B 
 

Answer one question from this section. 
 
9 Chlorodifluoromethane, CHF2Cl, is used to make tetrafluoroethene, C2F4. 

 

                                                    2CHF2Cl → C2F4 + 2HCl          ΔH = +32.0 kJ/mol 
 
Fig. 9.1 shows the structural formulae of chlorodifluoromethane and tetrafluoroethene. 
 
  
 
 
 
 
 
                                chlorodifluoromethane                         tetrafluoroethene 
 

Fig. 9.1 
   

 (a) Draw a ‘dot-and-cross’ diagram to showing the bonding in tetrafluoroethene. 
 
Show the outer shell electrons only. 
 
 
 
 
 
 
 
 
 

  [2] 
   

 (b) Table 9.1 shows some bond energy values. 
 

Table 9.1 
 

bond C ‒ Cl C ‒ H C ‒ F C ‒ C C = C H ‒ Cl 

bond energy 
in kJ/mol 

339 413 495 348 𝑥 431 

 
Determine the value of 𝑥. 
 
 
 
 
 
 
 
 

𝑥 = ….……………..... kJ/mol [3] 
 

  [Turn over 
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 (c) Draw an energy profile diagram for this reaction. 
 
Your diagram should show: 
 

• the reactants and products of the reaction, 

• the energy profile and activation energy, 

• the enthalpy change of reaction. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

[3] 
   

 (d) Both chlorodifluoromethane and tetrafluoroethene are colourless gases at room temperature 
and pressure. 
 
Describe a test that can be used to differentiate chlorodifluoromethane and tetrafluoroethene. 
 
test …………………………………………………………………………..………………….............. 
 
……………………………………………………………………………….………………….............. 
 
observation …………………………………………………………...……………………….............. 
 
……………………………………………………………………………..……………………............. 
 
……………………………………………………………………………..…………………….............  
                                                                                                                                                [2] 

  

  [Total: 10] 

 
 
 
 
 
 

energy 

progress of reaction 
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10 Table 10.1 shows the structure of two polymers, X and Y. Polymer X is an addition polymer and 
polymer Y is a condensation polymer. 
 

Table 10.1 
 

polymer structure 

X 

 

 

Y 

 

 
 

   

 (a) Describe two differences between addition polymers and condensation polymers. 
 
1 ……...……………………………………………………………………..………………….............. 
 
……………………………………………………………………………….………………….............. 
 
……………………………………………………………………………….………………….............. 
 
2 …….………..………………………...……………………………...……………………….............. 
 
……………………………………………………………………………..……………………............. 
 
……………………………………………………………………………..…………………….............  
                                                                                                                                                [2] 

   

 (b) (i) Draw the structure of the monomer of polymer X.                                       
 
 
 
 
 
 
 
 
 
 
 
 
 

[1] 
 

   [Turn over 



 

   

20 

  (ii) During the manufacturing process, the chain length of polymer X needs to be controlled 
so that the polymer molecules have an average relative molecular mass in the range of 
20 000 to 50 000. 
 
What is the range of the average number of repeat units in the polymer molecules? 
 
Show your working. 
 
 
 
 
 
 
 
 
 
 
 

[2] 
    

 (c) (i) Draw a circle on the structure of polymer Y to show the ester linkage.                         [1] 

    

  (ii) Draw the structures of the two monomers that react to form polymer Y. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

[2] 
    

 (d) (i) Explain why the careless disposal of polymers can result in long-term pollution. 
 
………....……………………………………………………….…………………………........... 
 
……………………………………………………………………………………………........ [1] 

    

  (ii) Describe a chemical method used to recycle polymers. 
 
………....……………………………………………………….…………………………........... 
 
……………………………………………………………………………………………........ [1] 

    

  [Total: 10] 
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