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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 reactions/processes to fill in the blanks. Each reaction/process may be 
used once, more than once or not at all. 

        Precipitation        Displacement            Reduction            Decomposition 

        Neutralisation             Combustion       Oxidation             Ionisation 

 

a) When rubidium hydroxide reacts with carbonic acid……………………………………………. occurs. 

b) Rusting occurs when iron undergoes ………………………………………………………………….….. 

c) Hydrogen peroxide undergoes ………………………………………… to produce water and oxygen. 

d)      ……………………………………………….. occurs when hydrogen chloride gas dissolves in water. 

e)      Zinc can be obtained from zinc oxide by ………………………………………………………………… 

                     [Total: 5] 

 

A2    One of the processes in purification of water is filtration. 

a) The diagram shows a water filter used in the home. A student collected a sample of water from 
the filter.  

 

                

 

 

 

 

 

 

 

 

Describe how the student could show that the filtered water contains dissolved salts without using 
a chemical test.                                                           [1]         

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

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

 

Water in 

Water filter 

Water out 

Water in 
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b) Seawater is purified to make drinking water by forcing it through a membrane. 

 

 

 

 

 

 

 

 

 

Suggest why water molecules can pass through the membrane, but sodium ions and chloride ions 
cannot.                                                                                                                                           [1] 

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

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

c)  Chromatography can be used to separate components of a mixture. 

A student used paper chromatography to analyse a black food colouring. The student placed spots 
of known food colours, A, B, C, D and E, and the black food colouring on a sheet of chromatography 
paper and carried out paper chromatography using ethanol as the solvent. 

The results are shown on the chromatogram below. 

 

 

 

 

 

 

 

 

 

 

 

i) Which of the known food colours is the least soluble in ethanol? ……………………………          [1]             

 

 
 

Seawater 

Membrane 

Drinking water 

 

 

Solvent front 

Start line 

Black food 
colouring 
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ii) What does the chromatogram tell you about the composition of the black food colouring?           [2]                

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

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

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

 

The table below gives the results of chromatography experiments that were carried out on some 
known food colours, using ethanol as the solvent. 

 

 

 

 

 

 

iii)    Using the results of the chromatogram and the information in the table, suggest which of the food 
colours in the table could be food colour C? Explain your answer, showing clearly the necessary 
calculations.                                                                                                                                    [2] 

 

 

 

 

 

 

 

                      [Total: 7] 

 

 

 

 

 

 

 

 

Name of food 
colour 

Distance from start line 
to solvent front in mm 

Distance moved by 
food colour in mm Rf value 

Ponceau 4R 62 59 0.95 
Carmoisine 74 45 0.61 
Fast red 67 27 0.40 
Erythrosine 58 17 0.29 
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A3 Hydrogen fluoride, HF, has a simple molecular structure. It is soluble in water. 

a)  Suggest two other physical properties of hydrogen fluoride.                                                          [2] 

         1 ……………………………………………………………………………………………………………… 

         2 ……………………………………………………………………………………………………………... 

 

b)      Hydrogen fluoride dissolves in water to form dilute hydrofluoric acid, a weak acid. 

i)       With the help of an equation, explain why hydrofluoric acid is a weak acid.                                 [2] 

          .......................................................................................................................................................... 

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

ii)     Dilute hydrofluoric acid reacts with excess magnesium. The salt formed is magnesium fluoride. 

        Calculate the volume of gas produced if the acid solution contains 0.200 g of hydrofluoric acid.    [2]                                                                                                                                                                                              

 

 

 

 

 

 

iii)    Explain, in terms of structure and bonding, why magnesium fluoride has a high melting point.     [2] 

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

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

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

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

 

iv)    Draw a dot and cross diagram to show the bonding in magnesium fluoride.                                  [2] 

  

 

 

 

 

 

       [Total: 10] 

698



6 
 

 6092/02/SCGS/20                                                    

 

A4 Sodium peroxodisulfate reacts with potassium iodide solution. The ionic equation for this reaction 
is as shown. 

     S2O8
2– (aq)   +    2I– (aq)                 2SO4

2– (aq)   +    I2 (aq) 

The table shows how the relative rate of this reaction changes when different concentrations of      
peroxodisulfate ions and iodide ions are used. 

                      

 

 

 

 

 

 

a) Describe an observation for the reaction.                          [1]  

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

 

b)     Describe, using the information in the table, how increasing the concentration of peroxodisulfate 
ions affects the relative rate of reaction.                                                                                                                 [1] 

 ........................................................................................................................................................... 

          .......................................................................................................................................................... 

 

c)      Explain, in terms of oxidation states, why this is a redox reaction.                                                [2] 

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

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

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

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

 

d)      Iron(III) ions, Fe3+, catalyse this reaction. Explain how catalysts increase the rate of a reaction. [1]                                        

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

         ........................................................................................................................................................... 

 

 

 

Experiment Concentration of 
S2O8

2- in mol/dm3 
Concentration of I- in 

mol/dm3 
Relative rate of 

reaction 

1 0.008 0.02 1.7 
2 0.016 0.02 3.3 
3 0.032 0.02 6.8 
4 0.008 0.04 3.4 

5 0.008 0.08 6.9 
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e)     Describe a chemical test you would carry out to determine if the iron(III) ions were still present at 
the end of the reaction. State what you would expect to observe.                                  [2] 

 Test ...................................................................................................................................................  

Observation........................................................................................................................................ 

 

 (f)   Peroxodisulfate ions also react with iron(II) ions. The products are iron(III) ions and sulfate ions. 
Construct the ionic equation for this reaction.                                                                                [1] 

         ........................................................................................................................................................... 

         [Total: 8] 

 

 

A5 A 1.50 g sample of solid lead(II) nitrate is added to 125 cm3 of 0.100 mol/dm3 sodium iodide solution.     

a)     Write the equation for the reaction.                                                                                                 [1] 

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

b) Identify the limiting reactant in the reaction, showing your calculations clearly.                             [2] 
 
 

 

 

 

 

 

 

c) Using your answer in (b), calculate the concentration of the nitrate ions in the mixture after the 
reaction is complete.                                                                                                                        [2] 
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d) Place a √ in the box to indicate the diagram that best represents the mixture when the reaction is 
complete. The diagrams do not show the actual number and ratio of ions present.                                                                            
                                                                                                                                 [1] 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

e) Describe how a pure, dry sample of lead(II) nitrate crystals can be prepared from insoluble lead(II) 
oxide.                                                                                                                                                                [3] 

          ............................................................................................................................................................................ 

          ............................................................................................................................................................................ 

          ............................................................................................................................................................................ 

          ............................................................................................................................................................................ 

          ............................................................................................................................................................................ 

          ............................................................................................................................................................................ 

         [Total: 9] 

 

Precipitate formed 

I- 

Precipitate formed 

Na+ 
Na+ 

Na+ Na+ 

I- 

I- 

I- 

NO3
- NO3

- 

I- 

I- 

Na+ 
Na+ 

Na+ 

Na+ 

I- 

I- 

Na+ 
I- 

Pb2+ 
Na+ 

NO3
- 

I- NO3
- 

No precipitate Precipitate formed 

Na+ Na+ 

NO3
- 

NO3
- 

NO3
- 

NO3
- 

Na+ 
Na+ 

NO3
- 

NO3
- 

NO3
- 

NO3
- 

Na+ 

Pb2+ Na+ 

Precipitate formed 
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A6 The electrolysis of concentrated sodium chloride solution is an industrial process which produces 
three products; chlorine, hydrogen and solution X. 

 

 

 

 

 

 

 

 

 

 

a)  Graphite electrodes are used in the electrolysis. Explain, in terms of structure and bonding, why 
graphite conducts electricity.                                                                                                          [2] 

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

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

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

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

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

 

b) Solution X is alkaline. Name solution X and explain how it is produced in the electrolysis.           [3]  

         Solution X is …………………………………………………… 

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

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

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

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

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

  

                      [Total: 5] 

 

 

 

Chlorine Hydrogen 

  Sodium chloride 
solution 

Positive electrode Negative electrode 

 Porous barrier 

Solution X 
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A7 A group of students were given three different colourless solutions in separate beakers.  

        They knew that the solutions were potassium iodide, calcium nitrate and ammonium sulfate. 

         But they did not know which solution was in each beaker. They decided to test each solution with 
acidified silver nitrate and acidified barium chloride.    

 

a) Complete the table to give the expected observations for each solution.                                      [3] 

b) Their teacher suggested that the students could also identify the solutions using aqueous sodium 
hydroxide.  

         Do you agree? ……………………………………………………………………………………………….  

 Explain your answer by tabulating the expected observations in a table similar to the one above.       

                                                                                                                                                                [3] 

 

 

 

 

 

 

 

 

 

 

 

                      [Total: 6] 

 

 

 Potassium iodide Calcium nitrate Ammonium sulfate 
 
Test with acidified 
silver nitrate 
 

 No change observed No change observed 

 
Test with acidified 
barium chloride 
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BLANK PAGE 
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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. 
 

B8  Read the information about hydrogen halides and their chemical properties. 

Hydrogen halides are formed when halogens react with hydrogen. The observations for these 
reactions are shown below. 

   

 

 

 

 

 

 

Stability of hydrogen halides is affected by bond length and bond energy of the halides.  

Graphs 1 and 2 show how bond length and bond energy vary for the different halides. 

 

  
Bond length refers to the average distance between the nuclei of two bonded atoms in a molecule.  

Bond energy is a measure of the bond strength in a chemical bond. It is the energy required to 
break one mole of molecules into their individual atoms. 

  When heated, the hydrogen halides decompose into its constituent elements.  

Hydrogen halide HF HCl HBr HI 

Thermal decomposition 
at 1000°C none negligible 0.5 % 33 % 

 

  Hydrogen halides are extremely soluble in water, forming acidic solutions. 

Reaction Observation 

          H2  +  F2   →  2HF Reacts explosively even in the dark at -200°C 

H2  +  Cl2   →  2HCl Reacts explosively in sunlight but takes place 
slowly in the dark 

H2  +  Br2   →  2HBr  

           H2  +  I2           2HI                      Reacts very slowly in sunlight even on heating 
with platinum 

Graph 1 Graph 2 
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a) Predict the observation for the reaction of bromine with hydrogen gas.                                          [1] 

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

 

b) Suggest why platinum is added when iodine is reacted with hydrogen gas.                                   [1] 

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

 

c) Describe the relationship between the bond length and bond energy of the hydrogen halides. Hence 
explain why the reaction of iodine with hydrogen is a reversible reaction unlike the other reactions.              

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

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

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

 

d) Describe what would be observed when a hot glass rod is plunged into separate gas jars containing 
HCl and HI.                                                                                                                                      [2] 

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

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

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

 

ei) Given that the bond energy of the Br – Br bond is 193 kJ/mol and the bond energy of the H – H 
bond is 432 kJ/mol, calculate the enthalpy change for the formation of hydrogen bromide from 
hydrogen and bromine.                                                                                                                                    [2] 
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ii) Explain, in terms of bond breaking and bond making, whether this reaction is exothermic or 
endothermic.                                                                                                                                   [2] 

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

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

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

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

 

iii) Draw a labelled energy profile diagram for this reaction, showing clearly the activation energy and 
enthalpy change of the reaction.                                                                                                       [2] 

 

 

 

 

 

 

 

 

 

 

 

                   [Total: 12] 
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B9    A group of students investigated the energy released by the combustion of four hydrocarbon fuels 
using the apparatus shown. 

 

 
 
 
 
 
 
 
 
 
 

 
       Each hydrocarbon fuel was burned for two minutes. The table shows the students’ results. 

 
 

 After two minutes   

Name and 
formula of 

hydrocarbon 
fuel 

Mass of 
fuel used 

in g 

Temperature 
increase of 
water in °C 

Energy 
released by 

fuel in kJ 

Energy 
released by 
1.0 g of fuel 

in kJ 

Relative 
amount of 

smoke in the 
flame 

Hexane, 
C6H14 0.81 40 16.80 20.74 very little smoke 

Octane,  
C8H18 1.10 54 22.68 20.62 some smoke 

Decane, 
C10H22 1.20 58 24.36  smoky 

Dodecane, 
C12H26 1.41 67 28.14 19.96 very smoky 

 
 

a) Calculate the energy released by 1.0 g of decane in kJ.                                                                [1] 
 
 
 
 
 
 
 
b) Suggest one key source of error present in this experiment and describe how this error affects the 

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

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

          

708



16 
 

 6092/02/SCGS/20                                                    

 

c) The students noticed that the bottom of the beaker became covered in a black substance when 
burning these fuels. 

i) Explain the presence of the black substance.                                           [1] 

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

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

 
ii)     Suggest why hexane, C6H14, produced less black substance when burned compared to hexene, a 

compound with formula C6H12.                               [1] 

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

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

 
d) A student concluded that hexane is the best of the four fuels.  

Give two reasons why the results in the table support this conclusion.                                           [2]  

         1……………………………………………………………………………………………………………….. 

2……………………………………………………………………………………………………………….. 

 

e)     Most car engines use liquid petrol as a fuel. Car engines could be developed to use hydrogen as a 
fuel. Describe one advantage and one disadvantage of using hydrogen instead of petrol as a fuel.     

                                                                                                                                                                [2] 

 Advantage: …………………………………………………………………………………………………… 

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

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

 Disadvantage: ……………………………………………………………………………………………….. 

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

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

                                                                                                                                                     [Total: 8] 
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EITHER 
 
B10  The rate of reaction between a metal and bromine can be studied using the apparatus shown below.

    

 

     

 

 

  

 

 

 A cylindrical piece of iron, was weighed and placed in the solution as shown above. The iron was 
removed at regular intervals and the stopwatch was paused. The piece of iron was washed, dried, 
weighed and then placed in the solution again. The stopwatch was restarted and the reaction 
continued. The mass of iron was plotted against time. The graph shows the results obtained. 

 

 

    

 

 

 

 

a) Explain the shape of the graph.                                                                                                      [3] 

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

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

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

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

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

 
b)      From the results (mass of metal and time), the rate of the reaction can be calculated. 

 How would the rate of the reaction change if the cylindrical piece of iron was hammered to form a 
flat sheet of iron and placed in the bromine solution? Explain your answer.                     [2] 

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

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

        …………………………………………………………………………………………………………………. 
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c)   The experiment was conducted using two solutions of bromine of equal volume but different 

concentration. A piece of iron with equal mass was placed in each solution. The mass of the iron 
was measured at one minute intervals. The table shows the loss in mass of the iron after one 
minute. 

  

 

   

 

  
 Explain, in terms of collisions between particles, the difference in the results obtained.        [2]  

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

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

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

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

 
d) Iron also reacts with iodine solution. Predict the loss in mass of iron after one minute if 0.05 mol/dm3 

of iodine solution of equal volume was used instead of bromine solution. Suggest a reason for your 
answer.                                  [1]  

 Loss in mass of iron = ………… 

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

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

 
e) When solid iron is heated in bromine gas, iron(III) bromide is formed. Calculate the minimum mass 

of iron required to react with 1200 cm3 of bromine gas.                                                                 [2] 

            

 

 

 

 

 

 

 

     [Total: 10] 
 

 

Experiment 
 

Concentration of 
bromine solution 

 
Loss in mass of iron 

after one minute 

1 0.05 mol/dm3 10 mg 

2 0.1 mol/dm3 20 mg 
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OR 

B10 A student investigated the electrolysis of copper(II) sulfate solution using copper electrodes. The 
student’s method is shown below. 

 

 

 

 

 

 

 
  Step 1  Weigh two clean strips of copper. 

  Step 2 Use one strip as electrode A and the other as electrode B. 

  Step 3 Carry out electrolysis. 

  Step 4 After electrolysis, wash both copper strips with ethanol (a liquid that boils at 78°C). 

   Step 5  Dry the strips of copper and re-weigh them. 

 
a)     Suggest why the copper strips would dry more quickly when washed with ethanol rather than with 

water.                                                                                                                                                 [1] 

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

 
b)    Give the ionic half-equation, with state symbols, for the reaction at electrode A.         [2] 

 …………………………………..………………………………………………………………………………    
                                                                                    
c) The student’s results are shown in the table. 

  

 

 

 

 

 
i) Electrode B increases in mass. Explain why this happens.                                                              [1] 

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

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

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

 

 Electrode A Electrode B 
 
Mass before electrolysis/g 
 

8.78 7.95 

 
Mass after electrolysis/g 
 

x 8.25 

Electrode A Electrode B 

Copper(II) sulfate solution 
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ii)     Predict the theoretical value of x in the table.  ……………………..           [1] 

 
iii)    The actual value of x obtained in the experiment was less than the theoretical value. Assuming that 

the experiment was carried out correctly, suggest a reason for this discrepancy.                           [1] 

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

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

 
d) Given that 1 Faraday is the electrical charge of 1 mole of electrons, calculate the number of Faradays 

that would cause electrode B to increase by 0.300 g.                                                                       [2] 

 

 

 

 

 

 

e) The student repeated the investigation using graphite electrodes instead. Compare the results 
obtained from this electrolysis with the results obtained when copper strips were used. Explain the 
difference in results.                                                                                                                   [2]         

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

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

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

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

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

                                      [Total: 10] 
 

 

 

 

 

 

 

 

 

 

713



21 
 

 6092/02/SCGS/20                                                    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

714


