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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 Use the substances in the list below to answer the following questions. Each option may be 

used once, more than once or not at all. 
 
 aluminium iodide sodium chloride ammonium chloride  zinc 
 
 chlorine  nitric acid  sodium bromide potassium carbonate 
 

(a) Which substance in aqueous form reacts with aqueous chlorine to form a brown 
solution with black crystals? 

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

 
(b) Which substance can reduce hydrochloric acid in a redox reaction? 
 

………………………………………………………………………………………………... [1] 
 
(c) Which substance, when warmed in a mixture with aqueous sodium hydroxide and 

aluminium, produces a gas that turns moist litmus blue? 
 

………………………………………………………………………………………………... [1] 
 
(d) Which substance produces a reddish brown vapour when it conducts electricity in the 

molten state? 
 

………………………………………………………………………………………………... [1] 
 
(e) Which salt cannot be prepared by titration method? 

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

         
[Total 5] 

 
A2 The table below lists some information about the elements in Period 3 in the Periodic Table. 
 

Element Na Mg Al Si P S Cl Ar 
Number of valence 

electrons 
1 2 3 4 5 6 7 8 

Common oxidation state +1 +2 +3 +4 / - 4 -3 -2 -1 0 
Melting point /oC 98 650 660 1414 317 115 -101 -189 

 
 

(a) Explain the variation in oxidation state(s) across the period. 
 

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

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

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

.…………………………………………………………………………………………………... 
[2] 
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(b) Explain the large difference in melting points between silicon and chlorine. 
 

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

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

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

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

…………………………………………………………………………………...…………… [3] 
 
(c) Sodium phosphide is a reagent that is used in the production of other chemicals and 

as a catalyst in polymerisation. Sodium phosphide can be produced by reacting 
sodium with phosphorus in the reaction shown below. 

 
                                       12Na + P4 →  4Na3P 
 
(i) Draw a dot and cross diagram to show the bonding in sodium phosphide. Show 

all the electrons in your diagram.      [2] 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

(ii) 5.75 g of sodium was reacted with 3.1 g of phosphorus.  
 
Show by calculation which reactant is in excess and calculate the mass of 
sodium phosphide formed.       [3] 

 
    
 
 
 
 
 
 
 
 
 
 
 
 
 

 [Total 10] 
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A3 To mine copper from land that contains very low percentages of copper compounds, plants 
may be cultivated to absorb these compounds through their roots. 

  
These plants are then burnt to produce copper(II) oxide, which can then undergo reactions to 
produce copper or copper(II) sulfate solution as shown in the diagram below. 

 
 
 
 
 
 
 
 
           

(a) Excess copper(II) oxide was reacted with carbon. Suggest how the solid copper metal can be 
separated from the resulting mixture. 
 
……………………………………………………………………………………………………………. 
 
………………………………………………………………………………………………………… [2] 

 
(b) Name another non-metallic element that can be reacted with copper(II) oxide to obtain copper. 
 

………………………………………………………………………………………………………… [1] 
 
(c) Copper can be obtained from the copper(II) sulfate solution in two ways. One way involves 

reacting the copper(II) sulfate solution with iron. 
 

(i) Write the ionic equation with state symbols for the reaction. 
 

…………………………………………………………………………………...……..……. [1] 
 
(ii) Describe two observations seen in the reaction. 

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

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

 
(d) Another method to obtain copper from the copper(II) sulfate solution involves the electrolysis 

of copper(II) sulfate solution using carbon electrodes. 
State an advantage of obtaining copper from copper(II) sulfate by the addition of iron  
compared to electrolysis.  

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

 (e) Suggest a reason why copper should be recycled. 
 
 …………………………………………………………………………………………………………… 
 
 ……………………………………………………………………………………………………………. 
 
 ……………………………………………………………………………………………………….. [1] 
 

[Total 8] 

Add carbon and heat Copper 

Copper(II) 
oxide produced 

from plants 

Add sulfuric acid Copper(II) sulfate solution 
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A4 A student carried out electrolysis on a solution of sodium chloride using the apparatus shown. 
 

 
 

(a) Write the half equation for the formation of 
 

(i) gas A: …………………………………………………………………………………………. 
 

(ii) gas B: ………………………………………………………...……………………………. [2] 
 

(b) Describe a test to confirm the identity of gas A. 
 

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

(c) Explain why the ratio of gas A to gas B is 1:2. 
 
……………………………………………………………………………………………………………. 
 
……………………………………………………………………………………………………………. 
 
………………………………………………………………………………………………………… [1] 
 

(d) The student carried out a second experiment using a different solution of sodium chloride and 
the gases she obtained were in the ratio of 1:1. The gas collected at the positive electrode 
turned moist litmus blue and bleached it. 

 
(i) How is the sodium chloride solution used in the second experiment different from that 

in the first experiment? 
 

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

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

Gas A Gas B 
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(ii) Describe and explain the changes in the electrolyte as the electrolysis progressed in 
the second experiment. 

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

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

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

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

 
(e) What must the student do if she wants to obtain sodium by electrolysis from sodium chloride? 
 
 ………………...………………………………………………………………………………………. [1] 
 
 
 
 

[Total 8] 
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A5 A student investigated the voltage produced by different chemical cells. 
 The apparatus used is shown below. 

                        
 The student measured the voltage obtained using different metals as electrode X. 
 The table below shows the results obtained. 
 

Electrode X Voltage / V 

cobalt +0.62 

copper 0.00 

magnesium +2.71 

nickel +0.59 

silver -0.46 

tin +0.48 
 
(a) List the six metals used for electrode X in decreasing order of reactivity. 
 

……………………………………………………………………………………………………….. [1] 
 
(b) If X is zinc, 

 
(i) write a half equation for the reaction at the copper electrode. Is this reaction oxidation 

or reduction? Explain your answer. 
 

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

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

(ii) describe what would be observed at electrode X. 
 

 .................................................................................................................................... [1] 
 
(c) Hydrogen fuel cells are chemical cells that can be used to power different forms of transport. 

Some diesel trains are being converted to run on hydrogen fuel cells. A newspaper article 
referred to the converted trains as the new ‘steam trains’.  Suggest why. 

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

[Total 5] 

Aqueous sodium chloride 
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A6 There are two main types of diesel fuel used for cars:  
• biodiesel, made from vegetable oils, 
• petroleum diesel, made from crude oil.  

 
(a) Biodiesel can be mixed with petroleum diesel (e.g. B20) to make a fuel for cars. In a car 

engine, the fuel burns in air. The waste products leave the car engine through the car 
exhaust system. The bar chart compares the relative amounts of waste products made 
when three different types of diesel fuel burn in a car engine. 

 

 
 

(i) Mary studied the data in the graph and concluded that B100 is the best fuel to use as it 
causes the least pollution when used. Do you agree with her statement? Justify your 
answer by referring to data from the graph. 

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

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

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

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

 
(ii) What is the percentage reduction in particulates when B20 is used instead of petroleum 

diesel? 
 

…………………………………………………………………………………………………… [1] 
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(iii) A carbon neutral fuel does not add extra carbon dioxide to the atmosphere. Is biodiesel 
(B100) a carbon neutral fuel? Use the data and your knowledge to explain your answer. 
 
………………………………………………………………………………………………………. 

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

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

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

 
(b) A scientist compared the viscosity of biodiesel with petroleum diesel at different 

temperatures. The scientist measured the time for the same volume of diesel to flow 
through a small hole in a cup. The scientist’s results are plotted on the grid. 

 
 

  
 

(i) What conclusions can the scientist make about the viscosity of biodiesel compared with 
the viscosity of petroleum diesel at different temperatures? 

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

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

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

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

 
 

(ii) Besides the difference in output of the products when used as a fuel, suggest another 
advantage of biodiesel over petroleum diesel. 

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

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

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

 
[Total 8] 
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A7 Gastric pain is often caused by hyperacidity due to excess hydrochloric acid in the stomach.  
 Antacid tablets contain active ingredients that react and neutralise the acid. 
 An antacid tablet was crushed and tested as shown in the flow chart below. 
 
 
 
 
 
 
 
 
 
 
 
      +  
 
 
 
 
 
 
 
 
 
 
 
 
(a) Give the formulae of three ions present in the active ingredient of the antacid. 
 

................................................................................................................................................ [3] 
 
(b) Write the ionic equation for the formation of white precipitate W. 

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

 
(c) Magnesium hydroxide is another active ingredient that can be found in other antacids. 

Magnesium hydroxide is insoluble in water.  
 
Describe how a pure dry sample of magnesium hydroxide can be made, starting from suitable 
common reagents in the laboratory. 

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

[Total 6] 
 

Crushed antacid 
tablet 

Add dilute 
hydrochloric acid 

 

Colourless 
solution 

Gas that forms 
white precipitate 
with limewater 

White precipitate W 
that is insoluble in 
excess aqueous 
ammonia 

Add excess 
aqueous 
ammonia 

White precipitate forms. Some 
precipitate dissolves but the rest 
is insoluble in excess aqueous 
sodium hydroxide. 

Add excess 
aqueous sodium 
hydroxide 
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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 following information on the chemistry of cider production. 
 
 Cider is made from apples in a process that involves the following steps. 
 
       

 
 
 
 
 During the fermenting stage, yeast is added to convert the sugars in the apple juice into alcohol 

and carbon dioxide. 
 
 The percentage mass of alcohol in cider can be calculated using the formula 
 

Percentage mass of alcohol = mass of alcohol
mass of cider 

 x 100 % 
  
 
 During the maturing process, malic acid in apple juice is converted to lactic acid and a gas X. 
 
 

                                
 
 The maturing process can monitored using chromatography using thin layer chromatography. 
 
 Samples of lactic acid, malic acid and the cider are spotted on a silica plate and a solvent is 

allowed to travel up the plate. 
 
 
 
 
 
 
 
 

Apples are 
picked        

Apples are 
crushed and 

pulped 

Pulp is pressed 
juice extracted 

Yeast is added to 
convert sugars to 

alcohol 

Cider is matured 
in barrels for 

months 

Cider is 
bottled for 
drinking 
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 The diagram below shows a chromatogram obtained when ciders A, B, C and D from different 
barrels of cider are monitored for maturity by chromatography. 

 

                          
 

Number Sample applied Distance moved by 
spot(s) /cm 

1 Lactic acid 8.2 

2 Malic acid 4.1 

3 Cider A 4.1, 8.2 

4 Cider B 8.2 

5 Cider C 4.1 

6 Cider D 4.1, 8.2 
 
 The maturing process is complete when all the malic acid is converted to lactic acid. 
 
 Cider contains many naturally occurring substances that can affect its taste and aroma 

Cider’s characteristic aroma comes from ethyl 2-methylbutanoate. 
 

 
 
 Ethanol in cider can be oxidised by microorganisms when left exposed to the atmosphere, 

spoiling the aroma. 
 
 
(a) State 2 conditions required for the conversion of sugars in the apple juice to alcohol, other than 

the addition of yeast. 
 

……………………………………………………………………………………………………………. 
 
……………………………………………………………………………………………...…………. [2] 
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(b) 50 cm3 of a sample of cider was found to contain 3.05 g of alcohol. 1 cm3 of the cider weighs 
1.36 g. 
Calculate the percentage mass of alcohol in the cider.                              [1] 
 
 
 
 

 
 
 
 
 
 
(c) Name the gas X that is formed in the maturing process. 
 

………………………………………………………………………………………………………… [1] 
 
(d) The retention factor or Rf value is a useful way to identify a substance from a chromatogram. 
 
 With reference to the chromatogram, 
 

(i) calculate the Rf value of malic acid.                        [1] 
 
 
 
 
 
 
 
 

(ii) state which cider is ready for bottling.          
 

…………………………………………………………………………………………………… [1] 
 
(e) (i) Draw the structures of two organic compounds that can be reacted to synthesise  

ethyl 2-methylbutanoate in the laboratory.                       [2] 
 
 
 
 
 
 
 
 
 
 
 
 
 

(ii) State the conditions required for the reaction in (e)(i). 
 

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

(iii) Name the substance formed that spoils the aroma of the cider when ethanol is oxidised. 
 

…………………………………………………………………………………………...…… [1]  
[Total 10] 
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B9 Hydrogen peroxide is unstable and decomposes to form oxygen gas and water. 
At room temperature, the reaction can be very slow but the reaction can be speeded up by 
heating the mixture. 
 

(a) Explain, in terms of colliding particles, the effect of increasing temperature on the rate of 
decomposition of hydrogen peroxide. 

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

 
 
(b)  Manganese dioxide can be used as a catalyst for the decomposition of hydrogen peroxide. 
 
 A student investigated the effect of the particle size of manganese dioxide on the rate of the 

reaction.  She added 2 g of fine manganese dioxide powder to 25 cm3 of 0.2 mol/dm3 hydrogen 
peroxide solution in a conical flask and measured the volume of gas produced every minute 
for 10 minutes. She then repeated the experiment with 2 g of coarse manganese dioxide 
granules. 

 
 The graph below shows the results she obtained. 
 

  
 

(i) Explain the difference in the shapes of the two graphs obtained. 
 

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

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

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

 
…………………………………………………………………………………………………… [2] 
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(ii) If 25 cm3 of 0.1 mol/dm3 hydrogen peroxide was decomposed using 2 g of coarse 
manganese dioxide granules as catalyst, the reaction was completed at 4 min.  
 
Sketch the expected graph on the grid on page 14.     [2] 
 

                                                                                                                          
(c) The concentration of hydrogen peroxide is often described as volume strength. This relates to 

the volume of oxygen that can be produced from a hydrogen peroxide solution. 

 
 

In an experiment, 74 cm3 of oxygen was produced from 20 cm3 of hydrogen peroxide solution. 
Calculate the volume strength of the hydrogen peroxide.        [1] 
 
 
 
 
 
 
 
 

 
(d) Hydrogen peroxide can react with potassium iodide to produce water and iodine.  

A student carried out an experiment to investigate the effect of changing the concentration of 
potassium iodide on the reaction rate. The results are shown below. 

 

           
 

(i) Calculate the time taken, in s, for the reaction when the concentration of potassium 
iodide used was 0.6 mol/dm3.         [1] 

 
 
 
 
 
 
 
 

        Concentration of potassium iodide (mol/dm3)    
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(ii) Explain, in terms of oxidation states, if hydrogen peroxide is acting as an oxidising or 

reducing agent in this reaction.       
      

 

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

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

(iii) Describe what would be observed when hydrogen peroxide is added to potassium 
iodide. 

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

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

 
 [Total 10] 
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B10 Either  
 
Citric acid is a solid. A student investigated the temperature change during the reaction between citric 
acid and sodium hydrogencarbonate solution. This is the method used.  

 
1. Pour 25 cm3 of sodium hydrogencarbonate solution into a polystyrene cup.  
2. Measure the temperature of the sodium hydrogencarbonate solution.  
3. Add 0.20 g of citric acid to the polystyrene cup.  
4. Stir the solution.  
5. Measure the temperature of the solution.  
6. Repeat steps 3 to 5 until a total of 2.00 g of citric acid has been added. The student plotted 

the results on a graph. 

 
  

(a) Explain the shape of the graph in terms of the energy transfers taking place.  
 
……………………………………………………………………………………………………………. 
 
……………………………………………………………………………………………………………. 
 
……………………………………………………………………………………………………………. 
 
……………………………………………………………………………………………………………. 
 
…………………………………………………………………………………………...……………. [3] 
 
 

(b) Is this reaction exothermic or endothermic? Explain your answer in terms of bond breaking 
and bond forming. 
 
……………………………………………………………………………………………………………. 
 
……………………………………………………………………………………………………………. 
 
……………………………………………………………………………………………………..….. [2] 
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(c) The equation for the reaction between citric acid and sodium hydrogencarbonate is shown 
below: 
 
H3C6H5O7 + 3NaHCO3 → Na3C6H5O7 + 3CO2 + 3H2O 
 
Use the data from the graph to calculate the concentration of the sodium hydrogencarbonate 
used in the reaction.                       [2] 
 
 
 
 
 
 
 
 
 
      

(d) Draw the energy profile diagram for the reaction between citric acid and sodium 
hydrogencarbonate.  Label the activation energy and the enthalpy change clearly. [2] 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(e) A second student repeated the investigation using a metal container instead of the polystyrene 

cup. The container and the cup were of the same size and shape. The initial temperature of 
the solution was also the same.                      
 
Sketch a line on the grid on Page 17 to show the second student’s results.   
 
Your line needs only show the expected results up to 1.00 g of citric acid added.  [1] 

 
[Total 10] 
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B10 Or  
 
Propenoic acid (C2H3COOH) is an unsaturated carboxylic acid. The structural formula of propenoic 
acid is given below. 
 

                                           
 
(a) Describe a chemical test to distinguish propenoic acid from propanoic acid. 
 

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

(b) State how propenoic acid can be converted to propanoic acid.  Give the conditions needed. 
 
…………………………………………………………………………………………………………… 
 
……………………………………………………………………………………………………….. [1] 
 
 

(c) Write the chemical equation for the reaction of propenoic acid with calcium carbonate. 
 
……………………………………………………………………………………………………… [1] 

 
(d) Draw the possible structure of the organic compound formed when steam is reacted with 

propenoic acid.          [1] 
 
 
 
 
 
 
 
 
 
 
(e) An organic compound has a molecular formula C6H8O4. It is an unsaturated carboxylic acid.  

 
(i) Explain the term molecular formula.  
 

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

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

(ii) What is the empirical formula of this acid? 
 

….............................................................................................................................. [1] 
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(iii) One mole of this carboxylic acid reacts with two moles of sodium hydroxide. How 
many moles of –COOH groups are there in one mole of this compound?  

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

 
(iv) Identify the other functional group in this compound.  
 

…............................................................................................................................... [1] 
 
(v)  Deduce a structural formula of this compound.       [1] 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

[Total 10] 
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