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Section A (50 marks) 
 

Answer all questions in this section in the spaces provided. 
 

 
A1 The names of some aqueous salts are shown below.  

 
aluminium sulfate 

 
ammonium chloride 

 
calcium chloride 

 
magnesium sulfate 

 
silver nitrate 

 
sodium iodide 

 
zinc nitrate 

 
Use the names of the salts to answer the following questions. You may use each salt 
once, more than once or not at all.  
 

 (a) Which salt(s) undergo a redox reaction when reacted with bromine gas?  
 
……………….…………………………………………………………………………..[1] 

   
 (b) Which two salts react with each other to form a yellow precipitate?   

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

   
 (c) Which salt(s) form a precipitate which is soluble in excess aqueous sodium 

hydroxide?  
 
……………….…………………………………………………………………………..[1] 

   
 (d) Which salt(s) form an alkaline gas when heated with excess aqueous sodium 

hydroxide and aluminium foil?  
 
……………….…………………………………………………………………………..[1] 

    
   [Total: 4] 
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A2 ‘Lean burn’ engines are a type of car engine. 
 
Table 2.1 shows some information about lean burn engines compared to normal car 
engines. 
 

Table 2.1 
 

type of 
engine 

amount of 
air mixed 

with petrol 

operating 
temperature 

concentration 
of CO in 

exhaust gases 

concentration 
of nitrogen 
oxides in 

exhaust gases 

normal less air higher higher higher 

lean burn more air lower lower lower 
 

  
 (a) Suggest why lean burn engines produce lower amounts of carbon monoxide. 
   

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

   
 (b) (i) State one natural process that forms nitrogen oxides. 
    

………………..……………………................................................................[1] 
    
  (ii) Explain why and how lean burn engines produce lower amounts of nitrogen 

oxides. 
    

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

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

………………..……………………................................................................[2] 
   
   [Total: 4] 
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A3 Table 3.1 shows some properties of the elements in Group III of the Periodic Table.  
 

Table 3.1 
 

element proton number melting point / °C 

B 5 2306 

Al 13 660 

Ga 31 30 

In 49 157 

Tl 81 304 

Nh 113  
 

  
 (a) Nihonium, Nh, has only recently been discovered. 

 
It has not been possible to directly measure nihonium’s melting point, as it is very 
radioactive. 
 
Suggest why it is also difficult to estimate nihonium’s melting point using the data 
provided in Table 3.1. 

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

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

   
 (b) Aluminium and sodium are Period 3 elements.  

 
Aluminium has an electrical conductivity of 3.50 x 107 Siemens per meter (S/m), 
while sodium has an electrical conductivity of 2.15 x 107 S/m. 
 
Explain why aluminium has a different electrical conductivity from sodium. 

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

 
……………….…………………………………………………………………………..[1] 
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 (c) Boron reacts with chlorine gas to form boron trichloride, BCl3. 
 
Boron trichloride has a melting point of -107 °C. 
 
In boron trichloride, the boron atom does not have a fully-filled valence electron 
shell. 
 

  (i) Draw a ‘dot-and-cross’ diagram to show the bonding in boron trichloride. 
Show valence electrons only. 

    
 
 
 
 
 
 
 
 
 
 
 
 
 

[2] 
    
  (ii) Using ideas about structure and bonding, explain why boron has a much 

higher melting point than boron trichloride. 
    

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

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

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

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

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

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

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

………………..……………………................................................................[3] 
   
   [Total: 7] 
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A4 Fig. 4.1 shows a simple cell, which can be used to generate electrical energy. 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 4.1 
   
 (a) Write an ionic equation for the reaction at the silver electrode. 

 
Hence, using ideas about electron transfer, explain if oxidation or reduction 
occurs at the silver electrode.  

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

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

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

    
 (b) State one change that can be observed in the electrolyte. 
   

……………….…………………………………………………………………………..[1] 
    
 (c) John replaced the copper electrode with a lead electrode.  
   
  (i) A higher voltmeter reading was immediately observed across the lead-silver 

cell. Explain why. 
    

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

………………..……………………................................................................[1] 
    
  (ii) John also tested the electrical conductivity of the electrolyte.  

 
He realised that using a lead-silver cell caused the electrical conductivity of 
the electrolyte to decrease over time. Explain why. 

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

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

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

   
   [Total: 6] 

voltmeter 

silver 
electrode 

aqueous sodium sulfate 

copper 
electrode 
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A5 This question is about metals.  
  

 (a) The statements below describe metal X. 
 
• X does not react with cold water. 

• X fizzes slowly with dilute hydrochloric acid. 

• X does not react with aqueous sodium chloride. 

• X reacts with aqueous lead(II) nitrate and aqueous silver nitrate. 
   
  (i) Arrange the following metals in order of reactivity.  

 
lead, magnesium, silver, sodium, X 

 
most reactive  ………………………..……………………… 
 
   ……………………..………………………… 
 
   ………………………………..……………… 
 
   ………………………………..……………… 
 
least reactive   ………………………………………………..                 [1] 

    
  (ii) Suggest a possible identity for metal X.  
    

………………..……………………................................................................[1] 
    
  (iii) Using your answer in (a)(ii), write a chemical equation for the reaction 

between metal X and copper(II) oxide. 
    

 
 
 

[1] 
    
  (iv) Explain your answer in (a)(iii). 
    

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

………………..……………………................................................................[1] 
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 (b) Iron is a transition element while potassium is a Group I element.  
   
  (i) State one difference in physical property between iron and potassium. 
    

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

………………..……………………................................................................[1] 
    
  (ii) Zinc is used to galvanise iron to prevent the iron from rusting. 

 
Explain how galvanising prevents iron from rusting.  

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

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

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

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

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

    
 (c) Some samples of carbonates are heated strongly until there is no further change 

in mass.  
 
Table 5.1 shows the mass of solid remaining at the end of heating.  
 

Table 5.1 
 

carbonate 
mass before 
heating / g 

mass after 
heating / g 

calcium carbonate  2.00 1.12 

magnesium carbonate  2.00 0.95 

iron(II) carbonate  2.00 1.24 

zinc carbonate 2.00 1.30 
 

   
  (i) Which carbonate is the most thermally stable?  

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

    
  (ii) Explain why the mass of carbon dioxide formed is different for each 

carbonate. 
 

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

………………..……………………................................................................[1] 
    
   [Total: 9] 
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A6 (a) Hydrogen sulfide gas, H2S, dissolves in water to form aqueous hydrogen sulfide, 
a weak acid. 

   
  (i) When hydrogen sulfide gas is passed through copper(II) sulfate solution, a 

black precipitate of copper(II) sulfide and dilute sulfuric acid is formed. 
 
Write a chemical equation with state symbols for this reaction. 

    
 
 
 

[2] 
    
  (ii) Aqueous hydrogen sulfide reacts with aqueous potassium hydroxide to form 

potassium sulfide salt.  
 
By using a suitable indicator, describe how pure and dry crystals of 
potassium sulfide can be prepared using the reactants provided. 

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

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

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

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

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

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

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

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

 
………………..……………………................................................................[4] 
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 (b) Two acid-alkali titrations are carried out. A data-logger is used to record the pH of 
the solutions at regular intervals. 
 
All solutions used in the titrations have a concentration of 0.1 mol/dm3. 
 
In titration 1, aqueous calcium hydroxide is added from a burette into a conical 
flask containing 30 cm3 of ethanoic acid. 
 
In titration 2, another aqueous alkali is added from a burette into a conical flask 
containing 30 cm3 of hydrochloric acid. 
 
Fig. 6.1 shows how the pH varies with the volumes of solution added from the 
burette in both titrations. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 6.1 
 

  (i) The initial pH of the solution in the flask is measured before any addition of 
solution from the burette. 
 
Explain why the initial pH values differ in titration 1 and titration 2. 

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

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

    
  (ii) Suggest the identity of the alkali used in titration 2. 
    

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

 
 
 
 

volume of solution (in burette) added / cm3 

titration 1 

titration 2 

pH 
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  (iii) In a separate titration (titration 3), 0.1 mol/dm3 solution of dilute sulfuric 
acid is added from a burette to a conical flask containing 30 cm3 of  
0.1 mol/dm3 aqueous ammonia, as shown by the following equation: 
 

H2SO4 + 2NH3 → (NH4)2SO4 
 
On the axis provided in Fig. 6.1, sketch how the pH varies with the 
volume of solution added from the burette.  
 
Label your graph as titration 3.                                                                  [2] 

    
   [Total: 10] 
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A7 (a) Petroleum is a mixture of hydrocarbons which can be separated into fractions. 
 
Complete Table 7.1. 
 

Table 7.1 
 

name of fraction use of fraction 

 
 
 

making petrochemical products 

 
gasoline 

 
 

 
 
 

a source of waxes and polishes 

[3] 
   
 (b) Fractions of crude oil can be processed by cracking. 

 
Give two reasons why cracking is important in the industry. 

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

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

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

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

 
………………….………………………………………………………………………..[2] 
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 (c) Fig. 7.1 shows the structures of three organic compounds, A, B, and C. 
 

A B C 

 
 
 

  

 
Fig. 7.1 

 
  (i) Compound A reacts with methanoic acid to form compound D. 

 
Draw the full structural formula of D. 

    
 
 
 
 
 
 
 
 

[1] 
    
  (ii) Compound E is an isomer of compound D. An aqueous solution of E has a 

pH of 3. 
 
Draw the full structural formula of E. 

    
 
 
 
 

 
 
 
 

[1] 
    
  (iii) Compound B is formed by reacting ethane with bromine in the presence of 

ultraviolet light.  
 
Write a balanced chemical equation for this reaction. 

    
 
 
 
 

[1] 
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  (iv) Compound C can undergo addition polymerisation.  
 
Draw the structural formula of two repeating units of the addition polymer 
formed from C. 

    
 
 
 
 
 
 
 
 

[1] 
    
  (v) Describe and explain why discarding the addition polymer of C in water 

bodies should be discouraged. 
    

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

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

………………..……………………................................................................[1] 
    
   [Total: 10] 
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Section B (30 marks) 
 

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 Determining rates of reaction using concentration-time graphs 
 
Fig. 8.1 shows a concentration vs. time graph when magnesium is added to dilute nitric 
acid. The gradient of the graph gives the rate of reaction at that point of time. 

 
 
 
 
 
 
 
 
 
 
 
 

Fig. 8.1 
 
Determining the order of reaction of reactants 
 
Changing the concentration of different reactants can have different effects on the rate 
of reaction. The order of reaction with respect to a reactant describes how the 
reactant’s concentration affects the rate of reaction. 
 
Consider the reaction between phenylamine, C6H5NH2, and bromine. 
 

C6H5NH2 + 3Br2 → C6H2NH2Br3 + 3HBr 
 

Table 8.1 shows the initial rates of this reaction when varying concentrations of both 
reactants are used in experiments 1 to 3. 

 
Table 8.1 

 

experiment 
concentration of 

C6H5NH2 in mol/dm3 
concentration of  
Br2 in mol/dm3 

initial rate of reaction  
in mol/(dm3 s)  

1 0.001 0.001 0.007 

2 0.001 0.002 0.014 

3 0.002 0.002 0.056 

 
Comparing experiments 1 and 2, when the concentration of Br2 doubles, the initial rate 
of reaction doubles too. The initial rate of reaction is directly proportional to the 
concentration of Br2. Hence, the reaction is first order with respect to Br2. 

time / min 

concentration 
of nitric acid / 

mol/dm3 
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Comparing experiments 2 and 3, when the concentration of C6H5NH2 doubles, the 
initial rate of reaction increases by four times (i.e. by 22

 times). The initial rate of 
reaction is directly proportional to the square of the concentration of C6H5NH2. Hence, 
the reaction is second order with respect to C6H5NH2. 
 
The reaction can also be zero order with respect to a reactant. In this case, changing 
the concentration of this reactant will have no impact on the rate of reaction. 
 
The acid-catalysed reaction of propanone and iodine 
 
The order of reaction of reactants can also be determined in reactions where three 
substances are involved. Table 8.2 shows the initial rates of reaction when varying 
concentrations of propanone, CH3COCH3, and aqueous iodine react together in the 
presence of dilute sulfuric acid catalyst.  
 

CH3COCH3 + I2 → CH3COCH2I + HI 
 

Table 8.2 
 

experiment 
concentration  
of CH3COCH3  

in mol/dm3 

concentration  
of I2 in 

mol/dm3 

concentration  
of H+ in 
mol/dm3 

initial rate of 
reaction in 
mol/(dm3 s) 

A 0.6 0.0002 0.2 3.2 × 10-6 

B 0.6 0.0002 0.4 6.4 × 10-6 

C 1.8 0.0002 0.2 9.6 × 10-6 

D 1.2 0.0002 0.2 ? 

E 0.6 0.0004 0.2 ? 

 
During experiments A and E, the concentrations of iodine in the reaction mixtures were 
monitored. This is shown in Fig. 8.2, where both graphs were found to be parallel. 
 
 

 
 
 
 
 

 
 
 
 
 

Fig. 8.2 
   

 
 
 
 
 

H+ 
 

concentration of I2 / 
mol/dm3 

0.0004 
 

time / min 
 

0.0002 

 experiment A 
 

experiment E 
 



18 
 

 (a) (i) Using Fig. 8.1, state and explain how the reaction rate at B compares with 
the reaction rate at A.  

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

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

    
  (ii) A student claimed that magnesium is added in excess to dilute nitric acid. 

 
Do you agree? Explain your reasoning. 

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

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

    
 (b) (i) The reaction between propanone and iodine is catalysed by dilute acid. 

 
Explain, in terms of collisions and energy, why using a catalyst increases 
the rate of this reaction. 

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

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

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

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

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

    
  (ii) Identify the reducing agent in the acid-catalysed reaction of propanone and 

iodine.  
 
Explain your answer using oxidation states. 

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

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

 
………………..……………………................................................................[2] 
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 (c) (i) The acid-catalysed reaction of propanone and iodine is first order with 
respect to propanone. 
 
Use information from Table 8.2 to explain why the reaction is first order with 
respect to propanone. 
 
Clearly identify which experiments you are comparing. 

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

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

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

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

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

    
  (ii) Hence, calculate the rate of reaction of experiment D in mol/(dm3 s). 
    

 
 
 
 
 
 

[1] 
 

 (d) (i) State the rate of reaction of experiment E in mol/(dm3 s). 
 
Explain your answer using information from Fig. 8.2 and Table 8.2. 

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

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

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

    
  (ii) Hence, state the order of reaction with respect to iodine. 
    

………………..……………………................................................................[1] 
   
   [Total: 12] 
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B9 Carpet fibre can be made by the polymer polytrimethylene terephthalate (PTT). 
 
Fig. 9.1 shows one repeating unit of PTT. 
 

 
 
 
 
 

Fig. 9.1 
 
Carpet fibre can also be made by the natural rubber polymer, poly(isoprene), which can 
be extracted from rubber trees. 
 
Fig. 9.2 shows two repeating units of poly(isoprene). 
 

 
 
 
 
 
 

Fig. 9.2 
 

 (a) Draw the structures of the monomers used to form PTT and poly(isoprene). 
   

Monomers used to form PTT 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Monomer used to form poly(isoprene) 
 
 
 
 
 
 
 
 
 

[3] 
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 (b) (i) Calculate the number of moles of repeating units present in: 
 

• 1.0 kg of PTT, and  

• 1.0 kg of poly(isoprene). 
    

 
 
 
 
 
 
 
 
 
 
 
 

[2] 
    
  (ii) Hence, using suitable calculations or otherwise, explain how and why 

burning 1.0 kg of poly(isoprene) contributes more to global warming than 
burning 1.0 kg of PTT. 

    
 
 
 
 
 
 
 
 

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

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

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

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

………………..……………………................................................................[2] 
    
  (iii) Calculate the number of repeating units present in 1.0 kg of PTT. 
    

 
 
 
 
 
 

[1] 
   
   [Total: 8] 
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EITHER 
 
B10 (a) Octane, C8H18, is used as a fuel in cars. 

 
An alternative fuel for cars is hydrogen, which can be used in a fuel cell. 
 
Table 10.1 shows some information about octane and hydrogen. 
 

Table 10.1 
 

fuel 
melting 

point / °C 
boiling 

point / °C 
enthalpy change of 

combustion in kJ/mol 

octane -57 125 -5075 

hydrogen -259 -253 -286 
 

   
  (i) Using ideas about breaking and forming bonds, explain why the enthalpy 

change values for both combustion reactions are negative. 
    

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

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

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

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

………………..……………………................................................................[2] 
    
  (ii) Calculate the enthalpy change when 1 kg of each fuel is completely 

combusted. 
    

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

[2] 
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  (iii) Evaluate the use of octane and hydrogen as fuels in cars using Table 10.1, 
and the values you calculated in (a)(ii). Your answer should consider: 

 

• the ease of storage, and 

• the energy content of the fuels.  
    

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

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

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

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

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

………………..……………………................................................................[2] 
    
  (iv) Some people think that hydrogen is a completely non-polluting fuel. 

 
Explain why this is incorrect. 

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

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

 
………………..……………………................................................................[1] 
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 (b) Chlorofluorocarbons (CFCs) like CF2Cl2 deplete the ozone layer. 
    
  (i) Explain, in terms of human health, why it is important to slow down the 

depletion of the ozone layer. 
    

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

………………..……………………................................................................[1] 
    
  (ii) The first step of ozone depletion happens when energy from sunlight 

breaks a bond in a CFC molecule. 
 
The bond energy of the C–F bond in CF2Cl2 is 485 kJ/mol. 
The bond energy of the C–Cl bond in CF2Cl2 is 327 kJ/mol. 
 
Explain why the ozone layer contains more chlorine atoms than fluorine 
atoms.    

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

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

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

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

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

   
   [Total: 10] 
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OR 
 
B10 (a) A student added three metal strips to dilute sulfuric acid separately.  

 
Table 10.1 shows his observations.  
 

Table 10.1 
 

metal reaction with dilute sulfuric acid 

chromium 
moderate effervescence,  

dark green solution of chromium(III) sulfate formed 

iron 
slow effervescence, 

pale green solution of iron(II) sulfate formed 

manganese 
rapid effervescence, 

pale pink solution of manganese(II) sulfate formed 

 
The student then adds strips of chromium and manganese into salt solutions 
containing iron(II) and manganese(II) ions.  

   
  (i) Complete the table below. 

 

test metal solution 
initial colour 
of solution 

final colour 
of solution 

1 chromium iron(II) sulfate   

2 manganese iron(II) sulfate pale green pale pink 

3 chromium 
manganese(II) 

sulfate 
  

[2] 
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  (ii) Displacement reactions are exothermic.  
 
Sketch the energy profile diagram for the reaction between chromium and 
iron(II) sulfate. 
 
Your diagram should include: 
 

• the names of the reactants and products of the reaction, 

• labels to show the enthalpy change of reaction and activation energy. 
    

 
 
 
 
 
 
 
 
 
 

 
 
 
 

[3] 

   

    
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

energy  

progress of reaction  
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 (b) Fig. 10.1 shows the set-up used to electrolyse concentrated aqueous sodium 
chloride. A few drops of purple litmus solution were added to the electrolyte. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 10.1 
    
  (i) The solution around the anode turned from purple to colourless. 

 
Explain this observation, supporting your answer with an ionic equation. 

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

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

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

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

    
  (ii) The pH of the solution around the cathode increased during electrolysis.  

 
Explain why. 

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

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

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

    
 
 
 
 
 
 
 
 
 
 
 

carbon electrode carbon electrode 

concentrated aqueous 
sodium chloride with litmus 
solution 
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  (iii) The set-up in Fig. 10.1 can be used to electrolyse dilute sodium chloride.  
 
Give two differences between the products of the electrolysis of dilute and 
concentrated aqueous sodium chloride. 

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

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

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

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

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

   
   [Total: 10] 

 
 
 
 

- End of Paper - 


