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1. A student uses the reaction between zinc and dilute sulfuric acid to prepare 
some zinc sulfate crystals. 

(a) (i)  Complete the equation for this reaction by giving the correct state symbols. 
(1) 

 
Zn (....................) + H2SO4 (....................) → ZnSO4 (....................) + H2 (....................) 

 
(ii)  State what would be observed during this reaction.      (1) 

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

 
 

(b) The student adds excess zinc to a beaker of dilute sulfuric acid. 
(i)  Explain why it is necessary to add excess zinc.        (2) 

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

 
(ii)  Draw a diagram of the apparatus the student should use to remove the 
unreacted zinc and collect the zinc sulfate solution.       (2) 

 
 
 
 
 
 
 
 
 
 
  



(c) The student obtains a pure, dry sample of zinc sulfate crystals. 
The formula of zinc sulfate crystals is ZnSO4.7H2O 
(i)  Calculate the relative molecular mass (Mr) of zinc sulfate crystals.   (2) 

 
 
 
 
 
 
 

Mr = ........................................................... 
  

(ii)  The student uses 0.0200 mol of dilute sulfuric acid in her preparation. 
Show that the maximum mass of zinc sulfate crystals that the student could 
obtain is about 6 g.                (2) 
 
 
 
 
 
 
 
 
 
 
 
 
(iii)  The student obtains a mass of 4.28 g of zinc sulfate crystals. 
Calculate the percentage yield of the zinc sulfate crystals. 
Give your answer to three significant figures.         (3) 

 
 
 
 
 
 
 
 
 
 

percentage yield = ........................................................... % 
  

(Total for question = 13 marks) 
  
 
 
 



2. This question is about the reduction of metal oxides. 
(a) Solid oxides of copper can be reduced by reacting them with methane gas. 

Complete the equation for the reaction between copper(II) oxide and methane. 
Include state symbols.               (2) 

 
.......CuO(.......)  +  .......CH4(.......) → .......Cu(.......)  +  .......CO2(.......)  +  .......H2O(.......) 

 
 

(b) A teacher uses this apparatus to demonstrate the reaction between a diWerent 
oxide of copper and methane. 

 
 

(i)  The teacher heats the oxide of copper until the reaction is complete. 
The table shows the teacher's results. 

 

 
 

Use the teacher's results to show that the empirical formula of this oxide of 
copper is Cu2O                 (4) 
 
 
 
 
 
 
 
 
 
 
(ii)  The teacher wears safety glasses and a lab coat during the demonstration. 
Give one other safety precaution that she should take.       (1) 

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



(c) Iron forms when iron(III) oxide is heated with carbon. 
The equation for the reaction is 

Fe2O3  +  3C  →  2Fe  +  3CO 
 

(i)  State how the equation shows that iron(III) oxide is reduced.    (1) 
 
..............................................................................................................................  
 
..............................................................................................................................  

 
(ii)  State why carbon monoxide should not be released into the atmosphere.(1) 

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

(iii)  Calculate the maximum mass, in tonnes, of iron that can be produced when 
30.0 tonnes of iron(III) oxide are reacted with an excess of carbon. 
[1 tonne = 1.0 × 106 g]                (4) 

 
 
 
 
 
 
 
 
 
 

mass = …........................................................ tonnes 
 

(iv)  A mixture of 25 000 mol of iron(III) oxide and 840 000 g of carbon is heated. 
Use this equation to show that the iron(III) oxide is in excess. 
Fe2O3  +  3C  →  2Fe  +  3CO              (2) 

 
 
 
 
 
 
 
 
 
 
  

(Total for question = 15 marks) 
  



 
3. Nitric acid (HNO3) is used in the production of fertilisers. 

Nitric acid is manufactured in three stages. 
 

 
 

(a) (i)  Complete the chemical equation for the reaction in stage 1.    (1) 
 

 
 

(ii)  Give the meaning of the symbol            (1) 
 
..............................................................................................................................  
 
..............................................................................................................................  

 
(iii)  State the purpose of the platinum catalyst.         (1) 

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

 
 

(b) Give a chemical equation for the reaction of nitrogen monoxide and oxygen in 
stage 2.                   (1) 

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



(c) (i)  The equation for the reaction in stage 3 is 
3NO2 + H2O → 2HNO3 + NO 

 
Calculate the maximum mass, in tonnes, of nitric acid that could be produced in 
this reaction from 11.5 tonnes of nitrogen dioxide. 
[1 tonne = 1.0 × 106g]                 (4) 

 
 
 
 
 
 
 
 
 
 
 
 

mass of nitric acid = ................................. tonnes 
 

(ii)  Suggest what use can be made of the nitrogen monoxide gas formed in stage 3. 
                       (1) 
 
...................................................................................................................................  
 
...................................................................................................................................  
 
 

(d) When copper(II) oxide reacts with dilute nitric acid, copper(II) nitrate is 
produced. 
The equation for the reaction is 

CuO + 2HNO3 → Cu(NO3)2 + H2O 
 

0.200 mol of nitric acid reacts with excess copper(II) oxide. 
A mass of 15.3 g of copper(II) nitrate is produced. 
Calculate the percentage yield of copper(II) nitrate. 
[Mr of copper(II) nitrate = 187.5]             (3) 

 
 
 
 
 
 
 
 

percentage yield = ....................................... % 
 (Total for question = 12 marks) 



4. Sodium hydrogencarbonate (NaHCO3) is also known as baking soda. 
Baking soda can be used to make cakes increase in size in an oven. 
This is the equation for the reaction that takes place when baking soda is heated. 

2NaHCO3(s) → Na2CO3(s) + CO2(g)  + H2O(g) 
 

(a) (i)  What type of reaction is this?             (1) 
 

   A    combustion 
   B    decomposition 
   C    oxidation 
   D    reduction 

 
(ii)  Suggest why the reaction makes the cakes increase in size.    (1) 

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

 
 

(b) A student uses this apparatus to investigate the reaction that takes place when 
sodium hydrogencarbonate is heated. 

 

 
 

This is the student's method. 
 

• weigh a crucible and record the mass 
• add some sodium hydrogencarbonate to the crucible, reweigh it and 

record the mass 
• heat the crucible and contents for five minutes, then allow to cool before 

weighing and recording the mass 
• heat the crucible and contents again for a further three minutes, then 

allow to cool before weighing and recording the mass  
 
 
 
 



(i)  Give a reason why the crucible and contents are heated for a further three 
minutes.                   (1) 

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

 
(ii)  The student considered using a lid on the crucible in the experiment. 
Suggest an advantage and a disadvantage of using a lid on the crucible.  (2) 

 
Advantage ...................................................................................................................  
 
...................................................................................................................................  
 
...................................................................................................................................  
 
Disadvantage ..............................................................................................................  
 
................................................................................................................................... 
 
................................................................................................................................... 
 
 

(c) The table shows some of the student's results. 
 

 
 

(i)  Calculate the mass of sodium hydrogencarbonate that the student uses. (1) 
 
 
 
 
 
 
 

mass = ........................................................... g 
 
 
 
 
 
 



(ii)  Using this equation, calculate the maximum mass of sodium carbonate 
(Na2CO3) that could form in the student’s reaction. 

2NaHCO3(s) → Na2CO3(s) + CO2(g)  + H2O(g) 
 

[Mr of NaHCO3 = 84            Mr of Na2CO3 = 106         (3) 
 
 
 
 
 
 
 
 
 
 

maximum mass = ..................................... g 
 
 

(d) In a second experiment, the student uses a larger mass of sodium 
hydrogencarbonate. 
 She calculates that she should obtain 4.8 g of sodium carbonate. 
She actually obtains 4.2 g of sodium carbonate. 

 
(i)  Calculate the percentage yield from the student's experiment.    (2) 

 
 
 
 
 
 
 
 
 
 

percentage yield = .................................... % 
 

(ii)  Other than spillages, suggest a possible reason why the student's actual 
yield is less than expected.              (1) 

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

  
(Total for question = 12 marks) 

  



5. The boxes show the displayed formulae of six organic compounds, P, Q, R, S, T 
and U. 

 

 
 

(a) Use the letters P, Q, R, S, T and U to answer these questions. 
Each letter may be used once, more than once or not at all. 
(i)  Give the letter of the compound that is not a hydrocarbon.     (1) 

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

 
(ii)  Give the letters of the two compounds that have the same empirical formula.

                      (1) 
 
..............................................................................................................................  

 
(iii)  Give the letter of the compound that is used to manufacture poly(propene). 

                      (1) 
 
..............................................................................................................................  

 
 

(b) Describe a test that can be used to distinguish between compounds Q and T. (3) 
 
Test ............................................................................................................................  
 
...................................................................................................................................  
 
Result with compound Q ............................................................................................. 
 
................................................................................................................................... 
 
Result with compound T...............................................................................................  
 
................................................................................................................................... 
 



(c) Compounds P, Q and R are members of the same homologous series. 
Give two characteristics of a homologous series.        (2) 

 
1 ................................................................................................................................  
 
...................................................................................................................................  
 
2 .................................................................................................................................  
 
...................................................................................................................................  
 
 

(d) This is the displayed formula of an alkene, V. 
 

 
 

(i)  Give the name of alkene V.             (1) 
 
..............................................................................................................................  

 
(ii)  Draw the displayed formula of another alkene that is an isomer of alkene V. 

(1) 
 
 
 
 
 
 
 
 

(e) An organic compound has the percentage composition by mass 
C = 36.36%     H = 6.06%     F = 57.58% 

 
(i)  Show that the empirical formula of the compound is CH2F     (2) 
 
 
 
 
 
 
 
 
 
 



 
(ii)  The relative molecular mass (Mr) of the compound is 66. 
Determine the molecular formula of the compound.       (2) 

 
 
 
 
 

molecular formula = ...........................................................  
  

(Total for question = 14 marks) 
  
 
 

6.  
(a) The diagram shows the displayed formula of the organic compound methanol, 

CH3OH 

 
 

(i)  Determine the number of atoms in one molecule of methanol.   (1) 
 
..............................................................................................................................  

 
(ii)  State why methanol is not a hydrocarbon.         (1) 

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

 
 

(b) The atoms in methanol are held together by covalent bonds. 
(i)  State what is meant by the term covalent bond.        (2) 

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

 
 
 
 



(ii)  Draw a dot-and-cross diagram to show the bonding in a molecule of 
methanol. 
Show only the outer electrons of each atom.         (2) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

(c) Another organic compound has the percentage composition by mass 
C = 38.7%        H = 9.7%        O = 51.6% 

(i)  Calculate the empirical formula of this compound.       (3) 
 
 
 
 
 
 
 
 
 
 

empirical formula = ...........................................................  
 

(ii)  The relative molecular mass (Mr) of the compound is 62 
Determine the molecular formula of the compound.       (2) 

 
 
 
 
 
 
 
 

molecular formula = ...........................................................  
  

(Total for question = 11 marks) 
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