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Section A  

 
Answer all questions. 

 
 

Write your answers in the spaces provided.  
   
A1 The names of some compounds are given below.  
   
 carbon monoxide ammonium sulfate magnesium carbonate  

potassium hydroxide lead(II) iodide lead(II) nitrate 
aluminium oxide methane ethanoic acid 

     
 Select from the above list, substance(s) that fit(s) the following descriptions. 

Each name may be used once, more than once or not at all. 
[4] 

    
 (a) a salt which is prepared by precipitation _______________________  
    
 (b) two solutions, which, when added together and warmed, will produce a 

gas that turns moist red litmus paper blue  
 
_______________________  and _______________________ 

 

    
 (c) a substance that dissolves in water, forming a solution which causes 

Universal Indicator to turn orange 
 

    
  _______________________  
    
  Total [4]
   
   
A2 Methylamine, CH3NH2, is a derivative of ammonia, in which one H atom in 

ammonia is replaced by a CH3 group. 
 

   
 (a) Draw a Lewis dot diagram to show the electronic arrangement of 

methylamine. 
[1] 
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 (b) As with ammonia, methylamine reacts with acids to form a salt only. In a 
reaction, it was found that 0.0250 mol of methylamine reacted 
completely with 20.0 cm3 of 0.0625 mol/dm3 of acid Q. Show, by 
calculations, the basicity of acid Q. 

[2] 

    
   

 
 
 
 
 
 
 
 
 

 

    
  Total [3]
   
   
A3 The arrangement of particles in solid Z, which is made of an unknown 

element Y and oxygen, is shown below. 
 

   
 

 
 
 

 

 (a) In solid Z, what is the ratio of oxygen atoms to atoms of element Y? [1] 
    
  _____________________________________________________________  
    

 
 
 
 
 
 
 
 
 
 

atom of Y 
 
atom of oxygen 
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 (b) Identify element Y, given that the percentage composition of oxygen 
atoms in solid Z is 23.9 %. Show your calculations in the space below 
to support your answer. 

[3] 

    
   

 
 
 
 
 
 
 
 
 
 
 
 

 

  Element Y : _______________________  
   

 
 

 (c) Solid Z would react with both dilute sulfuric acid and aqueous sodium 
hydroxide. State the type of oxide Z is, and name another example of 
such an oxide. 

[2] 

    
  _____________________________________________________________  
    
  _____________________________________________________________  
    
  _____________________________________________________________  
    
 (d) Solid Z melts at 1975°C.  
    
  (i) In terms of its structure and bonding, explain why solid Z has a 

high melting point. 
[2] 

     
   ____________________________________________________  
     
   ____________________________________________________  
     
   ____________________________________________________  
     
  (ii) Explain another physical property solid Z is likely to have. [2] 
     
   ____________________________________________________  
     
   ____________________________________________________  
     
   Total [10]
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A4 A gas sample of X was injected into the mass spectrometer and the result is 
shown below. 

 

   
  

 
 
 
 
 
 
 
 
 
 
 
 
 

 
  
  
  
  
  
  
  
  

 Using the mass spectrum, calculate the relative atomic mass of X and 
identify the element X.  

[2] 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
Element F : _______________________ 

 

  Total [2]
   
   

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

51.5 

11.2 
17.1 17.4 

mass 

relative 
abundance 
(%) 

100 

50 
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A5 The following is an account of an experiment to determine the mass of 
copper(II) nitrate from a given quantity of nitric acid. 
 
A measuring cylinder was used to transfer 250 cm3 of 2 mol/dm3 nitric acid to 
a beaker. 22.0 g of copper(II) oxide was weighed out. The acid was heated 
and the copper(II) oxide was added, a little at a time, with stirring, until the 
copper(II) oxide is present in excess. The mixture was filtered and the filtrate 
was heated until the volume has been reduced to about a third of its original. 
The solution was left to cool. The crystals that formed were filtered off and 
dried between pieces of filter paper.  

 

   
 (a) What was observed to show that copper(II) oxide was in excess? [1] 
    
  ________________________________________________________  
    
 (b) Explain which measurement was unnecessary. [2] 
    
  ________________________________________________________  
    
  ________________________________________________________  
    
 (c) Why did crystals of copper(II) nitrate form when the filtrate was cooled? [1] 
    
  ________________________________________________________  
    
 (d) Give an ionic equation, including state symbols, for the above reaction. [1] 
    
  ________________________________________________________  
    
 (e) Calculate the maximum mass of copper(II) nitrate formed. [3] 
    
   

 
 
 
 
 
 
 
 

 

   
 
 
 
 
 

 

 (f) Suggest one way to increase the yield of copper(II) nitrate crystals 
without changing the amount of the reactants used. 

[1] 

    
  ________________________________________________________  
    
  Total [9]
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A6 Nitrogen dioxide is a dark brown gas. When 0.12 dm3 of nitrogen dioxide at 

room temperature and pressure is cooled, it forms a yellow liquid and then 
the pale yellow crystals. The crystals are heated and the temperature is 
measured every minute as shown in the graph below. 

 

   
 

 
 

 

 (a) Calculate the number of molecules present in this sample of nitrogen 
dioxide. 

[2] 

    
   

 
 
 
 
 

 

 (b) (i) Describe the arrangement and movement of the molecules in the 
region AB. 

[2] 

     
   ____________________________________________________  
     
   ____________________________________________________  
     
   ____________________________________________________  
     
  (ii) Name the change that occurs in the region BC.                                 [1] 
     
   ____________________________________________________  
    
  Total [5]
    
   

 
 
 
 
 

 

temperature 

time 
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A7 Sulfurous acid, H2SO3, is formed when sulfur dioxide dissolves in water. Left 

in air, sulfurous acid then undergoes a slow reaction with oxygen to produce 
sulfuric acid. 

 

    
 (a) Write down the two chemical equations, including the state symbols, for 

these reactions. 
[2] 

    
  ________________________________________________________  
    
  ________________________________________________________  
    
 (b) Describe a test to determine if sulfur dioxide is present in a sample of 

air. 
[2] 

    
  ________________________________________________________  
    
  ________________________________________________________  
    
 (c) Describe how lead(II) sulfate could be prepared from sulfuric acid and 

another named compound. 
[3] 

    
  ________________________________________________________  
    
  ________________________________________________________  
    
  ________________________________________________________  
    
  ________________________________________________________  
    
  ________________________________________________________  
    
  ________________________________________________________  
    
  Total [7]
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Section B 

 
Answer all three questions from this section. 

 
The last question is in the form of either/or and only one of the alternatives should be attempted. 
Each question carries ten marks. 
 

B8 X is a mixture of compound A and compound B. Compound A is soluble in water but 
compound B is not soluble in water. The reaction scheme shows the results of some 
experiments on substance X. 
 

  

 

 

 

 

 

 

 

 

 

 

 

 

 
 (a) Describe a simple chemical test to identify carbon dioxide.  [1] 
     
 (b) State the formulae of ions present in precipitate S. [1] 

 (c) Describe the observation when excess aqueous ammonia is added to T. [1] 
    
 (d) State the chemical formula of the solute present in solution Q. [1] 
    
 (e) Write the ionic equation for the formation of precipitate P. [1] 
    
 (f) Explain why the anion of P cannot be CO3

2−. [1] 
    
 (g) State two possible identities of A and one possible identity of B. [3] 
    
 (h) State what could be added to a solution of A, that will determine the 

correct identity of A. 
[1] 

     
    

 
 

 

excess dilute sulfuric acid dilute sodium 
hydroxide 

green residue colourless filtrate 

white precipitate P 

white precipitate  
soluble in excess 

sodium hydroxide to 
form a colourless 

solution 

blue solution Q 

white precipitate S 

blue precipitate T  

carbon dioxide 

aqueous ammonia 

aqueous silver  
nitrate and dilute 
nitric acid 

shake with excess 
water; filter 

X

aqueous 
barium nitrate 
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B9 When 31.0 g of copper(II) carbonate was mixed with 0.250 mol of hydrochloric acid, 

2800 cm3 of carbon dioxide gas was produced. 
 

 (a) State the molar mass of copper(II) carbonate, with units. [1] 
  

(b) 
 
State the volume of 1 mole of carbon dioxide gas at room temperature 
and pressure. 

 
[1] 

  
(c) 

 
Calculate the number of moles of copper(II) carbonate present. 

 
[1] 

  
(d) 

 
Write a chemical equation for the above reaction and explain which is 
the limiting reactant. 

 
[3] 

    
 (e) Hence, calculate the maximum volume of carbon dioxide gas produced 

at room temperature and pressure. 
[2] 

    
 (f) Calculate the percentage yield of carbon dioxide in this reaction. [1] 
  

(g) 
 

 
Suggest why the percentage yield of carbon dioxide in (f) is less than 
100%, assuming that there were no impurities in the reactants used, and 
there was no human error. 

 
[1] 
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B10 EITHER  
    
 In volumetric analysis, it is preferable to use ferrous ammonium sulfate, 

(NH4)2SO4.FeSO4.6H2O, instead of iron(II) sulfate because the former is 
less easily oxidized by atmospheric oxygen. In an experiment, a standard 
solution of ferrous ammonium sulfate is prepared by dissolving 7.84 g of 
ferrous ammonium sulfate crystals in deionised water and making up the 
ferrous solution to 250 cm3. 25.0 cm3 of potassium manganate(VII) solution 
was then pipetted into a conical flask, acidified with 10 cm3 of dilute sulfuric 
acid and then titrated against the ferrous ammonium sulfate solution. The 
titration was repeated and the following results were obtained. 
 

Titration number 1 2 3 4 
Final burette 
reading/ cm3 

26.50 26.90 27.60 26.00 

Initial burette 
reading / cm3 

0.00 0.60 1.30 0.20 

Volume of ferrous 
solution used /cm3 

    

Best titration 
readings  () 

    

 
 

 

 (a) Copy the table onto your writing space, complete the table and 
calculate the average volume of ferrous ammonium sulfate used. 

[3] 

    
 (b) State the colour of the potassium manganate(VII) solution before 

titration. 
[1] 

    
 (c) Calculate the number of moles of the ferrous ammonium sulfate which 

reacted with the potassium manganate(VII) solution. 
[2] 

    
 (d) If the concentration of the potassium manganate(VII) solution used in 

the titration was 0.0168 mol/dm3, calculate the number of moles of the 
potassium manganate(VII) which reacted. 

[1] 

    
 (e) In this reaction, iron(II) ions in the ferrous ammonium sulfate are 

oxidized by the acidified potassium manganate(VII) solution into 
iron(III) ions. The ionic equation for the reaction is as follows:  
 

xFe2+  + yMnO4
- + zH+  xFe3+ + yMn2+ + (z/2)H2O 

 
Use your answers in (c) and (d) to find the value of x and of y. 
Hence, or otherwise, find the value of z. 

[3] 
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B10 OR  
    
 A sample of a potassium carbonate, K2CO3, contains an impurity.   4.80 g of 

the impure sample was fully dissolved in 25.0 cm3 of 1.25 mol/dm3 sulfuric 
acid. The resulting solution was found to be acidic and 12.6 cm3 of sodium 
hydroxide of concentration 0.250 mol/dm3 were required to neutralise it. 

 

   
 (a) Calculate the number of moles of sulfuric acid left in excess when the 

potassium carbonate was dissolved in acid. 
[3] 

    
 (b) Calculate the number of moles of sulfuric acid that had reacted with 

the potassium carbonate. 
[2] 

    
 (c) Calculate the percentage purity of the potassium carbonate in the 

sample. 
[3] 

    
 (d) Suggest why it is unlikely that the impurity in the original sample was 

calcium carbonate. 
[2] 

   
   
   
   

 
 
 
 

End of paper 
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