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Section A

Answer all the questions in this section in the spaces provided.

The total mark for this section is 45.

A1 Choose from the following chlorides to answer the questions.

ammonium chloride

calcium chloride

carbon tetrachloride

copper(II) chloride

hydrogen chloride

magnesium chloride

zinc chloride

 Each chloride can be used once, more than once or not at all.

 Which chloride

 (a) is a coloured solid,

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

 (b) reacts with warm aqueous sodium hydroxide to produce a gas that turns damp red 
litmus paper blue,

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

 (c) reacts with water to form a strong acid,

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

 (d) contains a cation with a charge of +1,

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

 (e) has a simple molecular structure similar to methane?

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

 [Total: 5]
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A2 The table shows some information about six particles.

 (a) Complete the table.

particle
proton (atomic) 

number

number of 
neutrons in 

particle

number of 
electrons in 

particle

35Cl 17 18
....................

....................
17 20 17

39K+ 19
....................

18

79Br –
....................

44 36

81Br 35
....................

35

....................
37 48 36

 [6]

 (b) (i) What is meant by the term isotopes?

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

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

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

  (ii) Identify two atoms which are isotopes of the same element.

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

 [Total: 8]
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A3 Acids are neutralised by insoluble bases.

 (a) Magnesium chloride is a soluble salt that can be prepared from an insoluble base.

  (i) Name the acid and an insoluble base that can be used to make magnesium chloride.

 .......................................................................................................................................[1]
 
  (ii) Describe the experimental method used to prepare pure crystals of magnesium chloride 

from this acid and base. 

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

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

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

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

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

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

 .......................................................................................................................................[4]

 (b) Aqueous barium chloride and aqueous potassium sulfate can be used to prepare 
barium sulfate in a precipitation reaction.

  Write the ionic equation, including state symbols, for this reaction.

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



5

5070/22/M/J/17© UCLES 2017 [Turn over

 (c) Potassium sulfate can be prepared by reacting aqueous potassium hydroxide with dilute 
sulfuric acid.

2KOH  +  H2SO4    K2SO4  +  2H2O

  In an experiment, 20.0 cm3 of 0.650 mol / dm3 sulfuric acid is just neutralised by aqueous 
potassium hydroxide. 

  (i) Calculate the maximum mass of potassium sulfate, K2SO4, that could be prepared.

   [The relative formula mass of K2SO4 is 174.]

 maximum mass of potassium sulfate = .......................... g [2]

  (ii) After crystallisation, 1.72 g of dry potassium sulfate was obtained. Calculate the 
percentage yield of potassium sulfate.

 percentage yield of potassium sulfate = .......................... % [1]

 [Total: 10]
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A4 Sodium oxide, Na2O, is an ionic compound.

 (a) State the electronic configuration for each of the ions in sodium oxide.

sodium ion  ................................................................................................................................

oxide ion  ...................................................................................................................................
 [2]

 (b) When molten sodium oxide is electrolysed, sodium and oxygen are formed.

  Construct equations for the two electrode reactions.

  reaction at the negative electrode

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

  reaction at the positive electrode

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

 (c) Explain how molten sodium oxide conducts electricity.

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

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

 (d) Sodium oxide reacts with water to give sodium hydroxide.

  Construct the equation for this reaction.

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

 [Total: 6]
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A5 Ethanoic acid and butanoic acid are both carboxylic acids.

ethanoic acid

H

H

H

H

C C

O

O

butanoic acid

CH

H

H

HH

HH

C C C

O

HO

 (a) Name a reagent that can be used to make ethanoic acid from ethanol.

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

 (b) Dilute ethanoic acid reacts with all carbonates and with some metals.

  (i) Name one metal that will react with dilute ethanoic acid and name the products of this 
reaction.

name of metal  ...................................................................................................................

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

  (ii) Construct an equation to show the reaction of dilute ethanoic acid with calcium carbonate.

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

 (c) Draw the structure of a carboxylic acid that is an isomer of butanoic acid. 

  Show all of the atoms and all of the bonds.

 [1]
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 (d) Lactic acid is both an alcohol and a carboxylic acid.

CHO

OH
CH3

H
O

C

  Lactic acid is a monomer that can be polymerised to form a polyester.

  (i) What type of polymerisation occurs during this reaction?

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

  (ii) This polyester is biodegradable.

   Suggest an advantage of a polymer being biodegradable.

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

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

 [Total: 8]
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A6 Respiration is a reaction that takes place in living cells to release energy.

 The overall reaction involves the oxidation of glucose.

C6H12O6  +  6O2    6CO2  +  6H2O

 The reaction is exothermic and is catalysed by enzymes.

 (a) Draw an energy profile diagram for respiration using the axes shown.

  Label
• the axes,
• the enthalpy change,
• the reactants and products.

 [3]

 (b) Explain how a catalyst such as an enzyme can speed up a chemical reaction.

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

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

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

 (c) Respiration, combustion and photosynthesis are important processes in the carbon cycle.

  Describe how the carbon cycle regulates the amount of carbon dioxide in the atmosphere.

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

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

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

 ...............................................................................................................................................[3]

 [Total: 8]
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Section B

Answer three questions from this section in the spaces provided.

The total mark for this section is 30.

B7 Copper reacts with hot concentrated aqueous sulfuric acid.

Cu(s)  +  2H2SO4(aq)    CuSO4(aq)  +  SO2(g)  +  2H2O(l)

 (a) Suggest what you would observe when copper reacts with hot concentrated aqueous  
sulfuric acid.

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

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

 (b) (i) Name the salt of formula CuSO4.

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

  (ii) Copper is oxidised when it reacts with concentrated sulfuric acid.

   Use the equation to explain that copper has been oxidised.

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

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

 (c) An excess of copper is added to 25.0 cm3 of hot 14.0 mol / dm3 H2SO4.

  Use this information, together with the equation, to calculate the maximum volume of SO2  
formed.

  The gas volume is measured at room temperature and pressure.

 volume of SO2 =  ...........................................................[3]
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 (d) To a small sample of CuSO4(aq), a student adds aqueous sodium hydroxide drop by drop 
until it is in excess.

  (i) Describe what would be observed.

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

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

  (ii) The student repeats the experiment but adds aqueous ammonia instead of aqueous 
sodium hydroxide.

   Describe what would be observed.

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

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

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

 (e) Copper(I) chloride, CuCl, decomposes to form CuCl2 and Cu.

  Construct the equation for this reaction.

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

 [Total: 10]
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B8 Nitrogen dioxide, NO2 , reacts with itself to make dinitrogen tetroxide, N2O4 , in an exothermic 
reaction.

 This reaction is investigated at 140 °C in a sealed container.

 A dynamic equilibrium mixture is established.

2NO2(g)    N2O4(g)

 NO2(g) is a dark brown gas.

 N2O4(g) is a colourless gas.

 (a) What is the meaning of the symbol  ?

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

 (b) What is an exothermic reaction?

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

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

 (c) Suggest why a sealed container must be used to establish any equilibrium.

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

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

 (d) The pressure of the equilibrium mixture is decreased.

  The temperature is kept at 140 °C.

  Predict and explain what will happen to the colour of the equilibrium mixture.

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

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

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

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

 ...............................................................................................................................................[2]
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 (e) The temperature of the equilibrium mixture is increased.

  The pressure is kept constant.

  Predict and explain what will happen to the colour of the equilibrium mixture.

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

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

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

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

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

 (f) Nitrogen dioxide reacts with water to make nitric acid, HNO3, and nitrous acid, HNO2.

  Nitric acid is a strong acid and nitrous acid is a weak acid.

  (i) Describe an experiment to distinguish between separate solutions of a strong acid and a 
weak acid.

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

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

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

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

  (ii) Nitrogen dioxide reacts with aqueous potassium hydroxide.

   Give the formula of each of the two salts formed in this reaction.

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

 [Total: 10]
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B9 Methane, ethane and propane are all gases at room temperature.

 (a) State a use of methane.

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

 (b) Describe one source of methane in the atmosphere.

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

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

 (c) State one possible environmental consequence of the presence of methane in the 
atmosphere.

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

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

 (d) Ethane reacts with chlorine in the presence of ultraviolet light to give a number of different 
compounds.

  A 1.00 g sample of one of these compounds contains 0.040 g of hydrogen, 0.242 g of carbon 
and 0.718 g of chlorine.

  (i) Calculate the empirical formula of this compound.

 empirical formula  ...........................................................[2]

  (ii) The relative molecular mass of the compound is 99.

   Deduce the molecular formula of the compound.

 .......................................................................................................................................[1]
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 (e) (i) What is meant by the term diffusion?

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

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

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

  (ii) Explain why propane diffuses faster at 100 °C than at 60 °C.

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

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

  (iii) Explain why diffusion could be used to separate a mixture of methane and propane.

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

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

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

 [Total: 10]
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B10 The table shows some information about the homologous series of unbranched alcohols.

name structure boiling point  /  °C

methanol CH3OH 65

ethanol CH3CH2OH 79

propanol CH3CH2CH2OH 97

butanol CH3CH2CH2CH2OH 117

pentanol CH3CH2CH2CH2CH2OH 138

 (a) One of the characteristics of a homologous series is that it has a general formula.

  (i) What is the general formula for the homologous series of unbranched alcohols?

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

  (ii) Predict the boiling point of hexanol, an alcohol with six carbon atoms per molecule.

   ................................. °C [1]

 (b) Describe the manufacture of ethanol by the fermentation of aqueous glucose.

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

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

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

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

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

 ...............................................................................................................................................[3]
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 (c) Butanol reacts with ethanoic acid to make an ester.

  Name and draw the structure of this ester.

  Show all of the atoms and all of the bonds within the ester linkage.

  name ..................................................................................

  structure

 [2]

 (d) Ethanol is a gas at 100 °C.

  Describe the changes in the arrangement and movement of the molecules when ethanol is 
cooled from 100 °C to 25 °C.

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

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

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

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

 ...................................................................................................................................................
 [3]

 [Total: 10]
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