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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 polymers to answer the questions.
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 Each polymer can be used once, more than once or not at all.

 Which is a polymer that

 (a) is made from propene,

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

 (b) will form hydrogen chloride when combusted,

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

 (c) can be hydrolysed to form amino acids,

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

 (d) can be hydrolysed to make simple sugars,

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

 (e) contains the same linkage as that present in a fat?

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

[Total: 5]



4

5070/21/M/J/16© UCLES 2016

A2 Hydrogen sulfide, H2S, has a simple molecular structure. It is soluble in water.

 (a) Suggest one other physical property of hydrogen sulfide.

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

 (b) Aqueous hydrogen sulfide is a weak acid.

  (i) Write an equation to show the dissociation of hydrogen sulfide.

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

  (ii) Why is aqueous hydrogen sulfide described as a weak acid?

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

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

 (c) Aqueous hydrogen sulfide reacts with aqueous potassium hydroxide.

H2S(aq)  +  2KOH(aq)    K2S(aq)  +  2H2O(l)

  What is the minimum volume, in cm3, of 0.150 mol / dm3 KOH required to completely react 
with a solution containing 0.170 g of H2S?

 volume of KOH(aq) =  ...................................................  cm3  [3]
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 (d) Magnesium reacts with sulfur to make the ionic compound magnesium sulfide.

  (i) Predict two physical properties of magnesium sulfide.

1.  .......................................................................................................................................

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

  (ii) Explain, in terms of electrons, how a magnesium atom reacts with a sulfur atom to make 
a magnesium ion and a sulfide ion.

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

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

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

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

[Total: 10]
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A3 Esters, such as propyl ethanoate, are often used as solvents.

 (a) Give one other use for esters such as propyl ethanoate.

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

 (b) Draw the structure of propyl ethanoate, showing all of the atoms and all of the bonds.

[1]

 (c) A bottle of propyl ethanoate is opened in a room. Some of the propyl ethanoate evaporates 
and then diffuses into the room.

  (i) What is meant by the term diffusion?

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

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

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

  (ii) What happens to the rate of diffusion of propyl ethanoate as the temperature of the room 
increases?

   Explain your answer in terms of the kinetic particle theory.

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

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

 ...................................................................................................................................... [2]
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  (iii) The table shows some information about different esters.

name structure relative molecular mass (Mr)

methyl methanoate HCO2CH3  60

ethyl methanoate HCO2C2H5  74

propyl methanoate HCO2C3H7  88

butyl methanoate HCO2C4H9 102

pentyl methanoate HCO2C5H11 116

   Which ester has the greatest rate of diffusion at room temperature and pressure?

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

   Explain your answer.

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

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

[Total: 7]
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A4 Ammonia is manufactured by the reaction between hydrogen and nitrogen in the Haber process.

 (a) State the conditions used in the Haber process.

temperature  ..............................................................................................................................

pressure  ....................................................................................................................................

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

 (b) Describe and explain the effect of increasing the pressure on the rate of this reaction.

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

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

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

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

 (c) Explain how a catalyst speeds up the rate of a chemical reaction.

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

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

 (d) Ammonia is used to make fertilisers.

  The table gives some information about two fertilisers made from ammonia.

fertiliser formula relative formula mass (Mr)

ammonium nitrate NH4NO3 80

urea (NH2)2CO 60

  Use the data in the table to show that urea contains a greater percentage by mass of nitrogen 
than ammonium nitrate.

[2]

[Total: 7]
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A5 The statements give some of the chemical properties of metal X and its compounds.

• 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.
• X reacts with aqueous silver nitrate.
• XO reacts with magnesium to form X.

 (a) Use the information to help arrange the following metals in order of reactivity.

lead, magnesium, silver, sodium and X

most reactive ...........................................................................

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

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

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

least reactive ........................................................................... [2]

 (b) Suggest a possible identity for X.

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

 (c) Construct the equation for the reaction between the oxide, XO, and magnesium.

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

 (d) Construct the ionic equation for the reaction between X and aqueous lead(II) nitrate, 
Pb(NO3)2(aq).

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

 (e) Metal X is a good electrical conductor and has a high melting point.

  Explain why X

• conducts electricity,  ....................................................................................................

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

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

• has a high melting point.  ............................................................................................

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

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

[Total: 8]
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A6 The atmosphere contains a large number of gases including oxygen, nitrogen, carbon dioxide, 
sulfur dioxide, oxides of nitrogen, methane and chlorofluorocarbons (CFCs).

 (a) Carbon dioxide, methane and CFCs are greenhouse gases.

  (i) State one effect of an increase in the atmospheric concentration of carbon dioxide and 
methane.

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

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

  (ii) State one source of methane gas.

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

  (iii) State one other environmental effect of the presence of CFCs in the atmosphere.

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

 (b) The formula of one chlorofluorocarbon is CFCl3.

  Draw the ‘dot-and-cross’ diagram to show the bonding in a molecule of CFCl3. Only draw the 
outer-shell electrons.

[1]
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 (c) Oxides of nitrogen are produced during the combustion of petrol (gasoline) in a car engine.

  (i) Describe the chemical reaction that takes place within a car engine to form 
nitric oxide, NO.

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

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

  (ii) Most of the nitric oxide and other pollutants present in the exhaust gases of a car are 
removed in a catalytic converter.

   Describe the redox reactions that happen within a catalytic converter.

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

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

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

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

 (d) Nitrogen dioxide is one of the causes of acid rain.

  Two moles of nitrogen dioxide react with one mole of water to make an aqueous solution of 
two acids only.

  One of these acids is nitric acid.

  Deduce the formula of the other acid.

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

[Total: 8]



12

5070/21/M/J/16© UCLES 2016

BLANK PAGE



13

5070/21/M/J/16© UCLES 2016 [Turn over

Section B

Answer three questions from this section in the spaces provided.

The total mark for this section is 30.

B7 Silver nitrate has the formula AgNO3.

 (a) Describe how a pure sample of silver nitrate crystals can be prepared from solid silver oxide, 
which is insoluble in water.

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

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

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

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

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

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

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

 (b) Aqueous zinc chloride is added to a sample of acidified aqueous silver nitrate.

  (i) Describe what you would observe.

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

  (ii) Construct the ionic equation, with state symbols, for the reaction that occurs.

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

 (c) Aqueous silver nitrate is electrolysed using graphite electrodes.

  (i) Identify the product formed at the cathode (negative electrode).

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

  (ii) Oxygen and water are formed at the anode (positive electrode).

   Construct the equation for the reaction at the anode.

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

 (d) Silver nitrate decomposes on heating to form Ag2O, NO2 and O2.

  Construct the equation for this reaction.

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

[Total: 10]
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B8 Cyclohexane, C6H12, is a cycloalkane.

 Cycloalkanes react in a similar way to alkanes.
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 (a) Cyclohexane is a saturated hydrocarbon.

  (i) What is the meaning of the term saturated?

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

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

  (ii) What is the meaning of the term hydrocarbon?

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

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

 (b) Construct the equation for the complete combustion of cyclohexane.

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

 (c) Cyclohexane reacts with chlorine in the presence of ultraviolet light.

  This is a substitution reaction.

  Write the molecular formulae of two products of this reaction.

 .............................................................................................................................................. [2]
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 (d) Cyclohexane can be manufactured from hexane as shown in the equation.

C6H14    C6H12  +  H2

  Calculate the mass of cyclohexane that can be made from 258 g of hexane.
  [Mr of cyclohexane = 84]

 mass of cyclohexane =  ......................................................  g  [2]

 (e) Another cycloalkane has the following percentage composition by mass.

C, 85.7%; H, 14.3%

  (i) Use the percentage composition by mass to show that the empirical formula of the 
cycloalkane is CH2.

[2]

  (ii) Draw the structure of the cycloalkane with an Mr of 56, showing all of the atoms and all of 
the bonds.

[1]

[Total:10]
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B9 Carbon reacts with steam in a reversible reaction.

C(s) + H2O(g)    H2(g) + CO(g)   ΔH = +131 kJ / mol

 The reaction reaches an equilibrium if carried out in a closed container.

 (a) Explain, in terms of bond breaking and bond forming, why this reaction is endothermic.

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

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

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

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

 (b) When one mole of hydrogen, H2, is formed, 131 kJ of energy is absorbed.

  Calculate the amount of energy absorbed when 240 dm3 of hydrogen, measured at room 
temperature and pressure, is formed.

 energy absorbed =  ...................................................... kJ  [2]

 (c) Predict, with a reason, how the position of equilibrium of this reaction changes as the

  (i) pressure is increased at constant temperature,

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

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

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

  (ii) temperature is increased at constant pressure.

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

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

 ...................................................................................................................................... [2]
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 (d) The reaction between carbon and steam is a possible source of hydrogen.

  (i) Suggest one disadvantage of using this reaction as a source of hydrogen.

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

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

  (ii) Another source of hydrogen is the cracking of hydrocarbons from crude oil.

   Give one advantage of manufacturing hydrogen from the reaction of carbon with steam 
rather than from crude oil.

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

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

[Total: 10]
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B10 Both zinc and iron react with dilute sulfuric acid.

Zn(s)  +  H2SO4(aq)    ZnSO4(aq)  +  H2(g)

Fe(s)  +  H2SO4(aq)    FeSO4(aq)  +  H2(g)

 (a) A 0.65 g sample of zinc is reacted with excess sulfuric acid.

  (i) Calculate the volume of hydrogen, measured at room temperature and pressure, formed 
in this reaction.

 volume of hydrogen =  .................................................. dm3  [2]

  (ii) Explain why a different volume of hydrogen, measured at room temperature and 
pressure, is formed when 0.65 g of iron is reacted with excess sulfuric acid.

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

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

 (b) A mixture of iron powder and zinc powder is added to excess sulfuric acid.

  When the reaction stops, aqueous sodium hydroxide is added drop by drop to the reaction 
mixture until it is in excess.

  Describe what you would observe during the addition of aqueous sodium hydroxide and 
explain the reactions taking place.

  observations

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

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

  explanations

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

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

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

 ...................................................................................................................................................
[4]
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 (c) The products of heating iron(II) sulfate are iron(III) oxide, sulfur dioxide and sulfur trioxide.

  (i) Explain how you can tell that the reaction involves an oxidation.

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

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

  (ii) Describe the chemical test for sulfur dioxide.

test  ....................................................................................................................................

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

observation  ........................................................................................................................

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

[Total: 10]
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