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CHEMISTRY 5070/21

Paper 2 Theory May/June 2020

 1 hour 30 minutes

You must answer on the question paper.

No additional materials are needed.

INSTRUCTIONS
 ● Section A: answer all questions.
 ● Section B: answer three questions.
 ● Use a black or dark blue pen. You may use an HB pencil for any diagrams or graphs.
 ● Write your name, centre number and candidate number in the boxes at the top of the page.
 ● Write your answer to each question in the space provided.
 ● Do not use an erasable pen or correction fluid.
 ● Do not write on any bar codes.
 ● You may use a calculator.
 ● You should show all your working and use appropriate units.

INFORMATION
 ● The total mark for this paper is 75.
 ● The number of marks for each question or part question is shown in brackets [ ].
 ● The Periodic Table is printed in the question paper.
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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.

1 Choose from the following oxides to answer the questions.

calcium oxide

carbon monoxide

copper(II) oxide

nitrogen dioxide

nitrogen monoxide

silicon dioxide

sulfur dioxide

water

zinc oxide

 Each oxide may be used once, more than once or not at all.

 Which oxide:

 (a) is used as a food preservative

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

 (b) is amphoteric

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

 (c) has a molecule that contains only 15 protons

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

 (d) has a high melting point because it has a giant covalent structure

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

 (e) reacts with dilute sulfuric acid to make a blue solution?

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

 [Total: 5]
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2 Part of the reactivity series is shown.

calcium

aluminium

manganese

zinc

more reactive

less reactive

 (a) Predict the names of the products formed when manganese reacts with 
dilute hydrochloric acid.

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

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

 (b) A sample of manganese(II) carbonate, MnCO3, is heated strongly.

  Construct the equation for this reaction.

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

 (c) Powdered manganese is added to aqueous zinc sulfate to form aqueous 
manganese(II) sulfate, MnSO4.

  Construct an ionic equation, with state symbols, for this reaction.

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

 (d) Zinc powder, a reducing agent, is added to acidified aqueous potassium manganate(VII).

  Describe the colour change during this reaction.

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

 (e) Aluminium is extracted by the electrolysis of aluminium oxide dissolved in molten cryolite.

  (i) Write the electrode equation for the formation of aluminium atoms at the cathode.

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

  (ii) Write the electrode equation for the formation of oxygen molecules at the anode.

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

 (f) State one advantage of recycling aluminium.

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

 [Total: 8]
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3 The equation for the decomposition of hydrogen peroxide is shown.

2H2O2    2H2O  +  O2

 A sample containing 1.00 mol of hydrogen peroxide is completely decomposed.

 This sample releases 98.0 kJ of heat energy.

 (a) Calculate the heat energy released when 680 g of hydrogen peroxide is completely 
decomposed.

 heat energy released  ....................................................  kJ [2]

 (b) Use ideas about bond breaking and bond forming to explain why the decomposition of 
hydrogen peroxide is exothermic.

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

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

 .............................................................................................................................................  [2]
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 (c) The energy profile diagram for the decomposition of hydrogen peroxide is shown.

energy

B

A

progress of reaction

2H2O + O2

2H2O2

  Identify the energy changes.

change A  ..................................................................................................................................

change B  ..................................................................................................................................
 [2]

 (d) The rate of decomposition of hot H2O2 is greater than that of cold H2O2.

  Use ideas about particles to explain why.

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

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

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

 [Total: 8]
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4 The table shows some properties of five esters.

name structure
relative 

molecular 
mass

melting 
point 
/ °C

boiling 
point 
/ °C

methyl ethanoate CH3COOCH3  74 –98  57

ethyl ethanoate CH3COOCH2CH3  88 –84  77

propyl ethanoate CH3COOCH2CH2CH3 102 –95 102

butyl ethanoate CH3COOCH2CH2CH2CH3 116 –78 126

pentyl ethanoate CH3COOCH2CH2CH2CH2CH3 130 –71 148

 (a) These esters are part of a homologous series.

  State two characteristics of a homologous series.

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

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

2.  ...............................................................................................................................................

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

 (b) The next member of the homologous series is hexyl ethanoate.

  Explain why it is more difficult to predict the melting point than the boiling point of 
hexyl ethanoate.

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

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

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

 (c) At 25 °C ethyl ethanoate is a liquid.

  Explain how the data in the table shows this.

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

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

 (d) State one use for an ester.

 .............................................................................................................................................  [1]
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 (e) Propyl ethanoate is prepared by the reaction between ethanoic acid and propanol.

CH3CO2H  +  CH3CH2CH2OH    CH3COOCH2CH2CH3  +  H2O

  (i) Calculate the maximum mass of propyl ethanoate that can be made from 7.20 g of 
ethanoic acid and excess propanol.

   Give your answer to three significant figures.

 mass of propyl ethanoate  ......................................................  g [2]

  (ii) The concentration of ethanoic acid is increased.

   State and explain, in terms of particles, what happens to the rate of the forward reaction.

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

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

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

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

  (iii) The water formed in the reaction is removed.

   State and explain what happens to the position of the equilibrium.

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

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

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

 [Total: 12]
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5 Hydrochloric acid, HCl, reacts with barium hydroxide, Ba(OH)2, as shown.

2HCl (aq)  +  Ba(OH)2(aq)    BaCl 2(aq)  +  2H2O(l)

 A sample of 25.0 cm3 of 0.0500 mol / dm3 Ba(OH)2 is placed in a beaker.

 Dilute HCl is added slowly, from a burette, to the Ba(OH)2(aq) in the beaker.

 A pH probe is used to measure the pH of the solution in the beaker until a total of 40.0 cm3 of 
dilute HCl is added.

 The table shows how the pH of the solution in the beaker changes.

volume of dilute HCl added / cm3 pH of the solution in the beaker

 0.0 13.0

 5.0 12.9

10.0 12.5

15.0 11.6

20.0  7.0

25.0  3.0

30.0  1.6

35.0  1.1

40.0  0.9

 (a) Explain, in terms of the ions present, why the pH of the solution in the beaker changes from 
13.0 to 0.9.

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

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

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

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

 (b) Use the data in the table to state the volume of dilute HCl that just neutralises all of the 
sample of Ba(OH)2(aq).

 volume of dilute HCl  .................................................. cm3 [1]
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 (c) Use your answer to (b) to calculate the concentration, in mol / dm3, of the dilute HCl.

 concentration of dilute HCl  .......................................... mol / dm3 [3]

 [Total: 6]
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6 The structures of two carboxylic acids are shown.

C

H

H

ethanoic acid carboxylic acid B

H C C

H

H

H C

H

H

C

H

H

C O H

O O

O H

 (a) An isomer of carboxylic acid B has the name methylpropanoic acid.

  (i) What is the name of carboxylic acid B?

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

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

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

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

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

 (b) Vinegar contains ethanoic acid.

  Describe the formation of vinegar from ethanol.

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

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

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

 (c) Ethanoic acid reacts with calcium carbonate.

  (i) Give the formula of the calcium salt formed in this reaction.

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

  (ii) Name the other two products formed in this reaction.

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

 [Total: 6]
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Section B

Answer three questions from this section in the spaces provided.

The total mark for this section is 30.

7 Carbon dioxide is a colourless gas found in air.

 (a) The percentage of carbon dioxide in the air is increasing.

  State one environmental problem caused by this increase.

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

 (b) Carbon dioxide is a product of the complete combustion of octane, C8H18.

  Construct the equation for this reaction.

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

 (c) Fermentation of glucose produces carbon dioxide.

  (i) Give the equation for the fermentation of glucose.

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

  (ii) State two essential conditions needed for fermentation.

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

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

 (d) When warmed, solid carbon dioxide changes directly into a gas. It does not become a liquid.

  Use the kinetic particle theory to describe the changes in movement and arrangement of 
the particles during this change of state.

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

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

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

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

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

 (e) Explain why solid carbon dioxide does not conduct electricity.

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

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

 [Total: 10]
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8 This question is about the chlorides of the elements in Period 3.

 (a) State the electronic configuration of the positive ion in sodium chloride, NaCl.

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

 (b) Magnesium chloride crystals can be prepared by reacting an insoluble base with an acid.

  (i) Name an insoluble base and the acid that can be used.

insoluble base  ...................................................................................................................

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

  (ii) Describe the essential practical details for the preparation of pure magnesium chloride 
crystals.

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

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

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

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

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

 (c) Anhydrous aluminium chloride contains 20.2% by mass of aluminium.

  (i) Show that the empirical formula for anhydrous aluminium chloride is Al Cl 3.

 [2]
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  (ii) A sample of anhydrous aluminium chloride has a mass of 2.34 g.

   The sample contains 0.00876 mol of anhydrous aluminium chloride.

   Calculate the relative molecular mass and give the molecular formula for anhydrous 
aluminium chloride.

 relative molecular mass  ...............................................................

 molecular formula  ...............................................................
 [2]

 (d) Silicon(IV) chloride, SiCl4, has a simple molecular structure.

  Predict one physical property of silicon(IV) chloride at room temperature.

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

 [Total: 10]
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9 Iron is a transition element.

 (a) State two physical properties of iron that are typical of a transition element.

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

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

 (b) Name an industrial process that uses iron as a catalyst.

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

 (c) Iron(II) sulfate thermally decomposes to form iron(III) oxide, sulfur dioxide and sulfur trioxide.

2FeSO4(s)    Fe2O3(s)  +  SO2(g)  +  SO3(g)

  (i) Explain how the equation shows that this reaction involves oxidation.

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

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

  (ii) A sample of 6.08 g of FeSO4 is heated until all the sample has thermally decomposed.

   Calculate the volume of sulfur dioxide formed, SO2(g), in dm3, measured at room 
temperature and pressure.

 volume of sulfur dioxide  .................................................. dm3 [3]
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 (d) Iron(III) oxide reacts with dilute sulfuric acid to make iron(III) sulfate, Fe2(SO4)3.

  Construct the equation for this reaction.

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

 (e) Describe a chemical test that can be used to distinguish between aqueous solutions of 
iron(II) sulfate and iron(III) sulfate.

chemical test  .............................................................................................................................

result with iron(II) sulfate  ..........................................................................................................

result with iron(III) sulfate  .........................................................................................................
 [2]

 [Total: 10]
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10 Fractional distillation and cracking are important processes in the conversion of petroleum (crude 
oil) into useful substances.

 (a) Complete the sentence about petroleum (crude oil).

  Choose from the list.

  an alloy a compound an element

  a mixture a polymer a salt

  Petroleum (crude oil) is ................................................. of hydrocarbons. [1]

 (b) Fractional distillation separates petroleum (crude oil) into fractions such as paraffin (kerosene) 
and naphtha.

  Give one use for the paraffin (kerosene) fraction.

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

 (c) The naphtha fraction is used as a chemical feedstock.

  One of the hydrocarbons in naphtha has the molecular formula C10H22.

  The flow chart shows some compounds that can be made from C10H22.

C10H22 C3H8 C3H6+ C4H8

C3H7Cl

Cl2 and uv light polymerisationBr2

C3H6Br2 poly(butene)

+
cracking

  (i) C3H8 is an alkane and C3H6 is an alkene.

   Explain why, in terms of their general formulae, C3H8 is an alkane and C3H6 is an alkene.

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

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

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

 .....................................................................................................................................  [2]
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  (ii) In the presence of uv light chlorine reacts with C3H8.

   Two of the products formed are HCl and C3H7Cl.

   What type of reaction takes place when C3H8 reacts with chlorine?

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

   Give the formula of one other product of this reaction.

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

  (iii) Describe the colour change when C3H6 reacts with bromine.

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

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

 (d) (i) Suggest a possible structure for C4H8.

 [1]

  (ii) Draw the partial structure of poly(butene) that shows at least two repeat units.

 [2]

 [Total: 10]
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