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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 particles shown to answer the questions.

  79
35Br 39

20Ca

  35
17Cl 37

17Cl −

  37
17Cl 64

29Cu

  23
11Na 20

10Ne

  17
 8O 18

 8O2−

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

 (a) Which particle has only 20 protons in its nucleus?

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

 (b) Which particle has a nucleon number of 35?

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

 (c) Which particle has an electronic structure of 2.8.8?

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

 (d) Which particle is an atom with only 10 neutrons in its nucleus?

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

 (e) Which particle is an atom of a transition element?

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

[Total: 5]
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2 The table shows some of the properties of the elements in Group II of the Periodic Table.

element proton (atomic) 
number

atomic radius 
/ nm

melting point 
/ °C

Be  4 0.089 1280

Mg 12 0.136  650

Ca 20 0.174  850

Sr 38 0.191  768

Ba 56 0.198  714

Ra 88

 (a) Explain why the elements in Group II have similar chemical properties.

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

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

 (b) Explain why it is easier to predict the atomic radius of radium, Ra, than the melting point of 
radium.

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

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

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

 (c) Magnesium chloride contains Mg2+ and Cl − ions.

  (i) Write the electronic configuration for a magnesium ion.

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

  (ii) Magnesium is produced by the electrolysis of molten magnesium chloride.

   Construct equations for the reactions taking place at the:

negative electrode  .............................................................................................................

positive electrode.  .............................................................................................................
[2]

 (d) Magnesium reacts with aqueous copper(II) sulfate in a redox reaction.

Mg(s) + Cu2+(aq)  Mg2+(aq) + Cu(s)

Which particle is reduced?  .......................................................................................................

Explain your answer.  ................................................................................................................

 .............................................................................................................................................  [1]
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 (e) Magnesium reacts with steam.

  Name the products of this reaction.

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

 (f) Calcium reacts with cold water.

  Write the equation for this reaction.

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

 (g) Magnesium chloride is a soluble salt.

  Describe how a pure sample of magnesium chloride crystals can be made from magnesium.

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

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

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

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

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

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

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

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

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

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

[Total: 12]
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3 Molybdenum, Mo, is a transition element.

 (a) Suggest one physical property of molybdenum that is typical of a transition element.

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

 (b) Suggest one chemical property of molybdenum compounds that is typical of compounds of 
transition elements.

 .............................................................................................................................................  [1]
 
 (c) Molybdenum steel is an extremely hard alloy.

  Suggest, using ideas about metallic structure, why molybdenum steel is much harder than 
pure iron.

  A labelled diagram may help you answer this question.

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

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

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

 (d) Molybdenum steel is made by reducing a mixture of MoO3 and Fe2O3 with aluminium.

MoO3  +  2Al    Mo  +  Al 2O3

Fe2O3  +  2Al    2Fe  +  Al 2O3

  Molybdenum steel contains 20.0% by mass of molybdenum. 

  Calculate the mass of MoO3 needed to make 1000 g of molybdenum steel.

  Give the answer to three significant figures.

  [The relative atomic mass of molybdenum, Mo, is 96.]

 mass of MoO3  ......................................................  g [3]
  

[Total: 7]



7

5070/21/M/J/19© UCLES 2019 [Turn over

4 Air is a source of many gases.

 (a) What is the percentage by volume of nitrogen in dry air?

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

 (b) Outline the separation of oxygen, nitrogen and the noble gases from liquid air.

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

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

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

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

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

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

 (c) State one large scale use of nitrogen.

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

 (d) Air contains gaseous pollutants.

  (i) Name one gas that contributes to acid rain.

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

  (ii) State one environmental consequence of an increase in the percentage of carbon dioxide 
in the air.

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

  (iii) Describe the source of carbon monoxide in air.

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

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

[Total: 8]
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5 Acid U is a compound containing carbon, hydrogen and oxygen.

 (a) A 6.30 g sample of U contains 1.68 g of carbon and 0.14 g of hydrogen.

  Calculate the empirical formula of U.

 empirical formula  .........................................................  [3]

 (b) A 0.086 g sample of U is completely neutralised by 12.7 cm3 of 0.150 mol / dm3 KOH.

  One mole of U reacts with two moles of KOH.

  Calculate the relative formula mass of U.

 

 relative formula mass  .........................................................  [3]

 (c) What is the molecular formula of U?

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

[Total: 7]
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6 Propanoic acid is a weak acid.

 Calcium hydroxide and calcium oxide are bases.

 (a) What is the meaning of the term acid in weak acid?

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

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

 (b) What is the meaning of the term weak in weak acid?

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

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

 (c) Describe how universal indicator can be used to find the pH of dilute propanoic acid.

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

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

 (d) Give a large scale use of calcium hydroxide that depends on its basic character.

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

 (e) Calcium oxide reacts with water to form calcium hydroxide.

  The reaction is exothermic.

  Use ideas about bond breaking and bond forming to explain why the reaction is exothermic.

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

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

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

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

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

[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 Ammonium carbonate, (NH4)2CO3, is a white solid which decomposes when heated.

(NH4)2CO3(s)  2NH3(g) + CO2(g) + H2O(g)

 (a) A small sample of ammonium carbonate is heated in a test-tube.

  Describe how you will know when all the ammonium carbonate has decomposed.

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

 .............................................................................................................................................  [1]
 
 (b) Calculate the total volume of ammonia and carbon dioxide, measured at room temperature 

and pressure, formed when 4.80 g of ammonium carbonate is completely decomposed.

 

  volume of gas  .........................................................  [3] 

 (c) Describe a chemical test for the ammonium ion.

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

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

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

 (d) Aqueous ammonium carbonate reacts with dilute hydrochloric acid.

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

 .............................................................................................................................................  [2]
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 (e) Solid ammonium carbonate does not conduct electricity.

  Aqueous ammonium carbonate conducts electricity.

  Explain these two observations.

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

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

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

[Total: 10]
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8 A scientist heats a sample of phosphorus(V) chloride in a closed container.

 A dynamic equilibrium is established.

PCl 5(g)  PCl 3(g) + Cl 2(g)

 (a) Describe what is meant by the term dynamic equilibrium.

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

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

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

 (b) The pressure of the equilibrium mixture is increased.

  The temperature of the equilibrium mixture is kept constant.

  Predict and explain what will happen, if anything, to the composition of the equilibrium 
mixture.

prediction  ..................................................................................................................................

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

explanation  ...............................................................................................................................

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

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

 (c) The temperature of the equilibrium mixture is increased.

  The pressure of the equilibrium mixture is kept constant.

  (i) Suggest why the position of equilibrium moves to the right.

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

  (ii) Explain why the rate of the reaction increases.

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

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

 .....................................................................................................................................  [2]
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 (d) Draw the ‘dot-and-cross’ diagram for a molecule of PCl 3.

  Only include the outer shell electrons.

[2]

 (e) PCl 5 reacts with water to form hydrogen chloride and phosphoric acid, H3PO4.

  Construct an equation for this reaction.

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

 [Total: 10]
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9 Food packaging produces lots of waste.

 This waste includes both plastic and glass.
 
 (a) One of the plastics is the addition polymer poly(propene).

  Complete the equation by drawing the partial structure of poly(propene).

   

C C

H

HH3C

H
[2]

 (b) Plastic waste is disposed of by combustion.

  Construct an equation to show the complete combustion of poly(propene).

  Use the empirical formula of poly(propene), CH2, in the equation.

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

 (c) Some plastics are biodegradable.

  (i) Suggest an advantage of a plastic that is biodegradable.

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

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

  (ii) The partial structure of a condensation polymer is shown.

C CO

O

O

H

H C C

OH

H

   Draw the structure of the monomer used to make this polymer.

[1]
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 (d) Glass waste is melted and then made into new objects.

  Use the kinetic particle theory to describe the changes in movement and arrangement of the 
particles when a solid becomes a liquid.

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

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

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

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

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

 (e) Glass is made from sand, SiO2.

  Explain, in terms of structure and bonding, why sand has a high melting point.

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

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

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

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

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

[Total: 10]
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10 Cyclobutane and butene are both hydrocarbons.

cyclobutane butene

HH

H

H

H H

H

H

C C

C CH

H

H

C C

C C

H

H

H

HH

 (a) What is meant by the term hydrocarbon?

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

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

 (b) Explain why cyclobutane and butene are isomers.

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

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

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

 (c) Cyclobutane is saturated and butene is unsaturated.

  Describe a chemical test that can distinguish cyclobutane from butene.

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

result for cyclobutane  ...............................................................................................................

result for butene  ........................................................................................................................
[3]

 (d) Calculate the percentage by mass of carbon in butene.

 percentage by mass  .........................................................  [2]
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 (e) Ethene can be converted into ethanoic acid in a two-step process.

C C

H

H H

H

H C C

O

OH

H

H

step 1
compound X

step 2

  (i) Identify compound X.

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

  (ii) Identify the reagent used in step 1.

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

  (iii) Identify the reagent used in step 2.

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

[Total: 10]
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