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Answer all the questions.

1 The Born-Haber cycle below can be used to calculate the lattice enthalpy for barium oxide.

first and second
electron affinities = +650 kJ mol–1

of oxygen

second ionisation
enthalpy of           = +965 kJ mol–1

barium

enthalpy change
of atomisation      = +248 kJ mol–1

of oxygen

Ba2+(g) + 2e– + O(g)

Ba2+(g) + 2e– + O2(g)–12

Ba+(g) + e– + O2(g)–12

Ba(g) + O2(g)–12

Ba(s) + 

BaO(s)

O2(g)–12

lattice
enthalpy of
barium
oxide

DH3 = +503 kJ mol–1

DH2 = +180 kJ mol–1

DH1 = –554 kJ mol–1

 (a) (i) Write down the name for each of the following enthalpy changes in the Born-Haber cycle 
above.

�H1  ....................................................................................................................................

�H2  ....................................................................................................................................

�H3  .............................................................................................................................  [3]

  (ii) Write down the missing formulae in the box at the top of the Born-Haber cycle.

   Include state symbols. [1]
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 (b) (i) Use the Born-Haber cycle to calculate the lattice enthalpy of barium oxide.

 answer =  ........................................... kJ mol–1 [2]

  (ii) The lattice enthalpy of barium oxide is different from that of magnesium oxide.

   Explain why these lattice enthalpies differ.

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

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

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

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

 (c) Give one reason why magnesium oxide is a good material to use for the lining of a furnace.

 ............................................................................................................................................  [1]
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 (d) Barium carbonate and magnesium carbonate both decompose when heated.

  (i) Write the equation for the decomposition of barium carbonate when heated.

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

  (ii) Describe and explain the difference between the temperature at which barium carbonate 
and magnesium carbonate decompose.

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

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

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

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

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

[Total: 14]
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2 Dilute aqueous copper(II) sulphate is a blue solution containing [Cu(H2O)6]2+ complex ions.

 Two ligand substitution reactions involving [Cu(H2O)6]2+ are shown below.

 A and B are two other complex ions of copper.

[Cu(H2O)6]2+

blue solution

B
deep-blue solution

A
yellow solution

HCl (aq)

NH3(aq)

 (a) (i) Draw a diagram showing the shape of the [Cu(H2O)6]2+ complex ion.

   Include the bond angles in your diagram.

[2]

  (ii) Write the formula for:

complex ion A  ....................................................................................................................

complex ion B  .............................................................................................................  [2]

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

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

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

  (ii) Explain, with the aid of a balanced equation, what is meant by the term ligand substitution.

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

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

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

[Total: 7]
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3 Iron is a typical transition element.

  • Iron shows more than one oxidation state in its compounds.

  • Iron and its compounds are used as catalysts.

 (a) Complete the electronic configuration for an iron(III) ion, Fe3+, and use it to explain why iron 
is a transition element.

Fe3+: 1s22s22p6  .........................................................................................................................

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

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

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

 (b) State one use of iron as a catalyst.

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

 (c) Aqueous manganate(VII) ions were titrated against 25.0 cm3 of 0.0500 mol dm–3 Fe(II) ions in 
acid solution.

8H+(aq) + 5Fe2+(aq) + MnO4
–(aq)  Mn2+(aq) + 5Fe3+(aq) + 4H2O(l)

  The volume of aqueous manganate(VII) ions required to reach the end point was 12.30 cm3.

  (i) State the colour change observed at the end point.

from  ............................................................. to  .........................................................  [1]

  (ii) Calculate the concentration of the aqueous manganate(VII) ions used in the titration.

   Give your answer to three significant figures.

 answer =  .........................................  mol dm–3 [3]
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 (d) Aqueous ferrate ions, FeO4
2–(aq), have oxidising properties very similar to manganate(VII) 

ions.

  The half-equation for the reduction of aqueous ferrate ions, FeO4
2–(aq), in acidic conditions is 

shown below.

8H+(aq) + FeO4
2–(aq) + 4e–  Fe2+(aq) + 4H2O(l)

  Acidified FeO4
2–(aq) ions oxidise aqueous iodide ions, I–(aq), to form aqueous iodine, I2(aq).

  (i) Deduce the oxidation state of iron in the ferrate ion, FeO4
2–.

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

  (ii) Construct the half-equation for the oxidation of iodide ions to form iodine.

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

  (iii) Construct the ionic equation for the redox reaction that occurs between FeO4
2–(aq) ions 

and I–(aq) ions in the presence of H+(aq).

[2]

 (e) A student added aqueous sodium thiocyanate, NaSCN(aq), to a solution containing [Fe(H2O)6]3+ 
complex ions.

  (i) State the change in colour when the solutions were mixed together.

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

  (ii) Write an ionic equation for the reaction that takes place.

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

[Total: 13]
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4 In this question, one mark is available for the quality of spelling, punctuation and grammar.

 Chemists use their understanding of structure and bonding to explain the physical and chemical 
properties of substances.

 Discuss this statement for MgO and SiCl 4.

 In your answer, you should refer to:

  • electrical conductivity and melting point as physical properties;

  • reaction with water as a chemical property.

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

 .................................................................................................................................................  [10]

Quality of Written Communication [1]

[Total: 11]

END OF QUESTION PAPER
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