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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 The diagram shows part of the Periodic Table. Only some of the elements are shown.

H

C N O

Na Mg Al Si P

K Ca Fe Cu Zn

Rb

 (a) Answer each of the following questions using only those elements shown in the diagram. 
  Each element may be used once, more than once or not at all.

  Give one element which

  (i) has a giant molecular structure,

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

  (ii) combines with oxygen to form a gas which contributes to acid rain,

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

  (iii) forms an ion of type X+ which has only three completely filled shells of electrons,

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

  (iv) has an atom with only seven protons in its nucleus,

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

  (v) has an atom with only six electrons,

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

  (vi) has a chloride of type XCl2, whose aqueous solution forms a white precipitate on addition 
of sodium hydroxide.

 .......................................................................................................................................[1]
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 (b) Under reduced pressure, potassium reacts with oxygen to form potassium oxide, K2O.
  Construct the equation for this reaction.

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

 (c) Aluminium is higher than zinc in the reactivity series.
  Explain why aluminium foil does not react with an aqueous solution of zinc ions.

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

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

 [Total: 9]



4

5070/21/O/N/14© UCLES 2014

A2 The table shows some properties of the Group 0 elements (noble gases).

element
density of liquid element

in g / cm3
boiling point

/ °C

helium 0.15 –269

neon 1.20 –246

argon 1.40 –186

krypton –152

xenon 3.52

 (a) Predict

  (i) the density of liquid krypton,  ..........................................................................................[1]

  (ii) the boiling point of xenon.  ..............................................................................................[1]

 (b) Argon is a gas at room temperature.

  (i) Describe the arrangement and motion of the particles in a gas.

arrangement  ......................................................................................................................

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

  (ii) State one use of argon.

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

 (c) The noble gases are unreactive.
  Explain why.

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

 (d) Several compounds of the noble gases have been made in recent years.

  Xenon(IV) fluoride, XeF4, reacts with water to form a mixture which contains xenon, xenon(VI) 
oxide, XeO3, and hydrogen fluoride, HF.

  Complete the equation for the reaction of xenon(IV) fluoride with water.

    .... XeF4 + .... H2O  Xe + 2XeO3 + 12HF [1]

 (e) The noble gases make up about 1% of the air.
  Describe and explain how fractional distillation can be used to separate the gases in the air.

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

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

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

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

 [Total: 10]
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A3 Paper chromatography can be used to separate metal ions in a mixture and identify them by 
comparison with known samples of metal ions (A–E).

 (a) Draw a labelled diagram to show the apparatus used in paper chromatography.

  On your diagram show
  • the solvent,
  •  where the mixture of metal ions and known samples of metal ions are placed at the start 

of the experiment.

 [2]

 (b) The completed chromatogram is shown below.

A

B

C

D

E

solvent front

base line

mixture

  (i) Which of the metal ions, A–E, were present in the mixture?

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

  (ii) Calculate the Rf value of metal ion A.

 Rf value =  ..................................[1]
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 (c) Ammonia can be used as a locating agent for some metal ions on the chromatogram.

  (i) Suggest why a locating agent may need to be used.

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

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

  (ii) Aqueous ammonia is added slowly to aqueous copper(II) sulfate until the ammonia is in 
excess.

   Describe what you would observe as the ammonia is added.

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

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

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

  (iii) Construct the ionic equation, with state symbols, for the reaction of aqueous copper(II) 
sulfate with aqueous sodium hydroxide.

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

 [Total: 9]
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A4 The diagram shows a simple electrochemical cell.

negative electrode

positive

electrode

dilute

sulfuric acid

V

 The voltages produced by different combinations of metal electrodes are shown in the table below. 
The more reactive metal is always the negative electrode.

positive electrode negative electrode voltage / V

copper zinc 1.10

copper tin 0.48

copper magnesium 2.70

copper iron 0.78

silver copper 0.46

 (a) (i) Write an equation showing the conversion of zinc to zinc ions.

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

  (ii) How does the table above show that copper is above silver in the reactivity series?

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

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

  (iii) Which combination of metals in the table above will give the highest voltage?

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

  (iv) Use the information in the table to deduce the order of reactivity of the metals copper, 
iron, magnesium, tin and zinc. Explain your answer.

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

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

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

    ........................................
    
   least reactive ........................................

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

 .......................................................................................................................................[2]
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 (b) Refer to the structure of metals to explain

  (i) why metals are malleable,

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

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

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

  (ii) why metals conduct electricity.

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

 (c) Explain why plating iron with tin prevents the iron from rusting.

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

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

 [Total: 9]

A5 A student titrates 20.0 cm3 of a metal hydroxide, M(OH)2, of concentration 0.060 mol / dm3 with a 
strong acid of concentration 0.050 mol / dm3.

 It requires 24.0 cm3 of acid to neutralise the metal hydroxide.

 (a) (i) Calculate the number of moles of acid in 24.0 cm3 of the acid.

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

  (ii) Calculate the number of moles of OH– ions in 20.0 cm3 of the metal hydroxide.

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

  (iii) Deduce whether the acid used is more likely to be hydrochloric acid or sulfuric acid. 
   Explain your answer.

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

 .......................................................................................................................................[1]
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 (b) A student added excess calcium carbonate to 50 cm3 of 0.10 mol / dm3 hydrochloric acid.

  (i) Construct an equation for the reaction of calcium carbonate with hydrochloric acid.

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

  (ii) The volume of gas produced in the first 2 minutes is 24 cm3.

   Calculate the average rate of reaction over the first 2 minutes, in cm3 / s.

 reaction rate =  ........................cm3/s [1]

  (iii) The student repeats the experiment using 50 cm3 of 0.10 mol / dm3 ethanoic acid.

   Use the kinetic particle theory to explain why the rate of reaction is slower with ethanoic 
acid than with hydrochloric acid.

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

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

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

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

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

 .......................................................................................................................................[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.

B6 Parts of the structures of silicon dioxide and poly(ethene) are shown below.

oxygen atom

silicon atom

C C
C

H

H H

H

silicon dioxide poly(ethene)

H H

C

H H

H H

C
C

H H

H H

C
C

H H

 (a) The melting point of silicon dioxide is 1610 °C.
  Poly(ethene) starts to melt at 130 °C.

  Explain, in terms of structure and bonding, the difference between the melting points of these 
two substances.

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

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

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

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

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

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

 (b) What type of polymerisation is used to make poly(ethene)?

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

 (c) Poly(ethene) is made from ethene monomers.
  Explain why ethene is both a hydrocarbon and an unsaturated compound.

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

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

 ...............................................................................................................................................[2]
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 (d) Silicone fluids are polymers. Part of the structure of a silicone fluid is shown below.

Si

C2H5

C2H5

O O Si

C2H5

C2H5

O Si

C2H5

C2H5

O

  The monomer used in making this silicone fluid is a saturated compound with two –OH 
groups.

  Deduce the structure of this monomer.

 [1]

 (e) The compound used to make the monomer of the silicone fluid has the following composition 
by mass.

    C = 18.6 g, Cl = 55.0 g, H = 4.65 g, Si = 21.7 g

  Deduce the empirical formula of this compound.

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

 [Total: 10]
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B7 Three important processes in the carbon cycle are combustion, respiration and photosynthesis.

 (a) Construct the equation for the complete combustion of propane, C3H8.

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

 (b) (i) Describe how the processes in the carbon cycle regulate the amount of carbon dioxide in 
the atmosphere.

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

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

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

  (ii) Carbon dioxide is a greenhouse gas.
   What do you understand by the term greenhouse gas?

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

  (iii) Methane is also a greenhouse gas.
   Give one source of methane in the atmosphere.

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

  (iv) The percentage of methane by volume in the air is 0.00014%.
   Calculate the mass of methane in 1 000 dm3 of air.

 mass =  ...............................g [2]

 (c) Plants use water in photosynthesis. Water containing the radioactive isotope 18O is fed to a 
plant.

  The resulting radioactivity in the products of photosynthesis is shown in the equation below.

    6CO2 + 6H2
18O  C6H12O6 + 618O2

glucose

  (i) What does this tell you about the origin of the oxygen in each of the products?

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

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

  (ii) Deduce the number of protons, neutrons and electrons in an atom of 18O.

protons ................................................

neutrons ..............................................

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

 [Total: 10]
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B8 Sulfuric acid is manufactured by the Contact process.

 (a) In some chemical plants zinc sulfide, ZnS, is roasted in air to form zinc oxide and sulfur 
dioxide.

  Construct the balanced equation for this reaction.

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

 (b) The sulfur dioxide is then converted to sulfur trioxide.

    2SO2(g) + O2(g)  2SO3(g) ΔH  = –98 kJ / mol

  (i) Describe how and explain why increasing the pressure affects the position of equilibrium. 
The temperature remains constant.

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

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

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

  (ii) Describe how and explain why increasing the temperature affects the position of 
equilibrium. The pressure remains constant.

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

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

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

  (iii) Vanadium(V) oxide is used as a catalyst in the conversion of sulfur dioxide to sulfur 
trioxide.

   Explain how using vanadium(V) oxide reduces the energy costs of the Contact process.

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

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

 .......................................................................................................................................[2]
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 (c) Sulfuric acid is used to make superphosphate fertilisers. A mixture of the fertiliser and calcium 
sulfate is formed. This mixture is used by farmers.

    Ca3(PO4)2 + 2H2SO4  Ca(H2PO4)2 + 2CaSO4
            calcium superphosphate

  (i) Calculate the percentage by mass of calcium sulfate in the mixture of calcium 
superphosphate and calcium sulfate.

   (The relative formula mass of calcium superphosphate is 234.)

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

  (ii) Suggest one problem involved in either the transport of this mixture or its use as a 
fertiliser.

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

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

 [Total: 10]
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B9 Bromate(V) ions, BrO3
–, react with bromide ions, Br–, in acidic solution to form bromine.

    BrO3
–(aq) + 5Br–(aq) + 6H+(aq)  3Br2(aq) + 3H2O(l)

 (a) (i) Explain why the acidity of the reaction mixture decreases as the reaction proceeds.

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

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

  (ii) State the colour of aqueous bromine.

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

  (iii) Explain, using the kinetic particle theory, why increasing the temperature increases the 
rate of this reaction.

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

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

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

 (b) Bromine oxidises aqueous iodide ions to iodine.
  Write the equation for this reaction.

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

 (c) Aqueous potassium iodide can be used to test for oxidising agents.

  Describe and explain the colour change when excess aqueous potassium iodide is added to 
aqueous acidified potassium manganate(VII), KMnO4.

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

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

 (d) Describe how aqueous bromine is used to test for an unsaturated hydrocarbon.

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

 (e) Draw a ‘dot-and-cross’ diagram for a bromine molecule.
  Show only the outer electrons.

 [1]

 [Total: 10]
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