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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 elements to answer the questions below.

aluminium
argon

carbon
copper
iodine
iron
lead

magnesium
nitrogen
oxygen
sulfur

 Each of these elements can be used once, more than once or not at all.

 Which element

 (a) has an ion which, in aqueous solution, reacts with aqueous sodium hydroxide to give a 
red-brown precipitate,

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

 (b) has an atom with an electronic configuration with only five occupied electron shells,

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

 (c) has an oxide which decolourises acidified potassium manganate(VII),

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

 (d) has a sulfate which is insoluble in water,

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

 (e) provides an inert atmosphere for the extraction of reactive metals,

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

 (f) produces ammonia when it is warmed with an aqueous mixture of sodium nitrate and 
sodium hydroxide?

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

 [Total: 6]
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A2 Plants contain many different types of carbon compounds.

 (a) Carbon compounds are made in plants by photosynthesis.

  Write the overall equation for photosynthesis and state the conditions required for this process.

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

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

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

 (b) Starch is a polymer found in plants.
  Starch can be hydrolysed.

  (i) Give the name of the product formed when starch is hydrolysed. 

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

  (ii) Give the reagent and conditions needed to hydrolyse starch.

 .......................................................................................................................................[2]
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 (c) When wood chips are heated in the absence of air, a colourless distillate is formed.

heat

wood

chips

cold water

distillate

  The distillate contains ethanoic acid, esters and other organic compounds.

  (i) Ethanoic acid reacts with calcium hydroxide to form a salt and water.

   Give the name and formula of the salt formed.

name  .................................................................................................................................

formula  ..........................................................................................................................[2]
   
  (ii) One of the esters in the distillate has the molecular formula, C4H8O2.

   Draw the structure of an ester with this formula, showing all the atoms and all the bonds.

 [1]
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  (iii) The distillate also contains a compound with the following composition.

element percentage by mass

carbon 37.5

hydrogen 12.5

oxygen 50.0

   Deduce the empirical formula of this compound.

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

 [Total: 11]
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A3 Water for use in the home is treated using carbon and chlorine.

 (a) Explain the purpose of using carbon and chlorine in water treatment.

carbon ........................................................................................................................................

chlorine ..................................................................................................................................[2]
 
 (b) In some parts of the world, drinking water is purified by desalination.

  What is meant by the term desalination?

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

 (c) River water may contain pollutants from agricultural sources.
  These pollutants may cause eutrophication.

  Give the names of two anions present in fertilisers which contribute to eutrophication.

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

 (d) An aqueous solution of barium chloride is added to a sample of water which contains 
sulfate ions. A white precipitate forms.

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

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

 [Total: 6]
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A4 Iron is extracted in a blast furnace. The raw materials required are 

  • iron ore, which contains iron(III) oxide, Fe2O3 ,
  • limestone,
  • coke (carbon),
  • air.

 (a) The coke first burns in air to form carbon dioxide.
  The carbon dioxide is then reduced by coke to produce carbon monoxide.
  The carbon monoxide reduces the iron(III) oxide to iron.

  Write equations for

  (i) the reduction of carbon dioxide by coke,

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

  (ii) the reduction of iron(III) oxide to iron by carbon monoxide.

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

 (b) Why is limestone added to the blast furnace?

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

 (c)  Another ore of iron contains an oxide with the formula Fe3O4.

  Calculate the percentage by mass of iron in Fe3O4.

 [2]
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 (d) Iron can be obtained by the electrolysis of an aqueous acidified solution of iron(II) sulfate.
  The reactions at the electrodes are given.

   at the anode (positive electrode):  4OH–    O2  +  2H2O  +  4e–

   at the cathode (negative electrode):  Fe2+  +  2e–    Fe 

  Which reaction is oxidation and which is reduction? Explain your answer.

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

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

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

 (e) Attaching magnesium strips to the iron hulls of ships can lower their rate of rusting.

  Explain how the magnesium stops the iron from rusting.

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

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

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

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

 (f) Aqueous iron(II) chloride is one of the products formed when iron reacts with hydrochloric 
acid. 

  Construct an equation for this reaction.
 

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

 [Total: 10]
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A5 (a)  Two students set up tubes as shown.

cotton wool soaked in

concentrated hydrochloric acid

tube 1

tube 2

blue litmus paper
cotton wool soaked in

concentrated hydrobromic acid

  Concentrated hydrochloric acid produces fumes of hydrogen chloride.
  Concentrated hydrobromic acid produces fumes of hydrogen bromide.

  Four minutes after setting up the experiment, the litmus paper in tube 1 turns red. 
  Seven minutes after setting up the experiment, the litmus paper in tube 2 turns red.

  Use the kinetic particle theory to explain

  (i) how the gases move through the tubes,

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

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

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

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

  (ii) why the gases take different times to reach the litmus paper.

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

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



10

5070/22/O/N/15© UCLES 2015

 (b) A gas syringe is filled with 80 cm3 of hydrogen chloride gas at 20 °C.
  The syringe is placed in some hot water at 50 °C. 
  The atmospheric pressure does not change but the volume of the gas in the syringe increases 

to 88 cm3.

80 cm3

20 °C 50 °C

hot water

blocked

syringe end

hydrogen

chloride

hydrogen

chloride

88 cm3

  Use the kinetic particle theory to explain why the volume increases.

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

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

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

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

 [Total: 5]
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A6 When one mole of sulfur burns, 247 kJ of energy is released.
 

S(s)  +  O2(g)    SO2(g)

 (a) Calculate the energy released when 9.60 g of sulfur is burnt.

 [2]

 (b) When sulfur dioxide is passed through aqueous sodium hydroxide, sodium hydrogensulfite is 
formed. Sodium hydrogensulfite contains the hydrogensulfite ion, HSO3

–. 

  Construct the ionic equation for this reaction.

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

 (c) The hydrogensulfite ion is a weaker acid than ethanoic acid. 

  Samples of 0.1 g of magnesium are added separately to 0.1 mol / dm3 ethanoic acid and 
0.1 mol / dm3 hydrogensulfite ions. 

  Explain why the reaction is faster with ethanoic acid. 

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

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

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

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

 (d) Calculate the volume of 0.10 mol / dm3 sodium hydroxide which contains 3.2 g of 
sodium hydroxide.

 volume of aqueous sodium hydroxide = ..................... cm3  [2]

 [Total: 7]
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Section B

Answer three questions from this section in the spaces provided.

The total mark for this section is 30.

B7 The structures of diamond and silicon dioxide are shown.

diamond silicon dioxide

silicon atom

oxygen atom

 (a) Describe one similarity in the structures of diamond and silicon dioxide.

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

 (b) Explain why silicon dioxide has a high melting point.

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

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

 (c) Silicon dioxide reacts with hot concentrated sodium hydroxide to form sodium silicate, 
Na2SiO3. 

  Deduce the formula of the silicate ion.

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

 (d) Explain why diamond does not conduct electricity.

 ...............................................................................................................................................[1]
 
 (e) Graphite is a form of carbon which conducts electricity. 
  Graphite is used as electrodes in electrolysis.

  What is the meaning of the term electrolysis?

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

 ...............................................................................................................................................[1]
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 (f) Aluminium is extracted by the electrolysis of molten aluminium oxide dissolved in cryolite.      

  Construct the equation for the reaction at 

  (i) the anode (positive electrode),

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

  (ii) the cathode (negative electrode).

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

 (g) An isotope of silicon is represented by the symbol 
29
14 Si.

  Deduce the number of protons and neutrons in this isotope.

number of protons  .....................................................................................................................

number of neutrons  ...............................................................................................................[1]
   
 (h) Silicon has a relative atomic mass of 28.

  Define the term relative atomic mass.

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

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

 [Total: 10]
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B8 Chlorine reacts with sodium hydroxide. 

Cl 2(g)  +  2NaOH(aq)    NaCl (aq)  +  NaClO(aq)  +  H2O(l)

 (a) A volume of 144 cm3 of chlorine gas, measured at room temperature and pressure, is passed 
into 38.0 cm3 of 0.250 mol / dm3 sodium hydroxide.

  Show by calculation which reactant is in excess.

 [3]

 (b) Chlorine displaces bromine from an aqueous solution of potassium bromide.
  
  (i) Construct the equation for this reaction.

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

  (ii) Explain why bromine does not react with aqueous potassium chloride.

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

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

  (iii) Give the charge of a chloride ion and its electronic configuration. 

charge  ...............................................................................................................................

electronic configuration  .................................................................................................[2] 

 (c) Explain why sodium chloride does not conduct electricity when solid but does conduct 
electricity when molten.

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

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

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

 [Total: 10]
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Question B9 begins on page 16.
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B9 When rubber is heated in the absence of air, a small amount of isoprene is formed. The structure 
of isoprene is shown.

C C

H

H
H

H

H

H
H

H C

C C

 (a) Isoprene is an unsaturated hydrocarbon.

  Describe a test for an unsaturated hydrocarbon.

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

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

 (b) Isoprene is a liquid at 25 °C.

  Describe the arrangement and motion of the particles in isoprene at 25 °C.

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

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

 (c) Isoprene reacts with sulfur dioxide to form methylsulfolene.

          C5H8  +  SO2    C5H8SO2

                        isoprene                    methylsulfolene

  Calculate the maximum mass of methylsulfolene that can be formed from 100 g of isoprene.

 mass of methylsulfolene = ................ g  [3]
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 (d) (i) What feature of the isoprene molecule is responsible for it forming an addition polymer?

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

  (ii) Perspex is also an addition polymer.
   The diagram shows part of the polymer chain of Perspex.

CH3

CH2

CO2CH3

C CH2

CH3

CO2CH3

C CH2

CH3

CO2CH3

C

   Deduce the formula of the monomer used to make Perspex.

 [2]

 [Total: 10]
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B10 At 200 °C and 200 atmospheres pressure, phosphorus(V) chloride forms an equilibrium mixture 
with phosphorus(III) chloride and chlorine.

PCl 5(g)         PCl 3(g)   +   Cl 2(g)
phosphorus(V)        phosphorus(III) 

chloride                  chloride

 (a) Predict and explain the effect of decreasing the pressure on the position of this equilibrium. 
The temperature remains constant.

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

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

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

 (b) Predict and explain the effect of increasing the concentration of chlorine on the position of this 
equilibrium.

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

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

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

 (c) The table shows the percentage of phosphorus(III) chloride in the equilibrium mixture at 
different temperatures. The pressure is the same in each case.

temperature / °C % PCl3 in the mixture

200 48

300 95

400 99

  (i) Describe how the composition of this equilibrium mixture changes with temperature.

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

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

  (ii) Explain what this tells you about the energy change in this reaction. 

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

 .......................................................................................................................................[1]
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 (d) How is the position of equilibrium affected by the presence of a catalyst?

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

 (e) The rate of this reaction increases with increase in temperature.
  Explain why.

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

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

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

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

 (f)  Phosphorus(V) chloride reacts with water. Phosphoric acid, H3PO4, and hydrogen chloride 
are formed.

  Construct the equation for this reaction.

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

 [Total: 10]
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