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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 gases to answer the questions below.

ammonia carbon monoxide

chlorine ethane

fluorine methane

neon nitrogen

nitrogen monoxide oxygen

propane propene

sulfur dioxide sulfur trioxide

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

 Which gas

 (a) turns moist red litmus paper blue,

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

 (b) decolourises bromine water,

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

 (c) is used in the manufacture of steel,

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

 (d) is a monatomic element,

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

 (e) is used as a food preservative,

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

 (f) is used to disinfect water,

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

 (g) is a molecule with 14 protons?

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

  [Total: 7]
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A2 Iron(II) sulfate crystals decompose when heated to give three gases U, V and W and an 
orange-brown solid T.

 • Gas U was tested with filter paper soaked with acidified potassium dichromate(VI). 
The filter paper changed colour from orange to green.

 • Analysis of gas V showed it contained 40.0% sulfur and 60.0% oxygen by mass.
 • When gas W was condensed it formed a colourless liquid that turned anhydrous 

copper(II) sulfate from white to blue.

 • Solid T was dissolved in dilute nitric acid. Aqueous ammonia was added drop by 
drop and a red-brown precipitate was obtained.

 (a) (i) What is the formula for gas U?

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

  (ii) Calculate the empirical formula of gas V.

 empirical formula of V is  .................................................  [2]

  (iii) Name gas W.

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

  (iv) Give the name or the formula of the metal ion present in solid T.

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

 (b) Iron(II) sulfate dissolves in water to give a green solution X. Aqueous sodium hydroxide 
was added drop by drop to solution X. A green precipitate, Y, was formed.

  (i) Name precipitate Y.

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

  (ii) Construct the ionic equation, with state symbols, to show the formation of the 
precipitate, Y.

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

  [Total: 8]
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A3 Iodine forms a diatomic molecule, I2.
 It has a simple molecular structure.
 The diagram shows the structure of the simple molecular lattice of iodine.

 Each iodine molecule is held in place by weak intermolecular forces.
 Within each iodine molecule the atoms are covalently bonded.

 (a) Explain why solid iodine does not conduct electricity.

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

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

 (b) When heated, solid iodine turns directly into iodine gas.
  Use the kinetic particle theory to explain this change of state.

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

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

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

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

 (c) Draw a ‘dot-and-cross’ diagram to show the bonding in an iodine molecule.
  Show only the outer shell electrons.

 [1]
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 (d) Chlorine, bromine, iodine and astatine are all in Group VII.

  (i) What is the formula for an astatide ion?

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

  (ii) Complete the table about the appearance at room temperature of the elements in 
Group VII.

element atomic number colour state

Cl2 17 green

Br2 35

I2 53 solid

 [2]

  (iii) Predict the appearance of astatine at room temperature.

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

 (e) Chlorine is bubbled into aqueous potassium iodide.

  (i) Describe what you would see.

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

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

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

 (f) Explain why astatine will not react with aqueous potassium iodide.

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

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

  [Total: 11]
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A4 This question is about some Group II elements and their compounds.

 Magnesium reacts with oxygen to form magnesium oxide.

 (a) The table shows information about the ions in magnesium oxide.

  (i) Complete the table.

ion
electron 

configuration
number of 

protons
number of 
neutrons

24
12Mg2+

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

16
8O2–

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

 [3]

  (ii) Describe how a magnesium atom and an oxygen atom form a magnesium ion and 
an oxide ion.

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

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

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

 (b) Explain, in terms of structure and bonding, why magnesium oxide has a very high 
melting point.

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

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

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

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

 (c) Barium sulfate is an insoluble salt.
  Describe how a pure dry sample of barium sulfate can be prepared from aqueous 

barium chloride in a laboratory.

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

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

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

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

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

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

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

 [Total: 10]
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A5 Displacement reactions occur when a metal reacts with a metal compound.

 The table shows the results of some displacement reactions.

 In each case a sample of powdered metal is added to an aqueous metal sulfate.

aqueous 
copper(II) 

sulfate

aqueous 
iron(II)
sulfate

aqueous 
magnesium 

sulfate

aqueous 
nickel(II) 
sulfate

copper no reaction no reaction no reaction

iron reaction no reaction reaction

magnesium reaction reaction reaction

nickel reaction no reaction no reaction

 (a) Place the four metals in order of increasing reactivity.

least reactive  …………………………….

 …………………………….

 …………………………….

most reactive  …………………………….  [1]

 (b) Iron powder is added to aqueous copper(II) sulfate.

  What you would observe in this reaction?

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

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

 (c) Aluminium foil is added to aqueous copper(II) chloride. A displacement reaction takes 
place. The temperature of the reaction mixture increases.

  (i) Name the type of reaction in which the temperature of the reaction mixture 
increases.

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

  (ii) Construct the ionic equation for this displacement reaction.

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

 (d) Explain why, even though it is high up in the reactivity series, aluminium does not react 
with cold water.

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

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

 .....................................................................................................................................  [2]
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 (e) Molybdenum, atomic number 42, is manufactured by the displacement reaction between 
molybdenum(VI) oxide and aluminium.

MoO3  +  2Al    Mo  +  Al2O3

  Calculate the mass of aluminium needed to make 1 tonne of molybdenum.
  [1 tonne is one million grams.]

 mass of aluminium =  .................................................  [2]

  [Total: 9]
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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 Seawater contains many dissolved ions. The table shows the concentration of some of these 
ions in a typical sample of seawater.

ion formula
concentration /

 g / dm3

chloride Cl– 19.00

sodium Na+ 10.56

sulfate SO4
2– 2.65

magnesium Mg2+ 1.26

calcium Ca2+ 0.40

potassium K+ 0.38

hydrogencarbonate HCO3
– 0.14

 (a) Suggest the formula of one salt dissolved in seawater.

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

 (b) Calculate the concentration, in mol / dm3, of sulfate ions in seawater.

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

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

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

 (c) Excess aqueous silver nitrate is added to a 25.0 cm3 sample of seawater.
  What mass of silver chloride is precipitated in this reaction?

Ag+(aq)  +  Cl–(aq)    AgCl(s)

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

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

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

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

 .....................................................................................................................................  [3]
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 (d) Some countries purify seawater to make drinking water.
  Name the process by which seawater is purified into drinking water.

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

 (e) The pH of seawater is 7.9.

  (i) State the formula of an ion, other than those in the table, which must be present in 
seawater to account for this pH. Explain your answer.

formula of ion  ............................................................................................................

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

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

  (ii) One way of measuring the pH of seawater is to use a pH meter.
   Describe an alternative method of measuring the pH of seawater.

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

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

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

  [Total: 10]
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B7 Carboxylic acids are a homologous series of organic compounds.
 The table shows some information about the first five carboxylic acids.

name molecular formula melting point / °C boiling point / °C

methanoic acid CH2O2   8 101

ethanoic acid C2H4O2  17 118

propanoic acid C3H6O2 –21 141

C4H8O2  –6 164

pentanoic acid C5H10O2

 (a) Explain the meaning of the term homologous series.

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

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

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

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

 (b) Suggest the name of the carboxylic acid with the molecular formula C4H8O2.

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

 (c) Draw the structure, showing all atoms and all bonds, of the carboxylic acid with the 
molecular formula C3H6O2.

 [1]

 (d) Deduce the molecular formula for a molecule of a carboxylic acid that contains seven 
carbon atoms.

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

 (e) Explain why it is easier to predict the boiling point of pentanoic acid rather than its 
melting point.

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

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

 .....................................................................................................................................  [1]
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 (f) Ethanoic acid is a weak acid whereas hydrochloric acid is a strong acid.
  Describe the difference between a weak acid and a strong acid.
  Include equations in your answer.

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

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

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

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

 (g) Powdered calcium carbonate, CaCO3, is added to a sample of dilute ethanoic acid. The 
mixture fizzes and eventually forms a colourless solution.

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

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

  [Total: 10]
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B8 Solid sodium hydroxide, NaOH, has a giant ionic structure.

 (a) How many electrons are there in one hydroxide ion?

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

 (b) Explain why solid sodium hydroxide cannot be electrolysed but aqueous sodium 
hydroxide can be electrolysed. 

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

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

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

 (c) The electrolysis of aqueous sodium hydroxide produces hydrogen and oxygen as shown 
by the electrode reactions.

  at anode 4OH–(aq)    O2(g)  +  2H2O(l)  +  4e–

  at cathode 2e–  +  2H2O(l)    H2(g)  +  2OH–(aq)

  Explain why the electrolysis of aqueous sodium hydroxide involves both oxidation and 
reduction.

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

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

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

 .....................................................................................................................................  [2]
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 (d) The overall reaction for the electrolysis of aqueous sodium hydroxide is shown below.

2H2O(l)    2H2(g)  +  O2(g)

  This reaction is endothermic.

  (i) Explain, in terms of the energy changes associated with bond breaking and bond 
forming, why the reaction is endothermic.

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

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

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

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

  (ii) Some submarines use this reaction to provide oxygen for the occupants to breathe.

   Calculate the mass of water which must be electrolysed to make 2500 dm3 of 
oxygen at room temperature and pressure.

   [One mole of any gas at room temperature and pressure occupies a volume 
of 24 dm3.]

 mass of water =  .............................................  g  [3]

  [Total:10]
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B9 Hydrogen has many industrial uses. One possible way to manufacture hydrogen involves the 
reversible reaction between methane and steam.

CH4(g)  +  H2O(g)    CO(g)  +  3H2(g)     ΔH = +210 kJ / mol

 The reaction is carried out in the presence of a nickel catalyst. The conditions used are 
30 atmospheres pressure and a temperature of 750 °C.

 (a) If the temperature of the reaction mixture is increased to 900 °C, explain what happens 
to the position of equilibrium.

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

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

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

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

 (b) If the pressure of the reaction mixture is increased to 50 atmospheres explain, in terms 
of collisions between reacting particles, what happens to the speed of the forward 
reaction.

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

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

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

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

 (c) Explain the advantages of using a catalyst in this manufacture of hydrogen.

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

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

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

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

 (d) In the reaction, 210 kJ of heat energy is used to form 3.0 moles of hydrogen.

  Calculate how much heat energy is needed to make 1000 kg of hydrogen.

 heat energy =  ............................................  kJ [2]
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 (e) Describe how hydrogen is used to manufacture margarine.

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

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

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

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

  [Total: 10]
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