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1 Choose from the list of oxides to answer the questions.

calcium oxide

carbon dioxide

copper(II) oxide

silicon(IV) oxide

sodium oxide

sulfur dioxide

sulfur trioxide

zinc oxide

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

 Identify which oxide:

 (a) has a giant covalent structure

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

 (b)  reacts with acids and with alkalis

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

 (c)  is used in flue gas desulfurisation

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

 (d)  contains a cation with a charge of +1.

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

 [Total: 4]
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2 Atoms and ions contain protons, neutrons and electrons.

 (a) Complete Table 2.1.

Table 2.1

relative charge relative mass

proton +1

neutron 1

electron
 [3]

 (b) Table 2.2 shows some information about six particles.

Table 2.2

particle number of protons number of neutrons number of electrons

A 37   48 37

B 53   74 54

C 92 143 92

D 92 143 89

E 92 146 92

F 94 150 92

  (i) Deduce the nucleon number for particle A.

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

  (ii) Explain why particle B is a negative ion.

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

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

  (iii) Identify two atoms that are isotopes of the same element.

   .................... and ....................

   Explain your answer.

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

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

 [Total: 7]
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3 Salts can be prepared by the reaction of acids with bases or alkalis and also by precipitation 
reactions.

 (a) State the ionic equation for the reaction between an acid and an alkali.

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

 (b) Sodium sulfate is a soluble salt prepared by a titration method using an acid and an alkali.

  Identify the acid and the alkali used to prepare sodium sulfate.

acid  ...........................................................................................................................................

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

 (c) Aqueous sodium sulfate is used to prepare barium sulfate in a precipitation reaction.

Ba2+(aq)  +  SO4
2−(aq)  →  BaSO4(s)

  In an experiment 20.0 cm3 of 0.550 mol / dm3 of barium nitrate is added to an excess of 
sodium sulfate.

  (i) State the colour of the precipitate formed in the reaction.

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

  (ii) Calculate the maximum mass of barium sulfate that could be made.

   [Mr: BaSO4, 233]

   Show your working.

 maximum mass of barium sulfate =  .......................................................  g [2]
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  (iii) A mass of 1.92 g of dry barium sulfate is obtained. 

   Calculate the percentage yield of barium sulfate.

 percentage yield of barium sulfate =  .......................................................% [1]

 [Total: 6]
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4 Calcium chloride, CaCl 2, is an ionic compound.

 (a) Deduce the electronic configuration for each of the ions in calcium chloride.

calcium ion  ................................................................................................................................

chloride ion  ...............................................................................................................................
 [2]

 (b) When molten calcium chloride is electrolysed with inert electrodes, calcium and chlorine are 
formed.

  Construct ionic half-equations for the two electrode reactions.

  reaction at the negative electrode

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

  reaction at the positive electrode

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

 (c) The electrolysis of concentrated aqueous calcium chloride with inert electrodes is similar to 
that of concentrated aqueous sodium chloride.

  Predict the products of the electrolysis of concentrated aqueous calcium chloride with inert 
electrodes.

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

 (d) Calcium chloride has a high melting point. 

  Explain why calcium chloride has a high melting point. Use ideas about structure and bonding.

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

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

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

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

 [Total: 7]
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5 Fig. 5.1 shows the alcohols ethanol and butan-1-ol.

butan-1-ol
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Fig. 5.1

 (a) Describe the manufacture of ethanol from ethene.

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

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

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

 (b) Ethanol is used as a fuel.

  (i) State one other use of ethanol.

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

  (ii) Construct a symbol equation to show the incomplete combustion of ethanol.

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

 (c) Ethanol is oxidised to form ethanoic acid.

  State the name of a reagent that is used for this oxidation.

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

 (d) Draw the displayed formula of a different alcohol that is an isomer of butan-1-ol. 

 [1]
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 (e) Butan-1-ol is heated with concentrated sulfuric acid which acts as a catalyst.

   But-1-ene and one other compound are formed.

  (i) Draw the structural formula of but-1-ene.

 [1]

  (ii) Deduce the other compound formed in the reaction.

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

 (f) But-2-ene, CH3CH=CHCH3, is polymerised to give poly(but-2-ene).

  (i) State the type of polymerisation that occurs.

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

  (ii) Draw the structure of poly(but-2-ene) showing at least one repeat unit.

 [2]

  [Total: 12]
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6 A mixture of ethanoic acid, ethene and oxygen is passed over a catalyst at 200 °C to manufacture 
ethenyl ethanoate, CH3COOCH=CH2.

CH3COOH  +  CH2=CH2  +  ½O2  →  CH3COOCH=CH2  +  H2O

 The reaction is exothermic.

 (a)  Draw a reaction pathway diagram for this reaction on Fig. 6.1.

  On your diagram label:
 • the axes
 • the reactants and products
 • the enthalpy change of the reaction, ∆H
 • the activation energy, Ea.

    Fig. 6.1 [4]

 (b) Explain why the enthalpy change of the reaction is exothermic.

  Use ideas about bond breaking and bond making.

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

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

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

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

 [Total: 6]
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7 Peroxodisulfate ions, S2O8
2–, react with iodide ions in aqueous solution.

S2O8
2–(aq)  +  2I–(aq)  →  2SO4

2–(aq)  +  I2(aq)

 (a) Iodide ions are oxidised in this reaction.

  State how the equation shows this.

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

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

 (b) Table 7.1 shows how the relative rate of this reaction changes when different concentrations 
of peroxodisulfate ions and iodide ions are used.

Table 7.1

experiment concentration of S2O8
2– 

in mol / dm3
concentration of I– 

in mol / dm3
relative rate of 

reaction

1 0.008 0.02 1.7

2 0.016 0.02 3.3

3 0.032 0.02 6.8

4 0.008 0.04 3.4

5 0.008 0.08 6.9

  Using the information in Table 7.1, describe how increasing the concentration of each of 
these ions affects the relative rate of reaction.

  peroxodisulfate ions 

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

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

  iodide ions 

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

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

 (c) Iron(III) ions, Fe3+, catalyse this reaction.

  Explain how catalysts increase the rate of a reaction.

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

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

 .............................................................................................................................................. [2]
  [Total: 5]
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8 Copper reacts with concentrated nitric acid to form copper(II) nitrate.

Cu(s)  +  4HNO3(aq)  →  Cu(NO3)2(aq)  +  2NO2(g)  +  2H2O(l)

 (a) State the meaning of (aq).

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

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

 (b) An excess of copper is added to 25.0 cm3 of 16.0 mol / dm3 HNO3.

  Use this information, together with the equation, to calculate the volume of NO2 formed. The 
gas volume is measured at room temperature and pressure.

  Show your working and state the units.

 volume of NO2 =  .......................................................... [3]

 (c) When heated, Cu(NO3)2 decomposes to form CuO, NO2 and O2.

  Construct the symbol equation for this reaction. 

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

 (d) To a small sample of Cu(NO3)2(aq), a student adds aqueous ammonia drop by drop until it is 
in excess.

  (i) Describe what is observed.

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

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

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

 ...................................................................................................................................... [2]
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  (ii) The student repeats the experiment but adds aqueous sodium hydroxide instead of 
aqueous ammonia.

   Describe what is observed.

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

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

 [Total: 8]
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9 Iodine reacts with chlorine to form iodine(I) chloride, ICl.

 (a) Iodine(I) chloride reacts in a similar way to bromine.
 
  Iodine(I) chloride reacts with ethene in an addition reaction.

  Draw the displayed formula of the product of this reaction.

 [1]

 (b) Iodine(I) chloride reacts in a similar way to chlorine. 

  Iodine(I) chloride reacts with ethane in a photochemical reaction in the presence of ultraviolet 
light.

  (i) State the type of reaction that takes place.

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

  (ii) Suggest a symbol equation for the reaction between iodine(I) chloride and ethane.

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

 (c) The dot-and-cross diagram for a molecule of iodine(I) chloride is similar to that for a molecule 
of chlorine.

  Draw the dot-and-cross diagram for a molecule of iodine(I) chloride.

  Show outer electrons only.

 [1]
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 (d) Iodine(I) chloride reacts with chlorine to form iodine(III) chloride.

  This reaction is investigated at 200 °C in a closed system.

  The reversible reaction reaches an equilibrium.

ICl (g)  +  Cl 2(g)  ⇌  ICl 3(g)

  (i) Describe two features of a reversible reaction at equilibrium, in a closed system.

   In your answer, refer to the rate of reaction and to the concentrations of reactants and 
product.

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

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

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

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

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

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

   The temperature is kept at 200 °C.

   ICl (g) is a dark brown gas. ICl 3(g) is a yellow gas.

   Predict and explain what will happen to the colour of the equilibrium mixture.

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

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

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

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

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

 [Total:8]
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10 Air contains a mixture of gases including the noble gases neon, argon, krypton and xenon. These 
noble gases are monatomic elements.

 
 (a) State what is meant by monatomic.

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

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

 (b) State why noble gases are unreactive. 

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

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

 (c) State why fractional distillation can be used to separate a liquid mixture of neon, argon, 
krypton and xenon.

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

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

 (d) State which noble gas, neon, argon, krypton or xenon, has the fastest rate of diffusion at 
20 °C.

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

  Explain your answer.

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

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

 (e) Air also contains oxides of nitrogen that are pollutants.

  (i) State one adverse effect of oxides of nitrogen in the air.

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

  (ii) With the aid of a symbol or word equation, explain how oxides of nitrogen such as NO 
are formed within a car engine.

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

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

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

 [Total: 8]
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11 Table 11.1 shows some information about the homologous series of unbranched carboxylic acids.

Table 11.1

name structure boiling point / °C

methanoic acid HCOOH 101

ethanoic acid CH3COOH 118

propanoic acid CH3CH2COOH 141

butanoic acid CH3CH2CH2COOH 164

pentanoic acid CH3CH2CH2CH2COOH 186

 (a) One of the characteristics of a homologous series is that it has a general formula.

  (i) Deduce the general formula for the homologous series of unbranched carboxylic acids.

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

  (ii) Describe two other characteristics of a homologous series.

1  ........................................................................................................................................

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

2  ........................................................................................................................................

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

 (b) An aqueous solution of propanoic acid is a weak acid.

  Define the term acid. 

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

 .............................................................................................................................................. [1]
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 (c) Butanoic acid reacts with ethanol to make an ester.

  State the name of the ester made and draw the displayed formula of the ester linkage.

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

  displayed formula 

 [2]

 (d) Ethanoic acid is a liquid at room temperature.

  Describe the changes in the arrangement and movement of the molecules of ethanoic acid 
when it is heated from room temperature to 120 °C.

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

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

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

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

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

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

 [Total: 9]
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