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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 (a) Choose from the following elements to answer the questions.

aluminium
carbon

hydrogen
iron

magnesium
nitrogen
oxygen
sodium

vanadium

  Each element may be used once, more than once or not at all.

  Which element:

  (i) is a catalyst in the Haber process,

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

  (ii) makes up 21% of dry air,

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

  (iii) can be formed when hydrocarbons are cracked,

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

  (iv) forms aqueous ions with a 3+ charge which give a white precipitate when added to 
aqueous ammonia,

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

  (v) has an atom with only three electrons in its outer shell?

 .......................................................................................................................................[1]
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 (b) Complete the table to show the number of electrons and neutrons in the potassium atom and 
in the oxide ion.

number of electrons number of neutrons

 
41

19
K

 
17

8
O2–

 [4]

 [Total: 9]
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A2 Sodium chloride, NaCl, and magnesium chloride, MgCl2, are both ionic compounds.

 (a) Describe the arrangement of the ions and the type of attractive forces between the ions in 
solid magnesium chloride.

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

type of attractive forces  ............................................................................................................
 [2]

 (b) Explain why solid magnesium chloride does not conduct electricity but aqueous  
magnesium chloride does conduct.

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

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

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

 (c) State the electronic configuration of a magnesium ion and of a chloride ion.

magnesium ion  .........................................................................................................................

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

 (d) Chlorine and hydrogen are manufactured by the electrolysis of concentrated aqueous  
sodium chloride.

  Chlorine is released at the positive electrode and hydrogen is released at the negative 
electrode. 

  (i) Why are hydrogen ions and not sodium ions discharged at the negative electrode?

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

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

  (ii) Construct the equation for the reaction at the negative electrode.

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

  (iii) Describe a test for chlorine.

test  ....................................................................................................................................

result  .................................................................................................................................
 [2]
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 (e) (i) Give the formulae of the four ions present in aqueous sodium chloride.

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

  (ii) Suggest why the solution becomes alkaline as the electrolysis proceeds. 

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

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

 [Total: 13]
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A3 Metals have characteristic physical properties such as good electrical and thermal conductivity.

 (a) Give two other physical properties which are characteristic of metals.

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

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

 (b) The table gives some observations about the reactions of four metals with water. 
 

metal observations

cerium reacts slowly with cold water

iron reacts with steam when red-hot

magnesium reacts slowly with hot water

sodium reacts rapidly with cold water

  Put these metals in order of their reactivity with water.

least reactive most reactive

 [1]

 (c) The equation for the reaction of iron with steam is shown.

3Fe  +  4H2O    Fe3O4  +  4H2

  (i) Calculate the maximum mass of Fe3O4 that can be formed when 39.2 g of iron reacts 
with excess steam. 

   Give your answer to three significant figures.

 mass of Fe3O4 =  .............................................. g [3]
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  (ii) Calculate the maximum volume of hydrogen, in dm3, produced by this reaction, when 
measured at room temperature and pressure.

 volume of hydrogen =  .........................................  dm3 [2]

 (d) Pure iron can be obtained by the following reaction.

Fe(CO)5     Fe  +  5CO

  Give one hazard associated with this reaction.

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

 [Total: 9]
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A4 Lavandulol is found in lavender plants.

CH3

CH3 CH3

CH2

C CCH CH

CH2OH

CH2

 (a) (i) Give the molecular formula for lavandulol.

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

  (ii) Lavandulol contains an –OH group.

   Name the homologous series of compounds which contain the –OH group.

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

 (b) Lavandulol is an unsaturated compound.

  Describe a test for an unsaturated compound.

test  ............................................................................................................................................

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

 (c) Lavender flowers contain a variety of coloured compounds. These can be extracted from the 
flowers to give a solution of the coloured compounds.

  Describe how to use paper chromatography to identify these coloured compounds.

  You may use a labelled diagram in your answer.

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

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

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

 ...............................................................................................................................................[3]
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 (d) Compound G is found in the leaves of lavender plants. 

CH2 CN

H O

H O H

  Compound G can undergo polymerisation.

  Draw a section of the polymer to show two repeat units.

 [2]

 [Total: 9]
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A5 Dilute ethanoic acid reacts with sodium carbonate.

 Sodium ethanoate, CH3COONa, and two other compounds are formed. 

 (a) Construct the equation for this reaction.

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

 (b) The reaction of dilute ethanoic acid with sodium carbonate is endothermic.

  Explain in terms of bond making and bond breaking why this reaction is endothermic.

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

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

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

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

 (c) Ethanoic acid reacts with alcohols to form esters.

  Give one use of esters.

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

 [Total: 5]
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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 At high temperatures, hydrogen reacts with iodine to form hydrogen iodide.

H2(g)  +  I2(g)     2HI(g)    ∆H =  + 53.0 kJ / mol

 (a) Describe and explain the effect, if any, on the position of equilibrium when 

  (i) the pressure is increased,

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

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

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

  (ii) the temperature is decreased.

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

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

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

 (b) Hydrogen iodide reacts with water to form a strong acid, hydriodic acid, HI(aq).

  (i) What is meant by the term strong acid ?

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

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

  (ii) Construct the equation for the dissociation of hydrogen iodide molecules into ions.

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

 (c) Hydrogen iodide reacts with ethene to form iodoethane.

CH2 = CH2  +  HI     CH3 CH2I

  What is the name of this type of reaction?

 ...............................................................................................................................................[1]
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 (d) The table shows some properties of five alkenes.

alkene formula melting point
/ °C

boiling point
/ °C

ethene C2H4 –168.9 –103.6

propene C3H6   –47.3

butene C4H8 –185.2    –6.2

pentene C5H10 –165.0    30.0

hexene C6H12 –139.7    63.4

  (i) How does the boiling point change as the number of carbon atoms in the formula of the 
alkenes increases?

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

  (ii) What is the physical state of butene at –7 °C? Explain your answer.

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

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

  (iii) Why is it difficult to predict the melting point of propene using only the information from 
the table?

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

 [Total: 10]
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B7 The table shows the melting points and relative electrical conductivities of three elements from 
Period 3 of the Periodic Table.

property element

magnesium silicon sulfur

melting point
/ °C

649 1410 113

relative electrical 
conductivity

good 
conductor

poor
conductor

does not 
conduct

 (a) Use ideas of structure and bonding to explain

  (i) the difference in the melting points of magnesium and sulfur,

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

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

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

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

  (ii) the difference in the electrical conductivity of magnesium and sulfur.

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

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

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

 (b) Silicon has a structure similar to diamond. 

  Explain why silicon has a high melting point.

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

 ...............................................................................................................................................[2]
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 (c) A 40.5 g sample of a chloride of sulfur contains 21.3 g of chlorine.

  (i) Deduce the empirical formula of this chloride of sulfur.

 empirical formula  ..................................................[3]

  (ii) The relative molecular mass of this chloride is 135. 

   Deduce the molecular formula of this chloride.

 molecular formula  ..................................................[1] 

 [Total: 10]
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B8 Potassium nitrate, potassium sulfate and potassium phosphate are used in fertilisers. 

 (a) Calculate the percentage by mass of potassium in potassium sulfate, K2SO4.

  ...............................  % by mass [2]

 (b) Describe a test for sulfate ions.

test  ............................................................................................................................................

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

 (c) Explain why nitrates in solid fertilisers spread onto soil are able to leach through the soil 
easily.

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

 (d) Nitrates are responsible for eutrophication.

  What is meant by the term eutrophication?

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

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

 ...............................................................................................................................................[2]
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 (e) Dilute phosphoric acid, H3PO4(aq), reacts with aqueous potassium hydroxide to make 
potassium phosphate.

H3PO4(aq)  +   3KOH(aq)    K3PO4(aq)  +   3H2O(l)

  A student titrates 25.0 cm3 of H3PO4(aq) with 0.200 mol / dm3 KOH(aq). 

  12.5 cm3 of KOH(aq) is required to react exactly with the H3PO4(aq).

  Calculate the concentration of the H3PO4(aq).

 concentration of H3PO4(aq) =  .................................. mol / dm3 [3]

 [Total: 10]
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B9 Nitrogen(V) oxide decomposes on heating to form nitrogen(IV) oxide and oxygen.

2N2O5(g)    4NO2(g)  +  O2(g)

 (a) The table shows how the rate of reaction varies with the concentration of N2O5.

concentration of N2O5(g)
in mol / dm3

rate
in mol / dm3

 / s

3.2 6.39

1.6 3.15

0.8 1.63

  (i) Describe how the rate of this reaction changes with the concentration of N2O5.

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

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

  (ii) Explain your answer to (a)(i) in terms of collision theory.

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

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

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

  (iii) Describe and explain the effect of increasing the temperature on the rate of this reaction. 

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

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

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

 (b) Sulfur dioxide is an atmospheric pollutant.

  (i) Describe one source of the sulfur dioxide in the atmosphere.

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

  (ii) The oxidation of sulfur dioxide to sulfur trioxide in the atmosphere is catalysed by 
nitrogen(IV) oxide.

SO2  +   NO2    SO3  +  NO

NO   +   ½O2    NO2 

   Nitrogen(IV) oxide speeds up the rate of reaction. Which other property of a catalyst is 
shown by these equations?

 .......................................................................................................................................[1]
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 (c) (i) An incomplete energy profile diagram for the oxidation of sulfur dioxide to sulfur trioxide 
is shown.

products

reactants

energy

progress of reaction

   On the diagram:

• draw and label the pathway for the uncatalysed reaction,

• draw and label the pathway for the catalysed reaction. [2]

  (ii) Is the reaction in (c)(i) exothermic or endothermic?

   Explain your answer.

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

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

 [Total: 10]
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