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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.

1 The diagram shows part of the Periodic Table.

He

B C N O F Ne

Al Si P S Cl Ar

Ga Ge As Se Br Kr

I Xe

 Answer the questions using only the elements shown in the diagram.

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

 Write the symbol for an element which:

 (a) forms a stable ion of type X2−

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

 (b) is a light green gas at room temperature

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

 (c) forms an ion which gives a yellow precipitate on addition of aqueous silver nitrate

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

 (d) is used to make food containers

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

 (e) is a diatomic gas which forms 78% of dry air.

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

[Total: 5]
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2 Magnesium is a metal.

 (a) State two properties which are characteristic of most metals.

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

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

 (b)  Complete the electronic configuration of a magnesium atom. Show all electrons.

Mg

[1]

 (c) Magnesium reacts with bromine to form magnesium bromide, MgBr2.

  Magnesium bromide is an ionic solid at room temperature.

  (i) Explain, in terms of movement of electrons, how magnesium bromide is formed by the 
reaction of magnesium with bromine.

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

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

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

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

  (ii) Magnesium bromide is soluble in water.

   Suggest one other physical property of magnesium bromide.

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

 (d) Deduce the products formed at the anode and cathode when concentrated aqueous 
magnesium bromide is electrolysed.

product at anode  .......................................................................................................................

product at cathode  ....................................................................................................................
[1]
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 (e) Chlorine reacts with aqueous magnesium bromide.

  The products are aqueous magnesium chloride and aqueous bromine.

  (i) Construct the ionic equation for this reaction.

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

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

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

[Total: 10]

3 Petroleum (crude oil) is a mixture of hydrocarbons.

 (a) Describe and explain how petroleum is separated into different hydrocarbon fractions.

  In your answer include a description of fractional distillation in an oil refinery.

  You may draw a labelled diagram.

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

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

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

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

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

 .............................................................................................................................................  [3]
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 (b) State one use for each of these hydrocarbon fractions:

kerosene  ...................................................................................................................................

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

 (c) The refinery gas fraction contains methane, ethane and propane.

  (i) To which homologous series do these hydrocarbons belong?

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

  (ii) Give the general formula for the homologous series which contains methane, ethane 
and propane.

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

 (d) The exhaust from diesel engines contains carbon monoxide.

  (i) Explain how carbon monoxide is formed in the diesel engine.

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

  (ii) Describe one effect of carbon monoxide on human health.

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

[Total: 9]
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4 The equation shows the reaction of calcium carbonate with hydrochloric acid.

CaCO3(s)  +  2HCl (aq)    CaCl 2(aq)  +  CO2(g)  +  H2O(l)

 (a) The rate of this reaction can be determined by measuring the decrease in mass of the reaction 
mixture.

  Describe one other method of following the progress of this reaction.

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

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

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

 (b) Describe and explain, using ideas about collisions between particles, how the rate of reaction 
changes when the same mass of calcium carbonate is used in smaller pieces.

  All other conditions stay the same.

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

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

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

 (c) Describe and explain, using ideas about collisions between particles, how the rate of reaction 
changes when the temperature is increased.

  All other conditions stay the same.

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

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

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

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

 .............................................................................................................................................  [3]
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 (d) Calculate the minimum mass of calcium carbonate, in grams, needed to produce 16.8 cm3 of 
carbon dioxide at room temperature and pressure.

  Give your answer to three significant figures.

 mass of calcium carbonate  ......................................................  g [2]

 (e) Describe a test for carbon dioxide.

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

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

 (f) Calcium hydroxide can be used to control the pH of the soil.

  Explain how calcium hydroxide controls the pH of the soil.

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

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

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

[Total: 13]
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5 The table shows some properties of four Group I elements.

element melting point 
/ ºC

relative thermal 
conductivity

atomic radius 
/ nm

lithium 181  84 0.157

sodium  142 0.191

potassium  63 0.235

rubidium  39  58

 (a) (i) Complete the table by estimating:

• the melting point of sodium
• the atomic radius of rubidium. [2]

  (ii) Use the information in the table to suggest why it is difficult to predict the relative thermal 
conductivity of potassium.

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

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

 (b) Sodium reacts with oxygen to produce sodium oxide, Na2O.

  (i) Construct the equation for this reaction.

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

  (ii) What type of oxide, acidic or basic, is sodium oxide?

   Give a reason for your answer.

type of oxide:  .....................................................................................................................

reason:  ..............................................................................................................................

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

 (c) Explain, in terms of ease of formation of ions, why copper does not react with aqueous 
sodium sulfate.

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

 .............................................................................................................................................  [1]
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 (d) Hydrated sodium iodate(V) has the formula NaIO3.xH2O.
  It has a relative formula mass of 288.

  Calculate the value of x in this formula.

 x =  .........................................................  [2]

[Total: 8]
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Section B

Answer three questions from this section in the spaces provided.

The total mark for this section is 30.

6 Butanoic acid, C3H7COOH, is a carboxylic acid.

 (a) Draw the structure of butanoic acid to show all of the atoms and all of the bonds.

[1]

 (b) Describe the movement and arrangement of the particles in liquid butanoic acid.

movement  .................................................................................................................................

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

 (c) The melting point of butanoic acid is − 4 °C.

  The boiling point of butanoic acid is 166 °C.

  Deduce the physical state of butanoic acid at 0 °C. Explain your answer.

physical state:  ...........................................................................................................................

explanation:  ..............................................................................................................................

 ...................................................................................................................................................
[1]
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 (d)  The equation for the reaction of butanoic acid with sodium carbonate is shown.

2C3H7COOH  +  Na2CO3    2C3H7COONa  +  CO2  +  H2O

  A student added 5.28 g of butanoic acid to 56.0 cm3 of 0.500 mol / dm3 sodium carbonate.

  Show by calculation that butanoic acid is in excess.

[3]

 (e) Magnesium reacts with butanoic acid.

  The products are magnesium butanoate and hydrogen.

  Construct the equation for this reaction.

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

 (f) One method of determining the pH of aqueous butanoic acid is by using a pH meter.

  Describe a different method of determining the pH of aqueous butanoic acid.

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

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

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

[Total: 10]
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7 Sulfuric acid is made by the Contact process.

2SO2(g)  +  O2(g)    2SO3(g)    ΔH = −197 kJ / mol

 (a) Name the catalyst used in the Contact process.

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

 (b) Describe how and explain why the position of equilibrium in the reaction is altered when:

  (i) the temperature of the equilibrium mixture is increased at constant pressure

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

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

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

  (ii)  the pressure of the equilibrium mixture is increased at constant temperature.

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

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

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

 (c) The final step in the manufacture of sulfuric acid is an exothermic reaction.

H2S2O7  +  H2O    2H2SO4

  On the axes, draw a labelled energy profile diagram for this exothermic reaction.

  Show:

• the reactants and product
• the enthalpy change for the reaction
• the activation energy of the reaction.

progress of reaction

energy

[3]
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 (d) Air is a raw material used in the manufacture of sulfuric acid.

  Name one other raw material used in the manufacture of sulfuric acid.

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

 (e) State one major use of sulfuric acid.

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

[Total: 10]
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8 Phosphorus is an element in Group V of the Periodic Table.

 (a) One of the isotopes of phosphorus is:
31
15P

  (i) Deduce the number of electrons, neutrons and protons in this isotope of phosphorus.

number of electrons  ..........................................................................................................

number of neutrons  ...........................................................................................................

number of protons  .............................................................................................................
[3]

  (ii)  What is the meaning of the term isotopes?

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

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

 (b) Phosphorus reacts with potassium chlorate(V) to form potassium chloride and 
phosphorus(V) oxide.

  Complete the equation for this reaction.

    ....  KCl O3  +  ....  P    ….  KCl  +  ....  P2O5 [1]

 (c) The structure of a compound of phosphorus is shown.

H O PO

O HO H OH

O O O

P P O O H

  Deduce the molecular formula of this compound.

 .............................................................................................................................................  [1]
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 (d) Phosphorus reacts with chlorine to form phosphorus trichloride, PCl 3.

  Draw a dot-and-cross diagram for a molecule of phosphorus trichloride.
  Only include the outer shell electrons.

[2]

 (e) The equation for the reaction of phosphorus with copper(II) ions is shown.

2P  +  5Cu2+  +  8H2O    5Cu  +  2PO4
3−  +  16H+

  Identify the oxidising agent. Explain your answer.

oxidising agent:  .........................................................................................................................

explanation:  ..............................................................................................................................

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

[Total: 10]
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9 Proteins are natural polymers.

 (a) Name one other natural polymer.

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

 (b) Describe how proteins can be hydrolysed to amino acids.

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

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

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

 (c) The structure of the amino acid alanine is shown.

H2N COOH

CH3

C

H

  Alanine can be polymerised to form poly(alanine).

  Draw the partial structure of poly(alanine) to show two repeat units.

[2]
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 (d) The structure of the amino acid serine is shown.

H2N COOH

CH2OH

C

H

  Serine can form polymers with amide linkages.

  Serine can also form polymers with a different linkage.

  Name this linkage and explain how it is formed.

linkage  ......................................................................................................................................

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

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

 (e) Paper chromatography can be used to separate a mixture of amino acids.

  The apparatus used is shown.

lid

baseline

solvent

chromatography
paper

  (i) Why should the baseline be drawn in pencil and not in ink?

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

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

  (ii) When the separation of the amino acids is complete, the chromatography paper is 
sprayed with a locating agent.

   Explain why.

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

 .....................................................................................................................................  [1]
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  (iii) The diagram shows the chromatography paper after it has been sprayed with a locating 
agent. 

S

solvent
front

baseline

   Calculate the Rf value of the amino acid labelled S. 

 Rf value  .........................................................  [1]

[Total: 10]
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