
GENERAL CERTIFICATE OF SECONDARY EDUCATION

TWENTY FIRST CENTURY SCIENCE A323/02
CHEMISTRY A
Unit 3: Ideas in Context plus C7 (Higher Tier)

H

INSTRUCTIONS TO CANDIDATES

The insert will be found in the centre of this document.• 
Write your name, centre number and candidate number in the boxes above. Please write • 
clearly and in capital letters.
Use black ink. Pencil may be used for graphs and diagrams only.• 
Read each question carefully. Make sure you know what you have to do before starting • 
your answer.
Write your answer to each question in the space provided. Additional paper may be • 
used if necessary but you must clearly show your candidate number, centre number and 
question number(s).
Answer • all the questions.
Do • not write in the bar codes.

INFORMATION FOR CANDIDATES

The number of marks is given in brackets • [ ] at the end of each question or part 
question.
The total number of marks for this paper is • 55.

•  Where you see this icon you will be awarded a mark for the quality of written 
communication in your answer.

The Periodic Table is printed on the back page.• 
This document consists of • 12 pages. Any blank pages are indicated.

* A 3 2 3 0 2 *

OCR is an exempt Charity
Turn over

© OCR 2011 [D/103/3792]
DC (SM/DJ) 32901/2

Candidates answer on the question paper.
A calculator may be used for this paper.

OCR supplied materials:
Insert (inserted)• 

Other materials required:
Pencil• 
Ruler (cm/mm)• 

Friday 27 May 2011
Morning

Duration: 60 minutes

*
O
C
E
/
3
2
9
0
1
*

www.xtrapapers.com



2

© OCR 2011

Answer all the questions.

1 This question is based on the article “Bolivian Bonanza”.

 (a) The article says ‘the green-car revolution could make lithium one of the planet’s most sought 
after elements’.

  Explain why the demand for lithium will increase greatly.

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

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

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

 (b) Describe and explain one impact on the environment that may be caused by the extraction, 
use or disposal of lithium used in lithium-ion batteries.

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

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

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

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

 (c) (i) Vehicles powered by petrol or diesel release carbon dioxide into the air. This causes 
global warming.

   Cars powered using lithium-ion batteries do not release carbon dioxide.

   However, large scale use of cars powered by lithium-ion batteries would still result in 
global warming.

   Explain why.

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

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

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

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

  (ii) What further developments would be needed to prevent cars powered by lithium-ion 
batteries contributing to global warming?

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

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

 ...................................................................................................................................... [2]
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 (d) (i) Lithium is extracted from lithium chloride, LiCl, by electrolysis, but iron is extracted from 
iron oxide by reduction with carbon.

   What is the reason for this difference?

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

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

  (ii) During the electrolysis, lithium metal is formed at the negative electrode (cathode) and 
chlorine gas is released at the positive electrode (anode).

   Write equations to show how the ions react at the electrodes.

   Use e– to represent an electron.

cathode

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

anode

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

  (iii) A factory produces 50 tonnes of lithium from lithium chloride, LiCl.

   What mass of lithium chloride would be used to produce this lithium?

   Give your answer to the nearest tonne.

   (Relative atomic masses: Cl, 35.5;  Li, 7.)

   Show your working.

mass of lithium chloride = .................. tonnes [2]

 [Total: 13]
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2 The alkanes are a family of chemical compounds.

 (a) Complete the table to show names, molecular formulae and structural formulae of three 
alkanes.

molecular formula structural formulaname of alkane

CH4

H

HH

H

Cmethane

ethane

C3H8

 [4]

 (b) Alkanes burn in a plentiful supply of air to give two products.

  Balance this equation for the burning of an alkane.

  C3H8  +  …… O2    …… CO2  +  …… H2O [1]

 (c) The burning of an alkane in air is an exothermic reaction.

  Use ideas about the energy involved in the making and breaking of bonds to explain this.

 One mark is for a clear ordered answer.

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

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

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

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

 .......................................................................................................................................... [3+1]

 [Total: 9]
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3 Most esters have sweet, fruity smells.
 
 Esters can be made by reacting a carboxylic acid with an alcohol.

carboxylic acid + alcohol    ester + water

 (a) The reaction to make an ester takes place in the presence of sulfuric acid.

  State and explain the job of the sulfuric acid.

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

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

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

 (b) Octyl ethanoate, CH3COOC8H17, has the smell of oranges.

  Octyl ethanoate can be made by heating a mixture of ethanoic acid, CH3COOH, and octanol, 
C8H17OH.

  Write a balanced equation for the reaction used to make octyl ethanoate.

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

 (c) The  sign shows that this is a reversible reaction that reaches a state of equilibrium.

  At equilibrium the concentrations of each of the reactants and the products are constant.

  Use ideas about dynamic equilibrium to explain how the reaction mixture reaches a state of 
equilibrium.

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

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

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

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

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

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

 [Total: 7]
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4 Lime scale can build up in kettles.

 A company makes a lime scale remover that contains solid phosphoric acid, H3PO4, together with 
other ingredients. When dissolved in water the phosphoric acid reacts with and removes the lime 
scale.

 The batch of lime scale remover that has been made each day is analysed to measure how much 
phosphoric acid it contains.

 (a) The amount of phosphoric acid in 10.0 g samples of the lime scale remover is measured 
using titration against standard sodium hydroxide solution.

  A rough titration is carried out first, then several accurate titrations.

  Describe the key stages of an accurate titration.

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

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

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

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

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

 (b) The titration is repeated with several other samples of the lime scale remover.

  Give two reasons for analysing several samples of the lime scale remover.

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

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

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

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

 (c) A best estimate from the analysed samples is used to work out the phosphoric acid content of 
the lime scale remover.

  How can the degree of uncertainty of this result be assessed?

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

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

 (d) Why is it important for the company to know how much phosphoric acid the lime scale remover 
contains?

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

 .............................................................................................................................................. [1]
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 (e) The result of the analysis shows that 25.0 cm3 of standard sodium hydroxide solution reacts 
with the phosphoric acid in 10.0 g of the lime scale remover.

  (i) The standard sodium hydroxide solution contains 60.0 g / dm3 of sodium hydroxide.

   What is the mass of sodium hydroxide in 25.0 cm3 of this standard solution?

   (1 dm3 contains 1000 cm3)

mass of sodium hydroxide in 25.0 cm3 standard solution = ................ g [1]

  (ii) Work out the relative formula mass of phosphoric acid, H3PO4.

   (relative atomic masses: H, 1;  O, 16;  P, 31.)

relative formula mass of phosphoric acid = .........................[2]

  (iii) Phosphoric acid reacts with sodium hydroxide according to this equation.

H3PO4  +  3NaOH    Na3PO4  +  3H2O

   The relative formula mass of sodium hydroxide is 40.

   Work out the mass of phosphoric acid in 10.0 g of lime scale remover.

   Show your working.

mass of phosphoric acid H3PO4 in 10.0 g lime scale remover = .................... g [3]

 [Total: 12]
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5 The chemical industry produces thousands of different chemicals. Some of these are classed as 
bulk chemicals and others as fine chemicals.

 (a) Steps in the production of sulfuric acid, H2SO4, are shown below.

   Step 1 Liquid sulfur is burned in air to produce sulfur dioxide.

   Step 2 Sulfur dioxide is reacted with more oxygen to make sulfur trioxide.

   Step 3 Sulfur trioxide is dissolved in concentrated sulfuric acid.

   Step 4 Water is added to produce sulfuric acid of the required concentration.

  (i) Write a symbol equation with state symbols for the formation of sulfur dioxide in Step 1.

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

  (ii) Vanadium oxide speeds up the reaction in Step 2.

   This vanadium oxide is not used up in the reaction.

   Explain how vanadium oxide speeds up this reaction.

   Use ideas about activation energy in your answer.

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

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

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

 (b) The Government has strict regulations to control the manufacture, transport and storage of 
sulfuric acid.

  What is the purpose of these regulations?

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

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

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

 [Total: 7]
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6 Details of three methods used to produce ethanol are given below.

method starting material (feedstock) process

1 ethene react with steam

2 corn starch ferment with yeast

3 waste biomass ferment with E. coli bacteria

 (a)  (i) In terms of feedstock, which of these three methods is least sustainable?

   Explain why this method is less sustainable than the other two.

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

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

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

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

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

  (ii) The sustainability of a chemical process depends on a number of factors.

   Choose one of these factors, other than the type of feedstock, and explain how it may 
affect the sustainability of a chemical process.

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

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

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

 ...................................................................................................................................... [2]
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 (b) Ethanol can be used instead of petrol as a fuel in cars. This would greatly increase the demand 
for ethanol.

  Producing much larger amounts of ethanol could result in an increase in food prices.

  Using method 3 rather than method 2 may overcome this problem.

  Explain why.

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

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

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

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

 [Total: 7]

END OF QUESTION PAPER
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