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Section A

Answer all questions in the spaces provided.

1 Oxygen and ozone (O3) both occur as gases in the upper atmosphere.

Chlorine atoms catalyse the decomposition of  ozone and contribute to the formation 

of  a hole in the ozone layer.

These chlorine atoms are formed from chlorofluorocarbons (CFCs) such as CF3Cl

1 (a) (i) Give the IUPAC name of  CF3Cl

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

(1 mark)

1 (a) (ii) Complete the following equation that shows the formation of  a chlorine atom from a 

molecule of  CF3Cl

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

(1 mark)

1 (a) (iii) State what the • represents in Cl•

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

(1 mark)

1 (b) Write two equations that show how chlorine atoms catalyse the decomposition of  

ozone into oxygen.

Equation 1 .........................................................................................................................

Equation 2 .........................................................................................................................

(2 marks)

→C Cl + Cl•F

F

F
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1 (c) An equilibrium is established between oxygen and ozone molecules as shown below.

3O2(g) 2O3(g) ∆H = +284 kJ mol–1

1 (c) (i) State Le Chatelier’s principle.

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

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

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

(1 mark)

(Extra space) .....................................................................................................................

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

1 (c) (ii) Use Le Chatelier’s principle to explain how an increase in temperature causes an 

increase in the equilibrium yield of  ozone.

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

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

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

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

(2 marks)

(Extra space) .....................................................................................................................

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

1 (d) Chemists supported the legislation to ban the use of  CFCs.  Modern refrigerators 

use pentane rather than CFCs as refrigerants.

With reference to its formula, state why pentane is a more environmentally acceptable

refrigerant.

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

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

(1 mark)

(Extra space) .....................................................................................................................

............................................................................................................................................
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2 The diagram below shows a Maxwell–Boltzmann distribution for a sample of  gas at a 

fixed temperature.

Ea is the activation energy for the decomposition of  this gas.

2 (a) (i) On this diagram, sketch the distribution for the same sample of  gas at a higher 

temperature. (2 marks)

2 (a) (ii) With reference to the Maxwell–Boltzmann distribution, explain why an increase in

temperature increases the rate of  a chemical reaction.

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

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

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

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

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

(2 marks)

(Extra space) .....................................................................................................................

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

Ea

Number of

molecules

with a given

energy

Energy



WMP/Jan11/CHEM2

Turn over �

(05)

Do not write
outside the

box

2 (b) Dinitrogen oxide (N2O) is used as a rocket fuel.  The data in the table below show 

how the activation energy for the decomposition of  dinitrogen oxide differs with

different catalysts.

2N2O(g)    → 2N2(g) + O2(g)

2 (b) (i) Use the data in the table to deduce which is the most effective catalyst for this 

decomposition.

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

(1 mark)

2 (b) (ii) Explain how a catalyst increases the rate of  a reaction.

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

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

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

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

(2 marks)

(Extra space) .....................................................................................................................

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

5

7

Without a catalyst 245

121

116

136

With a gold catalyst

With an iron catalyst

With a platinum catalyst

Ea / kJ mol–1
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3 The following pairs of  compounds can be distinguished by observing what happens 

in test-tube reactions.

For each pair, give a suitable aqueous reagent that could be added separately to 

each compound.

Describe what you would observe in each case.

3 (a) NaF(aq) and NaCl(aq)

Reagent .............................................................................................................................

Observation with NaF(aq) ..................................................................................................

Observation with NaCl(aq) ................................................................................................

(3 marks)

3 (b) BaCl2(aq) and MgCl2(aq)

Reagent .............................................................................................................................

Observation with BaCl2(aq)................................................................................................

Observation with MgCl2(aq) ..............................................................................................

(3 marks)

3 (c) AgCl(s) and AgI(s)

Reagent .............................................................................................................................

Observation with AgCl(s) ...................................................................................................

Observation with AgI(s) .....................................................................................................

(3 marks)

3 (d) Butan-2-ol(l) and 2-methylpropan-2-ol(l)

Reagent ..............................................................................................................................

Observation with butan-2-ol(l) ............................................................................................

Observation with 2-methylpropan-2-ol(l) ...........................................................................

(3 marks)

6

(06)

12
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4 (a) Pure manganese is extracted from the ore pyrolusite (MnO2) by reduction using 

carbon monoxide.

Write an equation for the reduction of  MnO2 to manganese using carbon monoxide.

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

(1 mark)

4 (b) Impure manganese is extracted by reduction of  Mn3O4 using powdered aluminium

according to the following equation.

3Mn3O4 + 8Al → 9Mn + 4Al2O3

Deduce the redox half-equation for aluminium in this extraction process.

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

(1 mark)

4 (c) Copper can be extracted by the high-temperature carbon reduction of  copper(II) 

oxide.  Write an equation for this reaction.

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

(1 mark)

4 (d) Scrap iron is used in a low-cost process to extract copper from aqueous solutions 

containing copper(II) ions.

4 (d) (i) Give one reason, other than the cost of  scrap iron, why this method is low-cost.

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

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

(1 mark)

4 (d) (ii) Write the simplest ionic equation for the reaction of  iron with copper(II) ions

in aqueous solution.

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

(1 mark)

7
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5 Sea water contains large amounts of  dissolved magnesium compounds.  

Approximately 1 kg of  magnesium can be extracted from 1000 dm3 of  sea water.

5 (a) The first step in the extraction process is to react the magnesium ions in sea water 

with hydroxide ions to produce a precipitate of  magnesium hydroxide.

Write the simplest ionic equation for this reaction.

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

(1 mark)

5 (b) The second step in the extraction process is to react magnesium hydroxide with 

hydrochloric acid to give magnesium chloride.  Write an equation for this reaction.

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

(1 mark)

5 (c) In the final step, molten magnesium chloride is electrolysed to form magnesium and 

chlorine.  This is similar to the method used to extract aluminium.

Deduce an equation for the reaction that occurs at the negative electrode in the 

electrolysis of  magnesium chloride.

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

(1 mark)

5 (d) Magnesium is used in the extraction of  titanium.

5 (d) (i) Write an equation for the conversion of  titanium(IV) oxide into titanium(IV) chloride.

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

(2 marks)

5 (d) (ii) Write an equation for the extraction of  titanium from titanium(IV) chloride using 

magnesium.

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

(1 mark)

5 (d) (iii) State the role of  magnesium in this extraction.

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

(1 mark)

Do not write
outside the

box



5 (e) Use your knowledge of  the reactions of  Group 2 metals with water to explain why 

water should not be used to put out a fire in which magnesium metal is burning.

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

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

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

(2 marks)

(Extra space) .....................................................................................................................

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

Turn over for the next question
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6 (a) A student used the infrared spectra of  water vapour and of  carbon dioxide to try to 

find a link between infrared radiation and global warming.

6 (a) (i) Use information from the infrared spectra to deduce one reason why the student 

concluded that water vapour is a more effective greenhouse gas than carbon dioxide.

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

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

(1 mark)

6 (a) (ii) Use your knowledge of  the bonds in CO2 to state why the infrared spectrum of  

carbon dioxide is not as might be predicted from the data provided in Table 1 on the 

Data Sheet.

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

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

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

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

(2 marks)

10

(10)

4000 3000 2000

Wavenumber / cm–1

Infrared spectrum of water vapour

1000

e
50

100

0

4000 3000 2000

Wavenumber / cm–1

Infrared spectrum of carbon dioxide

1000

100

0

Transmittance / % 50

Transmittance / %
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6 (b) The initiatives to decrease the carbon dioxide in the atmosphere include the use of  

carbon-neutral fuels and the development of  carbon capture.

The mineral serpentine, Mg3Si2O5(OH)4, has been proposed as a solid for the capture 

of  carbon dioxide gas.

6 (b) (i) Give the meaning of  the term carbon-neutral, as applied to a fuel.

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

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

(1 mark)

(Extra space) .....................................................................................................................

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

6 (b) (ii) Balance the following equation for the reaction of  serpentine with carbon dioxide.

Mg3Si2O5(OH)4 + ..........CO2 → ..........MgCO3 + ..........SiO2 + ..........H2O

(1 mark)

Turn over for the next question

11

Turn over �

5
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7 (a) The reaction of  bromine with propane is similar to that of  chlorine with methane.

Three steps in the mechanism for the bromination of  propane to form 1-bromopropane

are shown below.

Step 1 Br2 2Br•

Step 2 Br•  +  CH3CH2CH3 CH3CH2CH2•    +  HBr

Step 3 CH3CH2CH2•  +  Br2 CH3CH2CH2Br  +  Br•

7 (a) (i) Name the type of  mechanism in this reaction.

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

(1 mark)

7 (a) (ii) Give an essential condition for Step 1 to occur.

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

(1 mark)

7 (a) (iii) Name the type of  step illustrated by Steps 2 and 3.

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

(1 mark)

7 (a) (iv) In this mechanism, a different type of  step occurs in which free radicals combine. 

Name this type of  step.

Write an equation to show how hexane could be formed from two free radicals in the

mechanism of  this reaction.

Type of  step ......................................................................................................................

Equation .............................................................................................................................

(2 marks)

7 (a) (v) Write an overall equation for the reaction between bromine and propane by the same 

mechanism to produce octabromopropane (C3Br8).

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

(1 mark)

12

(12)

→

→

→
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7 (b) Bromine reacts with alkenes, even though bromine is a non-polar molecule.

7 (b) (i) Explain why bromine molecules react with the double bonds in alkenes.

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

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

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

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

(2 marks)

(Extra space) .....................................................................................................................

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

7 (b) (ii) Name the type of  mechanism involved in this reaction.

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

(1 mark)

7 (b) (iii) Draw the structure of  the compound with Mr = 387.6 formed when 

penta-1,4-diene (H2C=CHCH2CH=CH2) reacts with an excess of  bromine.

(1 mark)

7 (c) Two products are formed when propene reacts with hydrogen bromide.

Draw the structure of  the intermediate that leads to the formation of  the major product 

in the reaction of  propene with hydrogen bromide.

Give the name of  this type of  intermediate.

Structure of  intermediate

Type of  intermediate ..........................................................................................................

(2 marks)

13

Turn over �
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8 A student read the following passage on the Internet.

8 (a) Explain the meaning of  each of  the following terms in the information given above.

8 (a) (i) nucleophile

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

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

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

(1 mark)

8 (a) (ii) substitution, as applied to nucleophilic substitution in a haloalkane

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

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

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

(1 mark)

8 (a) (iii) hydrolysis

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

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

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

(1 mark)

8 (a) (iv) bond enthalpy, as applied to a carbon–halogen bond.

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

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

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

(1 mark)

Question 8 continues on the next page

15

Turn over �

(15)

Haloalkanes contain a polar covalent bond.  The carbon atom of  the polar

covalent bond can be attacked by nucleophiles.  Nucleophilic attack enables

haloalkanes to undergo substitution reactions.

A nucleophilic substitution reaction occurs when a haloalkane undergoes

hydrolysis; the rate of  hydrolysis of  the haloalkane is influenced by the

carbon–halogen bond enthalpy.
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8 (b) Outline a mechanism for the nucleophilic substitution reaction in which                      

2-bromopropane (CH3CHBrCH3) reacts with potassium hydroxide to form propan-2-ol.

(2 marks)

8 (c) Haloalkanes also undergo elimination reactions to produce alkenes.

8 (c) (i) Outline a mechanism for the elimination reaction in which 2-bromopropane reacts with 

potassium hydroxide to form propene.

(3 marks)

16

(16)
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8 (c) (ii) A student obtained the following infrared spectrum for the product from this

elimination reaction.

Use information from the infrared spectrum to state and explain how the student 

deduced that the product was an alkene.

You may find it helpful to refer to Table 1 on the Data Sheet.

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

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

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

(2 marks)

(Extra space) .....................................................................................................................

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

Turn over for the next question

17
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(17)
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0
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Section B

Answer all questions in the spaces provided.

9 A student devised an experiment to investigate the enthalpies of  combustion of

some alcohols.  The student chose the following series of  primary alcohols.

9 (a) (i) Name alcohol X.

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

(1 mark)

9 (a) (ii) State the general name of  the type of  series shown by these primary alcohols.

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

(1 mark)

9 (a) (iii) Draw the displayed formula of  the position isomer of  butan-1-ol.

(1 mark)

9 (a) (iv) Using [O] to represent the oxidising agent, write an equation for the oxidation of  

butan-1-ol to form an aldehyde.

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

(1 mark)

CH3CH2CH2CH2CH2CH2CH2OH

CH3CH2CH2CH2CH2CH2OH

CH3CH2CH2CH2CH2OH

CH3CH2CH2CH2OH

CH3CH2CH2OH

CH3CH2OH

CH3OHMethanol

Ethanol

Propan-1-ol

Butan-1-ol

Alcohol X

FormulaName

Pentan-1-ol

Heptan-1-ol
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9 (a) (v) Draw the displayed formula of  a functional group isomer of  this aldehyde.

(1 mark)

9 (b) The student carried out a laboratory experiment to determine the enthalpy change 

when a sample of  butan-1-ol was burned.

The student found that the temperature of  175 g of  water increased by 8.0 oC when 

5.00 x 10–3 mol of  pure butan-1-ol was burned in air and the heat produced was used 

to warm the water.

Use the student’s results to calculate a value, in kJ mol–1, for the enthalpy change 

when one mole of  butan-1-ol is burned.

(The specific heat capacity of  water is 4.18 J K–1 g–1)

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

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

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

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

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

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

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

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

(3 marks)

(Extra space) .....................................................................................................................

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

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

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

Question 9 continues on the next page

Turn over �
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9 (c) (i) Give the meaning of  the term standard enthalpy of  combustion.

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

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

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

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

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

(3 marks)

(Extra space) .....................................................................................................................

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

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

9 (c) (ii) Use the standard enthalpy of  formation data from the table and the equation for

the combustion of  butan-1-ol to calculate a value for the standard enthalpy of

combustion of  butan-1-ol.

CH3CH2CH2CH2OH(I) + 6O2(g) →  4CO2(g) + 5H2O(I)

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

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

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

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

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

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

(3 marks)

(Extra space) .....................................................................................................................

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

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

CH3CH2CH2CH2OH(I) O2(g) CO2(g) H2O(I)

0 – 394 – 286– 327∆H f / kJ mol–1
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9 (d) The student repeated the experiment described in part 9 (b) and obtained an

experimental value for the enthalpy of  combustion for each alcohol in this series.

These experimental values were then compared with calculated values from

standard enthalpies of  formation, as shown in the graph below.

9 (d) (i) In terms of  bonds broken and bonds formed, explain why the calculated values of  

enthalpies of  combustion of  these alcohols, when plotted against Mr, follow a

straight line.

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

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

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

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

(2 marks)

(Extra space) .....................................................................................................................

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

9 (d) (ii) Give two reasons why the experimental values obtained by the student are lower than 

the calculated values using the enthalpy of  formation data.

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

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

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

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

(2 marks)

0
46 74

M, of alcohol

Enthalpies of combustion values

for a series of primary alcohols

11632 60 88 102

2000

4000

Enthalpy of

combustion

/ kJ mol–1

Calculated

Experimental

1000

3000

5000

18

Enthalpy of

combustion

/ kJ mol–1

Mr of  alcohol
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10 Reactions that involve oxidation and reduction are used in a number of  important 

industrial processes.

10 (a) Iodine can be extracted from seaweed by the oxidation of  iodide ions.

In this extraction, seaweed is heated with MnO2 and concentrated sulfuric acid.

10 (a) (i) Give the oxidation state of  manganese in MnO2

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

(1 mark)

10 (a) (ii) Write a half-equation for the reaction of  MnO2 in acid to form Mn2+ ions and 

water as the only products.

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

(1 mark)

10 (a) (iii) In terms of  electrons, state what happens to the iodide ions when they are oxidised.

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

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

(1 mark)

10 (b) Chlorine is used in water treatment.  When chlorine is added to cold water it reacts

to form the acids HCl and HClO

The following equilibrium is established.

Cl2(aq)  +  H2O(I)              H+(aq)  +  Cl–(aq)  +  HClO(aq)

10 (b) (i) Give the oxidation state of  chlorine in Cl2 and in HClO

Cl2 ......................................................................................................................................

HClO ..................................................................................................................................

(2 marks)
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10 (b) (ii) Deduce what happens to this equilibrium as the HClO reacts with bacteria in 

the water supply.  Explain your answer.

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

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

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

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

(2 marks)

(Extra space) .....................................................................................................................

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

10 (c) Concentrated sulfuric acid is reduced when it reacts with solid potassium bromide.

Concentrated sulfuric acid is not reduced when it reacts with solid potassium chloride.

10 (c) (i) Write the two half-equations for the following redox reaction.

2H+  + 2Br–  +  H2SO4 Br2 +  SO2 +  2H2O

Half-equation 1

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

Half-equation 2

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

(2 marks)

10 (c) (ii) Write an equation for the reaction of  solid potassium chloride with concentrated 

sulfuric acid.

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

(1 mark)

Question 10 continues on the next page

→
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10 (c) (iii) Explain why chloride ions are weaker reducing agents than bromide ions.

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

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

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

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

(2 marks)

(Extra space) .....................................................................................................................

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

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

END  OF  QUESTIONS

Copyright © 2011 AQA and its licensors.  All rights reserved.

12


