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1  Alkenes may be produced by the dehydration of alcohols. The apparatus used in the 
dehydration of ethanol to produce ethene is shown below.

delivery tube

heat

test tube

trough

stand

water

aluminium oxide

conical flask

ceramic wool 
soaked in ethanol

  (a) Suggest the equation for the dehydration of ethanol.

[1]

 (b) Suggest a reason for including the conical flask in the apparatus shown above. 

[1]

 (c) Explain why ethene can be collected over water.

[1]

 (d) Describe a chemical test that would prove that ethene is unsaturated.

[3]

*12SCH3202*

*12SCH3202*



12628
[Turn over

*12SCH3203*

*12SCH3203*

 (e) An alternative source of alkenes is the elimination of a hydrogen halide from a 
halogenoalkane by refluxing it with a solution of potassium hydroxide dissolved 
in ethanol. 

  (i) Define the term reflux.

[1]

  (ii) Write an equation for the reaction of bromoethane with potassium hydroxide 
to produce ethene.

[1]

 (f) (i) Calculate the atom economies for the preparation of ethene by the reactions 
in (a) and (e)(ii). 

[2]

  (ii) Explain which preparation would be preferred based upon the atom 
economies calculated in (f)(i).

[1]
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2 Ethanol can be dehydrated using concentrated sulfuric acid to form ethoxyethane 
(C2H5)2O. Ethoxyethane has a boiling point of 34 °C. The reaction mixture is heated 
and the impure ethoxyethane is separated by distillation and collected.

 (a) The equation for the formation of ethoxyethane is shown below. 

  2C2H5OH            (C2H5)2O      +      H2O

  Calculate the volume of ethanol required to synthesise 3.0 g of ethoxyethane if 
the percentage yield of this reaction is 46%.  
Ethanol has a density of 0.79 g cm–3.

  Give your answer to 1 decimal place.

[4]

 (b) Describe, giving practical details, how acidic impurities can be removed from 
ethoxyethane by washing. Ethoxyethane is immiscible with water and has a 
density of 0.71 g cm–3.

[5]
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 (c) Describe, giving practical details, how the ethoxyethane can be dried.

[3]
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3 The standard enthalpy of neutralisation of a strong acid can be determined using a 
“coffee cup calorimeter”.

 (a) Define standard enthalpy of neutralisation.

[1]

 (b) 50.0 cm3 of 1.00 mol dm–3 sodium hydroxide solution were mixed with 50.0 cm3 of 
1.00 mol dm–3 hydrochloric acid. The initial temperature of both solutions was 
23.2 °C and the temperature increased to 29.7 °C after mixing. Calculate the 
enthalpy of neutralisation, assuming the density of the reaction mixture is 
1.00 g cm–3 and its specific heat capacity is 4.2 J g−1 K−1.

[3]

 (c) State and explain whether the enthalpy of neutralisation would be more or less 
exothermic if the experiment was repeated using 1.00 mol dm–3 ethanoic acid in 
place of the 1.00 mol dm–3 hydrochloric acid.

[2]
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4 Concentrated nitric acid was added to a gas jar containing copper turnings in a fume 
cupboard. A redox reaction occurred producing the brown gas nitrogen(IV) oxide and 
copper(II) nitrate. 

 
concentrated nitric acid

gas jar

copper turnings

nitrogen(IV) oxide

 (a) (i) Write the half-equation for the oxidation of copper.

[1]

  (ii) Write the half-equation for the reduction of nitric acid to nitrogen(IV) oxide.

[1]

  (iii) Using your answers to (a)(i) and (a)(ii), write the overall ionic equation for 
the reaction of copper with concentrated nitric acid.

[1]

 (b) (i) Suggest why the reaction is performed in a fume cupboard.

[1]

  (ii) State and explain another safety precaution that is necessary.

[1]
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5 A titration was performed to determine the identity of X in the metal carbonate, 
X2CO3. A 500 cm3 solution containing 5.20 g of X2CO3 was prepared and a 25.0 cm3 
portion of the solution was titrated against 0.200 mol dm–3 hydrochloric acid.

 The equation for the reaction is:

 X2CO3 + 2HCl  2XCl + H2O + CO2

 (a) Describe how the 500 cm3 solution of the metal carbonate is prepared for use in 
this titration.

[5]
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 (b) The following results were obtained from the titration.

initial burette 
reading / cm3

final burette 
reading / cm3 titre / cm3

rough 19.3 19.3

1st accurate 19.3 18.7

2nd accurate 10.0 28.9

  (i) Complete the table above. [1]

  (ii) Calculate the mean titre.

[1]

  (iii) Calculate the relative formula mass of the metal carbonate X2CO3 using the 
mean titre value. 

[3]

  (iv) Identify the metal X.

[1]
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 (c) An alternative method to determine the metal present in a carbonate is by 
thermal decomposition. A metal carbonate, MCO3, was heated until it was fully 
decomposed. The following results were obtained:

 

  

mass of crucible 10.20 g

mass of crucible + metal carbonate before decomposition 15.16 g

mass of crucible + product after decomposition 13.40 g

  The equation for the decomposition of the metal carbonate is:

MCO3            MO      +      CO2

  (i) Explain how you could determine that the decomposition was complete.

[1]

  (ii) Calculate the relative atomic mass of the metal M. Use this value to identify 
the metal.

[3]
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6 Concentrated acids are used in reactions with metal halides and in flame tests.

 (a) Describe how you would carry out a flame test to confirm the presence of  
calcium ions in a sample of solid calcium sulfate.

[3]

 (b) Compare the observations which are made when concentrated phosphoric  
acid and concentrated sulfuric acid are added to separate portions of solid 
potassium iodide.

[3]
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