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Answer all the questions.

1 This question is based on the article ‘The bioethanol dilemma’.

 (a) Burning bioethanol gives a 70% carbon dioxide reduction compared to petrol.

  However, some scientists think that the overall effect of using bioethanol instead of petrol 
would reduce total carbon dioxide emissions by only about 13%.

  Use information from the article to explain why a figure of 13% for overall reduction in carbon 
dioxide emissions may be more realistic than 70%.

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

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

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

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

 (b) It is technically feasible to produce enough bioethanol from crops grown in the UK to satisfy 
all of our transport needs.

  Suggest two disadvantages of this.

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

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

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

 (c) In the UK it is reasonable to suggest that enough bioethanol can be made from crops to use 
as a 5% blend with petrol.

  It is less reasonable to suggest that developing countries in Africa should do the same.

  Explain why.

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

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

 .............................................................................................................................................. [2]
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 (d) The combustion of bioethanol can be represented by this equation.

  C2H5OH + 3O2  2CO2 + 3H2O

  Octane, C8H18, is one of the hydrocarbons in petrol. The combustion of octane can be 
represented by this equation.

  C8H18 + 12½O2  8CO2 + 9H2O

  Burning 1.0 g of bioethanol produces 1.9 g of carbon dioxide.

  Burning octane produces about 60% more carbon dioxide than the same mass of bioethanol.

  Show that this is true by calculating the mass of carbon dioxide produced when 1.0 g of octane 
burns, and the percentage increase in carbon dioxide produced compared to bioethanol.

  (relative atomic masses: C = 12, H = 1, O = 16)

 mass of carbon dioxide =  ............................................................ g

 percentage increase =  .......................................................... [3]

 (e) (i) List two factors mentioned in the article that are involved in the Life Cycle Assessment 
for bioethanol that do not apply to petrol.

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

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

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

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

  (ii) Explain how bioethanol may be a more sustainable fuel than petrol.

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

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

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

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

[Total: 13]
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2 Methanoic acid, HCOOH, is a carboxylic acid that is released in bee stings.

 (a) What is the formula of the functional group that is responsible for the characteristic properties 
of carboxylic acids?

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

 (b) Methanoic acid is used to remove the limescale that can build up in kettles.
  Limescale is made of calcium carbonate, which is insoluble in water.

  Carboxylic acids react with carbonates in a similar way to other acids, such as hydrochloric 
acid.

calcium carbonate + hydrochloric acid  calcium chloride + carbon dioxide + water

CaCO3  +  2HCl    CaCl2  + CO2  +  H2O

  (i) Complete and balance this symbol equation for the reaction between calcium carbonate 
and methanoic acid.

   ....................... + .......................  Ca(HCOO)2 + ....................... + ....................... [2]

  (ii) Suggest a property of Ca(HCOO)2 (calcium methanoate) that explains how this reaction 
removes limescale.

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

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

  (iii) Hydrochloric acid is not used to remove limescale from kettles because it is a strong 
acid.

   Methanoic acid is used to remove limescale from kettles because it is a weak acid.

   Explain the difference between a strong acid and a weak acid in terms of dynamic 
equilibrium.

  One mark is for correct spelling.

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

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

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

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

 .................................................................................................................................. [3+1]
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 (c) Butanoic acid, C4H8O2, is responsible for the unpleasant taste in rancid butter.

  Draw a diagram to show the structural formula for butanoic acid.

[1]

[Total: 9]
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3 Vegetable oils are commonly used in cooking. Examples are rape seed oil and sunflower seed oil.

 (a) (i) When an ester is hydrolysed it forms an alcohol and a carboxylic acid. This reaction is 
the reverse of that used to make the ester.

   Oils and fats are esters. Write the name of the alcohol and of the type of carboxylic acid 
to complete this word equation for the hydrolysis of an oil.

   oil    +    water    .......................................... + .......................................... [2]

  (ii) What two things does the  sign tell you about this reaction?

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

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

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

 (b) An ester can be made by reacting an alcohol with a carboxylic acid. The technique used 
involves four stages: reflux, distillation, purification and drying.

  In the reflux stage the alcohol and ester are heated with a little concentrated sulfuric acid in a 
flask with a condenser attached. The condenser prevents evaporation of the mixture.

  In the distillation stage the mixture is heated, and the product collected at its boiling point. 
This separates the product from most of the impurities.

  Describe and explain the other two stages.

purification  ..............................................................................................................................

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

drying  .......................................................................................................................................

 .............................................................................................................................................. [4]
[Total: 8]
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4 A technician carries out an analysis of a mixture of hydrocarbons using gas chromatography.

 She first calibrates the equipment using standard hydrocarbons. The retention times for these 
hydrocarbons are shown in the table.

hydrocarbon retention time
in min

methane 1.7

ethane 2.2

propane 3.5

propene 4.0

butane 7.4

 The technician then analyses the mixture of hydrocarbons. The recorder print-out from this analysis 
is shown below.

0

100

0 1.0 2.0 3.0

retention time in min

recorder
response

4.0 5.0 6.0 7.0 8.0

 (a) The mixture contained ethane, propene and butane

  (i) Name the hydrocarbon that has the highest concentration in the mixture.

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

  (ii) Explain how the recorder print-out shows that this gas has the highest concentration.

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

 ...................................................................................................................................... [1]
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 (b) Explain how this gas chromatography separated the components of the mixture.

  Use ideas about the following in your answer:

  • stationary phase
  • mobile phase
  • dynamic equilibrium.

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

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

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

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

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

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

 (c) Two of the hydrocarbons in the mixture are alkanes.

  Alkanes burn but they do not react with solutions of other chemicals, for example bromine 
water.

  (i) Explain why alkanes do not react with bromine water.

   Use ideas about the bonds in alkanes in your answer.

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

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

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

  (ii) The burning of alkanes gives out energy.

   Use ideas about bond making and breaking to explain why.

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

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

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

[Total: 10]
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5 Some indigestion tablets contain the active ingredient, magnesium hydroxide. This neutralises 
excess stomach acid to relieve the symptoms of acid indigestion. The tablets also contain starch.

 A chemist uses quantitative analysis to find the mass of active ingredient in each tablet. He makes 
a suspension of each of five tablets and titrates these with a solution containing hydrochloric acid. 
The concentration of this acid is 40.0 g / dm3.

 His results are shown in the table.

tablet number 1 2 3 4 5 average

volume of
hydrochloric acid in cm3 23.6 23.5 23.4 23.5 23.5 23.5

 (a) Use the average of his results to work out the average mass of magnesium hydroxide in each 
tablet in the following way.

  (i) The relative formula mass of hydrochloric acid is 36.5.

   Work out the relative formula mass (RFM) of magnesium hydroxide, Mg(OH)2.

   You should show your working.

   (relative atomic masses: H = 1, Mg = 24, O = 16)

 relative formula mass (RFM) of magnesium hydroxide =  .......................................................... [2]

  (ii) Work out the mass of hydrochloric acid in 23.5 cm3 of the hydrochloric acid solution used 
in the titrations.

 mass of hydrochloric acid =  .....................................................  g  [1]
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  (iii) Use the neutralization equation below to work out the mass of magnesium hydroxide that 
reacts with this mass of hydrochloric acid.

Mg(OH)2  +  2HCl    MgCl2  +  2H2O

   This is the average mass of magnesium hydroxide in each tablet.

 mass of magnesium hydroxide in each tablet =  .....................................................  g  [2]

 (b) Use the table of titration results to assess the degree of uncertainty in your calculated value 
of the mass of magnesium hydroxide in each tablet.

  Explain your answer.

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

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

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

[Total: 7]
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6 Epoxyethane, (CH2)2O, is an intermediate in the production of car anti-freeze, and is used to 
sterilize medical supplies.

H H

HH

O

epoxyethane

C C

 Epoxyethane is poisonous, carcinogenic and highly flammable.

 The raw material used to make epoxyethane is ethene. This is obtained by the cracking of 
hydrocarbons from petroleum.

 Two different methods have been used to make epoxyethane.

 In the original method epoxyethane was manufactured in a two stage process.

 1  Ethene was passed into an aqueous solution of chlorine.

C2H4  +  Cl2  +  H2O    CH2ClCH2OH  +  HCl

 2  The reaction mixture was treated with calcium hydroxide.

CH2ClCH2OH  +  HCl  +  Ca(OH)2    (CH2)2O +  CaCl2  +  2H2O

 The modern method involves only one step. Ethene and oxygen are passed over a silver catalyst 
at 250-350 °C.

ethene + oxygen    epoxyethane

 (a) Compare the sustainability of the two methods in terms of the following:

  (i) obtaining the hydrocarbon feedstock used for manufacture,

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

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

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

  (ii) disposing of the by-products of manufacture.

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

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

 ...................................................................................................................................... [2]
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 (b) The catalyst speeds up the reaction.

  Explain how a catalyst carries out this function.

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

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

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

 (c) Write a balanced symbol equation for the reaction that produces epoxyethane in the modern 
method.

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

[Total: 8]

END OF QUESTION PAPER
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