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1. Diamond and graphite are two forms of the element carbon.

 Part of the structures of diamond and graphite are shown.

 (a) Which of the following best describes the structure of diamond?

  Put a cross ( ) in the box to show your answer.

  giant molecular, covalent

  giant ionic

  metallic

  simple molecular, covalent
(1)

 (b) In diamond, the bond between two carbon atoms is a shared pair of electrons.
  Give the name of this type of bond.

   .......................................................................................................................................
(1)

 (c) When graphite is heated in air, it burns to form carbon dioxide.
  This reaction is exothermic.

  (i) Explain what is meant by exothermic.

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

    ................................................................................................................................
(1)

  (ii) Calculate the relative formula mass of carbon dioxide, CO2.
   (Relative atomic masses: C = 12, O = 16)

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

    ................................................................................................................................
(1)

graphite diamond
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 (d) In the past 30 years, carbon has been found to form other types of structures: carbon 
nanotubes and fullerenes.

  The structure of a carbon nanotube resembles a graphite layer rolled round to form a 
cylinder.

  The structure of a carbon nanotube is shown in the diagram below.

  Carbon nanotubes form fibres that are very strong, tough and lightweight.

  Suggest a use for materials made from carbon nanotubes.

   .......................................................................................................................................
(1)

© The Computer Language Company Inc.
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 (e) Carbon atoms exist as two stable isotopes.  
  These are shown in the table.

  In the diagrams

   p = proton
   n = neutron
   × = electron

carbon-12 carbon-13

6p
6n

6p
7n

mass number 12 13

atomic number 6 6

  (i) Explain the meaning of the term isotope.

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

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

    ................................................................................................................................
(2)

  (ii) The electronic configuration of a carbon atom is 2.4.
   What does this tell you about the position of carbon in the periodic table?

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

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

    ................................................................................................................................
(1) Q1

(Total 8 marks)
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2. (a) A German scientist, Fritz Haber, developed a process to react nitrogen and hydrogen 
together to make ammonia.

  The equation for the reaction is 

N2 + 3H2 ⇌ 2NH3

  (i) Explain how you know that this equation is balanced.

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

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

    ................................................................................................................................
(1)

  (ii) State the conditions used in the Haber process.

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

    ................................................................................................................................
(2)

 (b) Most of the ammonia is used to make artificial fertilisers. 
  Natural fertilisers, such as manure, are also used.

  Give one advantage of using artificial fertilisers rather than natural fertilisers.

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

   .......................................................................................................................................
(1)

 (c) Ammonium nitrate is an artificial fertiliser.
  Ammonia reacts with nitric acid to make ammonium nitrate. 

  Write the balanced equation for this reaction.

ammonia               +              nitric acid                →        ammonium nitrate

        ...............................       +       ...............................          →        ...............................
(2)
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 (d) Another fertiliser, ammonium sulphate, is made by reacting ammonia with sulphuric 
acid.

  The equation for this reaction is 

2NH3 + H2SO4 → (NH4)2SO4

  What is the atom economy for the formation of ammonium sulphate in this 
reaction?

  
atom economy mass of useful product

total mass of product
= ×1000%

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

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

atom economy = ......................................%
(1) Q2

(Total 7 marks)
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3. Propane is an alkane.
 The diagram shows the structure of a molecule of propane.

 (a) Propene, C3H6, is an alkene.  
  Draw the structure of a molecule of propene, showing all covalent bonds.

(2)

 (b) Describe a test to distinguish between propane and propene.

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

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

  result with propane ........................................................................................................

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

  result with propene ........................................................................................................

   .......................................................................................................................................
(3)

H C C C H

H H

H H

H

H
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 (c) The polymer poly(propene) is made from propene.
  Poly(propene) softens at 160 °C.
  It forms tough fibres and has high resistance to attack by acids and alkalis.
  Different dyes can be added to poly(propene) to make products with different 

colours.

  (i) Describe how propene molecules react with each other to form poly(propene) 
molecules.

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

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

    ................................................................................................................................
(2)

  (ii) Suggest an item that could be made from poly(propene) and state which property 
of poly(propene) makes it suitable for this use.

    ................................................................................................................................
(1) Q3

(Total 8 marks)
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4. Calcium fluoride is an ionic compound. 
 It can be made by reacting calcium with fluorine.

 (a) Calcium fluoride consists of calcium ions, Ca2+, and fluoride ions, F–.  

  (i) Explain how a calcium atom, Ca, forms a calcium ion, Ca2+.

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

    ................................................................................................................................
(1)

  (ii) Write the formula of calcium fluoride.

    ................................................................................................................................
(1)

 (b) Explain why calcium fluoride has a high melting point.

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

   .......................................................................................................................................
(1)

 (c) When molten calcium fluoride is electrolysed, fluorine gas is formed at the positive   
electrode.

  Name the element formed at the negative electrode.

   .......................................................................................................................................
(1)

 (d) The element fluorine exists as fluorine molecules, F2.

  (i)  Draw a dot and cross diagram to show the arrangement of electrons in one 
molecule of fluorine.

   Show outer electrons only.

(2)
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  (ii) Fluorine can be made into a solid by cooling it. 
   Solid fluorine melts at –220°C.

   Explain why fluorine has such a low melting point.

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

    ................................................................................................................................
(1)

TOTAL FOR PAPER: 30 MARKS

END

Q4
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