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1  The structures of fi ve atoms, A, B, C, D and E, are shown below.
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 (a)  Answer the following questions about these structures. Each structure can be used once, 
more than once or not at all.

 (i)  Which two structures are hydrogen atoms? .............  and  .............

 (ii)  Which structure represents an atom of a metal? .............

 (iii)  Which structure has a proton (atomic) number of 3? .............

 (iv)  Which structure has two neutrons in its nucleus? ............. [5]

 (b)  The structure of carbon-12 can be written C6
12 .

  Write the structure of atom D in a similar way.

[1]

 (c)  Complete the following sentences about isotopes using words from the list below.

 atoms energy iron molecules

 neutrons protons radioactive stable

  Isotopes are atoms of the same element with the same number of ....................... 

and different numbers of ....................... . Some isotopes such as uranium-235 are 

........................ . Uranium-235 can be used as a source of ....................... . [4]

[Total: 10]
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2  The table shows some physical properties of the Group VII elements.

halogen melting point
/ °C

boiling point
/ °C

atomic radius
/ nanometers color

fl uorine –220 –188 pale yellow

chlorine –101 –35 0.099

bromine –7 +59 0.114 red-brown

iodine +114 +184 0.133 grey-black

 (a)  Use the information in the table to explain why

 (i)  chlorine is a gas at room temperature,  ......................................................................

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

 (ii)  bromine is a liquid at room temperature.  ...................................................................

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

 (b)  Describe the trend in atomic radius going down the group from chlorine to iodine.

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

 (c)  Suggest a value for the atomic radius of fl uorine.

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

 (d)  Describe the color of chlorine.

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

 (e)  A chlorine atom has 17 electrons.
  Complete the following structure to show how the electrons are arranged.

Cl

[2]

 (f)  Chlorine reacts with potassium bromide to form potassium chloride and bromine.

 (i)  Complete the symbol equation for this reaction.

 Cl 2  +  .......KBr  →  2KCl  +  ....... [2]

 (ii)  Explain why iodine does not react with potassium bromide.

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

[Total: 10]
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3  Aluminum and gallium are in Group III of the Periodic Table.

 (a)  The heat from your hand is suffi cient to melt gallium.
  Describe the change in state from solid to liquid in terms of the kinetic particle theory.
  In your answer include

 ●  the difference in arrangement and closeness of the particles in a solid and a liquid,
 ●  the difference in the motion of the particles in a solid and a liquid.

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

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

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

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

  .....................................................................................................................................  [5]

 (b)  Gallium is a metal. Describe three physical properties of gallium which are typical of 
most metals.

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

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

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

 (c)  When it is a gas, gallium(III) chloride has the structure shown below.

Ga

Cl

Cl

Cl

Cl

Ga

Cl

Cl

  Write the molecular formula for gallium(III) chloride.

  .....................................................................................................................................  [1]
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 (d)  Aluminum is used to make high voltage electricity cables.

electricity
cables

electricity pylon

  The table shows some properties of four metals which could be used for overhead power 
cables.

metal relative
strength

density in
g / cm3

relative electrical 
conductivity

price
$ per tonne

aluminum 9 2.70 0.4 2120

copper 30 8.92 0.7 9600

tungsten 100 19.35 0.2 450

steel 50 7.86 0.1 700

 (i)  Suggest why aluminum, rather than tungsten, is used in overhead power cables?

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

 (ii)  Suggest why steel, rather than copper, is used as a core for overhead power cables.

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

 (iii)  Give two reasons why aluminum is used for overhead power cables rather than 
copper.

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

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

 (e)  State one use of aluminum other than as an electrical conductor.

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

[Total: 14]
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4  Impure water needs to be treated if it is to be used in the home.

 (a) (i)  Explain why fi ltration and chlorination are used in the water treatment process.

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

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

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

 (ii)  State one use of water in the home.

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

 (b)  Describe a chemical test for water.

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

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

 (c) (i)  Complete the diagram below to show the electron arrangement in a water molecule.

O

H H

[1]

 (ii)  Is the bonding in water covalent or ionic?
  Give a reason for your answer.

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

 (d)  Pure water is neutral. Which one of these pH values is neutral?
  Put a ring around the correct answer.

pH 0          pH 6          pH 7          pH 9          pH 13
[1]

 (e)  Water reacts with sodium. The products are sodium hydroxide and hydrogen.
  Write a word equation for this reaction.

[1]

[Total: 9]
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5  Energy is given out when fuels burn.

 (a)  State the name given to a chemical reaction which releases energy.

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

 (b)  Hydrogen can be used as a fuel.
  Complete the symbol equation for the burning of hydrogen in oxygen.

 .......H2  +  .......  →  2H2O [2]

 (c)  Gasoline is a mixture of hydrocarbons containing between 5 and 10 carbon atoms.
  Four of these hydrocarbons are shown below.

CH

H

H

C

H

H

C

H

H

A

C

H

H

C

H

H

H CH

H

H

C

H

H

C

H

H

B

C

H

H

C

H

H

C

H

H

C

H

H

C

H

H

H

CH

H

H

C

H

H

C

H

H

C

C

H

H

C

H

H

C

H

H

H CH

H

H

C

H

H

C

H

H

D

C

H

H

C

H

H

C

H

H

C

H

H

H

 (i)  Which one of these structures, A, B, C or D, has the highest relative molecular 
mass?

  You are not expected to do any calculations.

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

 (ii)  Give one use of gasoline.

  ..............................................................................................................................  [1]
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 (d)  The table shows the boiling points of the straight-chain hydrocarbons in the gasoline 
fraction.

number of carbon atoms 5 6 7 8 9 10

boiling point / °C 36 69 126 151 174

 (i)  On the grid below, plot a graph to show how the boiling point changes with the 
number of carbon atoms in these hydrocarbons. Draw a smooth curve through the 
points.

5 6 7 8 9 10

180

160
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80
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20

boiling point
/ °C

number of carbon atoms
[3]

 (ii)  Use your graph to deduce the boiling point of the hydrocarbon with 7 carbon atoms.

 boiling point  ............... °C  [1]
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 (e)  The alkanes are a homologous series of hydrocarbons.

 (i)  What is meant by the term homologous series ?

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

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

 (ii)  Alkanes can be cracked to form alkenes and smaller alkanes.
  State the conditions needed for cracking.

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

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

[Total: 13]
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6  Inks are mixtures of different dyes.

 (a)  A student used paper chromatography to separate the dyes in a particular ink.
  Describe how paper chromatography is carried out. You may draw a diagram to help 

explain your answer.
  In your description include

 ● the apparatus you would use,
 ● how chromatography is carried out.

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

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

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

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

 (b) The chromatogram below shows the results of a chromatography experiment.
  X, Y and Z are pure dyes containing only one compound.
  The dyes present in four different inks, D, E, F and G are also shown.

X Y Z D E F G

 (i)  Which ink, D, E, F or G, contains all the dyes X, Y and Z?

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

 (ii)  Which ink, D, E, F or G, does not contain any of the dyes X, Y and Z?

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

 (iii)  Which ink contains the greatest number of different dyes?

  ..............................................................................................................................  [1]
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 (c)  Some inks contain ethanoic acid.
  Complete the structure of ethanoic acid.

CH

H

H

[1]

 (d)  Ethanoic acid can be used as a solvent.
  What is the meaning of the term solvent ?

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

 (e)  The structure of a dye called Gambine R is shown below.
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H H
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H

C

H

 (i)  How many different types of atom are there in one molecule of Gambine R?

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

 (ii)  How many carbon atoms are there in one molecule of Gambine R?

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

[Total: 11]
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7  Hydrogen peroxide, H2O2, decomposes in the presence of an enzyme called peroxidase. The 
products of this reaction are water and oxygen.

 (a) (i)  What is meant by the term enzyme?

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

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

 (ii)  Complete the symbol equation for this reaction.

 .......H2O2  →  2H2O  +  O2 [1]

 (b)  A student followed the course of this reaction by measuring the volume of oxygen 
released over a period of time.

  The diagram below shows some results that he obtained using hydrogen peroxide at 
three different concentrations.
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0

volume of
oxygen / cm3

time / seconds

concentration
of H2O2

0.4 mol / dm3

0.2 mol / dm3

0.1 mol / dm3

 (i)  Describe how the concentration of hydrogen peroxide affects the rate of this reaction.

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

 (ii)  On the graph above, draw a line to show the course of the reaction when the starting 
concentration of hydrogen peroxide is 0.3 mol / dm3. [2]

 (iii)  For the concentration of hydrogen peroxide of 0.4 mol / dm3, deduce

 ● the volume of oxygen given off when the reaction is complete,

........................ cm3

 ● the time it takes to produce 14 cm3 of oxygen.

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



13

0439/23/M/J/13© UCLES 2013 [Turn over

For
Examiner’s

Use

 (c)  In the presence of sulfuric acid, hydrogen peroxide reacts with iodide ions to form iodine 
and water. This involves the reduction of hydrogen peroxide.

 (i)  What is the meaning of the term reduction ?

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

 (ii)  Complete the word equation for the reaction of sulfuric acid with calcium hydroxide.

 sulfuric acid  +  calcium hydroxide  →  ............................  +  ............................

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

 (iii)  Describe a test for iodide ions.

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

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

[Total: 13]
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