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    Section A

    Answer all the questions in this section in the spaces provided.

    The total mark for this section is 45.

A1 Choose from the following compounds to answer the questions below.

butane

calcium carbonate

carbon dioxide

copper(II) nitrate

iron(II) hydroxide

iron(III) hydroxide

propene

sodium chloride

sulfur dioxide

sulfuric acid

 Each compound can be used once, more than once or not at all.

 Name a compound which

 (a) is a green solid,

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

 (b) is a saturated hydrocarbon,

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

 (c) has a molecule with only 9 atoms,

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

 (d) can be used to reduce the acidity in lakes,

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

 (e) will turn aqueous acidified potassium dichromate(VI) from orange to green,

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

 (f) can be electrolysed in aqueous solution to form two gases.

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

 [Total: 6]
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A2 Photosynthesis helps to maintain the percentage of oxygen in air.

 (a) What is the percentage, by volume, of oxygen in dry air?

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

 (b) In addition to releasing oxygen, photosynthesis produces glucose, C6H12O6.

  Write the overall equation that represents photosynthesis.

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

 (c) Describe the essential conditions needed for photosynthesis.

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

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

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

 (d) Photosynthesis is an endothermic reaction.

  (i) Explain, in terms of the energy changes that occur during bond breaking and bond 
making, why photosynthesis is an endothermic reaction.

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

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

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

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

  (ii) Complete the energy profile diagram for photosynthesis.

   On your diagram label the
 • products,
 • enthalpy change for the reaction, ΔH,
 • activation energy, Ea.

energy
reactants

progress of reaction

 [3]

 [Total: 9]



4

5070/21/M/J/13© UCLES 2013

For
Examiner’s

Use

A3 Salts are often made by the neutralisation of bases.

 (a) Aqueous potassium hydroxide, of concentration 0.150 mol / dm3, is added to 25.0 cm3 of 
sulfuric acid in a flask.

  The graph shows how the pH of the liquid in the flask changes as aqueous potassium 
hydroxide is added to it.

0
0

2

4

6

pH

8

10

12

14

10 20

volume of potassium hydroxide / cm3

30 40 50

  (i) Construct the equation for the complete neutralisation of sulfuric acid by potassium 
hydroxide.

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

  (ii) Use the graph to deduce the volume of aqueous potassium hydroxide required to 
neutralise 25.0 cm3 of sulfuric acid.

 .............................................................................................................................  [1]
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  (iii) Use your answers to (i) and (ii) to calculate the concentration of sulfuric acid.

 concentration of sulfuric acid =  ..................................  mol / dm3  [3]

 (b) Describe the essential experimental details for preparing a pure sample of zinc nitrate 
crystals from zinc oxide.

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

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

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

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

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

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

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

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

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

 [Total: 9]
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A4 The table shows the number of electrons, neutrons and protons in seven different particles.

particle
number of

electrons neutrons protons

A 12 12 12

B 15 16 15

C 17 18 17

D 17 20 17

E 18 16 16

F 18 22 18

G 18 20 20

 (a) What is the nucleon number for F?

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

 (b) Explain why A is a neutral particle.

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

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

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

 (c) Which particles are isotopes of the same element?

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

 (d) What is the charge on E?

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

 (e) Which particles have the same relative mass?

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

 [Total: 6]
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A5 Analysis of compound X shows it has the following composition.

element percentage by mass

nitrogen 11.1

hydrogen 3.20

chromium 41.3

oxygen 44.4

 (a) Show that X has the formula N2H8Cr2O7.

 [3]

 (b) An aqueous solution of X is orange.

  Suggest which element in X is responsible for the orange colour.

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

 (c) An acidified aqueous solution of X reacts with aqueous potassium iodide to form iodine.

  State and explain what you can conclude about the chemical nature of X.

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

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

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

 (d) Aqueous sodium hydroxide is added to solid X and the mixture is warmed. A gas that 
turns moist red litmus blue is evolved.

  (i) Give the formula of the positive ion present in X.

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

  (ii) Suggest the formula of the other ion present in X.

 .............................................................................................................................  [1]
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 (e) When solid X is heated only Cr2O3, water and gas Z are formed.

  Name gas Z.

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

 [Total: 9]

Question A6 starts on page 10.
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A6 Potassium is in Group I and chlorine is in Group VII of the Periodic Table.

 Potassium forms an oxide with the formula K2O and chlorine forms an oxide with the formula 
Cl2O.

 (a) (i) Draw a ‘dot-and-cross’ diagram for Cl2O.

   You only need to draw the outer shell electrons.

 [1]

  (ii) Explain, using ideas about structure and bonding, why Cl2O has a low melting 
point.

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

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

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

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

 (b) Draw diagrams to show the electronic structures and charges of both ions present in 
potassium oxide.

 [2]

 (c) Chlorine forms another oxide Cl2O7. One mole of this oxide reacts with one mole of 
water to make two moles of an acid and no other products.

  Construct the equation for this reaction.

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

 [Total: 6]
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    Section B

    Answer three questions from this section in the spaces provided.

    The total mark for this section is 30.

B7 Malachite is an ore of copper. The formula of malachite is CuCO3.Cu(OH)2.

 Malachite reacts as though it is a mixture of copper(II) carbonate and copper(II) hydroxide.

 A small sample of malachite is added to excess dilute hydrochloric acid, HCl(aq). The carbon 
dioxide formed is collected and has a volume of 96 cm3 at room temperature and pressure.

 (a) What would you observe when malachite reacts with HCl(aq)?

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

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

 (b) Construct the equation for the reaction between malachite and HCl(aq).

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

 (c) Calculate the mass of carbonate ion, CO3
2−, in the sample of malachite.

 mass of CO3
2− =  ..............................................  g  [3]

 (d) Copper is extracted from malachite by heating with carbon.

  (i) Construct an equation for the reduction of malachite by carbon.

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

  (ii) Malachite is a finite resource. Give one other reason why copper should be 
recycled.

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

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

 [Total: 10]
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B8 Carboxylic acids are a homologous series of organic compounds.

 The table shows information about some carboxylic acids.

carboxylic acid formula melting point / °C boiling point / °C

methanoic acid HCO2H   8 100

ethanoic acid CH3CO2H  17 118

C2H5CO2H −22 141

butanoic acid C3H7CO2H

hexadecanoic acid C15H31CO2H  63 269

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

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

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

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

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

 (b) Name the carboxylic acid with the formula C2H5CO2H.

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

 (c) Deduce the general formula for a carboxylic acid.

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

 (d) It is more difficult to estimate the melting point of butanoic acid than its boiling point.
  Use the data in the table to explain why.

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

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

 (e) When warmed in the presence of concentrated sulfuric acid, butanoic acid reacts with 
ethanol to make an ester.

  Name and draw the structure, showing all the atoms and all the bonds, of this ester. 

name .........................................................

structure

 [2]
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 (f) Hexadecanoic acid, C15H31CO2H, is a weak acid.

  (i) Write an equation to show the dissociation of hexadecanoic acid when dissolved in 
water. Use the equation to explain the meaning of the term weak acid.

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

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

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

  (ii) What is the formula of the salt formed when hexadecanoic acid reacts with aqueous 
sodium hydroxide?

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

 [Total: 10]
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B9 Ethanol is manufactured by the hydration of ethene.

C2H4(g)  +  H2O(g)    C2H5OH(g)           ΔH = – 45 kJ / mol

 This reaction is exothermic.

 The reaction is normally carried out at a pressure of 70 atmospheres and a temperature of 
300 °C.

 (a) The reaction is carried out at 70 atmospheres pressure and at 600 °C rather than 300 °C.

  Predict and explain the effect of raising the temperature on

  (i) the rate of reaction,

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

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

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

  (ii) the position of equilibrium.

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

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

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

 (b) The reaction is carried out at 20 atmospheres rather than 70 atmospheres, and at 
300 °C.

  Predict and explain the effect of decreasing the pressure on

  (i) the rate of reaction,

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

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

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

  (ii) the position of equilibrium.

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

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

 .............................................................................................................................  [2]
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 (c) Calculate the energy released when 10 moles of ethanol are formed.

 energy released =  .............................................  kJ  [1]

 (d) The hydration of ethene uses an acid catalyst.

  Explain how a catalyst can increase the rate of reaction.

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

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

 [Total: 10]
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B10 Aqueous silver nitrate can be electrolysed using inert electrodes.
 Solid silver is formed on the cathode (negative electrode).

 The table shows how the mass of silver formed is affected by four factors.

temperature 
of solution

/ °C

duration of 
electrolysis
/ seconds

current passed 
through 

solution / amps

concentration of 
solution

/ mol / dm3

mass of silver 
formed

/ g

25 100 9.65 1.0 0.108

30 100 9.65 1.0 0.108

25 100 9.65 0.5 0.108

25 200 9.65 0.5 0.216

25 100 19.3 1.0 0.216

 (a) The electrode reaction at the cathode is reduction.

  (i) Construct the equation for the reaction which occurs at the cathode.

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

  (ii) Explain why this reaction is reduction.

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

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

 (b) State how each of the following factors affects the mass of silver formed at the cathode.

temperature of solution

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

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

duration of electrolysis

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

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

current used

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

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

concentration of solution

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

 ..........................................................................................................................................
 [4]
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 (c) Explain why aqueous silver nitrate can be electrolysed but solid silver nitrate cannot.

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

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

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

 (d) Aqueous silver nitrate reacts with dilute hydrochloric acid to form a white precipitate.

  Construct the ionic equation, including state symbols, for the formation of this white 
precipitate.

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

 [Total: 10]
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