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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 substances to answer the questions below.

aluminium oxide

ammonia

barium sulphate

calcium carbonate

carbon monoxide

lead(II) iodide

nitrogen dioxide

silicon dioxide

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

Name a substance which

(a) is a gas that causes acid rain,

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

(b) has a giant molecular structure,

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

(c) is amphoteric,

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

(d) is an insoluble yellow solid.

......................................................................................................................................[1]
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A2 Iron is one of the most important metals. It is a transition element. 
Most iron is used in the alloy steel.

(a) Explain, in terms of metallic bonding, why iron is a good electrical conductor.

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

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

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

(b) Describe how different proportions of carbon can modify the physical properties of steel.

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

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

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

(c) When underwater, iron pipes will rust relatively rapidly.

(i) State the essential conditions needed for the rusting of iron.

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

(ii) Pieces of magnesium are often attached to underwater iron pipes. Explain how the
magnesium protects the iron pipes against rusting.

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

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

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

(d) Write two typical properties that are generally common only to transition elements.

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

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

(e) A sample of a compound of iron is analysed. The sample contains 0.547 g of potassium,
0.195 g of iron, 0.252 g of carbon and 0.294 g of nitrogen.
Calculate the empirical formula of this compound.

Answer .........................................................................................................................[3]
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A3 This question is about the Periodic Table.

The diagram below shows part of the original Periodic Table first published by Mendeleev in
1869.

The asterisks (*) show gaps in the table that Mendeleev deliberately left.

(a) Which group of elements in a modern Periodic Table is missing from Mendeleev’s
Periodic Table?

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

(b) Write two other differences between Mendeleev’s original table and a modern Periodic
Table.

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

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

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

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

(c) Find rubidium, Rb, in the Periodic Table provided on page 16.
Predict the reaction between rubidium and cold water.
Include observations and the chemical equation.

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

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

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

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

......................................................................................................................................[3]
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Period 1 Period 2 Period 3 Period 4 Period 5

Group 1 H Li Na K Rb
Cu Ag

Group 2 Be Mg Ca Sr
Zn Cd

Group 3 B Al * Y
* In

Group 4 C Si Ti Zr
* Sn

Group 5 N P V Nb
As Sb

Group 6 O S Cr Mo
Se Te

Group 7 F Cl Mn *
Br I
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A4 Petroleum is a mixture of hydrocarbons. In an oil refinery it is separated into fractions by
fractional distillation. 

The diagram shows a fractionating column and some of the fractions obtained from
petroleum.

(a) State the physical property on which the separation depends.

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

(b) (i) State one use for the naphtha fraction.

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

(ii) State one use for the bitumen fraction.

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

(c) The liquefied petroleum gas fraction contains the saturated hydrocarbons 
methane, CH4, and ethane, C2H6.

(i) What is the meaning of the term saturated hydrocarbon?

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

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

crude
oil heater

bitumen

liquefied petroleum gas

petrol

naphtha

paraffin (kerosene)
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(ii) Draw a ‘dot and cross’ diagram to show the bonding in methane. You only need to
draw the outer electrons of carbon.

[4]

(d) Describe the importance of cracking in the oil refining process.

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

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

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

A5 Chlorine, hydrogen and sodium hydroxide are made by the electrolysis of concentrated
aqueous sodium chloride.

(a) Aqueous sodium chloride contains the following ions, Na+, H+, OH– and Cl–.

Concentrated aqueous sodium chloride can be electrolysed using inert electrodes.

The electrode reactions are represented below.

cathode 2H+ +  2e– → H2
anode 2Cl– → Cl2 +  2e–

(i) Explain why hydrogen, not sodium, is formed at the cathode.

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

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

(ii) Suggest why, as the electrolysis proceeds, the concentration of sodium hydroxide
in the electrolyte increases.

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

...................................................................................................................................
[2]
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(b) Describe a chemical test for each of the gases produced during the electrolysis of
concentrated aqueous sodium chloride.

(i) chlorine

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

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

(ii) hydrogen

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

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

(c) Describe the use of chlorine in the purification of water.

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

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

(d) Describe an advantage of using hydrogen as a possible fuel in the future.

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

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

(e) Name the products, if any, of the reaction of chlorine with

(i) aqueous potassium fluoride,

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

(ii) aqueous sodium bromide.

...................................................................................................................................
[2]
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A6 The structure of sodium chloride is drawn below.

(a) Sodium chloride is an ionic solid.
Draw the electronic structure of both a sodium ion and a chloride ion.

sodium ion chloride ion

[2]

(b) Sodium chloride has a melting point of about 800 °C.

(i) Explain why sodium chloride has a high melting point.

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

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

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

(ii) Magnesium oxide, MgO, has a similar structure to sodium chloride. Suggest why
the melting point of magnesium oxide is higher than that of sodium chloride.

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

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

(c) Explain why solid sodium chloride will not conduct electricity but molten sodium chloride
will.

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

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

Na+ Cl –

Cl – Na+

Cl – Na+

Na+ Cl –
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Section B

Answer three questions from this section.

The total mark for this section is 30.

B7 Ozone, O3, is an atmospheric pollutant in the lower atmosphere but is beneficial higher up in
the atmosphere.

(a) How is ozone formed in the lower atmosphere? [1]

(b) Ozone in the upper atmosphere is being depleted. Describe briefly how this is
happening and some of the health problems caused by ozone depletion. [3]

(c) At room temperature ozone decomposes slowly to form oxygen, O2.

The decomposition can be represented by the equation below. The reaction is
exothermic. One mole of ozone will release 143 kJ when it is fully decomposed.

2O3 → 3O2

(i) In terms of the energy changes that take place during bond breaking and bond
making, explain why this reaction is exothermic.

(ii) Explain why the rate of this decomposition increases as the temperature
increases.

(iii) Calculate the energy released when 16 g of ozone is decomposed. 
[6]
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B8 Sunglasses can be made from photochromic glass. When bright light strikes photochromic
glass it darkens.

Photochromic glass contains small amounts of silver chloride, AgCl, and copper(I) chloride,
CuCl.

In the presence of bright light, silver chloride decomposes into silver atoms which make the
glass go dark, and into chlorine atoms.

AgCl → Ag  +  Cl

Chlorine atoms immediately react with copper(I) chloride to make copper(II) chloride.

CuCl +  Cl → CuCl2

When the exposure to bright light ends, silver atoms reduce copper(II) chloride back into
copper(I) chloride and silver chloride.

(a) Calculate the maximum mass of silver that can be formed when 0.287 g of silver
chloride decomposes. [2]

(b) Explain why the reaction between copper(I) chloride and chlorine involves both
oxidation and reduction. [3]

(c) Construct the equation for the reaction between silver and copper(II) chloride. [1]

(d) Aqueous copper(II) chloride reacts with aqueous sodium hydroxide to form a
precipitate.

(i) Write the ionic equation, including state symbols, for the precipitation reaction.

(ii) What is the name and colour of the precipitate?
[4]
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B9 Ammonia is manufactured by the Haber process. Ammonia is used to manufacture
nitrogenous fertilisers such as ammonium nitrate.

(a) The graphs below give information about the percentage of ammonia present in the
equilibrium mixture at different temperatures and pressures.

The reaction requires the use of a catalyst, which operates most efficiently within the
temperature range 280 – 450 °C. 

(i) Name the catalyst used in the Haber process. 

(ii) Write a balanced equation for the formation of ammonia in the Haber process.

(iii) Which conditions of temperature and pressure give the highest percentage of
ammonia at equilibrium within the catalyst operating temperature range?

(iv) Suggest why the normal working temperature used in the Haber process is often
over 400 °C.

[5]

(b) Describe and explain the effect of a catalyst on the rate of a reaction.
Explain how the use of a catalyst can reduce the overall energy requirement for the
Haber process. [3]

(c) A farmer spreads a fertiliser containing ammonium nitrate onto his land. The farmer
then spreads calcium hydroxide on his land to reduce its acidity.

Write an equation for the reaction between ammonium nitrate and calcium hydroxide.
Use this equation to explain why the nitrogen content of the fertiliser will be lowered. [2]
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B10 All members of the carboxylic acid homologous series contain the –CO2H group.
The table shows the formula of the first three members of this homologous series.

(a) Name the unbranched carboxylic acid that has four carbon atoms per molecule. [1]

(b) Give the formula of the sixth member of the carboxylic acid homologous series. [1]

(c) Ethanol, C2H5OH, reacts with ethanoic acid to make ethyl ethanoate.
Draw the structure of ethyl ethanoate. [1]

(d) Name a reagent that can be used to convert ethanol into ethanoic acid. [1]

(e) Magnesium reacts with ethanoic acid to make magnesium ethanoate and hydrogen.

Write the equation for this reaction. Use the equation to calculate the mass of
magnesium needed to react completely with 50 cm3 of 1.0 mol/dm3 of ethanoic acid.

[3]

(f) Suggest why the reaction between magnesium and 1.0 mol/dm3 ethanoic acid is much
slower than the reaction between magnesium and 1.0 mol/dm3 hydrochloric acid. [2]

(g) Aqueous sodium hydroxide neutralises dilute ethanoic acid. 
Write the ionic equation for this reaction. [1]

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

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

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

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

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

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

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

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

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

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

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

..................................................................................................................................................
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carboxylic acid formula

methanoic acid HCO2H

ethanoic acid CH3CO2H

propanoic acid C2H5CO2H
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