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1. In the 1970s, the effects of pollution from power stations were being seen in the lakes of
Britain and Scandinavia.  The problem was due to sulphur dioxide being produced and
forming acid rain, which contains sulphuric acid.  The problem became so great that in
many lakes all the fish died. 

In North Wales, the water company treated the acidic lakes with thousands of tonnes of
powdered limestone (mainly calcium carbonate).  Sodium carbonate was not used.

Sodium carbonate solution has a pH of approximately 10.

(a) Sulphuric acid in the lakes reacts with calcium carbonate to form calcium sulphate.
What is the state of the calcium sulphate formed?

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

(b) If large lumps of limestone are used, the reaction starts but soon stops.  Most of the
limestone remains unreacted even though the lake is still acidic.

Explain why.

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

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

(c) (i) If sodium carbonate were used instead of calcium carbonate, what would happen
to the excess sodium carbonate? 

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

(ii) Suggest what problem this might cause.

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

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

TURN OVER FOR QUESTION 2

Turn over*N22611A0316*
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2. Iron from the blast furnace is impure.  It contains 7% impurities, including about 4% of
carbon. 
Impure iron has few uses and most of it is used to produce steels.  In the production of
steel, high pressure oxygen is blown through the molten impure iron.

(a) Why does impure iron from the blast furnace have few uses?

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

(b) Why is oxygen used in steel production?

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

(c) In steel production, other metals can be added to make alloy steels.

(i) Name an alloy steel.

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

(ii) Give a use for this alloy steel.

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

(d) Since the middle of the nineteenth century, iron and steel have been used to make
ships. From late in the twentieth century, aluminium alloys have been used instead. 

(i) Explain why aluminium alloys are used instead of pure aluminium.

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

*N22611A0416*

density 
(kg m–3)

tensile strength
(MPa)

mild steel 7700 250
pure aluminium 2700 60–120
aluminium alloy 2800 240–400
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(ii) Suggest why aluminium alloys are used instead of steel to make ships.

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

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

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

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

TURN OVER FOR QUESTION 3
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3. Magnesium reacts with dilute sulphuric acid to form hydrogen gas.
The equation for the reaction is

magnesium   +   sulphuric acid   magnesium sulphate  +    hydrogen
Mg(s)      +   H2SO4(aq) MgSO4(aq) +     H2(g)

(a) Hydrogen is insoluble in water and is lighter than air.
Complete the diagram below to show how the volume of hydrogen produced could
be measured.

(2)

(b) Describe the hazard associated with hydrogen.

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

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

(c) Describe the test to show that the gas collected was hydrogen.

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

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

*N22611A0616*
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(d) A student was asked to carry out the reaction between magnesium and dilute
sulphuric acid to produce crystals of magnesium sulphate.  The student was told to
use an excess of magnesium.

(i) Why should an excess of magnesium be used?

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

(ii) Magnesium sulphate is soluble.
Describe how the student could obtain pure, dry crystals of magnesium sulphate
from the aqueous solution of magnesium sulphate.

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

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

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

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

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

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

TURN OVER FOR QUESTION 4

Turn over

Q3

(Total 9 marks)
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4. In many areas of the country, hard water is a problem.

(a) Limestone is one rock that can react and dissolve to form hard water.

Name another rock that can make water hard when it comes into contact with
rainwater.

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

(b) A solid scale is formed on the inside of hot water pipes in hard water areas. 

(i) Explain why the formation of scale on the inside of some old lead water pipes is
an advantage.

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

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

(ii) Give a disadvantage of build-up of scale in water pipes. 

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

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

(c) A student was asked to find out which salts, when dissolved in water, cause hardness.  

(i) Describe how the student could carry out the experiment on crystals of a salt,
using soap solution.

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

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

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

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

*N22611A0816*
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(ii) The student obtained the following results:

One of the results is incorrect.

Identify which one is incorrect.

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

TURN OVER FOR QUESTION 5

Turn over

Q4

(Total 7 marks)

*N22611A0916*

substance tested result
distilled water permanent lather formed
calcium chloride scum formed
magnesium chloride scum formed
potassium chloride scum formed
sodium chloride permanent lather formed
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5. Ethanol (C2H5OH) is made, in industry, by the hydration of ethene.

(a) Complete the equation below for the hydration reaction

………………………….    +   ……………………….   C2H5OH
(1)

(b) Ethanol belongs to the homologous series of alcohols. 
The structure of ethanol is shown.

(i) On this structure, circle the group of atoms which makes ethanol an alcohol.
(1)

(ii) Explain the meaning of the term homologous series.

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

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

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

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

(c) Propanoic acid reacts with ethanol to form ethyl propanoate.

(i) Describe a different reaction to show that propanoic acid behaves as an acid.

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

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

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

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

*N22611A01016*
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(ii) Draw the structure of ethyl propanoate.

(2)

TURN OVER FOR QUESTION 6

Turn over

Q5

(Total 9 marks)
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6. Sulphuric acid is manufactured by the Contact process.  In one stage of the process, a
mixture of sulphur dioxide and air is heated to 400–450°C and passed over a
vanadium(V) oxide catalyst.  An exothermic reaction takes place.  About 95% of the
sulphur dioxide is converted to sulphur trioxide. 
The reaction is

2 SO2(g)  +  O2(g)  2 SO3(g)

(a) (i) What volume of oxygen would be required to react completely with 100 dm3

of sulphur dioxide?
(Assume all gaseous volumes are measured at the same temperature and
pressure.)

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

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

answer = ........................................ dm3

(1)

(ii) What volume of sulphur trioxide would be formed from the complete reaction of
100 dm3 of sulphur dioxide?
(Assume all gaseous volumes are measured at the same temperature and
pressure.)

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

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

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

answer = ........................................ dm3

(1)

(b) State and explain the effects of carrying out the reaction at the higher temperature of
600°C instead of 450°C.

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

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

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

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

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

*N22611A01216*
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(c) In the final stage of the process, the mixture is passed into an absorber.  Here the
sulphur trioxide reacts with the water present in concentrated sulphuric acid.
Write the equation for the reaction of sulphur trioxide with water.

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

TURN OVER FOR QUESTION 7

Turn over

Q6

(Total 7 marks)
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7. The concentration of a solution of sodium carbonate is found by titration with
hydrochloric acid. 

Na2CO3(aq)  +  2 HCl(aq) 2 NaCl(aq)  +  CO2(g)  +  H2O(l)

The solution of sodium carbonate is titrated with 0.100 mol dm–3 hydrochloric acid.

Here are the results of the titration.

volume of sodium carbonate solution used = 10.0 cm3

volume of 0.100 mol dm–3 hydrochloric acid needed trial titration = 20.8 cm3

1st titration = 20.1 cm3

2nd titration = 20.2 cm3

(a) After the trial titration, why was it necessary to carry out two further titrations?

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

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

(b) Describe, in detail, how the titration labelled ‘1st titration’ should be carried out. 
In your answer you should refer to the equipment needed and the experimental
technique involved.

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

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

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

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

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

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

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

.......................................................................................................................................
(4)

*N22611A01416*
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(c) Calculate the concentration of the sodium carbonate solution in mol dm–3.

You may do the calculation
Either by following steps (i), (ii) and (iii)
Or by using another method in (iii) only.

(i) Calculate the number of moles of hydrochloric acid (HCl) that reacted.

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

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

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

answer = ........................................ mol

(ii) Using the equation for the reaction, calculate the number of moles of sodium
carbonate (Na2CO3) contained in 10.0 cm3 of solution.

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

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

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

answer = ........................................ mol

(iii) Calculate the concentration of the sodium carbonate solution in mol dm–3.

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

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

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

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

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

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

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

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

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

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

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

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

answer = .............................. mol dm–3

(5)
QUESTION 7 CONTINUES OVERLEAF

Turn over*N22611A01516*
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(d) Another solution of sodium carbonate has a concentration of 0.250 mol dm–3.
Calculate the concentration of this solution in g dm–3.
(Relative atomic masses: C = 12.0, O = 16.0, Na = 23.0)

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

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

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

answer = ................................... gdm–3

(2)

(e) Sodium chloride solution is produced in the titration. 
If dilute nitric acid followed by silver nitrate solution is added to this solution, a white
precipitate is formed.

Write the ionic equation, including state symbols, for this reaction.

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

TOTAL FOR PAPER: 60 MARKS
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