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Instructions

Use black ink or ball-point pen.

Fill in the boxes at the top of this page with your name,
centre number and candidate number.

Answer all questions.

Answer the questions in the spaces provided

— there may be more space than you need.

Information

The total mark for this paper is 60.

The marks for each question are shown in brackets

— use this as a guide as to how much time to spend on each question.

Questions labelled with an asterisk (*) are ones where the quality of your

written communication will be assessed

— you should take particular care with your spelling, punctuation and grammar, as
well as the clarity of expression, on these questions.

Advice
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Read each question carefully before you start to answer it.
Keep an eye on the time.

Try to answer every question.

Check your answers if you have time at the end.
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Answer ALL questions

Some questions must be answered with a cross in a box [X. If you change your mind about an
answer, put a line through the box 5¢ and then mark your new answer with a cross [X.

Electrolysis
1 (a) Theionsin sodium chloride solution are

sodium ions, Na*
chloride ions, CI°
hydrogen ions, H"
hydroxide ions, OH"

Sodium chloride solution is electrolysed using a direct electric current.

(i) Which of these ions will be attracted to the cathode during the electrolysis of
sodium chloride solution?

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

H" ions only
H" and Na* ions
Cl"ions only

ClI" and OH  ions

(i) Chlorine is one of the products of the electrolysis.
The half-equation for the production of chlorine is
2CIN — Cl + 2e

Explain how the half-equation shows that chloride ions are oxidised.
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(iv) The electrolysis of sodium chloride solution does not produce metallic sodium.

State what change you would make to the electrolyte to obtain metallic sodium.

(b) (i) When copper sulfate solution is electrolysed using inert electrodes, oxygen is
formed at the positively charged anode.

Explain how the oxygen is formed from ions in the solution.

(ii) The other product is copper.
1.27 g of copper were produced in an experiment.

Calculate the number of moles of copper, Cu, produced in this experiment.

(Relative atomic mass: Cu = 63.5)

amount of copper produced = ... mol

(Total for Question 1 = 8 marks)
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Organic chemistry

2 (a) (i) Which of the following is the formula for a molecule of butane?

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

CH,
CH,
CH,
CH,

(ii) Draw the structure of a molecule of propene, showing all covalent bonds.

(b) Complete the sentence by putting a cross ([X) in the box next to your answer.

Ethanol, C,H.OH, can be converted into ethanoic acid, CH,COOH.

In this reaction, ethanol is

O

(|
(|
(|

dehydrated
neutralised
oxidised

reduced
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(c) (i) Describe what you would see when solid sodium carbonate is added to dilute
ethanoic acid.

(ii) When ethanoic acid reacts with ethanol, one of the products is the ester, ethyl
ethanoate.

Complete the balanced equation for this reaction.

CH,COOH + CH.OH —> oo +

(Total for Question 2 = 8 marks)
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Ethanol
3 (a) Ethanol can be produced by reacting ethene with steam.

Write the balanced equation for this reaction.

(b) Ethanol can also be produced by fermentation.

Describe how ethanol can be produced from sugar by fermentation.

(c) A country has large amounts of available fertile land.
It has no reserves of crude oil.
It is not a wealthy country.

Explain why this country produces the ethanol it needs by fermentation rather
than from ethene.
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(d) Ethanol is a member of the homologous series of alcohols.
The first three members of the series are

methanol CH,OH
ethanol C,H.OH
propanol CHOH

Use the formulae of these molecules to explain why these alcohols are members
of the same homologous series.

(Total for Question 3 = 9 marks)
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Ammonia

4 When nitrogen and hydrogen react to form ammonia, the reaction can reach a
dynamic equilibrium.

N,(9) + 3H,(g) = 2NH,(9)

(@) Explain what is meant by a dynamic equilibrium.

(b) In industry, the reaction between nitrogen and hydrogen is affected by the conditions
used.

(i) The pressure used is 250 atmospheres.

Explain how the use of a higher pressure would affect the equilibrium yield of
ammonia.

(i) The reaction between nitrogen and hydrogen to form ammonia is exothermic.
The temperature used is 450°C.

Explain how the use of a lower temperature would affect the equilibrium yield
of ammonia.

10
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(iii) Even at 450°C, the reaction is very slow.

State what is used in industry to overcome this problem.

(c) (i) Calculate the minimum volume of hydrogen required to completely convert
1000 dm?3 of nitrogen into ammonia.

volume of hydrogen =

(i) Ammonia is reacted with excess nitric acid, HNO,, to make ammonium nitrate,
NH,NO..

NH, + HNO, — NH,NO,

Calculate the mass of ammonium nitrate produced by the complete reaction
of 34 g of ammonia.

(Relative atomic massesH=1.0,N=14,0=16)

mass of ammonium nitrate produced =

(Total for Question 4 = 11 marks)
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Using titration

5 Titration can be used to determine the exact amount of hydrochloric acid that reacts
with a given amount of sodium hydroxide solution.

HCl + NaOH — NaCl + H,O

(@) What type of reaction takes place when hydrochloric acid reacts with sodium

hydroxide solution?
(1)

Put a cross (X)) in the box next to your answer.
L[] A neutralisation

[J] B oxidation

[J € precipitation

[J] D reduction

(b) Suggest why universal indicator must not be used in titration experiments.

\. J
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*(c) Sodium chloride solution can be made from dilute hydrochloric acid and sodium
hydroxide solution.

Describe a titration experiment to find the exact volume of hydrochloric acid
needed to neutralise 25.0 cm? of sodium hydroxide solution and how you would
use this result to obtain pure, dry crystals of sodium chloride.

14
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(d) Sodium hydroxide solution is titrated with dilute hydrochloric acid.
The results of the experiment are
volume of sodium hydroxide solution = 25.0cm’

volume of 0.100 mol dm™ hydrochloric acid used

rough titration =23.1cm’
1% titration = 226cm’
2 titration =228cm’

(i) State the volume of hydrochloric acid that must be used to calculate the
concentration of sodium hydroxide solution.

volume of hydrochloricacid = ... cm

(i) In a different experiment, 25.0 cm’ of sodium hydroxide solution reacted with
23.2 cm’ of 0.100 mol dm™ hydrochloric acid, HCI.

Calculate the concentration of this sodium hydroxide solution, NaOH, in
mol dm-.

NaOH + HCl — NaCl + H,0

concentration of sodium hydroxide solution = ... mol dm™

(Total for Question 5 = 12 marks)
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Identifying salts
6 (a) Substance X is an ammonium salt.
(i) Complete the sentence by putting a cross (X)) in the box next to your answer.

A test was carried out to find which anion is present in substance X.
Dilute hydrochloric acid was added to a sample of substance X.
There was effervescence and the gas given off turned limewater milky.

The anion present in substance X is

A carbonate ion, CO,”
B chlorideion, CI°

C nitrate ion, NO;
D

sulfate ion, SO,

(i) Describe how sodium hydroxide solution can be used to show that
ammonium ions are present in substance X.

(b) Aluminium ions, AI**, react with hydroxide ions in solution to give a white
precipitate of aluminium hydroxide.

Write the ionic equation for this reaction.
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*(c) A technician found some colourless crystals of a substance left, unlabelled, in a
beaker in a laboratory.

She knew the substance was one of potassium sulfate, potassium iodide, sodium
sulfate or sodium iodide.

Explain how, using chemical tests, the technician could find out if the substance
left in the beaker was potassium sulfate, potassium iodide, sodium sulfate or
sodium iodide.

You may include equations in your answer.

(Total for Question 6 = 12 marks)

TOTAL FOR PAPER = 60 MARKS
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