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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.

Al Choose from the following substances to answer the questions below.

copper(ll) chloride
chlorine
ethanoic acid
hydrochloric acid
manganese(lV) oxide
platinum
potassium dichromate(VI)
sodium chloride
sulfuric acid

vanadium(V) oxide

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

Name a substance which

(@)

(b)

(c)

(d)

(e)

is a catalyst in the Contact process,

has an aqueous solution that reacts with aqueous sodium hydroxide to give a blue
precipitate,

...................................................................................................................................... [1]
is a weak acid,
...................................................................................................................................... [1]
can be used in the test for sulfur dioxide,
...................................................................................................................................... [1]
reacts with aqueous potassium iodide to give a brown colour.
...................................................................................................................................... [1]

[Total: 5]
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A2 Boron nitride, BN, exists in two physical forms. The structures of these forms are shown
below.

structure A structure B

These two forms of boron nitride resemble two allotropes of carbon.

(&) Suggest why boron nitride with structure A can be used as a lubricant.

[Total: 5]
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A3 Electrolysis involves the decomposition of a compound by the passage of an electric

current.

(@) (i) Complete the table, which relates to the electrolysis of different solutions using inert

(i)

(iii)

© UCLES 2009
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electrodes.

electrolyte ions in product at product at

electrolyte anode cathode

dilute aqueous K*, H*, OH~ oxvaen hvdrogen
potassium nitrate and NO4~ y9 yarog
concentrated + Lt
agueous sodium Na®, H™, chlorine hydrogen

. OH~and CI~
chloride
dilute aqueous Cu?*, S0,%,
copper(l1) sulfate H*and OH™ | .o | e,
dilute sulfuric acid

.................... oxygen hydrogen

[3]

Explain why the electrolysis of concentrated aqueous sodium chloride liberates
hydrogen rather than sodium at the cathode.

The electrolysis of dilute aqueous sodium chloride liberates oxygen at the anode.
Suggest why the electrolysis of concentrated aqueous sodium chloride liberates
chlorine rather than oxygen.

5070/02/M/J/09
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(b) Aqueous copper(ll) sulfate was electrolysed using copper electrodes. The copper

5

For

anode lost mass as copper(ll) ions were formed and the copper cathode gained mass |Examiner's
as copper atoms were formed.

(i) State one industrial application of this electrolysis.

(i) The results of an experiment involving the electrolysis of aqueous copper(l1) sulfate

are shown below.

Use

temperature of | current used | time of electrolysis | mass of copper formed at
electrolyte / °C [ amps /s the cathode / g

20 1.0 1000 0.329

20 2.0 1000 0.658

20 2.0 2000 1.320

25 2.0 2000 1.320

30 1.0 1000 0.329

Use the information in the table to describe how each of the variables affects the

mass of copper formed at the cathode.

temperature

© UCLES 2009
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A4 The diagram shows the atomic structure of an atom of element X.

electron

N

nucleus

(O =aproton
@ -aneutron

(a) Complete the table.

sub-atomic | relative charge | relative mass
particle
electron -1
neutron
proton 1
[2]
(b) Carbon-12 has the symbol 120.
Write the symbol for an atom of element X.
...................................................................................................................................... [2]
(c) Draw a diagram to show the atomic structure of another isotope of element X.
[2]
[Total: 6]
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A5 Chlorine forms some compounds that are covalent and others that are ionic.

(@) Draw a ‘dot-and-cross’ diagram for carbon tetrachloride, CCl,.
You only need to draw the outer electrons of the carbon and chlorine atoms.

[2]
(b) Calcium reacts with chlorine to form calcium chloride.

Draw diagrams to show the electronic structures and charges of both ions present in
calcium chloride.

[2]

[Total: 4]
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A6 The table shows the concentration of different ions found in a sample of aqueous industrial For
waste. Examiner's
Use
ion concentration
in mol/dm3
Ca’* 0.125
H* 2.30
K* 0.234
NO;~ 3.68
Fe2* 0.450

Use the information in the table to answer the following questions.

(a) Write the formula of one salt that could be obtained from the sample.

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

(b) Is the sample of aqueous waste acidic, neutral or alkaline? Explain your answer.
...................................................................................................................................... [1]

(c) Calculate the mass of dissolved iron(ll) ions, Fe2*, in 25dm?3 of the aqueous waste.
mass of iron(ll) ions = ........ccccceeeiiiiinnnnn. g 2]

(d) Excess aqueous sodium hydroxide is added, a small volume at a time, to a sample of
the aqueous industrial waste.
Describe and explain what you would observe.

© UCLES 2009 5070/02/M/3/09
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(e) Describe how you would confirm the presence of dissolved nitrate ions in the sample.

[Total: 11]
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A7 Poly(chloroethene) is an addition polymer. It is often found in solid household waste.

The diagram shows the repeat unit of poly(chloroethene).

~

I—O——xT
I—O——0

(a) Draw the structure of the monomer used to make poly(chloroethene).

[1]

(b) One way to dispose of solid household waste is to burn it at a high temperature. The

burning of poly(chloroethene) gives the waste gases hydrogen chloride, carbon dioxide
and water.

(i) Balance the following equation to show the burning of poly(chloroethene).

..... ~C,HsCl= + ....0, = ...HCl + ...CO, + ....H,0
[1]

(i) Hydrogen chloride gas is removed from the waste gases by reacting with moist
powdered calcium carbonate. Name the solid product formed.

.............................................................................................................................. [1]
(c) Name and state the use of a man-made condensation polymer.

name of coNdenSatioN POIYIMET .........uuuiiiiiiiei e

use of condensation POIYMET ... [2]

[Total: 5]
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Section B
Answer three questions from this section.

The total mark for this section is 30.

B8 Petrol (gasoline) is a mixture of hydrocarbons, one of which is octane, CgH, .

(@) Describe briefly how petrol is obtained from crude oil.

(b) Octane burns in air.
2CgH,;g + 250, — 16CO, + 18H,0

A petrol-powered motor car travels at a constant speed of 80 km/h. For every kilometre
travelled 108 g of carbon dioxide are formed.

When the motor car travels 100 km calculate

(i) the mass of carbon dioxide emitted by the car,

[1]

(i) the mass of petrol burned by the car assuming that petrol is 100% octane.

[4]
(c) In addition to carbon dioxide the exhaust emissions contain both nitric oxide, NO, and
carbon monoxide, CO.

Describe how a catalytic converter can help to reduce the amounts of nitric oxide and
carbon monoxide in the exhaust gases.

[Total: 10]
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B9 Alcohols are an homologous series of organic chemical compounds.

The table shows some information about different alcohols.

alcohol formula boiling point/ °C
methanol CH,;OH 65
ethanol C,H;OH 78
propanol C;H,OH 97
pentanol CgH,,OH 138

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

...................................................................................................................................... [3]
(b) (i) Estimate the boiling point of bUtaNOl. .............evviiiiiiii e [1]
(i) A molecule of the alcohol hexanol contains six carbon atoms. Write the formula of
hexanol.
................................................................ [1]
(c) Ethanol can be manufactured from ethene.
Ethene reacts with steam in the presence of an acid catalyst to form ethanol.
(i) Write an equation for the reaction between ethene and steam.
.............................................................................................................................. [1]
(i) Name the type of reaction that takes place.
.............................................................................................................................. [1]
(d) Ethanol can also be manufactured from glucose, CzH,,04.
CeH 1,04 — 2CO, + 2C,H.OH.
A solution containing 18 kg of glucose makes only 0.92kg of ethanol.
Calculate the percentage yield of ethanol.
[3]

[Total: 10]
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B10 Fertilisers supply the essential elements, nitrogen, phosphorus and potassium for plant
growth.
A bag of fertiliser contains 5009 of ammonium sulfate, (NH,),SO,, and 5009 of potassium
nitrate, KNO.

(a) Calculate the percentage by mass of nitrogen in the bag of fertiliser.

[4]

(b) Eutrophication occurs in river water polluted by fertilisers.
Describe the principal processes involved in eutrophication.

(c) Potassium sulfate is a soluble salt.

Outline the preparation of a pure, dry sample of potassium sulfate, starting from dilute
sulfuric acid.

[Total: 10]
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B11 Aluminium and iron are both metals.

Iron rusts in the presence of oxygen and water. Rusting involves a series of reactions.

14

Initially iron atoms lose electrons to form iron(ll) ions.

Fe(s) — Fe?*(aq) + 2e”

At the same time oxygen, O,,, and water molecules react to form hydroxide ions.

0,(9) + 2H,0(l) + 4e- — 40H(aq)

Agueous iron(ll) ions then react with agueous hydroxide ions to form solid iron(ll)

hydroxide.

Finally the iron(Il) hydroxide is oxidised to give hydrated iron(l11) oxide (rust).

(@) (i) Explain why the formation of iron(Il) ions from iron atoms is an example of

oxidation.

(i) Write the ionic equation, including state symbols, for the reaction between iron(ll)

ions and hydroxide ions.

(b) The table shows part of the reactivity series of metals.

metal

relative reactivity

zinc

iron

tin

most reactive

l

least reactive

An iron object plated with either zinc or tin will not rust.

(i) Suggest how tin stops iron from rusting.

© UCLES 2009
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(i) An iron object plated with tin will start to rust if the layer of tin is scratched. For
An iron object plated with zinc will not rust if the layer of zinc is scratched. Examiner's
Use the information in the table to explain these two observations. Use

use.

[Total: 10]
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