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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 Use the substances named in the table to answer the following questions.

(@ ()

(ii)

(iii)

(iv)

name of substance

melting poin

t | boiling point

percentage by

/°C /°C volume in clean air
argon -189 -186 0.93
carbon dioxide sublimes at —78 0.03
helium -270 —269 0.0005
nitrogen -210 -196 78.03
oxygen 219 -183 20.99

Name a monatomic gas.
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Box A represents the arrangement of particles in carbon dioxide at —79 °C.

(v) Draw a diagram in box B to show the arrangement of particles in carbon dioxide at

-77 °C.
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000000000000 0O0
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Box A Box B [6]

The percentage amounts of the same gases were measured in air from a crowded
classroom.

(b) (i) Name one gas whose percentage is higher in air from a crowded classroom.
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A2 Chlorofluorocarbons (CFCs) are sometimes used as propellants in aerosols. ‘Holes’ in the

ozone layer are caused by reactions involving chlorofluorocarbons.

(a) Explain why holes in the ozone layer can cause harm to humans.

Difluoromethane, CH,F, is a hydrofluorocarbon.
It can be used instead of CFCs in aerosols.

(b) Draw a dot and cross diagram to show the bonding in CH,F,.
Your diagram only needs to show outer shell electrons.

(c¢) Difluoromethane can be made by reacting methane with fluorine.

CH, +F, — CH;F + substance X
CHg;F +F, — CH,F, + substance X

(i) Name substance X.

(i) What is the name for this type of reaction?

(iii) Gaseous bromine will also react with methane.

Suggest whether the reaction is faster or slower than with fluorine.

Explain your answer.
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A3 Tritium is an isotope of hydrogen. *
An ion of tritium has the following structure.

(a) Complete the following table to show the names and charges of the particles in this
tritium ion.

symbol name charge

O neutron

® +1
© -1

[2]
(b) Using the symbol T to represent tritium, give the formulae of
(i) the ion SHOWN @DOVE .....ooiiiiiiii et
(ii) the compound formed between tritium and sodium. ........cccccoiiiiiiiiii
[2]
(¢) Would you expect the oxide of tritium to be a solid, a liquid or a gas?
Explain your reasoning.
...................................................................................................................................... [1]
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A4 Propane and propene are organic compounds.

(a)

(b)

(c)

State one similarity and one difference between the structures of propane and
propene.

L] 0011 =g PP PTP PR
AIffEIENCE .. ——————————————— [2]

Name a substance that can be used to distinguish between propane and propene. In
each case, describe what you would see.

SUDSTANCE .o e e e aa e e e
observation With Propane ...
observation With PropEeNE ........ceviiiii e 2]

Another compound, Z, can be polymerised to form polystyrene.
Part of the structure of polystyrene is shown below.

H  CgHy T CeHs T CeHs H|| CeHs

| | | | |
R
H H H H H H H H

(i) Draw the structure of compound Z.

(ii) Name the two products which are formed by complete combustion of polystyrene.
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A5 In the future, fuel cells may be used to power cars. *

In a fuel cell, the overall reaction is represented by the equation
2H,(9) + O,(9) — 2H,0(l)

(a) This is the energy profile diagram for the reaction between hydrogen and oxygen.

energy

-

progress of reaction

(i) Label on the diagram the activation energy of the reaction.

(ii) The fuel cell contains a catalyst. Draw a second curve on the diagram to show the
energy profile for the catalysed reaction.

(iii) Explain why this reaction is exothermic in terms of bond breaking and bond
forming.

(b) Choose from the following list the metal that is most likely to act as a catalyst. Give a
reason for your choice.

beryllium lead titanium aluminium

5070/2/0/N/02 [Turn over
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A6 Iron is manufactured in the blast furnace from haematite.

(a) Inthe furnace, a redox reaction takes place between iron and carbon monoxide.

Fe,O5 + cCO - Fe + CO,

(i) Balance the equation by inserting numbers into the boxes.

(ii) Explain how carbon monoxide is acting as a reducing agent.

(iii) State the change in oxidation state of iron during the reaction.
(iv) Explain why this is an example of reduction, in terms of electron transfer.

(b) Scrap iron can be recycled by adding it to the molten iron, after it leaves the blast
furnace.

Give one reason, other than cost, why scrap iron is recycled.

(¢) Magnetite is another ore of iron.
A student found that a sample of magnetite contained 50.4 g of iron and 19.2 g of oxygen.
Calculate the empirical formula of magnetite.

...................................................................................................................................... (3]
(d) Iron from the blast furnace is used to make steel for building bridges.
Some bridges have blocks of magnesium attached to them.
Explain why.
...................................................................................................................................... 2]
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Section B
Answer three questions from this section.

Write your answers on the lined pages that follow.

B7 Zinc can be extracted from calamine, ZnCQO;, in a two-stage process.

Stage 1 ZnCO; — 2ZnO0  +CO,
Stage 2 Zn0 + C —> Zn + CO
(a) Explain why the gases from stage 2 must be removed for the safety of the workers. [1]

(b) Explain why the same two-stage process cannot be used to extract sodium from sodium

carbonate, Na,CO,,. (2]
(¢) Industrial processes release large amounts of carbon dioxide. This contributes to global

warming.

Describe two environmental consequences of an increase in global warming. 2]

(d) In the laboratory, two experiments were set up using zinc metal.

zinc
metal

zinc
metal

aqueous iron(II)
sulphate

dilute
hydrochloric acid

For each experiment, describe what you would observe and how you would test any gases
evolved. Write an equation for the reaction in each beaker. [5]

[Total : 10]
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B8 Aqueous copper(ll) sulphate is electrolysed using carbon electrodes.
(a) Give the formulae of all the ions present in the solution. 2]
(b) A copper coating forms on the cathode, and a gas is evolved at the anode.

(i) Write a half equation for the formation of copper at the cathode.

(i) Name the gas formed at the anode and describe a test for this gas.
(3]

(c) After some time, the blue colour of the agueous copper(Il) sulphate fades and the pH of the
solution decreases.

Explain why these changes take place. 2]
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(d) A student investigated the relationship between the mass of copper formed and the total
charge passed through the solution.

This is a graph of the results.

0.25 7
/
/
0.20
/
/
0.15 7
mass of copper /
formed/g /
0.10
/
,/
0.05 7
/
/
0
0 100 200 300 400 500 600 700 800
charge/
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(i) What mass of copper is formed when a charge of 600 coulombs is passed through the
solution?

(ii) Use your graph to predict the charge needed to form 1 g of copper, and hence predict the
charge needed to deposit 1 mole of copper.
(3]

[Total : 10]
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B9 Ammonia is used to manufacture nitric acid, by a two-stage process.
Stage 1: the ammonia is converted to nitrogen(Il) oxide.
4NH,(g) + 50,(g) = 4NO(g) + 6H,0(g) AH =-950kJ/mol

(a) (i) State and explain how the rate changes when the pressure is increased. Use ideas
about colliding particles.

(ii) State and explain how the yield changes when the pressure is increased. Use ideas
about reacting volumes of gases.

[4]
(b) During the reaction, the ammonia and oxygen are passed through a powdered catalyst.
(i) Explain why the catalyst becomes hot during the reaction.
(ii) Explain why the catalyst is used in the form of a powder.
[2]

Stage 2: the nitrogen dioxide is converted to nitric acid.
4NO (9) + 2H,0(9) + 30,(9) - 4HNO(aq)

(¢) Calculate the maximum mass of nitric acid which can be made from 720dm® of
nitrogen(1l) oxide, NO, at room temperature and pressure. [3]

(d) Use the two equations to construct an overall egquation for the conversion of ammonia to
nitric acid. (1]

[Total : 10]

B10 Emissions from coal fired power stations contain sulphur dioxide, which causes acid rain.
Sulphur dioxide can be removed from the emissions by reaction with calcium carbonate.
(a) Name the raw material used as a source of calcium carbonate. 1]

(b) The sulphur dioxide reacts with the calcium carbonate to produce calcium sulphite, CaSO,,
and carbon dioxide.

(i) Write an equation for the reaction between calcium carbonate and sulphur dioxide.

(ii) A large coal-fired power station produces 960 tonnes of sulphur dioxide each year.
Calculate the mass of calcium carbonate needed to react with 960 tonnes of sulphur
dioxide (1tonne =1 x 108g).

(3]

(¢) Sulphur dioxide can be recovered by heating the calcium sulphite.

Describe, with the aid of equations, the manufacture of sulphuric acid from sulphur dioxide.

(6]

[Total : 10]
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