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Section A
For each question there are four possible answers, A, B, C, and D. Choose the one you consider to
be correct.

1

Sulfur dioxide, SO2, is added to wines to prevent oxidation of ethanol by air. To determine the
amount of SO2, a sample of wine is titrated with iodine, I2. In this reaction, one mole of SO2 is
oxidised by one mole of I2.
What is the change in oxidation number of sulfur in this reaction?
A

+2 to +4

B

+2 to +6

C

+4 to +5

D

+4 to +6

2 Ammonium sulfate in nitrogenous fertilisers in the soil can be slowly oxidised by air producing
sulfuric acid, nitric acid and water.

How many moles of oxygen gas are needed to oxidise completely one mole of ammonium
sulfate?
A

1

B

2

C

3

D

4

3 Chile saltpetre, NaNO3, contains sodium iodide as an impurity.

Aqueous silver nitrate is added to an aqueous solution of Chile saltpetre. Concentrated aqueous
ammonia is then added.
Which observations are made?
with acidified silver
nitrate

with concentrated
aqueous ammonia

A

no precipitate

no further reaction

B

no precipitate

precipitate forms

C

precipitate forms

precipitate dissolves

D

precipitate forms

precipitate remains
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4 Sulfur dioxide is used to bleach wood pulp in the production of paper. It is also used as an
additive in the production of jam and marmalade, often in the form of sulfite compounds. When it
is present in quantities greater than 10 mg / kg it is required to be listed as an ingredient of the
jam.

Why is sulfur dioxide added to jam?
A

It is a bleaching agent and removes the undesirable colours from the fruit used in the jam.

B

It is a preservative that destroys unwanted bacteria and enzymes.

C

It is a reducing agent and removes the acids that give the jam a sharp taste.

D

It is an acidic gas and maintains the pH of the jam at a suitable value to give it a sharp taste.

5 Which environmental problem is not made worse by the release of oxides of nitrogen from car
engines?

A

acidification of lakes

B

corrosion of buildings

C

photochemical smog

D

the hole in the ozone layer

6 Most modern cars are fitted with three-way catalytic converters in the exhaust system.

Which three gases are removed by such a catalytic converter?
A

carbon monoxide, hydrocarbons, nitrogen oxides

B

carbon monoxide, carbon dioxide, nitrogen oxides

C

carbon monoxide, nitrogen oxides, sulfur dioxide

D

hydrocarbons, nitrogen oxides, sulfur dioxide

7 In an historically famous experiment Wöhler heated ‘inorganic’ ammonium cyanate in the
absence of air. The only product of the reaction was ‘organic’ urea, CO(NH2)2. No other products
were formed in the reaction.

What is the formula of the cyanate ion present in ammonium cyanate?
A

CNO–

B

CNO2–

C

CO–

D

NO–
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8 Which reagent, when mixed and heated with ammonium sulphate, liberates ammonia?

A

aqueous bromine

B

dilute hydrochloric acid

C

limewater

D

acidified potassium dichromate(VI)

9 Total elimination of the pollutant sulphur dioxide, SO2, is difficult, both for economic and technical
reasons. Its emission can be reduced in furnace chimneys using desulphurisation plants, where
the gases are scrubbed (washed) with calcium hydroxide to remove the SO2.

What is the main product formed initially?
A

CaO

B

Ca(OH)2

C

CaSO3

D

CaSO4

10 Which salt is produced by adding aqueous ammonia to aqueous sulphur dioxide until just
alkaline?

A

NH4SO3

B

NH4SO4

C

(NH4)2SO3

D

(NH4)2SO4

11 When gaseous chemicals are transported by road or by rail they are classified as follows.

flammable
Which gas is poisonous?
A

butane

B

carbon dioxide

C

hydrogen

D

sulphur dioxide

non-flammable

poisonous
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12 Use of the Data Booklet is relevant to this question.

Oxides of nitrogen are pollutant gases which are emitted from car exhausts.
In urban traffic, when a car travels one kilometre, it releases 0.23 g of an oxide of nitrogen NxOy,
which occupies 120 cm3.
What are the values of x and y?
(Assume 1 mol of gas molecules occupies 24.0 dm3.)
A

x = 1, y = 1

B

x = 1, y = 2

C

x = 2, y = 1

D

x = 2, y = 4

13 Methyl mercaptan, CH3SH, is one of the substances responsible for bad breath and is often used
to impart a smell to natural gas in a pipeline.

What will be formed when CH3SH is burned in an excess of air?

14 A solid nitrate fertiliser reacts with an alkali to produce a gas which turns damp pH paper blue.

What is the empirical formula of this fertiliser?
A

NO3

B

NHO3

C

NH2O

D

N2H4O3
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15 The first stage in the manufacture of nitric acid is the oxidation of ammonia by oxygen.

wNH3(g) + xO2(g) → yNO(g) + zH2O(g)
Which values for w, x, y and z are needed to balance the equation?

16 The emissions from a power station contain about 14 tonnes of SO2 per hour from the oxidation
of FeS2 contained in the coal.

What is the most practical way of preventing the SO2 from being released into the atmosphere?
A

Cool the gases and the SO2 will liquefy and can be removed.

B

Dissolve the ionic FeS2 in hexane.

C

Pass the emissions through a bed of calcium oxide.

D

Pass the gases through concentrated sulphuric acid to dissolve the SO2.

17 Sulphur dioxide is an important food preservative.

Which property makes sulphur dioxide useful in this role?
A

It is a gas.

B

It is a reducing agent.

C

It reacts with oxygen to form sulphur trioxide.

D

It reacts with water to form an acidic solution.
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18 Limestone, CaCO3, has been used as a building material for thousands of years, and was used
on the Pyramids in Egypt. In the past hundred years many limestone buildings have begun to
suffer damage.

What is the cause of this damage?
A

hydrocarbon emissions from motor vehicles

B

increased temperature due to global warming

C

increased ultraviolet radiation as the ozone layer is destroyed

D

sulphur dioxide from fossil fuels forming ‘acid rain’

19 How does ammonia behave when its aqueous solution is used to dissolve silver chloride, AgCl ?

A

as a base

B

as a ligand with the Ag+ ion

C

as a ligand with the Cl – ion

D

as a reducing agent

20 Lime, CaO, is used to reduce the acidity of soil, and ammonium sulphate is a nitrogenous
fertiliser.

Why can they not be used in a mixed form?
A

The dry mixture is explosive.

B

CaSO4, formed on mixing, causes hard water.

C

When dampened, ammonia is given off.

D

Sulphuric acid will form.

21 Which of these equations represents the reaction of sulphur dioxide with an excess of aqueous
sodium hydroxide?

A

SO2 + NaOH ® NaHSO3

B

SO2 + 2NaOH ® Na2SO3 + H2O

C

SO2 + 2NaOH ® Na2SO4 + H2O

D

SO2 + 2NaOH ® Na2SO4 + H2
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22 Nitrogen dioxide and sulphur dioxide have some properties in common.

Which property is shown by one of these compounds, but not by the other?
A

forms ‘acid-rain’

B

is a reducing agent

C

is insoluble in water

D

is used as a food-preservative

23 Which reaction in the catalytic converter does not remove hazardous and polluting gases from
the exhaust fumes of a motor car?

gases going out

gases going in:
carbon monoxide,
hydrocarbons
and oxides of
nitrogen

These equations are qualitative and unbalanced.
[HC = unburnt hydrocarbons; NOx = oxides of nitrogen]
A

HC + NOx ® H2O + CO + N2

B

CO + NOx ® CO2 + N2

C

HC + NOx ® H2O + CO2 + N2

D

CO + O2 ® CO2

surfaces coated
with platinum and
rhodium catalyst
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24 Granular urea, CON2H4, can be used to remove NO2 from the flue gases of power stations,
converting it into harmless nitrogen.

2CON2H4 + x NO2 → 2CO2 + y H2O + z N2
What are the values of x, y and z in a balanced equation?

25 Which reaction of ammonia does not involve the non-bonding pair of electrons on the nitrogen
atom?

A

NH3(g) + CH3I(g) → CH3NH 3+ I –(s)

B

NH3(g) + HCl (g) → NH4Cl (s)

C

2NH3(l) + 2Na(s) → 2NaNH2(s) + H2(g)

D

2NH3(aq) + Ag (aq) → [Ag(NH3)2] (aq)

+

+

26 Which pollutant is formed in the internal combustion engine and, if not removed by the catalytic
converter, may become involved in the formation of acid rain?
A

C

B

C8H18

C

CO

D

NO
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Section B
For each of the questions in this section, one or more of the three numbered statements 1 to 3 may
be correct.
Decide whether each of the statements is or is not correct (you may find it helpful to put a tick against
the statements that you consider to be correct).
The responses A to D should be selected on the basis of
A

B

C

1, 2 and 3
are
correct

1 and 2
only are
correct

2 and 3
only are
correct

D

1 only
is
correct

No other combination of statements is used as a correct response.

27 When ammonia, NH3, is produced in a school or college laboratory, it is usually dried before
being collected.

Which drying agents may be used to dry ammonia?
1

calcium oxide, CaO

2

phosphorus(V) oxide, P4O10

3

concentrated sulfuric acid, H2SO4

28 A car burning lead-free fuel has a catalytic converter fitted to its exhaust. On analysis its exhaust
gases are shown to contain small quantities of nitrogen oxides.

Which modifications would result in lower exhaust concentrations of nitrogen oxides?
1

an increase in the surface area of the catalyst in the converter

2

an increase in the rate of flow of the exhaust gases through the converter

3

a much higher temperature of combustion in the engine
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29 A farmer added lime to damp soil, followed by the nitrogenous fertiliser ammonium sulfate. A
chemical reaction occurred in the soil.

Which substances were formed in this reaction?
1

sulfuric acid

2

calcium sulfate

3

ammonia

30 Many crude oils contain sulphur as H2S. During refining, by the Claus process, the H2S is
converted into solid sulphur, which is then removed.

reaction I

2H2S(g) + 3O2(g) → 2H2O(l) + 2SO2(g)

reaction II

2H2S(g) + SO2(g) → 2H2O(l) + 3S(s)

Which statements about the Claus process are correct?
1

H2S is oxidised in reaction I.

2

SO2 oxidises H2S in reaction II.

3

SO2 behaves as a catalyst.

31 Which fertilisers, when washed out of soil by rain, cause excessive growth of river plants and
algae with the result that fish in the river die?

1

K2SO4

2

NH4NO3

3

NaNO3
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32 Modern cars are fitted with catalytic converters. These remove carbon monoxide, unburnt
hydrocarbons and oxides of nitrogen from exhaust gases.

Which of these pollutant gases are removed by oxidation?
1

carbon monoxide

2

hydrocarbons

3

nitrogen oxides

33 When coal is burnt, gaseous oxides of carbon and sulphur are formed which pollute the
atmosphere. One method of preventing such pollution involves adding calcium carbonate to the
burning coal. The temperature of the process causes the decomposition of the calcium carbonate
into calcium oxide.

Which reactions will be important in helping to reduce atmospheric pollution?
1

Calcium oxide reacts with sulphur dioxide to form calcium sulphite.

2

Calcium oxide reacts with sulphur dioxide and more air to form calcium sulphate.

3

Calcium oxide reacts with carbon monoxide to form calcium carbonate.

34 Which statements are reasons why sulphur dioxide is used as a food preservative?
1

It is a reducing agent and therefore an anti-oxidant.

2

It prevents alcohols forming sour-tasting acids.

3

It does not smell and therefore can be used in more than trace quantities.

