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1 In 1886, the modern electrolytic process for the extraction of aluminium was discovered in
the USA by C. Hall.

(a) Before this discovery, the only method of extracting the metal was by displacement.

(i) Name a metal that can displace aluminium from aluminium chloride.

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

(ii) Write a word equation for this displacement reaction.

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

(iii) Complete the equation for the reaction.

AlCl3 + ....................... → ...................................... + ........................................[2]

(b) Aluminium is produced by the electrolysis of an electrolyte that contains aluminium
oxide.

(i) Write an ionic equation for the reduction of the aluminium ion at the cathode.

..................................................................................................................................[2]

(ii) Name the main ore of aluminium.

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

(iii) Complete the following description of the electrolyte by filling the spaces.

The electrolyte is a ................................................ mixture of aluminium oxide

and .................................................. which is maintained at 900 °C. [2]

(iv) Explain why the gas given off at the anode is a mixture of oxygen and carbon
dioxide.

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

...............................................................................................................................[2]

(c) One property of aluminium is that it resists corrosion because it is covered with a layer
of its oxide.

(i) Give one use of the metal that depends on this property.

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

(ii) Give another use of the metal that depends on a different property.

use .............................................................................................................................

property..................................................................................................................[2]
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(d) The graph shows how the rate of the exothermic reaction between aluminium and
hydrochloric acid varies with time. 

(i) Suggest a reason why the reaction goes slowly at first.

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

(ii) Suggest two reasons for the increase in rate.

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

..................................................................................................................................[2]

rate of
reaction

time0
0
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2 Fermentation of sugars is one method of making ethanol. Vines produce glucose by
photosynthesis. The glucose collects in the grapes which grow in clusters on the vine.

(a) Vines are attacked by a fungus that ruins the grapes. In 1882 it was discovered that
spraying the vines with Bordeaux mixture killed the fungus.

The fungicide, Bordeaux mixture, contains water, calcium hydroxide and copper(II)
sulphate.

(i) Name the raw material from which calcium hydroxide is made.

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

(ii) The mixture contains four ions. Complete the list of ions.

Cu2+, OH–, ......................... and ............................. [2]

(iii) A different fungicide can be made by the reaction between an excess of aqueous
ammonia and a copper(II) salt. Describe the observations for this reaction.

addition of aqueous ammonia ...................................................................................

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

then excess aqueous ammonia ................................................................................

...............................................................................................................................[3]

(b) Explain how the vine produces glucose by photosynthesis.

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

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

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

......................................................................................................................................[4]

green leaves
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(c) The grapes are crushed to extract an aqueous solution of glucose. This solution is
fermented to make ethanol. Explain why each of the following is necessary.

(i) yeast

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

(ii) an absence of oxygen

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

...............................................................................................................................[2]

(iii) an optimum temperature of about 35 °C

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

...............................................................................................................................[2]

(d) Plants can make esters as well as sugars. The formula of a typical ester is drawn below.
Deduce the names of the organic acid and of the alcohol from which the ester could
have been made.

organic acid ......................................................................................................................

alcohol...........................................................................................................................[2]

CH3 CH2

CH2

O

O
CH2 C

CH2 CH3
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3 A major food retailer in the UK is going to distribute sandwiches using hydrogen-powered
vehicles.

(a) A sandwich contains three of the main constituents of food.

These constituents of food can all be hydrolysed by boiling with acid or alkali.

(i) Complete the table. [5]

(ii) What type of synthetic polymer contains the same linkage as

proteins, ....................................................................................................................

fats? ......................................................................................................................[2]

(iii) Fats can be unsaturated or saturated. A small amount of a fat was dissolved in an
organic solvent. Describe how you could find out if this fat was saturated or
unsaturated.

reagent ......................................................................................................................

result if saturated ......................................................................................................

result if unsaturated ..................................................................................................

...............................................................................................................................[3]

bread contains
carbohydrate

meat contains
protein

butter
contains fat
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(b) One of the reasons for using hydrogen as a fuel is to reduce air pollution. Petroleum-
powered vehicles are a major cause of air pollution. This pollution can be decreased by
reactions of the type shown below.

2CO + 2NO → N2 + 2CO2

(i) Where in a vehicle does this type of reaction occur?

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

(ii) Explain how carbon monoxide is formed in the engine.

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

...............................................................................................................................[2]

(iii) Give a reason why the hydrogen-powered vehicle produces less pollution.

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

(c) Outline how hydrogen is manufactured from water.

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

......................................................................................................................................[2]
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4 Bromine is one of the halogens in Group VII.

(a) (i) Predict which halogen has the lightest colour.

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

(ii) Predict which halogens are solids at room temperature.

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

(b) Bromine is obtained from the bromide ions in sea water. Sea water is concentrated by
evaporation. Chlorine gas is bubbled through the solution. Chlorine oxidises the
bromide ion to bromine. 

(i) Complete the following equation.

Cl2 + ......Br– → ................... + .................. [2]

(ii) Explain using the idea of electron transfer why the bromide ion is oxidised by
chlorine.

The bromide ion is oxidised because ........................................................................

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

Chlorine is the oxidising agent because ....................................................................

...............................................................................................................................[2]

(iii) Name a reagent that can be oxidised by bromine molecules.

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

(c) Bromine reacts with phosphorus to form phosphorus tribromide.
Draw a diagram showing the arrangement of the valency electrons in one molecule of
this covalent compound. The electron distribution of bromine is:

2 + 8 + 18 + 7.

Use x to represent an electron from phosphorus.
Use o to represent an electron from bromine. [3]
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(d) Phosphorus tribromide reacts with water to form two acids.

(i) Balance the equation for this reaction.

PBr3 + ......H2O → ......HBr + H3PO3
[1]

(ii) Describe by giving essential details how you could show that 
phosphorous acid, H3PO3, is a weaker acid than hydrogen bromide.

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

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

...............................................................................................................................[2]

(e) Hydrogen bromide is an acid. When it is dissolved in water the following 
reaction occurs.

HBr + H2O → H3O+ + Br–

(i) Name the particle lost by the hydrogen bromide molecule.

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

(ii) What type of reagent is the water molecule in this reaction?

...............................................................................................................................[1]
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5 (a) The Kinetic Theory explains the properties of solids, liquids and gases in terms of the
movement of particles.

Liquids and gases both take up the shape of the container but a gas always fills the
container. Explain this, using the ideas of the Kinetic Theory.

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

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

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

......................................................................................................................................[4]

(b) The following apparatus can be used to measure the rate of diffusion of a gas.

(i) What measurements would need to be taken to calculate the rate of diffusion of a
gas?

...............................................................................................................................[2]

(ii) Which gas, carbon dioxide or sulphur dioxide, would diffuse faster?
Explain your choice.

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

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

...............................................................................................................................[3]

constant
pressure
applied

gas
syringe

gas

metal foil,
gas escapes
through small
hole in foil

fills container

liquid gas

does not fill container
but has shape of bottom
of container
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(c) A 20 cm3 sample of butyne, C4H6, is burnt in 150 cm3 of oxygen. This is an excess of
oxygen.

2C4H6(g) + 11O2(g) → 8CO2(g) + 6H2O(l)

(i) What volume of oxygen reacts?

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

(ii) What volume of carbon dioxide is produced?

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

(iii) What is the total volume of gases left at the end of the reaction?

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

(d) Calculate the mass of water formed when 9.0 g of butyne is burnt. The mass of one
mole of butyne is 54 g.

from the above equation, 1 mole of butyne forms 3 moles of water

number of moles of butyne reacted ...............

number of moles of water formed .................

mass of water formed ............... g [3]
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