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The questions for Section 1 are contained in the question paper X713/75/02.
Read these and record your answers on the answer grid on Page three opposite.
Do NOT use gel pens.

	 1.	 The answer to each question is either A, B, C or D.  Decide what your answer is, then fill in 
the appropriate bubble (see sample question below).

	 2.	 There is only one correct answer to each question.

	 3.	 Any rough work must be written in the additional space for answers and rough work at the 
end of this booklet.

	Sample Question

To show that the ink in a ball-pen consists of a mixture of dyes, the method of separation would 
be

A	 fractional distillation

B	 chromatography

C	 fractional crystallisation

D	 filtration.

The correct answer is B—chromatography.  The answer B bubble has been clearly filled in (see 
below).

A B C D

Changing an answer

If you decide to change your answer, cancel your first answer by putting a cross through it (see 
below) and fill in the answer you want.  The answer below has been changed to D.

A B C D

If you then decide to change back to an answer you have already scored out, put a tick (3) to 
the right of the answer you want, as shown below:

A B C D

    or    

A B C D

SECTION 1—20 marks

Page two
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SECTION 2—60 marks
Attempt ALL questions

	 1.	 In 1911, Ernest Rutherford carried out an experiment to confirm the structure 
of the atom.  In this experiment, he fired positive particles at a very thin 
layer of gold foil.  Most of the particles passed straight through but a small 
number of the positively charged particles were deflected.

path of positive particles gold
atoms

(a)	 What caused some of the positive particles to be deflected in this 
experiment?

(b)	 Gold is the heaviest element to have only one naturally occurring 
isotope.

The isotope has a mass number of 197.

	 (i)	 Complete the table to show the number of each type of particle in 
this gold atom.

You may wish to use the data booklet to help you.

Particle Number

Proton

Electron

Neutron

	 (ii)	 Most elements have more than one isotope.

State what is meant by the term isotope.

	 Total marks

1

1

1

3
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	 2.	 (a)	 The properties of a substance depend on its type of bonding and 
		 structure.  There are four types of bonding and structure.

Discrete
covalent

molecular

Covalent
network

Ionic
lattice

Metallic
lattice

Complete the table to match up each type of bonding and structure with 
its properties.

Type of bonding and structure Properties

do not conduct electricity and 
have high melting points

have high melting points and 
conduct electricity when liquid 
but not when solid
conduct electricity when solid 
and have a wide range of 
melting points

do not conduct electricity and 
have low melting points

(b)	 Graphene is a substance made of a single layer of carbon atoms.

Graphene can conduct electricity.

Suggest what this indicates about some of the electrons in graphene.

Total marks

2

1

3

[Turn over
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	 3.	 Read the passage below and answer the questions that follow.

Potassium - The Super Element

Potassium is an essential element for almost all living things.  The human 
body requires a regular intake of potassium because humans have no 
mechanism for storing it.  Foods rich in potassium include raisins and 
almonds.  Raisins contain 0·86 g of potassium in every 100 g.

Naturally occurring salts of potassium such as saltpetre (potassium 
nitrate) and potash (potassium carbonate) have been known for centuries. 
Potassium salts are used as fertilisers.

Potassium was first isolated by Humphry Davy in 1807.  Davy observed 
that when potassium was added to water it formed globules which 
skimmed about on the surface, burning with a coloured flame and forming 
an alkaline solution.

(a)	 State why the human body requires a regular intake of potassium.

(b)	 Calculate the number of moles of potassium in 100 g of raisins.

Show your working clearly.

(c)	 State the colour of the flame which would be seen when potassium 
burns.

You may wish to use the data booklet to help you.

(d)	 Write the ionic formula for saltpetre.

Total marks

1

2

1

1

5
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	 4.	 Poly(vinylcarbazole) is a plastic which conducts electricity when exposed to 
light.

The structure of the monomer used to make poly(vinylcarbazole) is

H H

C C

NC12H8 H   

(a)	 Draw a section of the polymer showing three monomer units joined 
together.

(b)	 Name the type of polymerisation taking place when these monomers join 
together.

Total marks

[Turn over

1

1

2
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	 5.	 Different types of radiation have different penetrating properties.

An investigation was carried out using three radioactive sources.

Radioactive
source

paper aluminium lead

1

2

3

(a)	 Name the type of radiation emitted by source 2.

(b)	 The half-life of source 3 is 8 days.

Calculate the fraction of source 3 that would remain after 16 days.

Show your working clearly.

(c)	 Radioisotopes can be made by scientists.

The nuclear equation shows how a radioisotope of element X can be 
made from aluminium.

27
13

1
0Al      +        n X      +       He4

2

Name element X.

	 Total marks

1

2

1

4
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	 6.	 A student reacted acidified potassium permanganate solution with oxalic 
acid, C2H2O4.

2MnO4
–(aq) + 5C2H2O4(aq) + 6H+(aq)             2Mn2+(aq) + 10CO2(g) + 8H2O(ℓ)

Using your knowledge of chemistry, comment on how the student could 
have determined the rate of the reaction.

[Turn over

3
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	 7.	 The manufacture of potassium nitrate, for use in fertilisers, can be split into 
		  three stages.

(a)		  (i)	 In stage 1, ammonia is produced.

Name the industrial process used to manufacture ammonia.

	 (ii)	 Draw a diagram to show how all the outer electrons are arranged in 
a molecule of ammonia, NH3.

(b)	 In stage 2, ammonia is converted into nitric acid, HNO3, as shown in the 
flow diagram.

ammonia air

reactor

nitrogen
monoxide

oxygen

nitrogen
dioxide

nitrogen
monoxide absorber

nitric acid

X

1

1
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	 7.	 (b)	 (continued)

	 (i)	 Name substance X.

	 (ii)	 On the flow diagram, draw an arrow to show how the process can 
be made more economical.

(c)	 In stage 3, nitric acid is converted to potassium nitrate.

The equation for the reaction taking place is

HNO3(aq)      +      KOH(aq)                    KNO3(aq)      +      H2O(ℓ)

	 (i)	 Name the type of chemical reaction taking place in stage 3.

	 (ii)	 State how a sample of solid potassium nitrate could be obtained 
from the potassium nitrate solution.

Total marks

[Turn over

1

1

1

1

6
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	 8.	 Pheromones are chemicals, produced by living things, that trigger a response 
in members of the same species.

When a bee stings an animal the bee also releases a pheromone containing 
the ester below.

CC

H

H H

HO

H
C O

C

HH

H C

CH

H

H

H

H

C H

(a)	 State another use for esters.

(b)	 A student made the ester above using ethanoic acid and the following 
alcohol.

CH

H

H H

C

CH

H

H

H

H

C C

H

H

O H

	 (i)	 Name the functional group present in this alcohol.

	 (ii)	 Draw a structural formula for an isomer of this alcohol.

1

1

1
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	 8.	 (b)	 (continued)

	 (iii)	 Ethanoic acid is the second member of a family of compounds 
which contain the carboxyl functional group.

The full structural formulae for the first three members of this 
family are shown.

C

H

H

H HC

O

O
C

H

H

H
H

C

O

O H
C

H

H

C

O

O H

methanoic
acid

ethanoic
acid

propanoic
acid

Suggest a general formula for this family of compounds.

(c)	 The table gives information on some other esters.

Alcohol Carboxylic acid Ester

methanol ethanoic acid methyl ethanoate

propanol methanoic acid propyl methanoate

butanol ethanoic acid butyl ethanoate

pentanol butanoic acid pentyl butanoate

X Y ethyl propanoate

Name X and Y.

Total marks

1

2

6
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	 9.	 Liquefied petroleum gas (LPG), which can be used as a fuel for heating, is a 
mixture of propane and butane.

(a)	 Propane and butane are members of the homologous series of alkanes.

Tick (✓) the two boxes that correctly describe members of the same 
homologous series.

Tick (✓)

They have similar chemical properties.

They have the same molecular formula.

They have the same general formula.

They have the same physical properties.

They have the same formula mass.

(b)	 The table gives some information about propane and butane.

Alkane Boiling Point (°C)

propane −42

butane −1

Explain why butane has a higher boiling point than propane.

1

2
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	 9.	 (continued)

(c)	 25 kg of water at 10 °C is heated by burning some LPG.

Calculate the energy, in kJ, required to increase the temperature of the 
water to 30 °C.

You may wish to use the data booklet to help you.

Show your working clearly.

(d)	 LPG is odourless.  In order to detect gas leaks, ethyl mercaptan, C2H6S, a 
smelly gas, is added in small quantities to the LPG mixture.

Suggest one disadvantage of adding sulfur compounds, such as ethyl 
mercaptan, to fuels such as LPG.

Total marks

3

1

7

[Turn over
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	10.	 The lowest temperature at which a hydrocarbon ignites is called its flash 
point.

Hydrocarbon Flash point (°C)

hexane 	 −23

heptane 	 −4

octane 	 13

nonane 	 31

(a)		  (i)	 Using the information in the table, make a general statement 
linking the flash point to the number of carbon atoms.

	 (ii)	 Predict the flash point, in °C, of decane, C10H22.

1

1
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	10.	 (continued)

(b)	 Nonane burns to produce carbon dioxide and water.

C9H20      +      14O2                    9CO2       +        10H2O

Calculate the mass, in grams, of carbon dioxide produced when 32 g of 
nonane is burned.

Show your working clearly.

Total marks

[Turn over

3

5
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	11.	 Chlorine can be produced commercially from concentrated sodium chloride 
solution in a membrane cell.  Only sodium ions can pass through the 
membrane.  These ions move in the direction shown in the diagram.

Cl2(g) membrane H2(g)

dilute
sodium chloride
solution

concentrated
sodium chloride
solution

Na+(aq)
ions

water

solution X

+ve
electrode

-ve
electrode

(a)	 Write the ion-electron equation for the change taking place at the 
positive electrode.

You may wish to use the data booklet to help you.

(b)		  (i)	 Name solution X.

	 (ii)	 The hydrogen gas produced, at the negative electrode, can be used 
as a fuel.

Suggest an advantage of using hydrogen as a fuel.

1

1

1
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	11.	 (continued)

(c)	 The chlorine gas produced can be used to make phosgene, COCl2. 
Phosgene is used in the manufacture of drugs and plastics.

Draw a possible structure for phosgene.

Total marks

[Turn over

1

4
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	12.	 Ores are naturally occurring compounds from which metals can be extracted.

(a)	 When a metal is extracted from its ore, metal ions are changed to metal 
atoms.

Name this type of chemical reaction.

(b)	 Iron can be extracted from its ore haematite, Fe2O3, in a blast furnace.

Calculate the percentage by mass of iron in haematite.

Show your working clearly.

(c)	 Magnesium cannot be extracted from its ore in a blast furnace.

Suggest a method that would be suitable for the extraction of magnesium 
from its ore.

	 Total marks

1

3

1

5
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	13.	 Sodium carbonate solution can be added to the water in swimming pools to 
neutralise the acidic effects of chlorine.

A student carried out a titration experiment to determine the concentration 
of a sodium carbonate solution.

hydrochloric
acid
0·1 mol l-1

10 cm3

sodium carbonate
solution and indicator

Rough 
titre

1st 
titre

2nd 
titre

Initial burette 
reading (cm3) 0·0 0·0 0·0

Final burette 
reading (cm3) 16·5 15·9 16·1

Volume used 
(cm3) 16·5 15·9 16·1

(a)	 Using the results in the table, calculate the average volume, in cm3, of 
hydrochloric acid required to neutralise the sodium carbonate solution.

(b)	 The equation for the reaction is

2HCl	      +       Na2CO3              	    2NaCl    +    CO2    +     H2O

Using your answer from part (a) calculate the concentration, in mol l-1, 
of the sodium carbonate solution.

Show your working clearly.

Total marks

1

3

4

[Turn over
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	14.	 Chemistry in the cinema.

In the film Dante’s Peak, a family trapped by red hot lava escape by crossing 
a large lake in a boat made from aluminium.  The volcano releases heat and 
the gases hydrogen chloride, sulfur dioxide and sulfur trioxide into the water 
in the lake.  While crossing the lake, holes begin to appear in the bottom of 
the boat.  Just after the family leave the boat, on the other side of the lake, 
the boat sinks.

Using your knowledge of chemistry, comment on whether or not the events 
described in the film could take place.

[END OF QUESTION PAPER]

3
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ADDITIONAL SPACE FOR ANSWERS AND ROUGH WORK
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ADDITIONAL SPACE FOR ANSWERS AND ROUGH WORK
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[BLANK PAGE]
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