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Answer all questions.

1.	 Polymer gels are commonly used in disposable nappies.

	 A company that manufactures disposable nappies was investigating the effect of temperature 
on the mass of water the polymer gel in their nappies is able to absorb.

	 (a)	 The results collected using water at 40 °C are given below. The initial mass of the 
polymer gel bead was 0.035 g.

Time
(hours) Mass of bead (g) 

Mass of water 
absorbed by bead (g)
(to 1 decimal place) 

0 0.035 0.0

2 4.048 4.0

4 6.030 6.0

6 7.280 7.2

8 7.891 7.9

10 8.181 8.1

12 8.181 8.1

	 (i)	 The percentage increase in the mass of the bead is calculated using the following 
equation.

percentage increase =  × 100
mass of water absorbed

initial mass of bead

		  Calculate the percentage increase in the mass of the bead after 2 hours.  
Give your answer to the nearest whole number.	 [1]

		  Percentage increase = . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . %

	 (ii)	 What property of polymer gels does the figure calculated in part (i) demonstrate?
				   [1]
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	 (b)	 (i)	 On the grid below, plot the results using water at 40 °C and draw a suitable line.
			   Use the mass of water absorbed by the bead to 1 decimal place.
				   	
			   The results using water at 10 °C have already been plotted.	 [3]
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	 (ii)	 Give two differences between the absorbing properties of the bead using water  
at 10 °C and at 40 °C.	 [2]

		  Difference 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

	

		  Difference 2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

	

7
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2.	 The reactions of acids with metals, bases and carbonates are summarised in the following 
equations.

	 •	 acid   +   metal   →   salt   +   hydrogen

	 •	 acid   +   base   →   salt   +   water

	 •	 acid   +   carbonate   →   salt   +   water   +   carbon dioxide

	 (a)	 The diagram shows some reactions of hydrochloric acid, HCl.

	 (i)	 Give the names of substances A and B.	 [2]

		  Substance A	 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

		  Substance B	 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

	 (ii)	 Give the formulae of substances C and D.	 [2]

		  Substance C	 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

		  Substance D	 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

substance C  +  H2O

KCI  +  substance D

hydrochloric acid
HCI MgCl2  +  H2

ZnCl2  +  H2O
+  substance B

KOH

ZnCO3

CuO substance A
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	 (b)	 Complete the equation for the reaction between hydrochloric acid and sodium 
carbonate by

	 •	 writing the formula of sodium carbonate on the dotted line
	 •	 putting a number into the box to balance the equation	 [2]

	 (c)	 Silver nitrate solution is used to identify the chloride ions present in hydrochloric acid.

	 (i)	 Give the observation made when silver nitrate solution is added to hydrochloric 
acid.	 [1]

	

	 (ii)	 Put a tick (√) in the box next to the correct ionic equation for the reaction between 
silver nitrate and hydrochloric acid.	 [1]

		  CI–(aq) AgCI(aq)Ag+(aq) + 	

		  CI+(aq) AgCI(aq)Ag–(aq) + 	

		  CI–(aq) AgCI(s)Ag+(aq) + 	

		  CI–(s) AgCI(s)Ag+(s) + 	

		  CI+(aq) AgCI(s)Ag–(aq) + 	

8

++ 2NaCI H2O + CO2HCl
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3.	 (a)	 The diagram shows the transfer of electrons that takes place during the formation of 
sodium oxide.
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Na

O

Na

	 (i)	 Name the type of bonding present in sodium oxide.	 [1]

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

	 (ii)	 State what must be done to sodium oxide so that it will conduct electricity. 

		  Explain your answer.	 [2]
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	 (b)	 (i)	 Draw a dot and cross diagram to show the bonding in a molecule of  
tetrafluoromethane, CF4.	 [2]

carbon (C) 2,4               fluorine (F) 2,7

		  (ii)	 Tetrafluoromethane is a simple covalent substance and is a gas at room 
temperature.  

			   Explain why it has a low boiling point.	 [2]
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	 (c)	 Nanoparticles are extremely small particles that have different properties to the same 
material at bulk size.

		  Nano-scale titanium dioxide is commonly used in sunscreen and in self-cleaning windows.

		  Give the reason why nano-scale titanium dioxide is effective in each of these uses.	 [2]

		  Sunscreen

	

	

		  Self-cleaning windows

	

	

9
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4.	 (a)	 When a mixture of iron(III) oxide and aluminium powder is heated, the following reaction 
takes place.

iron(III) oxide   +   aluminium      iron   +   aluminium oxide

		  The reaction is commonly called the thermite reaction. The photographs show the 
reaction taking place and how it is used in the repair of railway lines.

09

	 (i)	 Explain why iron is formed during the reaction.	 [2]

	

	

	

	 (ii)	 Complete and balance the equation for the reaction.	 [2]

Fe2O3 + 2Al

	 (iii)	 Calculate the percentage by mass of iron in iron(III) oxide, Fe2O3.	 [2]

Ar(Fe) = 56          Ar(O) = 16

Percentage = . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . %

PMT
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	 (b)	 Clare and Frankie were investigating the reactivity of metals. They carried out a series 
of displacement reactions in a dropping tile. In each test they placed a small piece of 
metal into a solution of the nitrate of a different metal as shown.

copper	 tin	 iron	 zinc

zinc nitrate solution

iron(II) nitrate solution

tin nitrate solution

copper(II) nitrate solution

dropping tile

	 (i)	 It was not necessary to carry out all of the tests. Place crosses (×) on the diagram 
to show which tests did not need to be carried out. 

		  Explain your choice.	 [2]
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	 (ii)	 The equation shows the reaction between iron and copper(II) nitrate solution.

2Fe   +   3Cu(NO3)2      2Fe(NO3)3   +   3Cu

		  Use the equation to calculate the maximum mass of copper that you would  
expect to be formed when 0.224 g of iron is added to excess copper(II) nitrate 
solution.	 [3]

Ar(Fe) = 56          Ar(Cu) = 63.5

Maximum mass of copper = . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . g
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	 (c)	 The photograph shows how the electrolysis of zinc chloride can be carried out in the 
laboratory.

	 (i)	 Balance the equation that represents the reaction taking place at the anode.

		  Use the equation to explain the meaning of the term oxidation.	 [2]

CI– e–CI2 +

	

	

	 (ii)	 The following method can be used to calculate the mass of zinc produced during 
the process.

	 •	 Record the mass of the cathode before placing it into the electrolyte
	 •	 Allow the process to run to completion
	 •	 Remove the cathode from the electrolyte and record its new mass
	 •	 Calculate the increase in mass 

	 I.	 It is often found that the increase in mass measured using this method is 
greater than expected. Suggest a reason for this.	 [1]

	

	

	 II.	 Suggest why this method cannot be used to measure the mass of chlorine 
produced during the process.	 [1]

	

	

15
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5.	 (a)	 The bar chart shows the relative supply and demand for some fractions obtained from 
crude oil.

demand
supply

0 10 20 30 40 50

C1 - C4

C5 - C8

C9 - C12

C13 - C16

C17 - C20

C21 - C24

C25 - C28

Fraction

Relative supply and demand

	 (i)	 Use the chart to describe how the difference between supply and demand of the 
fractions changes as the chain length increases.	 [2]
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	 (ii)	 The process of cracking is used to overcome the problem of insufficient supply of 
some fractions.

	 I.	 State what is meant by cracking and give the conditions needed for the 
process.	 [2]

	

	

	

	 II.	 When hydrocarbon X is cracked, it forms hexene, ethene and butane.

		  Give the molecular formula of hydrocarbon X to complete the equation.	 [1]

+ +

hydrocarbon X

C6H12

hexene

2C2H4

ethene

C4H10

butane

	 (b)	 C4H10 has two isomers.

	 (i)	 Give the meaning of the term isomers.	 [1]

	

	

	

	 (ii)	 Draw the structures of both isomers of C4H10.	 [2]

8
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6. 	 It is well known that plastic bags are a major 
source of litter. These bags can exist for a very 
long time, ranging from tens of years in the natural 
environment up to a thousand years in landfill.

	 The use of plastic bags is now banned in some 
countries. These countries commonly use bags 
made from paper or cotton, which do not cause the 
same litter problem as plastic bags.

	 Paper or plastic?

	 Most people assume that a paper bag is better for the environment, however because paper 
bags are almost ten times heavier than plastic bags, they produce a greater mass of waste. 
On the other hand, because paper bags are biodegradable they do not lead to the same 
problem with litter as plastic bags.

	 When deciding whether paper is more suitable than plastic for making shopping bags, 
information from life cycle assessments (LCAs) of both materials must be taken into 
consideration.

	 Some of the findings from LCAs of paper and plastic bags are shown below.

Plastic bags are toxic to 
aquatic environments 
and their production is 
more likely to deplete 

natural resources

Plastic bags use 70 % 
less energy in their 

production compared to 
paper bags

The processes used in 
paper production cause 
atmospheric acidification 

and eutrophication 

4 546 litres of water are 
used to produce 1 000 

paper bags compared to 
177 litres for the same 
number of plastic bags

693 kJ of energy is 
needed to recycle 1 kg of 
paper bags compared to 
8 kJ for the same mass 

of plastic bags

The production of  
1 million paper bags 
produces 51 tonnes 
of carbon dioxide, 

compared to 31 tonnes 
for plastic bags

Paper bags are made 
from trees and plastic 
bags are made from 

ethene

Paper bags are 10 times 
heavier than plastic bags 
and therefore have more 

associated costs

	 On reading these findings it is important to consider all factors relating to sustainability when 
deciding on the most suitable material to make shopping bags. We should not just be thinking 
about what happens when we throw them away!

PMT
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	 (a)	 Use the information in the passage to compare the mass of waste and volume of litter 
generated from the use of plastic and paper bags.	 [2]

	

	

	

	

	 (b)	 Use the information from the LCAs to tick (√) whether each of the factors supports or 
opposes the use of paper bags in preference to plastic bags.	 [3]

			   Supports use of 
paper bags 	 Opposes use of 

paper bags

		  Impact of waste on marine life	 	

		  Water consumption in production	 	

		  Energy used in production	 	

		  Carbon footprint generated in production	 	

		  Energy used in recycling	 	

		  Cost of transporting waste	 	

	 (c)	 The use of which type of bag is more likely to be linked to the erosion of limestone 
buildings? 

		  Give a reason for your answer.	 [1]

		  Type of bag  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

		  Reason  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

	

6
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7.	 (a)	 The graph shows how the temperature changes when dilute hydrochloric acid is added 
gradually to sodium hydroxide solution.
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	 	 The pH of the solution also changes as the hydrochloric acid is added to the sodium 
hydroxide.

		  Explain the temperature changes shown on the graph and relate these to the change in 
pH during the reaction. You do not need to include equations in your answer.	 [6 QER]

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	 (b)	 The reaction between hydrochloric acid and sodium hydroxide produces sodium 
chloride and water.

		  Give the ionic equation to show how water is formed during this reaction.	 [1]
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7
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FORMULAE FOR SOME COMMON IONS

POSITIVE IONS NEGATIVE IONS
Name Formula Name Formula

aluminium
ammonium
barium
calcium
copper(II)
hydrogen
iron(II)
iron(III)
lithium
magnesium
nickel
potassium
silver
sodium
zinc

Al3+

NH4
+

Ba2+

Ca2+

Cu2+

H+

Fe2+

Fe3+

Li+

Mg2+

Ni2+

K +

Ag+

Na+

Zn2+

bromide
carbonate
chloride
fluoride
hydroxide
iodide
nitrate
oxide
sulfate

Br –

CO3
2–

Cl–

F –

OH–

I –

NO3
–

O2–

SO4
2–

23
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