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ADDITIONAL MATERIALS

In addition to this examination paper, you will require 
a calculator, pencil and a ruler.

INSTRUCTIONS TO CANDIDATES

Use black ink or black ball-point pen. Do not use gel pen or correction fluid.
You may use a pencil for graphs and diagrams only.
Write your name, centre number and candidate number in the spaces at the top of this page.
Answer all questions.
Write your answers in the spaces provided in this booklet.

INFORMATION FOR CANDIDATES

The number of marks is given in brackets at the end of each question or part-question.
Question 3(b) is a quality of extended response (QER) question where your writing skills will be 
assessed.
You are reminded to show all your workings. Credit is given for correct workings even when the 
final answer given is incorrect.
The Periodic Table is printed on the back cover of the examination paper.
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Answer all questions in the spaces provided.

1.	 (a)	 State, in terms of electrons, the difference between ionic and covalent bonding.	 [2]

	

	

	

	 (b)	 When magnesium reacts with oxygen, the ionic compound magnesium oxide is formed.

	 (i)	 The outer electrons of magnesium and oxygen are shown below. Draw arrows to 
show the transfer of electrons when magnesium oxide is formed.	 [1]

5

	 (ii)	 State the charges on the ions formed	 [2]

		  Mg  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .                O . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Mg O
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2.	 Inos is a Welsh caravan manufacturer based in Denbighshire.
	 The materials used to build modern caravans are very different to those used in early 

caravans.

	 Table 1 shows how the materials used in manufacturing the body of a caravan have changed 
over time.

Year Materials used

1920 wood

1950 steel and wood

1970 aluminium and wood

2015 glass reinforced plastic (GRP), polyester

	 Table 2 shows information about some of the materials used to make the body of caravans.

Material Density
(g/cm3)

Stiffness
(GPa)

Melting 
Point
(°C)

Strength 
(MPa)

Is it 
brittle?

Does it corrode?

wood 0.6 1 000 No no but rots when wet

steel 7.8 210 1 357 1 200 No yes producing rust

aluminium 2.7 69 660 90 No yes producing a 
resistant coating

GRP

glass 
fibres 2.4 180 1 400 3 500 Yes No

epoxy 
resin 1.5 60 Yes No

polyester 1.9 150 121 250 Yes No

	 Use the information above to answer the following questions.

	 (a)	 Describe how the weight and strength of caravan bodies changed between 1920 and 
1970.	 [4]

		  Weight:  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

	

	

		  Strength:  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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	 (b)	 (i)	 State two advantages of the materials used in 2015 over those used previously.
	 [2]

		  1.  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

		  2.  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

	 (ii)	 State one disadvantage of the materials used in 2015 over those used previously.
	 [1]

	

	 (c)	 GRP is a common composite material, in which glass fibres are mixed with epoxy resin. 

	 (i)	 A GRP panel contains a volume of 300 cm3 of epoxy resin.

		  Use the equation:	 [3]

mass = density × volume

		  to calculate the mass of the resin.

mass = . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . g

		  (ii)	 I.	 State the strength of glass fibre in N / cm2.	 [2]

(1 MPa = 100 N / cm2)

strength = . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . N / cm2

	 II.	 The cross-sectional area (csa) of a glass fibre is 0.00015 cm2. 

		  Use your answer in part (c)(ii)I. and the equation:

force = strength × csa

		  to calculate the force required to break it.	 [2]

force = . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . N

© WJEC CBAC Ltd.
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3.	 Ash dieback disease is a fungal infection caused by a fungus called Hymenoscyphus fraxineus 
that is common in ash trees in Wales. 

	 The disease causes the leaves to blacken and wilt, so eventually the ash tree has no leaves. 

	 The photographs show healthy ash leaves and those affected by ash dieback.

	 (a)	 Describe the process of photosynthesis and explain why dieback disease affects the 
growth of the ash tree.	 [4] 
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	 (b)	 Describe an experiment to investigate how limiting factors affect the rate of 
photosynthesis in the Elodea plant.	 [6 QER]

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	 10
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boiling tube
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4.	 Nuclear reactor 3 at the Hunterston B power station was shut down after cracks in graphite 
moderator bricks were found to be growing faster than expected. The Office for Nuclear 
Regulation (ONR) raised concerns over the number of cracks in the joints between the 
graphite moderator bricks in the core. An unusual event, such as an earthquake, might move 
the graphite bricks so the control rod channels could become blocked.

	 (a)	 (i)	 Explain the purpose of the graphite moderator in a nuclear reactor.	 [2]

	

	

	

	 (ii)	 Explain why blocked control rod channels are very dangerous.	 [3]

	

	

	

	

	

	

	

	 (b)	 The diagram shows a reaction in a nuclear reactor and part of the reaction equation.

+ + +

 U235
92 Ba141

56n10 Kr++ n10+

		  Complete the equation.	 [3]
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13

	 (c)	 It is likely that Hunterston B power station will be decommissioned. When it is, the 
uranium-235 in the fuel rods will continue to decay at the rate shown in the graph below.
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	 (i)	 Add lines to the graph to calculate the half-life of uranium-235.	 [2]

half-life = . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . million years

	 (ii)	 Uranium-235 becomes safe once its activity drops to 1/32 of its original value. 
Calculate the time it takes to drop to this value.	 [3]

time = . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . years
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5.	 Analytical scientists work in a wide range of different industries and agencies.

	 (a)	 The Food Standards Agency (FSA) commissioned a project to detect the coloured dyes 
used in food colourings. 

		  The diagram below shows a chromatogram of different food colourings.
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	 (i)	 The result for the dye in the red food colouring is not included in the diagram. The 
Rf value for red colouring is 0.4.

		  Use the equation:

Rf = distance travelled by substance
distance travelled by solvent

		  to calculate the distance moved by the dye in the red colouring on this 
chromatogram and add it to the diagram.	 [3]

distance travelled = . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  cm 

	 (ii)	 It was claimed that brown colouring was not a combination of other coloured dyes. 
Explain whether you agree with this claim.	 [2]

	

	

	

	 (iii)	 Explain, in terms of the mobile and stationary phases, why the molecules in 
purple colouring move different distances along the chromatogram.	 [3]
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	 (b)	 Qualitative chemical testing is used to identify the ions in compounds. 

	 (i)	 Six unlabelled bottles each contained a solution of one of the compounds in the 
box below.

© WJEC CBAC Ltd.

copper(II) sulfate               sodium carbonate               lithium carbonate

sodium chloride               potassium sulfate               calcium iodide

	 I.	 State which compounds would produce a yellow flame in a flame test.	 [1]

	

	 II.	 State which compounds would produce bubbles of gas when added to 
hydrochloric acid.	 [1]

	

	 (ii)	 A technician has a colourless solution in an unlabelled bottle. He suspects it 
is metal chloride. Describe a test that could be carried out to confirm that the 
solution is a chloride, and give the expected result.	 [3]

	

	

	

	

	

13
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6.	 Levels of bacteria in milk are routinely monitored.

	 (a)	 Most milk sold to consumers is pasteurised and homogenised.

	 (i)	 Explain why milk is pasteurised.	 [2]

	

	

	

	 (ii)	 Describe the process of homogenisation and explain why it is carried out.	 [4]

	

	

	

	

	

	 (b)	 Scientists investigated four types of milk. They monitored the growth of bacterial 
colonies on agar plates using 0.1 cm3 from each type of milk over two days. Their 
results are shown below. 

Type of milk Heat treatment
Number of bacterial 

colonies in a 
40 cm3 serving

raw none 24 000

traditional pasteurised 63°C for 30 minutes
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

flash pasteurised 78°C for 35 seconds 1600

ultra-high temperature 
pasteurised (UHT) 135°C for 2 seconds none

Raw Traditional 
pasteurised

Flash 
pasteurised

UHT
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	 (i)	 Complete the table.	 [2]

		  Space for working

	 (ii)	 Unopened UHT milk can be stored on supermarket shelves at room temperature 
for six months but unopened pasteurised milk must be stored in a refrigerator at 
4°C or below for no longer than seven days. Explain these differences.	 [4]

	

	

	

	

	

	

	

© WJEC CBAC Ltd.
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7.	 A student investigated the reaction between hydrochloric acid (HCl) and calcium carbonate 
(CaCO3). She measured the volume of gas produced for different concentrations of acid after 
60 seconds. 

	 She started each reaction at the same temperature, with the same mass of calcium carbonate 
and the same volume of acid. The acid was in excess each time. 

	 The table below shows the time taken to produce 60 cm3 of CO2 for each concentration of 
HCl.

Concentration of HCl
(mol / dm3)

Time to produce
60 cm3 of CO2 (s)

Mean rate of reaction 
(cm3 / s)

0.5 234 0.26

1.0 118 0.51

2.0 58
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

	 (a)	 (i)	 Complete the table to two significant figures.	 [2]

	 (ii)	 Estimate the time taken to produce 60 cm3 of carbon dioxide if a concentration of 
4.0 mol / dm3 HCl is used.	 [1]

time = . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . s
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	 (b)	 (i)	 State and explain, in terms of particles, the effect of increasing acid concentration 

on the rate of reaction.	 [3] 

	

	

	

	

	

	 (ii)	 The student noticed that when the experiments ran for 10 minutes, she obtained 
the same volume of carbon dioxide in each case.

		  Explain her observation.	 [2]

	

	

	

	 END OF PAPER

© WJEC CBAC Ltd.
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