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Answer all questions.

1.	 Raw materials are extracted from the Earth’s crust or atmosphere by different methods.

	 (a)	 Identify the correct extraction method for each raw material by drawing a line.
		  One has been done for you.	 [2] 

© WJEC CBAC Ltd.

Raw material Extraction method

crude oil fractional distillation

shale gas drilling

haematite (a metal ore) surface mining

oxygen fracking
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	 (b)	 A fractionating column is used to separate the hydrocarbons in crude oil. The table shows 
information about some of the fractions obtained.

Fractionating column

Fraction Carbon chain 
length

Boiling range
(°C)

Refinery gases 1-4 <40

Petrol 5-8 40-110

Naphtha 8-10 110-180

Kerosene 10-16
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Diesel 16-20 260-320

Fuel oil 20-50 320-400

Bitumen >50 >400

	 (i)	 Complete the table.	 [1]

	 (ii)	 Name the process which is used to separate crude oil into its fractions.	 [1]

	

	 (iii)	 State what happens to the crude oil immediately before it enters the column.	 [1]

	

	 (iv)	 State the fraction that a hydrocarbon with a boiling point of 290 °C will belong to.	[1]

		  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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	 (c)	 Compete the statements below by underlining the correct term in the brackets.

	 (i)	 The temperature (increases, stays the same, decreases) going up the fractionating 
column.	 [1]

	 (ii)	 The boiling point of a hydrocarbon (increases, decreases, stays the same) as the 
chain length increases.	 [1]

	 (d)	 The fractionating column produces hydrocarbons that can be further processed and used 
to make plastics.

		  Complete the table to show how polyethene, polychloroethene (PVC) and 
polytetrafloroethene (PTFE) are made.	 [3]

© WJEC CBAC Ltd.
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Monomer Polymer

Name Molecular 
formula Structural formula Name Structure

Ethene C2H4 polyethene

Chloroethene C2H3Cl PVC

Tetrafloroethene PTFE

H

H

H

C C

H

F

F

F

C C

F

CC

H

H

Cl

H n

C

F

F n
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2.	 A student is studying the properties of different electrical circuits. X and Y are identical lamps.

	 The student built the following circuits.

© WJEC CBAC Ltd.

Circuit 1 Circuit 2

X Y
X

Y

	 (a)	 Complete the sentences using the terms in the box.
		  The terms can be used once, more than once or not at all.

	 (i)	 The lamps in circuit 1 are connected in . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

		  The current through lamp X is . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .the current through lamp Y.
	 [2]

	 (ii)	 The lamps in circuit 2 are connected in . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

		  The current through lamp X is . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .the current through lamp Y.
	 [2]

series               less than               parallel               the same as

greater than               simple               current               voltage

Examiner
only
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	 (b)	 In circuit 1 the voltage supplied is 9 V. Each lamp has a resistance of 3 Ω. 

	 (i)	 Use the equation:

current =
voltage 

resistance

		  to calculate the current in this circuit.	 [3]

Current = . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . A 

	 (ii)	 State what would happen to the current in circuit 1 if lamp Y is removed and the 
circuit was built with only lamp X.	 [1]

	

	 (c)	 In circuit 2 the voltage supplied is also 9 V and each bulb has a current of 3 A.

		  Use the equation 

power = voltage × current

		  to calculate the power of lamp X.	 [2]

Power = . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . W

Turn over.
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	 (d)	 The student set up a circuit to measure the current and voltage correctly.

		  Use a tick (√) to identify the circuit diagram that should have been used to measure the 
voltage.	 [1]

C

A

D

B

	 (e)	 State two reasons why lamps are connected in parallel rather than in series in the home.
	 [2]

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

		  2.  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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3.	 Water treatment in the UK is an important process in making water safe to drink.

	 (a)	 In an experiment to determine the hardness of water in different parts of the country, 
different technicians tested water samples from Bristol, Birmingham, Manchester and 
Southampton.

		  They divided the water samples from each city into two and carried out Test A and Test B 
on each portion.

		  Test A

For the first portion they followed the method below.

1.	 Measure 15 cm3 of water sample into a boiling tube.
2.	 Add 1 cm3 of soap solution, insert a stopper then shake vigorously for 5 seconds.
3.	 Repeat step 2 until lather forms that lasts for 30 seconds. Record the total volume of  
	 soap solution added.
4.	 Repeat steps 1-3 with 15 cm3 of the other samples of water.

For the second portion they followed the method below.

•	 Boil the water for 10 minutes. 
•	 Then follow steps 1-4 in Test A.

		  Test B

	 (i)	 State the dependent variable in the experiment.	 [1]

	

	 (ii)	 How could the reproducibility of the experiment be checked?	 [1]
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	 (b)	 The results of the experiment are shown below.

Sample
Volume of soap used to form lather (cm3)

Test A (without boiling) Test B (after boiling)
Birmingham 1 1

Southampton 11 1
Bristol 12 12

Manchester 1 1

	 (i)	 Explain how the technicians used the results to make conclusions about the type of 
water in each city.	 [6 QER]

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	 (ii)	 Hard water can cause problems in the home. 

		  State two problems hard water can cause.	 [2]

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

		  2.  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
10
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4.	 Enzymes are involved in all metabolic reactions. 

	 (a)	 (i)	 State the type of biological molecule that all enzymes are made of.	 [1]

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

	 Enzymes can break down larger molecules into smaller units in the digestive system.

Enzyme Larger molecules Smaller units Site of action

Carbohydrase Starch Glucose . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . and 
small intestine

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Fats and oils Fatty acids and glycerol small intestine

Protease Protein
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . and 
small intestine

mouth               amylase               lipase               liver

large intestine               amino acids               fibre               stomach

	 (ii)	 Complete the table using only the words in the box.	 [4]
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	 (b)	 Students investigated the effect of temperature on the digestion of starch.

		  The students mixed starch and amylase (a carbohydrase) at different temperatures.

		  They used iodine to test for the presence of starch. Iodine changes colour from brown to 
blue-black if starch is present.

		  The results of the students’ investigation are shown below.

Temperature 
of the solution 

(°C)

Colour of the solution

at start after 1 min after 2 min after 3 min after 4 min after 5 min

20 blue-black blue-black blue-black blue-black blue-black blue-black
30 blue-black blue-black blue-black blue-black blue-black brown
40 blue-black brown brown brown brown brown
50 blue-black blue-black brown brown brown brown
60 blue-black blue-black blue-black brown brown brown
70 blue-black blue-black blue-black blue-black brown brown
80 blue-black blue-black blue-black blue-black blue-black blue-black

	 (i)	 Describe how temperature affects the digestion of starch between 20 °C and 
70 °C.	 [3]

	

	

	

	

	

	

	 (ii)	 Explain the results at 80 °C.	 [2]
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	 (c)	 When starch is completely broken down by amylase the final product is glucose.

	 (i)	 Describe the test that the students need to perform to show the presence of glucose.
	 [2]

	

	

	

	 (ii)	 State the colour change that shows that glucose is present.	 [1]

	

13
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5.	 Lighting a home accounts for 18 % of a typical house’s electricity bill.

	 (a)	 The diagram below shows energy flow through a LED lamp.

light energy 
12 J

electrical energy 
16 J

heat energy 
4 J

		  Use the equation:

		  to calculate the efficiency of the LED lamp.	 [2]

% Efficiency = . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

energy usefully transferred
total energy% Efficiency = × 100

Examiner
only
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	 (b)	 The Energy Trust is an organisation in the UK that encourages householders to become 
more efficient in their energy use and to help to reduce their energy costs. The table 
below compares traditional filament and LED lamps.

LED Traditional filament lamp

cost of 1 lamp £2.50 £1

lamp lifespan (hours) 50 000 1 000

number of lamps used in 
50 000 hours 1

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

cost of lamps used in
50 000 hours £2.50 £ . . . . . . . . . . . . . . . . . . . . . . . . .

power per lamp (kW) 0.01 0.06

units used in 50 000 hours
(units = power × 50 000) . . . . . . . . . . . . . . . . . . . . . . . . .

3 000

cost of one unit 20p 20p

cost of electricity for light 
for 50 000 hours 

= units used × cost of unit 
£ . . . . . . . . . . . . . . . . . . . . . . . . . £600

total cost of light for 
50 000 hours £102.50 £ . . . . . . . . . . . . . . . . . . . . . . . . .

	 (i)	 Complete the table.	 [5]
		  (space for working)

	 (ii)	 The homeowner refuses to buy LED lamps because they are more expensive and 
he thinks he will lose money compared to using traditional filament lamps.

		  Explain whether you agree with the homeowner.	 [2]

	

	

	

9
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6.	 Students are making the fertiliser potassium nitrate in the laboratory. Most fertilisers are formed 
by the reaction of an acid and an alkali. 

	 (a)	 Complete the word equation for the formation of potassium nitrate.	 [2] 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  +  potassium hydroxide    potassium nitrate  +  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

	 (b)	 To make the fertiliser, it is important that the students are able to exactly neutralise the 
acid with alkali. To do this the students carefully measured 25 cm3 of acid into a flask and 
titrated just enough alkali to neutralise the acid.

		  The results of the experiment are shown below.

Trial Volume of alkali added at 
endpoint (titre) (cm3)

1 20.5

2 20.8

3 18.5

4 20.0

5 19.9

	 (i)	 The reading for trial 3 was considered to be an anomalous result. Give a reason 
why.	 [1] 

	

	 (ii)	 Calculate the mean titre.	 [1]

Mean titre = . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . cm3

Examiner
only
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	 (c)	 The graph below shows the pH changes, measured by a pH probe, that occurred during 
trial 4 of the experiment.

0

2

4

6

8

10

12

14

0 5 10 15 20 25 30

pH

Volume of alkali (cm3)

		  Explain the pH changes shown on the graph.	 [3]
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	 (d)	 Not all the students had a pH probe. Some had to use an indicator. The pH range of three 
different indicators is marked on the graph as A, B, and C.
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	 (i)	 Use the information in the table below to match the range to each indicator.	 [1]

	 (ii)	 Explain which indicator is not suitable for this experiment.	 [2]

	

	

	

Indicator pH range Colour change Range on the graph
(A, B, or C?)

methyl blue 10.6 - 13.4 blue to violet
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

phenolphthalein 8.0 - 9.0 colourless to pink
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

dinitrophenol 2.8 - 4.0 colourless to yellow
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

10

A

C

B
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7.	 Hydrogen carbonate indicator can be used to measure the rate of respiration.

Concentration of carbon dioxide
(%)

Colour of 
hydrogen carbonate indicator

less than 0.04 purple

0.04
(normal concentration in air) red

greater than 0.04 yellow

Organism
Time taken for the hydrogen 

carbonate indicator to turn yellow 
(min)

earthworm 22

woodlouse 18

grasshopper 10

mouse 3

	 The apparatus below can be used to compare the rate of respiration in small animals.

Air in To pump

Indicator 
turns red

Respiring 
organisms

Indicator 
turns yellow

	 A group of students used different respiring organisms and recorded the time taken for the 
hydrogen carbonate indicator to turn yellow. The apparatus was kept at a constant temperature 
of 20 °C.

	 The results are shown in the table below.
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	 (a)	 Explain why the hydrogen carbonate indicator changed colour in this experiment.	 [2] 

	

	

	

	

	 (b)	 Give two reasons why the hydrogen carbonate indicator turned yellow fastest with the 
mouse.	 [2]

	

	

	

	

	 (c)	 The experiment was performed at a temperature of 20 °C.	 [2]

		  State two other variables that need to be controlled when comparing the respiration rates 
of different organisms.

	

	

	 (d)	 Describe how you would set up a control for this experiment and state the expected 
result.	 [3]

	

	

	

	

	

	

END OF PAPER
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