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Answer all questions.

1.	 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.
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		  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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2.	 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]
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3.	 A diagram of part of the National Grid is shown below.

power station transformer

transmission 
cables

transformer

consumer

X Y

	 (a)	 Describe the role of the National Grid.	 [2]

	

	

	

	 (b)	 Explain why transformers X and Y are used in the National Grid.	 [4]
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	 (c)	 Not all consumers can access the National Grid. An isolated farm with 5 sheds, in a rural 
part of mid-Wales is not connected to the National Grid. 

		  The farmer needs to generate electricity for his sheds and he chooses a biomass generator 
that uses wood chips and pellets as an energy source and has a capacity of 100 kW.

		  Each of the sheds is supplied with 230 V with a maximum current of 80 A.

		  The farmer thinks that this generator will supply enough power for his 5 sheds.

	 (i)	 Use the equation:

current =
power 
voltage

		  to determine if the 100 kW generator will be able to supply the 5 sheds.	 [4]

	

	

	 (ii)	 Explain the environmental advantages of using the biomass generator.	 [3]
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4.	 Food provides energy for the body. The digestive system is adapted to break down and absorb 
food. Parts of the digestive system are responsible for the digestion of foods by specific enzymes. 
The pH varies in these parts to aid the action of these enzymes in the digestion of the food.

	 (a)	 The diagram below shows part of the digestive system.

B  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

A  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

C  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

	 (i)	 Label parts A, B and C.	 [3]

	 (ii)	 Name the organ that secretes the enzyme lipase.	 [1]
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	 (b)	 A group of students was investigating the digestion of milk fat by the enzyme lipase. 
Lipase has an optimum pH of 10.

		  The students set up three experiments.

	 •	 In each experiment they mixed an alkaline solution of milk with lipase and either bile 
or water.

	 •	 They used the same volume of milk, lipase and bile or water in each experiment.
	 •	 They recorded the pH after mixing for 5, 10 and 20 minutes.

Experiment 1 Experiment 2 Experiment 3

pH probe

1 cm3 milk
1 cm3 lipase
0.5 cm3 water

1 cm3 milk
1 cm3 lipase
0.5 cm3 bile

1 cm3 milk
1 cm3 boiled lipase
0.5 cm3 bile

		  In each experiment the pH was recorded. The results of the experiments are shown in the 
table below.

Time
(minutes)

pH

Experiment 1 Experiment 2 Experiment 3

0 10 10 10

5 10 8 10

10 9 7 10

20 8 6 10
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	 (i)	 Explain the pH changes in experiments 1 and 2.	 [4]

	

	

	

	

	

	

	 (ii)	 Explain the pH recorded in experiment 3.	 [2] 

	

	

	

	 (c)	 The diagram below shows a model used to explain enzyme action. 

		  Explain how this model works in relation to the digestion of lipids.	 [3]
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5.	 Students investigated the following electrical circuits.

12 V

S1

S2

12 Ω

8 Ω 6 Ω

4 Ω

	 Select the appropriate equations to answer the following questions.

		  voltage = current × resistance

		  R = R1 + R2

		  power = current2 × resistance 

1
total resistance

1
total resistance X

1
total resistance Y= +

	 (a)	 Calculate the current supplied when both switches are open.	 [3]

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

	 (b)	 (i)	 Calculate the total resistance in the circuit when both switches are closed.	 [3]

Total resistance = . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Ω
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9

	 (ii)	 Calculate the power dissipated as heat by the 12 Ω resistor.	 [3]

Power = . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . W
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6.	 Water treatment is an important process in producing water for drinking. Temporary hard 
water contains calcium hydrogen carbonate Ca(HCO3)2 and magnesium hydrogen carbonate 
Mg(HCO3)2. Boiling breaks down the hydrogen carbonate to form insoluble carbonates. It is an 
inexpensive method used to soften temporary hard water.

	 (a)	 (i)	 Complete the equation below to show this process.	 [2]

Ca(HCO3)2    . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  +  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  +  H2O 

	 (ii)	 Explain why permanent hard water cannot be softened by boiling.	 [2]

	

	

	

	 (b)	 The addition of sodium carbonate or passing water through an ion exchange column can 
be used to soften temporary and permanent hard water.

		  Explain how the following methods soften water.

	 (i)	 Addition of sodium carbonate.	 [2] 

	

	

	

	 (ii)	 Passing water through an ion exchange column.	 [2]

	

	

	

	 (c)	 State one disadvantage other than cost associated with an ion exchange column.	 [1]

	

	

	 (d)	 Describe the effects of hard water on the central heating system in a house.	 [2]

	

	

	

11
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	 (a)	 Describe and explain how the composition of the atmosphere has changed over time.
	 [6 QER]

	

	

	

	

	

	

	

	

	

	

	

	

7.	 The graph below shows how the composition of the atmosphere has changed over time, since 
the formation of the Earth 4.6 billion years ago.
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	 (b)	 In 1952 two scientists, Stanley Miller and Harold Urey, carried out experiments to see if 
the building blocks of common biological substances like carbohydrates (e.g. C6H12O6), 
fatty acids (e.g. CH3(CH2)17COOH), and amino acids (e.g. H2NCH2COOH) could be 
formed in the atmosphere of early Earth.

		  The scientists set up the apparatus shown below.

wires carry 
electric current

spark discharge

Flask A
H2O, NH3, CH4 and H2

condenser

cooling water

biological substances 
collected

Flask B
boiling Water

	 (i)	 Explain why Miller and Urey, chose the gases in Flask A.	 [2]

	

	

	

	 (ii)	 Use the information in the diagram to state two assumptions that Miller and Urey 
made about the early Earth other than the composition of the atmosphere.	 [2]

	

	

	

END OF PAPER
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