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Answer all questions.

1.	 The diagram represents part of the Periodic Table.

	 The letters shown are not the symbols of the elements.

A

B

D E

C

F

	 (a)	 Use letters from the diagram to answer parts (i) and (ii).

	 (i)	 Give the letters of two elements that have atoms with three electrons in their outer 
shell.	 [1]

		  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  and  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

	 (ii)	 Give the letter of the element that has atoms with four electron shells.	 [1]

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

	 (b)	 Name the element represented by the letter F. Give one use of this element.	 [1]

		  Name  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

		  Use  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

	 (c)	 State two properties that you would expect element B to have.	 [2]

		  Property 1  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

		  Property 2  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

5
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2.	 (a)	 The diagram shows some of the Earth’s tectonic plates and the directions in which they 
are moving.

7 1

4

3

5

8

2

6

	 (i)	 Give the numbers of two plates which share a constructive boundary.	 [1]

		  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  and  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

	 (ii)	 Describe what happens at a destructive plate boundary.	 [2]
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	 (b)	 Alfred Wegener proposed that the Earth’s continents had once all been joined together 
in a land mass he called Pangaea and that they had moved apart over time.

		  He called this the ‘theory of continental drift’.

Pangaea

Antarctica

Australia

Africa

Eurasia

South
    America

    North
    America

Pangaea

Antarctica

Australia

Africa

Eurasia

South
    America

    North
    America

200 million years ago Present

	 (i)	 Give two pieces of evidence that Alfred Wegener used to support his theory of 
continental drift.	 [2]

		  Evidence 1  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

		  Evidence 2  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

	 (ii)	 State why Wegener’s theory was not initially accepted.	 [1]

	

	

6
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3.	 Groundwater is the water found underground in the cracks and spaces in soil, sand and rock. 
It is stored in and moves slowly through layers of soil, sand and rocks called aquifers.

	 Groundwater provides 550 megalitres of the total water needed on average per day in 
Wales, approximately 5% of the total volume used. Some of the negative ions dissolved in 
groundwater include carbonate, chloride and sulfate ions.

	 Groundwater can also contain pollutants which can cause harm to humans if consumed. 
Many of these pollutants are natural, such as bacteria and viruses. However, there are now a 
number of man-made pollutants present in our water supplies, including fertilisers, pesticides 
and chemicals from industrial and household landfill waste.

soil

sand and gravel

water

water

clay

soil

sand and gravel

water

water

clay

impermeable rock (limestone)impermeable rock (limestone)

waterwater
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	 (a)	 (i)	 Tick (√) the box next to the approximate total volume of water used daily in Wales.
	 [1]

		  110 megalitres 	

		  550 megalitres 	

		  11 000 megalitres	

	 (ii)	 Suggest why recycling more industrial chemicals could improve the quality of 
groundwater.	 [1]

	

	

	 (iii)	 Tick (√) the box next to the solution that could be used to identify one of the 
negative ions present in groundwater supplies.	 [1]

		  sodium hydroxide, NaOH	

		  silver nitrate, AgNO3	

		  potassium nitrate, KNO3	
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	 (b)	 The diagram shows the stages of treatment of the public water supply when it leaves 
reservoirs before being distributed to our homes.

reservoir sedimentation filtration chlorination

distribution to homes

		  The first stage of treatment of the public water supply is sedimentation.

		  The purpose of sedimentation is to remove large insoluble particles from the water.

		  Give the purpose of the filtration and chlorination stages of water treatment.	 [2]

		  Filtration  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

	

		  Chlorination  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

	

	 (c)	 (i)	 In some areas, fluoride is added to water supplies.

		  Give the reason why fluoride is added to water supplies.	 [1]

	

	 (ii)	 Give one reason why some people disagree with the addition of fluoride to water 
supplies.	 [1]
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	 (iii)	 Fluoride is added to water in compounds such as sodium fluorosilicate, Na2SiF6.

		  The relative formula mass (Mr) of Na2SiF6 is 188.

		  Calculate the percentage by mass of sodium in Na2SiF6.	 [2]

Ar(Na) = 23

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

9
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4.	 The diagram shows the composition of the Earth’s atmosphere.

gas Xgas X
oxygen

noble gases

carbon dioxide

	 (a)	 Give the name of gas X.	 [1]

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

	 (b)	 Explain how the levels of oxygen and carbon dioxide in the atmosphere are kept broadly 
the same through biological processes.	 [3]

	

	

	

	

	

	 (c)	 Describe the test that can be used to identify oxygen gas. Include the observation made 
in a positive test.	 [1]

	

	

5
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5.	 This question is about reactions of Group 1 and Group 2 metals.

	 (a)	 (i)	 State two observations you would make when a small piece of lithium is added to 
a large trough of water.	 [2]

	

	

	 (ii)	 When lithium reacts with water, lithium hydroxide and hydrogen gas are produced.

		  Describe how you could show that the lithium hydroxide formed is an alkali.	 [1]

	

	

	 (b)	 Magnesium does not react with cold water.

		  Explain in terms of electronic structure why Group 2 metals are less reactive than  
Group 1 metals.	 [2]

	

	

	

© WJEC CBAC Ltd.
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	 (c)	 (i)	 Potassium reacts with oxygen to form potassium oxide.

		  Complete the equation for this reaction by

	 •	 giving the formula of potassium oxide
	 •	 putting numbers in the boxes to balance the equation	 [2]

K O2+ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

	 (ii)	 During a reaction 0.015 mol of oxygen gas reacted with potassium.

		  Calculate the number of molecules in 0.015 mol of oxygen gas.	 [1]

Avogadro’s number = 6 × 1023

Number of molecules = . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

8
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6.	 The diagram shows a chromatogram produced from a green food colouring which is a mixture 
of two dyes.

0

1
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9

10

pencil line

solvent front

Distance (cm)

dye A

dye B
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	 Calculate the Rf values of each of the dyes in the food colouring.

	 Explain why the dyes have different Rf values.	 [6 QER]
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7.	 (a)	 Gallium is a metallic element in Group 3.

		  Gallium(III) oxide contains gallium ions (Ga3+) and oxide ions (O2–).

		  Describe how these ions are formed from gallium atoms and oxygen atoms.	 [2]

	

	

	

	 (b)	 A sample of gallium metal contains two isotopes – 69
31Ga  and 71

31Ga.

	 (i)	 Use this information to give one similarity and one difference in the nuclei of 
these isotopes.	 [2]

		  Similarity  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

		  Difference  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

© WJEC CBAC Ltd.



(3410UA0-1) Turn over.17

17
Examiner

only

© WJEC CBAC Ltd.

	 (ii)	 The table shows the abundance of each isotope in the sample.

Isotope Abundance (%)

69Ga 60

71Ga 40

		  The relative atomic mass (Ar) of the gallium in the sample can be found using the 
following equation.

	
Ar =

(mass of isotope × abundance) + (mass of isotope × abundance)

100

		  Calculate the relative atomic mass of the gallium in the sample.	 [2]

Ar = . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

6
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8.	 One method of investigating the rate of a reaction is to measure the change in mass of the 
reaction mixture as the reaction progresses.

	 Marble chips contain calcium carbonate which reacts with hydrochloric acid to release carbon 
dioxide gas.

cotton wool

reaction mixture

electronic balance

	 A student added some marble chips to hydrochloric acid and recorded the mass of the conical 
flask and the reaction mixture every 20 s for two minutes.

Time (s) Mass of flask and reaction mixture (g)

0 125.90

20 125.60

40 125.45

60 125.35

80 125.30

100 125.26

120 125.25
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	 (a)	 Plot the results from the table on the grid. The first two points have been plotted for you. 
Draw a suitable line.	 [3]

125.0
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	 (b)	 Use the equation below to calculate the number of moles of carbon dioxide released 
after 120 s.	 [2]

number of moles of carbon dioxide = 
mass of carbon dioxide

44

Number of moles = . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . mol

	 (c)	 Describe how the shape of the graph shows the change in the rate of the reaction over 
the two minutes.	 [2]

	

	

	

	 (d)	 State one change that can be made to the acid to increase the rate of this reaction.

		  Explain your answer using particle theory.	 [3]

	

	

	

	

10
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9.	 A student is comparing the thermal decomposition of carbonate powders.

Compound Appearance before heating Appearance after heating

sodium carbonate white solid white solid

copper(II) carbonate green solid
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

	 (a)	 Complete the table by giving the expected observation when copper(II) carbonate 
powder is heated.	 [1]

	 (b)	 State the conclusion that can be drawn about the relative reactivity of copper and 
sodium metals from these observations. Explain your answer.	 [2]

	

	

	

	 (c)	 Complete the balanced symbol equation for the thermal decomposition of 
		  copper(II) carbonate to form copper(II) oxide and carbon dioxide.	 [2]

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . CO2+

5
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10.	 Hard water can be softened using the column shown in the diagram.

	

Na+

Na+

Na+

Na+

Na+

Na+

Na+

Na+

hard water

beads containing sodium ions

soft water

	 (a)	 Describe how hard water is softened in the column and state why the beads must 
eventually be regenerated.	 [2]

	

	

	

	

	 (b)	 Give a different method of softening temporary hard water.	 [1]

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

3
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11.	 (a)	 Some students were asked to identify the negative ions present in two compounds of 
potassium.

		  They tested solutions of each of the compounds and their results are shown.

Compound Test 1
Add acid

Test 2
Add silver nitrate solution

A no reaction cream precipitate forms

B fizzing

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

		  Compound A	 potassium  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

		  Compound B 	 potassium  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

	 (ii)	 Explain why a flame test would not be useful in distinguishing between 
compounds A and B.	 [1]
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	 (b)	 Another compound was identified using ion tests.

		  It gave no flame colour in a flame test and reacted with silver nitrate solution.

		  It was identified as magnesium chloride.

		  Give the ionic equation to show the formation of the silver chloride precipitate during 
the reaction of silver nitrate and magnesium chloride solutions.

		  Include state symbols.	 [3]

	

	 (c)	 Magnesium oxide can be produced by heating a strip of magnesium in a crucible.

2Mg O2 2MgO+

		  A student recorded the following results.

Mass of crucible 19.38 g

Mass of crucible and magnesium strip 19.58 g

Mass of crucible and magnesium oxide 19.64 g

		  The student expected 0.33 g of magnesium oxide to be produced.

		  Use the table to find the actual mass of magnesium oxide produced and calculate the 
percentage yield for the reaction.	 [2]

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

© WJEC CBAC Ltd.
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12.	 (a)	 When chlorine is added to a colourless solution of potassium iodide, an orange-brown 
colour is seen.

	 (i)	 Explain this colour change in terms of the reactivity and electronic structure of the 
halogens.	 [3]

	

	

	

	

	 (ii)	 Give a balanced equation for the reaction of chlorine, Cl2, with potassium iodide.
	 [3]

	

	 (b)	 Chlorine gas also reacts upon heating with iron to produce iron(III) chloride.

2 Fe 3 Cl2 2 FeCl3+

		  Calculate the mass of chlorine needed to produce 32.5 g of iron(III) chloride.	 [3]

Ar(Cl) = 35.5               Ar(Fe) = 56 

Mass = . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . g

END OF PAPER

© WJEC CBAC Ltd.
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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–
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