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Answer all questions. 

1.	 Water samples A, B, C and D were tested for hardness using the apparatus shown.

© WJEC CBAC Ltd.

 burette

 soap solution

 conical flask

 water sample

	 Soap solution was added 1 cm3 at a time to each sample and the volume required to produce 
a permanent lather on shaking was recorded. Each sample was tested before and after boiling. 
The results are shown in the table.

Water sample
Volume of soap solution required (cm3)

Before boiling After boiling

A 1 1

B 10 10

C 15 1

D 15 8
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	 (a)	 (i)	 State which water sample contains only temporary hardness. Explain your 

answer.	 [2]

		  Water sample . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .	

		  Explanation 	

	

	

	 (ii) 	 Give one similarity in the composition of temporary and permanent hard water.	 [1]

	

	

	 (b)	 Discuss the benefits and drawbacks of living in a hard water area.	 [3]
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2.	 The grid below shows the solubility curves for four ionic compounds.

		  NaCIO3	 sodium chlorate

		  KNO3	 potassium nitrate

		  KBr	 potassium bromide

		  NaCI	 sodium chloride
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	 (a)	 (i)	 Give the temperature at which the solubility of potassium nitrate and potassium 

bromide is the same. 	 [1]

			   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  °C

	 (ii)	 Calculate the mass of solid potassium nitrate that would form if a saturated 
		  solution in 200 g of water were cooled from 100 °C to 20 °C.	 [3]

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

	 (iii)	 Suggest why a student may be surprised at the temperature range shown on the 
solubility curves.	 [1]

	

	

	 (b)	 (i) 	 Give the symbols of the ions of Group 1 elements present in the compounds shown 
on the grid.	 [1]

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

	 (ii) 	 Explain how these ions are formed from their atoms.	 [2]

	

	

	 (c)	 Potassium nitrate reacts with aluminium hydroxide to produce aluminium nitrate and 
potassium hydroxide. 

		  Balance the symbol equation for the reaction taking place.	 [1]

 KNO3   +   Al(OH)3      Al(NO3)3   +     KOH

© WJEC CBAC Ltd.
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3.	 The following diagram shows some of the Earth’s tectonic plates and the direction in which they 
move.

© WJEC CBAC Ltd.

North
American

Plate

South
American

Plate

African
Plate

Pacific
Plate

Australian Plate

Eurasian Plate

Nazca
Plate

Pacific
Plate

	 (a)	 The boundary between the Nazca and South American plates is a destructive plate 
boundary. Describe what happens at a destructive boundary.	 [2]

		

	

	

	 (b)	 Draw a cross (×) on the diagram to show a constructive plate boundary.
		  Describe what happens at this boundary.	 [2]

		

	

	

	 (c)	 State one effect of plates sliding past each other.	 [1]

	

5
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4.	 (a)	 Dilute hydrochloric acid reacts with sodium thiosulfate to make the products shown in the 
equation.

?  (aq)   +   2HCl(aq)      2NaCl(aq)   +   SO2(g)   +   S(s)   +   H2O(l)

	 (i)	 Use the equation to work out the formula of sodium thiosulfate.	 [1]

		  Formula . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

 
	 (ii)	 The symbol (aq) in the equation tells us that the substances are aqueous. 
		  What is meant by this?	 [1]

	

	 (iii)	 The rate of this reaction can be studied as shown in the diagram.

add dilute acid
and start stopwatch

sodium thiosulfate 
solution

stop stopwatch when 
cross is no longer visible

		  Use information from the equation to explain why the cross disappears.	 [2] 
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	 (b)	 A student studied the effect of temperature on the rate of this reaction. He obtained the 
following results.

Temperature
(°C)

Time taken for cross to disappear (s)

1 2 3 Mean

15 130 128 129 129

30 53 53 53 53

45 21 29 23 24.3

60 7 7 6 6.7

	 (i)	 Another student said that one of the mean values was incorrect.  	
		  Identify the incorrect mean. Give your reasoning.	 [2]

	

	

	

	 (ii)	 State what conclusion can be drawn about the effect of temperature on the rate of 
this reaction. Explain your conclusion using particle theory.	 [3]

	

	

	

	

	

9
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5.	 The following diagram is an outline of the Periodic Table.

	 (a)	 Write letters A, B and C on the diagram in the positions of the elements that fit the 
following descriptions.	 [3]

		  A	 the element with the electronic structure
 

		  B	 the element in Group 2 and Period 4

		  C	 an element that shows both metallic and non-metallic properties

	 (b)	 The following table shows the atomic numbers and boiling points of the inert gases.

Inert gas helium neon argon krypton xenon

Atomic number 2 10 18 36 54

Boiling point (°C) −269 −246 −186 −153 −108

	 (i)	 Plot this data on the grid opposite. Draw a suitable line.	 [3]
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	 (ii)	 Describe the trend in boiling point shown on the graph.	 [1]
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	 (c) 	 The following table shows the boiling points of the inert gases in both °C and K.

© WJEC CBAC Ltd.

Inert gas helium neon argon krypton xenon

Boiling point (°C) −269 −246 −186 −153 −108

Boiling point (K) 4 27
. . . . . . . . . . . . . . . . . . . . . . . . .

120 165

		  Use the information in the table to calculate the boiling point of argon in K.	 [2]

Boiling point = . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . K

	 (d)	 Give one use of argon. Explain in terms of electronic structure why it is used for this 
purpose.	 [2]

	

	

	

11
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6.	 Limestone is an important raw material. It can be used as a building material or converted into 

quicklime and slaked lime.

	 Describe and explain the sequence of reactions carried out in the laboratory to convert limestone 
into slaked lime.	 [6 QER]
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7. 	 (a) 	 Group 7 elements are known as the halogens. The following table shows the observations 
made when the first three members of the group react with hydrogen.

© WJEC CBAC Ltd.

Halogen Observations

fluorine explodes in cold and dark

chlorine explodes in sunlight

bromine small explosion when ignited with a flame

	 (i)	 Use your knowledge of electronic structure to explain why all the halogens react in 
a similar way and why they react more slowly on going down the group.	 [3]

	

	

		

	

	

	 (ii)	 Hydrogen fluoride is highly corrosive and can be used to etch glass which is mainly 
silicon dioxide.

		  Balance the symbol equation for the reaction between hydrogen fluoride and silicon 
dioxide.	 [1]

 HF   +   SiO2      SiF4   +    H2O

	 (iii)	 Calcium fluoride reacts with sulfuric acid, H2SO4, to produce calcium sulfate and 
hydrogen fluoride. Give the symbol equation for the reaction.	 [3]
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	 (b)	 Chlorine reacts with aluminium to produce aluminium chloride. 

		  A sample of aluminium chloride of mass 26.70 g was found to contain 5.45 g of aluminium.  
Calculate the simplest formula of this chloride of aluminium.

		  You must show your working.	 [3]

Ar(Al) = 27          Ar(Cl) = 35.5

		  Formula . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

© WJEC CBAC Ltd.
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8.	 Sodium is extracted from sodium chloride.   

	 (a)	 The overall reaction taking place is shown in the equation below.

2NaCl      2Na   +   Cl2

	 (i)	 When carrying out the reaction 120 kg of sodium chloride was found to produce 
38.05 kg of sodium. 

		  Calculate the maximum possible mass of sodium that could be produced and use 
this figure to calculate the percentage yield of this reaction.	 [4]                                                                    

Ar(Na) = 23          Ar(Cl) = 35.5

Maximum possible mass = . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . kg

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

	 (ii)	 Suggest a reason why the yield is less than 100 %.	 [1]

	

	

	 (iii)	 Suggest why this reaction must be carried out under dry conditions.	 [1]

	

	

© WJEC CBAC Ltd.
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	 (b)	 A sample of lithium is found to contain two isotopes.

© WJEC CBAC Ltd.

Isotope Percentage present in sample (%)

lithium-6 7.59

lithium-7 92.41

	 (i)	 Calculate the relative atomic mass (Ar) of lithium. Give your answer to three 
significant figures.	 [3]

                               (isotope 1 mass × abundance) + (isotope 2 mass × abundance)
                              100

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

	 (ii)	 State the difference between the atomic structures of lithium-6 and lithium-7.	 [1]

	

	

10

Ar =
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9.	 The following table shows the decomposition temperatures of Group 2 metal carbonates and 
nitrates.

© WJEC CBAC Ltd.

Metal Temperature at which the 
carbonate decomposes (°C)

Temperature at which the 
nitrate decomposes (°C)

magnesium 117 89

calcium 178 561

strontium 235 570

barium 267 700

	 (a)	 Describe the trends in the stabilities of the Group 2 carbonates and nitrates.	 [3]                          

	

	

	

	

	 (b)	 When a carbonate decomposes it produces carbon dioxide gas. Describe an experiment 
that could be carried out to show that carbon dioxide gas is produced during the 
reaction.	 [2]

	

	

	

	

	 (c)	 When calcium nitrate decomposes it forms calcium oxide, oxygen and nitrogen dioxide, 
NO2. 

		  Write a symbol equation for the reaction.	 [3]

	

8
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10.	 Fluorine exists naturally as the fluoride ion. It is found in soil, water, foods and several minerals, 
such as fluorapatite and fluorite.

	 Fluoride ion concentration in seawater averages 1.3 ppm (parts per million). In fresh water, the 
natural range is typically between 0.01 and 0.3 ppm. In some parts of the world, fresh water 
contains fluoride ion levels which are dangerous and can lead to health problems.

	 In the early 1930s, scientists found that people who were brought up in areas with naturally 
fluoridated water had up to two-thirds fewer cavities compared to those who lived in areas where 
the water was not fluoridated. Several studies since then have repeatedly shown that when 
fluoride is added to people’s drinking water in areas where natural levels are low, tooth decay 
decreases.

	 However, many European countries which do not fluoridate their water do not have a higher 
incidence of dental decay than countries which do so. It was also found that in Germany and 
Finland, decay rates either remained stable or continued in their downward trend after they 
stopped adding fluoride to their drinking water.

	 Figure 1 shows data about the effect of fluoridation of drinking water on the mean number of 
decayed, missing and filled teeth (DMFT) and the amount of fluorosis seen.

	 Figure 2 shows the change in mean DMFT in three regions of Australia over a four year period.
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	 (a)	 Describe the effects of adding varying concentrations of fluoride ions to drinking water.
			   [3]

	

	

	

	

	

	

	

	 (b)	 Tick (√) the statement below that best describes why Germany stopped fluoridating its 
water supplies.	 [1]

		  Ten years after stopping adding fluoride there was no 
		  increase in tooth decay

		  They found that adding fluoride caused fluorosis

		  Natural water supplies already contain fluoride in a high 
		  concentration

		  Studies showed that areas with no fluoridation did not have 
		  higher levels of decay than areas that did fluoridate

© WJEC CBAC Ltd.
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	 (c)	 Tick (√) the box which gives one definite conclusion that can be drawn using only the 
data in Figure 2.	 [1]

		  Fluoridation has no effect on levels of decay

		  People have reduced their intake of sugary foods over this period

		  More than one factor affects levels of decay

		  Fluoridation is the main cause of falling levels of decay

	 (d)	 ‘Mass medication’ is an argument often given to oppose fluoridation of water supplies. 
Explain what is meant by the term mass medication.	 [1]

	

	

	

	

END OF PAPER
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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–

Turn over.
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