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Answer all questions.

1. The diagrams below show the electronic structures of five elements, A, B, C, D and E.

 The letters are not the symbols of the elements.

© WJEC CBAC Ltd.

A

D

B

E

C

 (a) Give the letters of the elements found in Period 2 of the Periodic Table. Give a reason 
for your choice. [2]

  Letters . . . . . . . . . . . . . . . . . . . . . . . . . . . . and . . . . . . . . . . . . . . . . . . . . . . . . . . . .

  Reason . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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 (b) Give the letter of the element found in Group 0 of the Periodic Table. Give a reason for 
your choice. [2]

  Letter . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

  Reason . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

 

 (c) Explain how the electronic structure of element E can be used to determine its atomic 
number. [2]

 

 

 

 (d) One of the diagrams represents the element oxygen. Oxygen reacts with potassium to 
form potassium oxide.

  Give the formula for potassium oxide and balance the equation for this reaction. [2]
 

O2K + 2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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2. The diagram shows the distribution of water on Earth.

 (a) Use the information in the diagram to calculate the volume of freshwater that is available 
as surface water. [2]

 Volume = . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . million km3

 (b) As the Earth’s population continues to increase, there is going to be a greater need to 
get freshwater from seawater. This is known as desalination.

  Give a method that could be used to obtain freshwater from seawater. [1]

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

freshwater,
35 million km3

oceans,
1.365 billion km3

surface water, 1.2%

groundwater, 30.1%

glaciers and ice caps, 
68.7%
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7

 (c) Calcium ions, Ca2+, cause hardness in groundwater.

  Describe an experiment to compare the hardness of two groundwater samples. [3]

 

 

 

 

 

 

 

 

 (d) Washing soda is used to soften hard water. This contains sodium carbonate.

  Give the formula of sodium carbonate. [1]

  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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3. A food colouring contains a mixture of yellow and green dyes.
 The table shows the Rf values of these dyes using different solvents in separate
 chromatography experiments.

Colour
Rf value when the solvent is

Water Acid Alcohol

yellow 0.74 0.35 0.00

green 0.76 0.81 0.46

 (a) Why would yellow and green dyes be difficult to separate in a chromatography 
experiment using water as the solvent? [1]

 

 

 (b) Describe what you would expect to see in the chromatogram obtained using alcohol as 
the solvent. [1]
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 (c) Complete the chromatogram to show the results you would expect using acid as the 
solvent. [2]

10 cm

8 cm

9 cm

7 cm

6 cm

5 cm

4 cm

3 cm

2 cm

1 cm

4

solvent front

start line
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6

4. The diagrams show two types of plate boundaries, A and B. Describe what happens at each 
boundary. [6 QER]

A B
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5. Marble chips (calcium carbonate) react with dilute hydrochloric acid to produce carbon dioxide 
gas.

 Graph A shows the volume of carbon dioxide produced during the reaction between 0.25 g of 
marble chips and excess dilute hydrochloric acid at 30 °C.

100
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80
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100

120

60

40 50 60 7020 30

Time (s)
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lu

m
e 

of
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ar
bo

n 
di

ox
id

e 
(c

m
3 )

 (a) State why no more marble chips remain when the reaction stops. [1]

 

 

 (b) The original experiment was repeated at 60 °C.

  On the grid draw the curve you would expect to see for the production of carbon 
dioxide at this temperature. [1]
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 (c) The equation for the reaction between calcium carbonate and dilute hydrochloric acid is 
as follows.

CaCO3 CO22HCI+ H2O +CaCl2 +

  Calculate the mass of calcium chloride produced when 7.8 g of calcium carbonate is 
reacted with excess acid. [2]

Mr(CaCO3 ) = 100                    Mr(CaCl2 ) = 111

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

 (d) When the reaction was repeated with a different mass of calcium carbonate, it was 
found that 14.3 g of calcium chloride formed. This represents a yield of 53.7%.

  Calculate the maximum mass of calcium chloride that could have been formed. [2]

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

 (e) Catalysts can be added to some chemical reactions in order to increase their rate. 

  Explain how a catalyst increases the rate of a chemical reaction. [2]

 

 

 

 

8
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6. Fluoride ions are added to drinking water in some areas of the UK.

 The table below shows the effect of different levels of fluoride in drinking water on the number 
of decayed, missing and filled teeth (DMFT) and the percentage of people suffering from 
fluorosis.

Concentration of fluoride
(mg / dm3) Mean DMFT Percentage of people 

affected by fluorosis (%)

0.3 7.0 4

0.6 4.5 6

0.9 3.0 15

1.2 2.5 35

1.5 2.3 40

1.8 2.0 45

2.1 2.1 60

2.4 2.1 68

2.7 2.1 75

 (a) The recommended concentration of fluoride ions to be added to drinking water in the 
UK is 1.0 mg / dm3.

  Use the information in the table to explain why this is the recommended level in terms 
of DMFT and fluorosis. [4]

  DMFT

 

 

 

  Fluorosis
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 (b) Chlorine is added to all drinking water in the UK, whilst fluoride is only added in some 
areas.

  Explain why some people are opposed to adding fluoride but no-one is opposed to 
adding chlorine to drinking water. [2]

 

 

 

 

 (c) Fluorine reacts with titanium at very high temperatures, forming titanium fluoride.

  In an experiment 3.8 g of fluorine reacted with 2.4 g of titanium. 

  Calculate the simplest formula for titanium fluoride. You must show your working. [3]

Ar(Ti) = 48                             Ar(F) = 19

  Simplest formula . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

9
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7. A great deal of scientific research into global warming has happened over the last 30 years. 

 More recently, two new contrasting theories linked to global warming have been widely 
reported. These are outlined below.

Solar activity

A small number of scientists 
believe that changes in 
solar activity (changes in the 
brightness and warmth of 
the Sun) is causing global 
warming. Solar activity 
occurs on the surface of the 
Sun when nuclear reactions 
cause flares to be released, 
high winds to occur and 
a release of high energy 
particles from the Sun.

Global dimming

Some scientists believe that global 
warming is increasing the Earth’s mean 
temperature, but that global dimming is 
preventing it from increasing even more. 
Global dimming is the reduction in the 
amount of radiation reaching the Earth’s 
surface from the Sun. It is thought to 
be caused by an increase of aerosol 
particles in the Earth’s atmosphere 
caused by pollution, dust and smog, 
as well as volcanic eruptions. These 
particles absorb solar energy and reflect 
sunlight back into space.

 Figure 1 shows the mean atmospheric temperature, carbon dioxide concentration in the 
atmosphere and solar activity between 1930 and 2010.

 Figure 1

Year Mean atmospheric 
temperature (°C)

CO2 concentration 
(ppm)

Solar activity
(arbitrary units)

1930 13.6 309 3.9

1940 13.6 311 4.0

1950 13.8 316 4.2

1960 13.9 320 4.2

1970 14.0 331 4.0

1980 14.2 342 3.9

1990 14.3 358 3.7

2000 14.4 370 3.7

2010 14.6 383 3.6

ppm = parts per million
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 Figure 2 shows the mean atmospheric temperature within a 20-mile radius of the Mount 
Pinatubo volcano in the Philippines between 1990 and 2000. Mount Pinatubo erupted in 1991.

 Figure 2

Year Mean atmospheric temperature (°C)

1990 15.1

1991 14.7

1992 14.8

1993 14.7

1994 14.7

1995 14.6

1996 14.7

1997 14.8

1998 14.7

1999 14.8

2000 14.9

 (a) Tick (√) the box that best describes the change in carbon dioxide concentration in the 
atmosphere between 1930 and 2010. [1]

  Carbon dioxide concentration increased by approximately 10 ppm 
every 10 years

  Carbon dioxide concentration increased more between 1970 and 2010 
than it did between 1930 and 1960

  Carbon dioxide concentration increased more between 1930 and 1960 
than it did between 1970 and 2010

  There is no trend to the change in carbon dioxide concentration between 
1930 and 2010

PMT
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 (b) A newspaper report states that global warming is caused by increases in atmospheric 

carbon dioxide levels and by increases in solar activity.

  Explain whether the data in Figure 1 supports this claim. [2]

 

 

 

 

 

 (c) Figure 2 shows that the mean atmospheric temperature near Mount Pinatubo 
decreased after the volcanic eruption of 1991. Suggest why scientists would not use 
these findings to explain how volcanic activity affects global temperatures. [1]

 

 

 (d) State one industrial method that is being developed to reduce the concentration of 
carbon dioxide in the atmosphere. [1]

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

 (e) The Earth’s original atmosphere contained about 95% carbon dioxide. Today, the 
atmosphere contains 0.04% carbon dioxide. Explain why the level of carbon dioxide 
decreased over geological time. [3]

 

 

 

 

 

 

 (f) When carbon dioxide turns limewater milky, calcium hydroxide is produced.

  Give the formula of calcium hydroxide. [1]

  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9
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8. The diagram shows reactions of bromine, Br2.

bromine,
Br2

solution B
and

halogen C
iron(III)
bromide

sodium iodide
solution hot iron

 (a) (i) Give the names of solution B and halogen C. [2]

  solution B .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

  halogen C .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

 (ii) Explain why bromine reacts with sodium iodide solution. [2]

 

 

 

 (b) Write the symbol equation for the reaction between bromine, Br2, and iron to form  
iron(III) bromide. [2]

 

 (c) Silver nitrate solution was added to a solution of sodium iodide. Silver iodide was 
formed.

 (i) State what you would expect to see. [1]

 

 (ii) Give the ionic equation for the formation of silver iodide. [2]
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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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