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1 Coal, oil and gas are fossil fuels that are useful sources of energy.

(a) Complete the following sentences.

The main chemical element in coal is . 

  Natural gas (CH4) contains the elements 

 and . 

  A molecule containing only the two elements found in CH4 can be 

described as a .  [3]

(b) The pie charts below show the percentage of different energy sources
used in the USA and in Europe.

USA Europe

oil
37%

oil
37%

nuclear
12%

nuclear
8%

coal
18%

coal
16%gas

31%
gas
22%

renewable
13%

renewable
6%

(i) Calculate the total percentage of coal, oil and gas used in
Europe.

 %  [1]

(ii) Using the pie charts above, write down one similarity and one
difference in the energy sources used in the USA and in Europe.

Similarity

Difference 

[2]

© "Primary Energy in The European Union and USA Compared", by Euan Mearns, 17 Oct 2016.
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(c) Propane can be used as a fuel. Complete the word equation below for
the combustion of propane.

propane  +    +  

[2]
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2 Thermochromic plastic is an example of a smart material. It changes 
colour as temperature changes. It is used in making baby bottles and 
forehead thermometers.

(a) What is meant by smart material?

 [2]

(b) The table below gives information about the colour changes of four
thermochromic plastics (P, Q, R and S) as they are heated.

Temperature at which colour changes/°C

Plastic Red Green Blue Black

P 20 21 25 41

Q 36 39 41 45

R 25 70 100 105

S 34 36 38 40

A child’s temperature is normally around 36°C. When a child is ill the 
temperature can go as high as 38°C.

(i) Which plastic (P, Q, R or S) would be most suitable to make a
forehead thermometer to show if a child is ill?

[1]
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The following instructions were given to make up a bottle of powdered 
milk for a baby.

1. Boil water to 100°C to kill the bacteria that cause illness.
2. Fill the baby bottle with the boiled water.
3. Allow the water to cool, but not below 70°C.
4. Add the powdered milk to the bottle.
5. Leave to cool to room temperature.

© TEK Image / Science Photo Library

(ii) Explain fully why the colour changes of plastic R would make it
most suitable for baby bottles.

[2]
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3 (a) Magnesium burns in oxygen to form magnesium oxide as shown in 
the photograph below.

Source: © Charles D Winters/Science Photo Library

(i) Describe the appearance of magnesium before it is burnt.

[1]

(ii) Describe one observation that could be made during this reaction.

[1]

(iii) Describe the appearance of magnesium oxide after the reaction.

[1]

(b) In this reaction oxygen is added to magnesium. What name is given to
this type of reaction?

 [1]
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4 (a) Describe how you could carry out an investigation to determine if a 
sample of water was temporary hard water. 

Your answer should include:

• the name of one metal ion that causes hard water
• how to make the investigation a fair test
• the result you would expect for temporary hard water

In this question you will be assessed on your written 
communication skills including the use of specialist scientific 
terms.

[6]

(b) Hard water can form undesirable deposits known as ‘fur’ in kettles.
Write a balanced symbol equation for the formation of ‘fur’.

  +    +  

[3]
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5 Look at the diagrams below. They show the Earth 150 million years ago 
and the Earth in the present day.

150 million years ago present day
© Claus Lunau / Science Photo Library

The German geophysicist Alfred Wegener proposed a theory to explain 
the differences.

(a) Name and describe Alfred Wegener’s theory.

 [3]

(b) Scientists can find the age of the Earth by dating rocks.

(i)  What name is given to the modern method of dating rocks?

[1]

(ii)  What age is the Earth according to this modern method?

[1]

© Mikkel Juul Jensen / Science Photo Library
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6 (a) Most mobile phones use lithium-ion batteries.
The lithium is used with other elements in the positive electrode while 
graphite is used in the negative electrode.

© TEK Image / Science Photo Library

(i)  Suggest one property that graphite must have to make it suitable
to use as an electrode.

[1]

(ii)  Graphite is a form of carbon. An atom of carbon has 6 electrons.
Draw a diagram below to show the electron arrangement of a
carbon atom.

[1]
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(b) In making the positive electrode, some batteries use lithium cobalt
oxide (LiCoO2) and others use lithium manganese oxide (LiMn2O4).

In terms of the numbers of elements present give one similarity and
one difference between these two compounds.

Similarity

Difference 

 [2]

(c) The battery casing is made from aluminium. Aluminium has to be
extracted from its ore, but aluminium that has been used can easily be
recycled.

(i)  Name the method used to extract aluminium from its ore.

[1]

(ii)  Electrodes are used during the extraction of aluminium. What
name is given to the negative electrode?

[1]

(iii)  Name the ore of aluminium.

[1]

(iv)  Give one reason why recycling aluminium is important.

[1]
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7 (a) The diagram below represents the four elements identified by the 
Greeks.

A F

W E

Ancient Greek ELEMENTSAncient Greek ELEMENTS

© tassel78 / iStock / Thinkstock

(i)  Name the four elements the Greeks used.

A

F

W

E [2]

(ii)  Suggest one reason why these four Greek elements do not
appear in the modern Periodic Table.

[1]
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(b) John Newlands and Dmitri Mendeleev are two scientists who
contributed to the development of the Periodic Table.

(i)  Name the theory put forward by John Newlands.

[1]

(ii)  In what order did Mendeleev put the elements in his periodic
table?

[1]

(iii)  Explain fully why Mendeleev did not have the noble gases in his
periodic table.

[2]

(c) Shown below are the elements of the first two Groups of the modern
Periodic Table.

Group 1 Group 2

Li Be

Na Mg

K Ca

Rb Sr

Cs Ba

Fr Ra

(i)  What name is given to the elements in Group 1 of the Periodic
Table?

[1]

(ii)  Name the most reactive metal shown in the table above.

[1]
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(d) Potassium reacts with oxygen to form potassium oxide (K2O).

(i)  Balance the symbol equation below for the formation of potassium
oxide.

K     +     O2          K2O
[1]

(ii)  Complete the table below giving the total number of each named
particle in potassium oxide (K2O).

You may use your Data Leaflet.

Particle Number

electron

proton

neutron

[3]

(iii)  Which of the particles named in the table has the lowest mass?

[1]
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8 (a) Look at the table below. It shows how the average number of plastic 
bottles thrown away, per person, changed from 1990 to 2002.

Year Average number of plastic bottles

1990 22

1992 22

1994 24

1996 37

1998 58

2000 80

2002 120
© Plastic Pollution in the Pacific / http://plasticpollutioninthepacific.yolasite.com/stats.php

(i) On the grid below plot a line graph for this information.
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[3]
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(ii) Describe fully the trend shown by this information.

[2]

(b) Plastics are made by a process called polymerisation.

(i) Name the polymer formed during the polymerisation of ethene.

[1]

A student writes the following balanced symbol equation for the 
polymerisation of ethene.

H

C

H

H

C

H

n

H

C

H

H

C

H n

(ii) The student has made a mistake in the equation. Circle the
mistake and explain why it is incorrect.

[1]
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9 Baking powder is a mixture of sodium hydrogencarbonate and tartaric 
acid. It is used in making cakes.

© adphoto81 / iStock / Thinkstock

When a cake is made two different chemical reactions take place. The 
sodium hydrogencarbonate is affected by heat and it also reacts with the 
tartaric acid.

Describe fully why sodium hydrogencarbonate is useful in making cakes. 

Your answer should include:
• the type of reaction taking place when it is heated and the products

formed
• the type of reaction taking place when it reacts with tartaric acid and

the products formed.

In this question you will be assessed on your written communication 
skills including the use of specialist scientific terms.
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   [6]
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10 Thomas carried out an investigation in which he reacted different metals 
with solutions of their compounds. Some of his observations are shown 
below.

Reactants Observations

copper + iron(II) sulfate solution no reaction

copper + silver nitrate solution colourless solution turned blue,
silver coloured solid formed

silver + copper(II) sulfate solution no reaction

zinc + iron(II) sulfate solution pale green solution turned colourless,
grey solid formed

iron + copper(II) sulfate solution blue solution turned pale green,
pink/brown solid formed

 (a) What name is given to the type of reaction Thomas is investigating?

    [1]

 (b) Place the four metals in order of reactivity. Place the most reactive 
first.

    most reactive

    

    

    least reactive
    [2]
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 (c) Thomas also added magnesium to a solution of copper(II) sulfate and 
a reaction took place.

  (i) Give two observations he would expect for this reaction.

   1.   

   2.   [2]

  (ii) Name the two products formed in this reaction.

   1.   

   2.   [2]

 (d) Suggest why Thomas was advised by his teacher not to use sodium 
in this investigation.

   

    [1]

 (e) If Thomas added iron to zinc sulfate solution what, if anything, would 
he observe?

   

    [1]
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