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1	 (a)	 Calcium is an alkaline earth metal.

		  (i)	 In which period of the Periodic Table is calcium found?

			   		  [1]

		  (ii)	 How many protons are in an atom of calcium?

			   		  [1]

	 (b)	 The graph below shows the melting and boiling points of some alkaline earth 
metals.
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		  (i)	 Describe fully the trend in the melting points of the alkaline earth metals.

			   		

			   		

			   		  [2]

		  (ii)	 Calculate the difference between the boiling point of magnesium and the 
boiling point of radium.

			   	 Difference =                                       °C	 [1]
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2	 (a)	 Magnesium is a Group 2 metal.

		  (i)	 Complete the diagram below to show how all 12 electrons are arranged in a 
magnesium atom.

nucleus

		  			  [1]

		  (ii)	 Describe, in terms of electrons, how a magnesium ion is formed from a 
magnesium atom.

			   		

			   		  [2]
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	 (b)	 The reaction of magnesium with excess acid is exothermic. This means the 
reaction gives out heat.

		  Describe an investigation to find out if the more concentrated 2M acid will 
release more heat than the 1M acid when it reacts with magnesium.

1M acidmagnesium 2M acid

		  Your answer should include:

		  •	 the method you would use;
		  •	 the measurements that you would take; and
		  •	 two things that would be done to make it a fair test.

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

			   		

			   		

			   		

			   		

			   		

			   		

			   		

			   		

			   		

			   		

			   		

			   		  [6]
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3	 The graph below shows the volume of gas produced in a reaction at two different 
temperatures.
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	 (a)	 At what time did the reaction at 40 °C finish?

			   	 s	 [1]

	 (b)	 Give one similarity and one difference between the results for the reaction at 
20 °C compared to the reaction at 40 °C.

		  similarity 	 	

			   		

		  difference 	 	

			   		  [2]
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	 (c)	 Chemical reactions can produce gases such as oxygen or carbon dioxide.

		  (i)	 Describe the test for oxygen.

			   		

			   		  [1]

		  (ii)	 Name the chemical that is used to test for carbon dioxide.

			   		  [1]
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4	 Steel is a common alloy of iron. It is used as a building material and is made from 
iron and carbon. Other metals can be added to steel to make different alloys.

	 The table shows some information about alloys of iron.

Alloy What it contains Properties Relative
cost

low carbon steel iron and 0.1% carbon
harder and stronger 

than iron, easily 
shaped, rusts easily

low

high carbon steel iron and 1% carbon
harder but more brittle 
than low carbon steel, 

rusts easily
low

stainless steel
iron and 1% carbon 
and 10% nickel and 

18% chromium

hard, very resistant
to rusting high

titanium steel iron and 0.5% carbon 
and 2% titanium

hard, able to withstand 
very high temperatures very high

manganese steel iron and 1% carbon 
and 14% manganese extremely hard very high

	 Use information from the table to answer the following questions.

	 (a)	 Name the alloy that contains the lowest percentage of iron.

			   		  [1]

	 (b)	 Give one reason why low carbon steel is more suitable than high carbon steel 
for making car bodies.

			   		

			   		  [1]
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5	 Atoms are made up of three particles.

	 (a)	 Complete the table below about these three particles.

Particle Relative charge Relative mass

electron –1

neutron 1

proton +1 1

		  			  [2]

	 Shown below is a discussion between three students about atoms.

Protons, 
electrons and 
neutrons do 

not move in an 
atom.

An atom 
is always 
neutral.

Most of the
mass of an
atom is in

the nucleus.

A B C

	 (b)	 Which student A, B or C gave an incorrect statement? Explain why this 
statement is not correct.

			   		

			   		

			   		  [2]
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6	 The table below gives information about some of the gases that contribute to the 
greenhouse effect.

Gas Formula
Lifetime in upper 

atmosphere /
years

Contribution 
to greenhouse 

effect /%
Source of gas

carbon
dioxide CO2 7 50 burning fossil fuels

CFC CF2Cl2 100 14 coolant in fridges

methane CH4 10 18
breakdown of 
organic waste,

cows

nitrous 
oxide N2O 170 6

fertilisers,
exhaust fumes,

burning fossil fuels

	 Use this information and your knowledge to answer the following questions.

	 (a)	 Calculate the percentage of greenhouse gases that are produced by burning 
fossil fuels.

			   	 %	 [1]

	 (b)	 The use of CFCs in the UK was banned in the year 2000. Explain why CFCs are 
still contributing to the greenhouse effect.

			   		

			   		  [1]
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	 (c)	 The structure of methane is shown below.

H

C

H

HH

		  (i)	 Name the type of bonding found in a molecule of methane.

			   		  [1]

		  (ii)	 Describe, in terms of electrons, how a bond is formed between the carbon 
atom and a hydrogen atom in the methane molecule.

			   		

			   		  [1]
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7	 (a)	 The table below gives information about the conditions needed for water plants 
to survive in a fish tank.

Water plant pH range Temperature range /°C

Salvinia Natans 6.0 – 8.5 12 – 30

Marimo Moss 7.0 – 8.0 6 – 24

Amazon Sword 6.5 – 8.0 22 – 28

Java Moss 5.0 – 9.0 15 – 32

Ludwigia Repens 6.0 – 8.0 20 – 28

Java Fern 6.0 – 8.0 20 – 28

Red Root Floater 6.5 – 7.5 22 – 27

		  (i)	 Name the plant that survives over the smallest temperature range.

			   		  [1]

		  (ii)	 Harry’s fish tank contains water that has a pH of 8 and a temperature of 
28 °C. How many of these plants will survive in Harry’s fish tank?

			   		  [1]
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	 (b)	 Water plants produce carbon dioxide (CO2) that dissolves in the water to form 
carbonic acid (H2CO3).

		  (i)	 Add state symbols to the equation below.

H2O(     )  +  CO2(     )    H2CO3(     )
			   	 [2]

		  (ii)	 Carbonic acid lowers the pH of the water to pH5. What type of substance 
would need to be added to the water in Harry’s fish tank to increase the pH 
level to pH8?

			   		  [1]
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8	 (a)	 The graph below shows the atomic radius (size) of the elements with atomic 
numbers 3 to 9.
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		  (i)	 What is meant by the term atomic number?

			   		  [1]

		  (ii)	 State the trend shown by the information in the graph.

			   		

			   		  [1]

		  (iii)	What is the atomic radius of carbon?

			   	  nm	 [1]
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		  Atomic radius is measured in nanometres (nm).

		  (iv)	What size is one nanometre in metres?

			   	  m	 [1]

	 (b)	 Zinc oxide nanoparticles can be used in sun cream. A zinc oxide nanoparticle 
has a diameter of 32 nm. The diameter of a zinc atom is 0.32 nm.

		  (i)	 Calculate how many times larger the zinc oxide nanoparticle is compared to 
a zinc atom.

			   		  [1]

		  (ii)	 Give one possible risk of using nanoparticles in sun cream.

			   		

			   		  [1]
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9	 (a)	 The following results for inks E, F, G and H were obtained in a paper 
chromatography experiment. Water was used as a solvent.

solvent front

pencil line

E F G H
× × × ×

5.0 cm

2.3 cm

		  (i)	 What is the stationary phase in paper chromatography?

			   		  [1]

		  (ii)	 How many of these inks are pure substances?

			   		  [1]
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	 The dyes can be identified by calculating the Rf value for each dye in a particular 
solvent.

	 (b)	 Calculate the Rf value for dye G giving your answer to one decimal place.

		  Show your working out.

			                                                                         Rf = 		  [2]
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10	 The rate of a reaction can be affected by several factors.

	 (a)	 What is meant by the term rate of reaction?

			   		

			   		  [1]

	 (b)	 The apparatus shown below was set up to measure the rate of reaction between 
2 g of marble chips (calcium carbonate) and an excess of hydrochloric acid.

conical flask with
marble chips and
hydrochloric acid

electronic balance

		  The mass of the flask and its contents were recorded every 100 seconds for  
500 seconds. The results are shown below.

Time /s 0 100 200 300 400 500

Mass of flask
and contents /g 84.0 82.0 80.8 79.9 79.6 79.6
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		  (i)	 Use the grid below to plot and draw a line graph of these results.
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		  			  [3]

		  (ii)	 The rate of this reaction was highest from 0 – 100 seconds. How do the 
results show this?

			   		

			   		  [1]

		  (iii)	Calculate the total loss of mass during this experiment.

			                                             Total loss of mass = 	  g	 [1]
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		  (iv)	The same experiment was repeated at a higher temperature. What 
change, if any, would this make to the total mass lost over 500s?

			   		

			   		  [1]

	 (c)	 The experiment was repeated with a less concentrated acid. All other factors 
remained the same. What effect, if any, will this have on the rate of the reaction?

		  Explain your answer in terms of particles.

			   		

			   		

			   		

			   		  [3]
		

	 (d)	 Complete the balanced symbol equation below for this reaction.

CaCO3  +  2HCl    
 
 +  

 
 + 

 
		  			  [2]
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11	 Cellulose is found in plant cell walls. It is a natural polymer made up of small glucose 
molecules.

	 (a)	 What term is used to describe the small molecules that make up a polymer?

			   		  [1]

	 The diagram below shows part of a cellulose polymer.

glucose molecule

	 (b)	 Use the diagram to describe how the cellulose polymer is formed.

			   		

			   		

			   		  [2]
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	 Shown below is the structure of a glucose molecule.
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	 (c)	 Why can glucose not be described as a hydrocarbon?

			   		

			   		  [1]
		

THIS IS THE END OF THE QUESTION PAPER
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Butanoate C3H7COO-
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